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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 11319

Why do some countries have more disaster-resilient hous-
ing than others, even at similar income levels? This paper 
addresses this question using a novel data set on housing 
robustness in 150 countries and proposes a “two-stage hous-
ing quality ladder” framework. The analysis reveals that 
the constraints on housing improvement fundamentally 
differ across development stages. In the first stage—elimi-
nating fragile housing—household poverty is the binding 
constraint, showing strong negative associations with hous-
ing quality and nonlinear effects that diminish at extreme 
poverty levels. Progress depends primarily on poverty 
alleviation and basic governance capacity. In the second 
stage—achieving robust, engineered construction—house-
hold poverty becomes statistically insignificant. Instead, 
national income, construction-sector institutions (build-
ing codes, permit systems, and inspections), and overall 
institutional quality emerge as the critical determinants. 

The paper further demonstrates that countries learn from 
disaster experience, but this learning is hazard-specific and 
mediated by governance quality. Earthquake experience 
consistently drives improvements in housing resilience, 
particularly in well-governed countries, while storm and 
flood experiences show weaker direct effects but signifi-
cant interactions with poverty levels. These findings carry 
important policy implications: disaster risk reduction 
investments should emphasize poverty alleviation and basic 
governance in low-income countries eliminating fragile 
housing, while middle- and high-income countries should 
prioritize construction-sector regulatory capacity and code 
enforcement systems to achieve robust engineering stan-
dards. Earthquake-prone countries benefit particularly from 
institutional strengthening that enables sustained learning 
from repeated seismic events.

This paper is a product of the Urban, Disaster Risk Management, Resilience and Land Global Department. It is part of 
a larger effort by the World Bank to provide open access to its research and make a contribution to development policy 
discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.
org/prwp. The author may be contacted at ykawasoe@worldbank.org.A verified reproducibility package for this paper is 
available at http://reproducibility.worldbank.org, click here for direct access.    
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1. Introduction

1.1. The Housing Vulnerability Challenge

The pronounced disparity in impacts among recent global earthquakes underscores a 
fundamental reality: the quality of the built environment, particularly housing, is the 
primary determinant of disaster damage and loss of life. On January 1, 2024, the 
magnitude 7.6 Noto Peninsula earthquake in Japan resulted in 228 direct fatalities and 
estimated economic losses ranging from $7.3 billion to $17.3 billion, with 6,536 
buildings destroyed (Cabinet Office, Government of Japan, 2025). While the Noto 
earthquake caused substantial damage, its human toll and physical destruction remain 
relatively low when contrasted with the February 6, 2023, twin earthquakes (magnitudes 
7.8 and 7.5) that struck Türkiye and the Syrian Arab Republic. These catastrophic events 
caused more than 56,000 deaths, damaged at least 230,000 buildings, and incurred 
approximately $40 billion in direct losses (Brand, et al., 2023) (World Bank, 2023). 
Although geographic exposure and seismic intensity varied, the stark difference in 
human impact is largely attributable to the divergence in housing resilience and 
structural robustness. 

Globally, the scale of housing inadequacy presents a critical development challenge. 
More than 2.8 billion people live in inadequate housing, including 1.1 billion people in 
informal settlements and slums with the majority located in developing countries (UN-
HABITAT, 2025). This physical vulnerability compounds catastrophic financial risks: 
annual disaster losses exceed $2.3 trillion including indirect and ecosystem impacts 
(UNDRR, 2025). For low-income and poor households, housing frequently represents a 
substantial portion of their total wealth, often making its destruction in a disaster a 
devastating and inescapable poverty shock (Friberg, 2022) (Silva & Kawasaki, 2018).  

The central policy challenge in addressing this global housing vulnerability is that 
affordability and disaster-resilience are often framed as competing, rather than 
complementary, objectives (Nielsen & Sanders, 2024) (Cohen, McTarnaghan, & Junod, 
2024). Affordable housing programs in developing countries often prioritize rapid and 
inexpensive construction to meet acute housing shortages, frequently at the expense of 
adequate regulation or oversight to ensure resilience against natural hazard (Wang, 
Antos, & Triveno, 2021). While the disaster risk management communities advocate for 
disaster-resilient housing, it is generally more expensive to construct than conventional 
housing (Baum-Snow & Duranton, 2025). For example, earthquake-proof constructions 
can increase building costs by at least 10% due to the use of stronger materials, 
advanced technologies, and compliance with stricter building codes designed to 
withstand significant seismic events (Kenny, 2016).  

Yet, framing this as a strict trade-off may be misleading and overly simplistic. Poor 
households construct dwellings with fragile materials (mud mortar, unreinforced 
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masonry) not because they prefer risk but because they face binding liquidity 
constraints and limited access to financing. In this view, policy must focus on alleviating 
the economic constraint rather than choosing between affordability and safety. But is 
poverty truly the singular and binding constraint on resilient housing investment? Or do 
other factors—such as inadequate building regulations, low disaster risk awareness, 
and limited local construction sector capacity—matter independently and significantly 
in shaping the outcome? Do the same factors affect achieving both non-fragile housing 
and robust housing levels? 

1.2. The Puzzle: Heterogeneous Resilience at Similar Income Levels 

Despite shared economic constraints, the observed heterogeneity in housing resilience 
across countries at similar income levels presents a critical puzzle for development 
policy. For instance, Viet Nam (GDP per capita $14,415 PPP) has 30.7% of its housing 
stock meeting moderate disaster-resilience standards.1 This figure contrasts sharply 
with Indonesia ($14,470 PPP), a nation with a similar income level, which achieves an 
impressive 86% moderate resilience standard.  Similarly, the stark disparity is clear 
when comparing Sri Lanka ($13,752 PPP) at 17.3% to Guatemala ($12,640 PPP) at 
81.4%. Even Thailand, richer at $21,737 PPP, falls short of Indonesia, with only 58.4% 
non-fragile. These dramatic differences—countries at similar income levels varying by 
50-70 percentage points in housing resilience—cannot be explained by income alone. 
What accounts for this heterogeneity? Three potential mechanisms emerge from 
existing literature: 

Disaster exposure and learning 

The first mechanism suggests that countries with limited prior exposure to natural 
hazards may lack the incentives to invest proactively in resilient housing, while repeated 
disaster experience can catalyze systemic change. For example, the 1960 Valdivia 
Earthquake (Mw 9.5) catalyzed Chile's first national seismic standard (1972), 
continuously revised after subsequent events. The 2010 Maule earthquake (Mw 8.8) 
resulted in approx. 500 deaths despite affecting 80% of the population, with modern 
reinforced concrete showing limited collapse rates (Hube, Marihuén, Llera, & B. 
Stojadinovic, 2014).  Similarly, the 1995 Great Hanshin-Awaji Earthquake in Japan 
informed the promotion of seismic retrofitting through the enactment of specific 
legislation (Moullier & Sakoda, 2018).  

However, many disasters fail to trigger improvements. Nepal's 2015 Gorkha Earthquake 
(Mw 7.8, 9,000+ deaths) led to the establishment of a National Reconstruction Authority 
with explicit "Build Back Better" mandates and code-compliant reconstruction grants. 
Yet implementation faced challenges: expert engineers were unavailable in rural areas, 

1 The number shows a share of non-fragile (robust + medium) housing in each country calculated by the 
author using the Global Exposure Model from GEM Foundation as discussed in Section 3.1.  
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homeowners reverted to traditional methods, and 15.2% of reconstructed buildings 
were non-compliant (Shrestha, Parajuli, & Poudel, 2021). The Philippines show mixed 
patterns: 2009 floods catalyzed policy reform (RA 10121) (Yore, Walker, & Suppasri, 
2025), but 2013 Typhoon Haiyan reconstruction showed 78% poor quality, with pre-
disaster vulnerability predicting post-disaster outcomes (Chavez & Lim, 2025). This 
raises a critical question: Does learning generalize uniformly across income levels, or 
do economic constraints prevent lower income countries from effective adaptation 
while higher income countries face ceiling effects? 

Institutional capacity 

The second mechanism is that effective governance is crucial to enable code 
enforcement, secure land-use regulation, and control corruption (Sanderson, Perugia, 
Kroen, Liu, & Dodson, 2025). A key issue is that developing countries often adopt 
modern building codes but fail to enforce them effectively due to limited inspection 
capacity and pervasive informal construction (World Bank; GFDRR; Inter-American 
Development Bank., 2025). Empirical evidence suggests that corruption acts as a 
significant moderating factor that undermines the effectiveness of policies (Ambraseys 
& Bilham, 2011). A large panel study (1980–2020) demonstrates that higher levels of 
corruption significantly increase the number of disaster-related fatalities as a share of 
the population. This devastating impact is attributed to corruption weakening the 
institutional underpinnings that shape the quality of public infrastructure and governing 
the adherence to vital safety measures like building codes. The study further finds this 
effect is significantly stronger in developing countries. (Cevik & Jalles, 2023).  

This evidence implies that the success of post-disaster reforms (i.e., achieving "Build 
Back Better") is fundamentally dependent on concurrent efforts to strengthen 
governance and integrity, as corruption translates hazard exposure directly into 
increased human mortality. A critical question remains: do broad governance 
indicators, such as general government effectiveness, determine housing robustness, 
or is it the quality of construction-specific institutions, such as building code stringency, 
inspector training, and contractor certification? 

Economic constraints 

Beyond household poverty, the third mechanism identifies national economic 
structures that create binding constraints on housing resilience. A primary factor is the 
intersection of household financial capacity and access to formal credit. While poverty 
directly limits a household's ability to invest in quality materials, this constraint is 
magnified by underdeveloped financial markets. In many developing countries, 
mortgage markets are limited, serving only a small, high-income segment of the 
population. For instance, Indonesia’s mortgage-to-GDP ratio is only 3.1%, compared to 
44.4% in Singapore, indicating a significant gap in housing finance (World Bank, 2025).  
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In the absence of formal mortgages, households often rely on high-interest personal 
loans or engage in incremental building—a piecemeal approach that prevents 
integrated, resilient design (Dasgupta, et al., 2015). Furthermore, financing for 
retrofitting existing buildings is particularly scarce (Wahba, Triven, Terraza, & Antos, 
2018). Compounding this is the sophistication of the national construction ecosystem, 
which tends to scale with GDP. A large informal construction sector means many 
laborers lack formal training and certification in resilient building techniques. This leads 
to poor quality outcomes even when good materials are used. Finally, secure land 
tenure provides an incentive for long-term investment in durable housing (Deininger & 
Goyal, 2024). Insecure tenure, common in informal settlements, not only discourages 
such investment but also prevents households from using property as collateral to 
access credit, trapping them in a cycle of vulnerability. This issue of property rights 
forms a crucial bridge between economic constraints and institutional capacity. 

These mechanisms are not mutually exclusive, and their relative importance may vary 
across development stages. No study has systematically tested them across the full 
income spectrum using comparable housing resilience data. 

1.3. Research Questions 

This paper addresses four interrelated empirical questions aimed at identifying the 
mechanisms driving housing resilience. 

1. What are the primary economic constraints on housing robustness? Is poverty 
the binding constraint, as development literature suggests, or does GDP matter 
independently through construction sector sophistication, materials supply 
chains, or skilled labor availability? 

2. Do countries learn from disaster experience? Does repeated exposure to rapid 
onset disasters (i.e., earthquakes, storms, or floods) drive measurable 
improvements in housing robustness, or do disasters simply destroy wealth 
without triggering adaptation? 

3. Does disaster learning vary by income level and hazard type? Specifically, do 
economic constraints prevent lower income countries from translating 
experience into structural improvements, while higher income countries face 
diminishing returns due to already high standards? Do different hazards 
(earthquakes versus storms versus floods) generate different learning dynamics? 

4. Do the same factors that help countries eliminate fragile housing (Stage 1) also 
drive achievement of robust construction (Stage 2)—or does the constraint 
structure shift at higher development levels (two-stage housing quality ladder 
hypothesis)? 
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1.4. Contributions to Literature 

This paper makes several contributions to understanding global housing vulnerability 
and disaster resilience. 

The study provides the first systematic cross-national evidence on housing robustness 
determinants using comprehensive residential building taxonomy data covering 150 
countries and multiple hazard types. Previous works have relied predominantly on 
single-country case studies or regional analyses unable to distinguish universal 
patterns from context-specific dynamics. The global scope enables testing whether 
poverty constraints, institutional quality, and disaster learning operate similarly across 
income levels and hazard types—questions unanswerable with case study approaches.  

The paper establishes that poverty reduction, institutional development, and disaster 
risk management require differentiated strategies by development stage and hazard 
type. In low-income countries eliminating fragile housing (Stage 1), poverty alleviation 
and basic governance strengthening drive improvements, with earthquake exposure 
providing learning opportunities that catalyze policy reform. In higher-income countries 
pursuing robust construction (Stage 2), household poverty becomes statistically 
insignificant while construction-specific regulatory capacity dominates—suggesting 
policy priorities must shift from household resource constraints to technical standards, 
inspection systems, and construction sector development. 

2. Data and Measurement 

This study constructs a cross-country dataset for 150 economies that includes all the 
variables required for the empirical analysis. Appendix Table A-10 provides the list of 
economies excluded from the analysis due to the lack of one or more variables. The 
data strategy links a novel measure of housing robustness to national indicators of 
economic development, poverty, institutional quality, construction sector regulations, 
and disaster experience. 

2.1. Dependent Variable: Housing Robustness 

Construction from GEM Building Taxonomy 

The paper constructs housing robustness measures from the Global Exposure Model 
(GEM) developed by the Global Earthquake Model Foundation (GEM Foundation, 2023), 
accessed via its GitHub repository (https://github.com/gem/global_exposure_model). 
The GEM database provides comprehensive information on residential building stocks 
at the national level for 215 countries, including building taxonomy (structural system, 
materials, height, lateral load resistance), unit counts, and replacement costs. The 
2023 release incorporates major methodological improvements implemented in 2022 
using 2021 economic values and updated building inventories. 



7 
 

 

The paper assigns each GEM taxonomy to vulnerability categories (robust, medium, or 
fragile) using the GEM-to-vulnerability mapping developed by the World Bank 
Unbreakable study (Middelanis et al., 2024). This mapping links structural 
characteristics, including i) Material and lateral load system; ii) Structural system; and 
iii) Height information, to expected disaster performance under three hazard groups—
earthquake, wind/storm, and water-related hazards (flood, storm surge, tsunami)—plus 
an overall combined vulnerability index. See Appendix Table A-9 for the complete GEM 
taxonomy listing and robustness assignments. The main specifications use the 
combined index, creating 1) robust + medium quality category (eliminating fragile 
housing) and robust-only category (achieving resilient standards) to test the two-stage 
housing ladder framework.  

Following the approach taken for the global unbreakable study (Middelanis, Jafino, Hill, 
Nguyen, & Hallegatte, 2025), the author weights buildings by replacement cost rather 
than unit counts, as this captures exposure to economic losses—the primary policy 
concern in disaster risk management. A high-value apartment building represents 
greater economic exposure than multiple low-value informal dwellings. Importantly, the 
study controls for GDP per capita in all regressions, ensuring cost-weighting does not 
mechanically capture national wealth. Results using unit-weighted proportions 
(Appendix Table A-5) confirm robustness. 

Measurement Limitations and Validity 

The taxonomy-based vulnerability measure has important limitations that warrant 
explicit discussion. The Global Exposure Model estimates structural characteristics 
documented in national building inventories, census data, and remote sensing, rather 
than directly observing construction quality, code compliance, or maintenance 
condition. Further, the GEM classification assigns buildings to vulnerability categories 
based on structural characteristics (material, system, height), but substantial quality 
variation exists within categories. A well-engineered wood frame house with proper 
bracing and anchoring can outperform a poorly constructed concrete block house with 
inadequate reinforcement and low-quality cement. These data limitations reflect a 
fundamental tradeoff in disaster vulnerability research: comprehensive cross-national 
coverage requires aggregated data that masks within-country heterogeneity.  

Despite these limitations, the GEM taxonomy represents the most comprehensive 
global dataset on housing structural characteristics currently available. Alternative data 
sources have more severe limitations. Household surveys (Demographic and Health 
Survey [DHS], Living Standards Measurement Study [LSMS]), national censuses) 
typically collect only roof, wall, and floor materials without information on structural 
systems, height, or lateral load resistance. Remote sensing (satellite imagery, street 
view) can identify building footprints, height, and roof materials but cannot observe 
structural systems, reinforcement details, or foundation types. Engineering surveys 
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provide ground-truth data on construction quality but exist only for selected cities or 
post-disaster assessments, lacking the systematic global coverage necessary for cross-
national analysis. 

2.2. Independent Variables 

Economic Development: GDP per capita, PPP-adjusted (constant 2021 USD) from 
World Bank World Development Indicators (WDI), using the most recent year before 
2023 per country. The paper employs log(GDP per capita).  

Poverty: Poverty Gap at $4.20/day (2021 PPP), from World Bank Poverty and Inequality 
Platform, using the most recent year before 2023 per country. The author used the 
Poverty Gap instead of Poverty headcount to avoid multicollinearity with GDP, and also 
to better understand the implication of the depth of poverty in the housing robustness. 
$4.20/day represents the median national poverty line among lower-middle-income 
countries (World Bank, 2022), thereby capturing a broader measure of deprivation than 
the international extreme poverty line ($3.00/day). The paper used alternative 
measurements, including poverty headcount at $4.20/day (2021 PPP) and poverty gap 
at different thresholds to validate the results in the robustness check.  

Urbanization: Proportion of population living in urban areas as defined by national 
statistical offices in each country from the World Bank data, using the most recent year 
before 2023 per country.   

Institutional Quality: Government Effectiveness from the Worldwide Governance 
Indicators (WGI), year 2024 update. Government Effectiveness captures "perceptions of 
the quality of public services, the quality of the civil service and the degree of its 
independence from political pressures, the quality of policy formulation and 
implementation, and the credibility of the government's commitment to such policies" 
(Kaufmann & Kraay, 2024). The paper selects Government Effectiveness as it most 
directly captures the state's capacity to formulate, implement, and enforce the complex 
technical regulations, land-use policies, and public service provisions that underpin a 
resilient housing stock. 

Building Quality Control: Building Quality Control Index (BQCI) from the World Bank 
Doing Business Archive (2020, last year published before indicator discontinuation). 
Scale: 0-15, with higher values indicating more stringent and well-enforced building 
regulations. Despite discontinuation, the paper includes this index because it remains 
the most recent comprehensive, cross-country measure of building-specific regulatory 
quality, and the year 2020 is aligned with the timing GEM taxonomy data. The index 
consists of 1) Quality of building regulations; 2) Quality control before construction; 3) 
Quality control during construction; 4) Quality control after construction; 5) Liability and 
insurance regimes; and 6) Professional certification.  
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Disaster Experience: The paper uses EM-DAT data to construct cumulative national 
disaster exposure for 2000–2020, aligning with the timing of the GEM data. EM-DAT 
records “significant” disasters satisfying at least one criterion: ≥10 deaths; or ≥100 
people affected; or declaration of a state of emergency; or call for international 
assistance. This threshold excludes minor events while capturing disasters likely to 
trigger policy responses and societal learning. The paper focuses on three hazard types 
that directly affect housing structural integrity: earthquakes; storms (tropical cyclones, 
hurricanes, typhoons); and floods. The primary exposure metric is the count of 
significant events in 2000–2020 by hazard type. Additionally, robustness checks utilized 
binary disaster occurrence alongside normalized disaster counts and death tolls to 
determine whether frequency, impact, or occurrence is the primary driver.  

2.3. Summary Statistics 

Table 1 presents summary statistics for the sample of 150 countries. Several patterns 
merit attention. First, housing robustness varies substantially across countries, with the 
non-fragile tier (robust or medium standard) ranging from 2% to 100%. Second, housing 
that meets the highest standards is rare globally: only 28% of housing (by replacement 
cost) meets the criteria. Third, disaster exposure is highly uneven: storm events range 
from 0 to 294 over the 2000-2020 period, with similar patterns for other hazards, 
justifying the use of log transformations. Finally, socioeconomic variables span wide 
ranges—poverty gap from 0% (advanced economies) to 60.3% (Democratic Republic of 
Congo. 2020), GDP per capita from $1,036 to $130,049 PPP—providing substantial 
identifying variation.  

Table 1 Summary Statistics 

Variable   N   Mean   Std. 
Dev.  

 Min   Max  

A. Housing Robustness Measures (Cost-Weighted Proportion) 
Non-Fragile  150 0.52 0.28 0.02 1.00 
Robust Only  150 0.28 0.243 0.00 1.00 
B. Socioeconomic and Governance Variables 

Poverty Gap (%, $4.20/day, 2021 PPP) 150  8.58  13.05  0.00     60.30  

GDP per Capita (2021, International USD, PPP)  150 23,733 24,884 1036 130,049 
Urban Population (%) 150 59.34 21.19 16.98 99.28 
Government Effectiveness (WGI, 2024)  150 -0.06 0.94 -2.23 2.13 
Building Quality Control Index (0-15, Doing Business 2020)  150 10.28 3.11 0.00 15.00 
C. Disaster Experience (2000-2020, Event Counts) 

Earthquake Events 150  3.23  10.53  0.00  97  

Storm Events 150  12.17   33.31  0.00  294  

Flood Events  150  19.91  28.90  0.00  201  

Notes: All variables represent the most recent available year before 2023 for each country. Housing 
robustness measures reflect GEM taxonomy data (2021-2022 collection). Disaster counts cover 2000-
2020. Poverty and GDP data are primarily from 2018-2023.  
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3. Empirical Strategy 

The empirical strategy tests conditional correlations between housing quality and its 
hypothesized determinants, testing the two-stage housing quality ladder framework. 
This parallel estimation approach for the non-fragile index and robust-only index tests 
whether constraint structures fundamentally differ across development stages. The 
author hypothesizes that Stage 1 (eliminating fragility) is constrained primarily by 
household poverty, while Stage 2 (achieving robust construction) depends on technical 
capacity, skilled labor markets, and regulatory enforcement that emerge only at higher 
national income levels—constraints that operate independently of household-level 
poverty (Figure 1). While the cross-sectional design precludes definitive causal claims, 
the paper structures the analysis to maximize inferential value through: 

• Multiple robustness checks to assess sensitivity to specification choices 
• Heterogeneity analysis to test mechanisms rather than relying solely on main 

effects 
• External validation with independent data sources 

Figure 1 The Two-Stage Housing Quality Ladder Framework 

 

3.1. Phase 1: Structural Baseline Models  

The analysis employs a nested modeling strategy that progressively adds explanatory 
variables to isolate the independent contribution of each factor. This approach 
addresses potential multicollinearity between highly correlated variables (GDP per 
capita, urbanization, governance effectiveness, and building regulations) while 
maintaining transparency about how each addition affects coefficient estimates. The 
baseline specification relates housing vulnerability to economic and institutional 
determinants: 

𝑉𝑖 = α + β1𝑃𝑂𝑉𝑖 + β2𝐺𝐷𝑃𝑖 + +β3𝑈𝑅𝐵 + β4𝐺𝑂𝑉𝑖 + β5𝐵𝑄𝐶𝐼𝑖 + ∑ δ𝑟𝑅𝐸𝐺𝐼𝑂𝑁𝑖𝑟

6

𝑟=1

+ ϵ𝑖  
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where 𝑉𝑖  represents housing robustness in country 𝑖 (measured as the proportion of 
non-fragile or robust housing, cost-weighted), 𝑃𝑂𝑉𝑖  is the Poverty Gap at $4.20/day 
(2021 PPP), 𝐺𝐷𝑃𝑖 is log GDP per capita (2021 PPP),  𝑈𝑅𝐵𝑖  is the proportion of Urban 
Population, 𝐺𝑂𝑉𝑖  captures government effectiveness from the World Governance 
Indicators, and 𝐵𝑄𝐶𝐼𝑖  is the Building Quality Control Index measuring construction-
specific regulatory capacity. All continuous variables are mean-centered. 𝑅𝐸𝐺𝐼𝑂𝑁𝑖𝑟  are 
regional fixed effects indicators for seven World Bank geographical classifications 
(Europe & Central Asia, Middle East & North Africa, Sub-Saharan Africa, Latin America & 
Caribbean, North America, South Asia, and East Asia & Pacific as the reference 
category), The error term 𝜖𝑖  captures unobserved determinants of housing quality. 

All models use ordinary least squares (OLS) with heteroskedasticity-robust standard 
errors (HC1 variance estimator). While cross-sectional OLS cannot establish causality, 
it provides consistent estimates of conditional correlations under the assumption that 
the control variables capture the primary confounding factors. The author assesses this 
assumption through multiple robustness checks detailed in Section 4.5. 

The paper uses the following nested specification sequence to observe how coefficient 
estimates evolve as the model accounts for additional factors. 

• Model 1 (Base): Poverty + Regional FE to establish whether poverty alone 
predicts housing quality 

• Model 2 (Poverty Non-linearity): Add poverty squared to test for threshold effects 
• Model 3 (Income): Adds GDP to disentangle national wealth from household 

poverty 
• Model 4 (Urbanization): Add urban population (%) to test urbanization impacts 
• Model 5 (General Governance): Add WGI Government Effectiveness to tests 

broad institutional capacity 
• Model 6 (Building-Specific Institutions): Add BQCI to test whether specialized 

construction regulations matter beyond general governance 

3.2. Phase 2: Disaster Learning Models  

To test whether disaster exposure drives housing improvements through "build-back-
better" mechanisms, the paper estimates two primary specifications that capture 
different dimensions of disaster experience: 

Model A: Disaggregated Hazards (Specific Effects) 

First, the study includes individual hazard types simultaneously in a single model to 
identify their independent contributions to housing quality: 

𝑣𝑖 = α + ∑ βℎ

ℎ∈{𝐸𝑄,𝑆𝑇,𝐹𝐿}

ln(𝐻𝑎𝑧𝑎𝑟𝑑𝑖,ℎ + 1) + 𝑋𝑖
′Γ + δ𝑟 + ϵ𝑖  
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where ℎ denotes earthquakes (𝐸𝑄), storms (𝑆𝑇), and floods (𝐹𝐿). This specification 
allows us to compare the relative importance of different hazard types, controlling for 
their co-occurrence. 𝑋𝑖

′ is variables from Phase 1. Γ represents the vector of coefficients 
for these control variables, and δ𝑟  denotes regional fixed effects. 

Model B: Aggregate Hazards (Total Exposure) 

Second, the paper estimates the effect of cumulative disaster exposure using an 
aggregate measure: 

𝑣𝑖 = α + β ln (∑ 𝐻𝑎𝑧𝑎𝑟𝑑𝑖,ℎ + 1) + 𝑋𝑖
′Γ + δ𝑟 + ϵ𝑖  

This model tests whether the overall frequency of disasters, regardless of type, serves 
as a catalyst for institutional or structural learning in the housing sector.  

For both specifications, the paper follows the nested approach described in Phase 1, 
sequentially adding controls for poverty, income, urbanization, governance, and sector 
regulations to assess the robustness of the disaster coefficients. 

3.3. Phase 3: Heterogeneous Effects (Interaction Models) 

The disaster learning literature predicts that reconstruction-driven improvements 
should be strongest in contexts with high baseline vulnerability and substantial 
reconstruction opportunities—conditions more prevalent in lower-income countries.  
Similarly, the countries with stronger governance and sector specific institutions could 
use disaster experience to strengthen the housing robustness. To test whether disaster 
learning varies systematically across contexts, the paper employed four interaction 
models.  

𝑣𝑖 = α + β1𝐷𝑖𝑠𝑎𝑠𝑡𝑒𝑟𝑖,ℎ + β2𝑍𝑖 + γ(𝐷𝑖𝑠𝑎𝑠𝑡𝑒𝑟𝑖,ℎ × 𝑍𝑖) + δ𝑟 + ϵ𝑖  

Where 𝑍𝑖  represents one of the four contextual moderators: (i) Poverty Gap, (ii) log GDP 
per capita, (iii) Government Effectiveness, and (iv) BQCI. All continuous variables are 
mean-centered to facilitate the interpretation of the main effects. The coefficient of 
interest is γ, which captures how the marginal effect of disaster experience on housing 
quality varies across different levels of 𝑍𝑖. 

3.4. Two-Stage Housing Quality Ladder: Parallel Estimation Strategy 

The non-fragile (robust + medium) quality measure captures countries' success in 
eliminating fragile housing and achieving at least medium-quality construction. 
However, policy interest extends to understanding what drives progression to the higher 
quality tier—robust housing that meets modern engineering standards. 

The paper examines this by estimating parallel specifications for two dependent 
variables: 
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1. Stage 1 - Non-Fragile Housing %: Captures success in eliminating fragile 
structures 

2. Stage 2 - Robust Housing %: Captures progression to engineered structures 

Formally, the paper estimates parallel specifications: 

Stage 1 (Fragile to Non-fragile): 

𝑉𝑖
non-fragile

= 𝑓(𝑃𝑂𝑉𝑖 , 𝐺𝐷𝑃𝑖 , 𝐺𝑂𝑉𝑖 , 𝐵𝑄𝐶𝐼𝑖 , 𝑈𝑅𝐵𝑖 , 𝐷𝐼𝑆𝑖 , 𝑅𝐸𝐺𝐼𝑂𝑁𝑖) 

Stage 2 (Medium to Robust): 

𝑉𝑖
robust only

= 𝑔(𝑃𝑂𝑉𝑖 , 𝐺𝐷𝑃𝑖 , 𝐺𝑂𝑉𝑖 , 𝐵𝑄𝐶𝐼𝑖 , 𝑈𝑅𝐵𝑖 , 𝐷𝐼𝑆𝑖 , 𝑅𝐸𝐺𝐼𝑂𝑁𝑖) 

Comparing coefficient patterns across 𝑓(⋅) and 𝑔(⋅) reveals whether constraint 
structures differ at higher quality levels.  

3.5. Initial Bivariate Analysis: Motivation for Multivariate Controls 

Before presenting multivariate regression results, the paper examines bivariate 
relationships between housing robustness and key explanatory variables to motivate 
the modeling approach (Figure 2). The scatterplots reveal linear associations consistent 
with theoretical expectations, while the full correlation matrix (Appendix Table A-1) 
provides additional insights into more complex relationships among covariates. 

Both housing measures—non-fragile housing and robust-only housing—exhibit positive 
correlations with log GDP per capita and government effectiveness. These patterns 
suggest that both economic resources and institutional capacity are important 
determinants of housing quality. The building quality control index shows positive but 
relatively modest correlations with housing robustness (non-fragile), despite its stronger 
correlation higher housing robustness tier. Conversely, the poverty gap shows strong 
negative correlations with both housing measures, indicating that poverty substantially 
constrains access to quality housing.  

The hazard variables reveal important differential relationships with housing quality and 
development. Earthquake exposure shows statistically insignificant correlations with 
GDP per capita, consistent with their largely exogenous geographic determination. 
Notably, earthquake and storm exposures demonstrate a positive association with non-
fragile housing, potentially reflecting building code adaptations in hazard-prone 
countries. In contrast, flood exposure exhibits systematic negative correlations with 
robust housing, GDP per capita, and government effectiveness, suggesting that flood-
prone areas face compounding vulnerabilities of lower development levels and weaker 
institutional capacity. 
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Figure 2  Key Bivariate Relationships 

 

Note: Scatterplots showing Non-fragile housing vs. (A) Poverty Gap; (B)  log GDP per capita; and  (C) Government 
Effectiveness. Each point represents one country (N=150). Fitted lines show OLS relationships without controls. 

4. Results 

4.1. Baseline Models: Economic Constraints and Institutional Capacity 

Table 2 presents the results from phase 1 – structural baseline models, examining 
variables correlate with housing robustness across 150 countries. Results reveal 
distinct constraint patterns across housing quality stages, strongly supporting the two-
stage hypothesis. All regression results can be found in Appendix C. 

Table 2  Baseline Determinants of Housing Resilience 

Dependent Variable Non-Fragile Robust Only 

Variable M2 M3 M6 M2 M3 M6 

Poverty Gap ($4.20/day) -0.0134*** -0.0075** -0.0072** -0.0100*** -0.0028 -0.0019  
(0.0027) (0.0032) (0.0032) (0.0031) (0.0035) (0.0033) 

Poverty Gap Squared 0.0003*** 0.0002*** 0.0002** 0.0002*** 0.0001 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP)  0.0700*** 0.0210 
 

0.0851*** 0.0393   
(0.0239) (0.0339) 

 
(0.0255) (0.0301) 

Urban Population %  
 

0.0002 
  

0.0018*    
(0.0012) 

  
(0.0010) 

Government Effectiveness    0.0484* 
  

0.0167    
(0.0266) 

  
(0.0210) 

Building Quality Index   0.0080 
  

0.0094**    
(0.0053) 

  
(0.0044) 

Region FE: Middle East & North Africa 0.0644 0.0536 0.0620 0.2544*** 0.2413*** 0.1933**  
(0.0722) (0.0679) (0.0734) (0.0899) (0.0874) (0.0910) 

Region FE: Latin America & Caribbean 0.0881 0.0743 0.1128** -0.1500** -0.1668*** -0.1657***  
(0.0586) (0.0572) (0.0537) (0.0590) (0.0554) (0.0574) 

Region FE: Europe & Central Asia -0.0455 -0.1027** -0.0849* 0.1781*** 0.1085 0.1110  
(0.0511) (0.0511) (0.0505) (0.0657) (0.0675) (0.0679) 

Region FE: North America 0.2009*** 0.1059* 0.0982* -0.2559*** -0.3716*** -0.3946***  
(0.0508) (0.0641) (0.0552) (0.0607) (0.0734) (0.0765) 

Region FE: Sub-Saharan Africa -0.2552*** -0.2682*** -0.2672*** -0.0249 -0.0408 -0.0587  
(0.0547) (0.0552) (0.0515) (0.0542) (0.0543) (0.0526) 

Region FE: South Asia -0.2628** -0.2375** -0.2417** 0.0755 0.1063 0.1113  
(0.1076) (0.1025) (0.0951) (0.1120) (0.1050) (0.1046) 

Constant 0.5512*** 0.5879*** 0.5793*** 0.2064*** 0.2511*** 0.2639***  
(0.0402) (0.0416) (0.0395) (0.0478) (0.0492) (0.0508) 

Observations 150 150 150 150 150 150 

R-squared 0.6190 0.6409 0.6539 0.5513 0.5953 0.6163 

Adj. R-squared 0.5974 0.6178 0.6236 0.5259 0.5693 0.5827 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Stage 1: Eliminating Fragile Housing  

Poverty serves as the dominant constraint. In the baseline poverty model (M2), the 
poverty gap exhibits a strong negative relationship with non-fragile housing. Critically, 
the positive quadratic term indicates that poverty's negative effect diminishes at higher 
poverty levels. This non-linearity may reflect that at extreme poverty levels, housing is 
uniformly fragile regardless of marginal variation, or that survival necessities 
establishing a minimum construction threshold even in the poorest contexts. 

National income operates through multiple channels. When GDP per capita is 
introduced (M3), it shows a substantial positive association. However, poverty remains 
significant, demonstrating that both national wealth and household poverty 
independently constrain Stage 1 progress. This pattern suggests GDP operates through 
channels beyond poverty reduction, such as construction market development and 
material availability. 

Institutions matter, but primarily through general governance. The full specification (M6) 
reveals that government effectiveness shows marginal significance, while the Building 
Quality Control Index remains insignificant. Notably, GDP's coefficient drops sharply 
when institutions are controlled, indicating that national income effects are partially 
mediated through governance capacity. Poverty maintains significance, confirming its 
direct constraining role even after accounting for all structural factors. 

Stage 2: Achieving Robust Construction 

A fundamental shift in constraint patterns. The robust only models reveal a striking 
transformation in determinants across housing quality stages: 

Poverty becomes irrelevant, while national income dominates. Although poverty 
strongly predicts Stage 1 outcomes, it loses all significance for robust housing in both 
M3 and M6. The quadratic term similarly becomes insignificant. This pattern strongly 
supports the hypothesis that once countries overcome fragility, further progression to 
engineered construction is no longer constrained by household poverty. Contrarily, 
GDP's coefficient strengthens substantially in M3, larger than its Stage 1 effect. This 
suggests robust construction requires broad technical infrastructure and skilled labor 
markets that emerge only at higher income levels. 

Building specific institutions emerges as significant. In the full specification (M6), the 
BQCI shows clear significance, while general governance becomes insignificant. This 
reversal from Stage 1 strongly supports the hypothesis that Stage 2 requires specialized 
construction sector institutions beyond general governance quality.  Relatedly, urban 
population share is insignificant for Stage 1 but shows marginal significance for Stage 2, 
consistent with robust construction concentrating in formal urban construction 
markets with better regulatory enforcement. 
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Regional Heterogeneity 

Regional fixed effects reveal persistent geographic disparities. Sub-Saharan Africa and 
South Asia consistently show lower resilience levels to achieve non-fragile housing, 
compared to the baseline (East Asia & Pacific), even after controlling for income and 
poverty. Conversely, North America and MENA region exhibit higher baseline resilience 
in the non-fragile and robust-only index, respectively. Regional heterogeneity not 
explained by observables suggests important unobserved factors (construction culture, 
historical institutions, conflict exposure) that merit further investigation. 

4.2. Disaster Learning and Heterogeneous Effects 

The paper tests whether disaster exposure drives housing improvements (Phase 2) and 
whether these effects vary systematically across different contexts (Phase 3). The 
results (Table 3) provide strong evidence for disaster-driven improvements, 
characterized by pronounced heterogeneous effects.  

Table 3  Disaster Learning and Interactions 
 

Non-fragile Robust only 

Variable D5 Int. Pov Int. WGI D5 Int. Pov Int. WGI 

Poverty Gap ($4.20/day) -0.0065* -0.0071** -0.0073** -0.0012 -0.0022 -0.0027  
(0.0036) (0.0033) (0.0033) (0.0037) (0.0035) (0.0033) 

Poverty Gap Squared 0.0001** 0.0001 0.0002** 0.0001 0.0000 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 0.0280 0.0651** 0.0349 0.0459 0.0621* 0.0543*  
(0.0360) (0.0293) (0.0357) (0.0308) (0.0331) (0.0311) 

Urban Population % 0.0005 0.0003 0.0003 0.0021** 0.0019* 0.0017*  
(0.0012) (0.0012) (0.0011) (0.0010) (0.0010) (0.0010) 

Government Effectiveness (WGI) 0.0403 
 

0.0518* 0.0094 
 

0.0171  
(0.0282) 

 
(0.0285) (0.0205) 

 
(0.0220) 

Building Quality Index 0.0065 
  

0.0096* 
  

 
(0.0064) 

  
(0.0054) 

  

Earthquake Count (Log) 0.0579*** 0.0468*** 0.0557*** 0.0369* 0.0315* 0.0346*  
(0.0180) (0.0170) (0.0182) (0.0211) (0.0179) (0.0182) 

Storm Count (Log) 0.0043 0.0106 0.0042 -0.0051 -0.0007 -0.0026  
(0.0158) (0.0167) (0.0159) (0.0144) (0.0147) (0.0136) 

Flood Count (Log) -0.0312 -0.0183 -0.0206 -0.0235 -0.0059 -0.0061  
(0.0201) (0.0157) (0.0185) (0.0178) (0.0152) (0.0156) 

Poverty × Earthquake 
 

-0.0041*** 
  

-0.0028** 
 

  
(0.0012) 

  
(0.0013) 

 

Poverty × Storm 
 

0.0012* 
  

0.0008 
 

  
(0.0007) 

  
(0.0007) 

 

Poverty × Flood 
 

0.0033*** 
  

0.0028** 
 

  
(0.0012) 

  
(0.0012) 

 

Gov. Effectiveness × Earthquake 
  

0.0349** 
  

0.0447**    
(0.0172) 

  
(0.0185) 

Gov. Effectiveness × Storm 
  

-0.0312** 
  

-0.0314**    
(0.0147) 

  
(0.0135) 

Gov. Effectiveness × Flood 
  

0.0054 
  

-0.0119    
(0.0172) 

  
(0.0150) 

Constant 0.5548*** 0.5713*** 0.5484*** 0.2594*** 0.2568*** 0.2477***  
(0.0435) (0.0403) (0.0395) (0.0531) (0.0534) (0.0499) 

Region FE Yes Yes Yes Yes Yes Yes 

Observations 150 150 150 150 150 150 

R-squared 0.6758 0.6797 0.6866 0.6288 0.6296 0.6439 

Adj. R-squared 0.6395 0.6411 0.6462 0.5873 0.5851 0.5981 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Main Disaster Effects: Hazard-Specific Learning 

Earthquakes drive systematic housing improvements. Across all specifications, 
earthquake exposure shows the strongest and most consistent positive association 
with housing quality. In the full policy model (D5), earthquake count exhibits a highly 
significant coefficient for non-fragile housing. This effect persists even after controlling 
poverty, GDP, urbanization, governance, and building regulations, suggesting genuine 
disaster-driven learning beyond structural development. For Stage 2 outcomes, 
earthquakes maintain marginal significance in D5 and regain full significance in the 
governance interaction model. This indicates that earthquake learning operates across 
both housing quality stages, though with somewhat weaker effects at Stage 2 where 
institutional capacity becomes more binding. 

Flood and storm exposure show no significant main effects on housing quality. Storm 
exposure exhibits near-zero coefficients, while flood exposure shows consistently 
negative though insignificant associations. The flood pattern suggests repeated flood 
exposure may concentrate vulnerable populations without triggering housing upgrading, 
while storms affect temporary roof damage rather than structural integrity. The result 
may reflect that, unlike earthquakes that require strengthening of each building, flood 
and storms may trigger other resilience measures, such as urban planning and flood 
control infrastructures. These divergent patterns strongly support hazard-specific rather 
than combined disaster modeling. 

Poverty and Income Interactions: Reconstruction Leap 

Earthquake-poverty interactions are significantly negative for both stages, indicating 
earthquake learning effects diminish in higher-poverty contexts. Similarly, earthquake— 
GDP interactions (Annex C) are significantly positive for both stages, showing the higher 
income countries are using disaster experiences to strengthen their housing resilience. 
The interaction suggests earthquake disaster learning requires minimum economic 
capacity to translate experience into durable improvements. 

Importantly, flood and storm interactions show the opposite pattern. Flood-poverty 
interactions are positive for both stages, while storm-poverty interactions are positive 
for non-fragile stages. The interaction with GDP aligns the findings, where storm-GDP 
interactions are negative, indicating stronger flood and storm effects in higher-poverty 
and lower income contexts. This result implies a critical "Reconstruction Leap" 
mechanism: the push for robust housing improvements following  flood and storm 
events is driven disproportionately by high-poverty and low-income contexts. These 
hazard events create sufficient political and humanitarian pressure to trigger policy 
responses, and these effects are strongly channeled into countries where the initial 
housing stock is poorest and the potential for upgrading is greatest. 
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Governance Interactions: Institutional Capacity as Enabler 

Earthquake-governance interactions are significantly positive, indicating earthquake 
learning is substantially stronger in well-governed countries. This strongly supports the 
institutional implementation hypothesis: governance quality enables countries to enact 
and enforce building codes and sustain policy attention beyond immediate response. 
The stronger effect at Stage 2 suggests governance becomes increasingly important for 
advanced seismic standards requiring sophisticated regulatory enforcement. 

The negative storm-governance interaction warrants careful interpretation and further 
research. The hypothesis is that well-governed states prioritize macro-level 
hydrometeorological hazard protection (drainage systems, dykes, early warning) over 
private housing reinforcement, potentially reducing individual-level investment in 
structural wind resistance. Alternatively, this pattern may reflect measurement issues: 
storms cause roof and facade damage that may not register in structural taxonomy 
classifications, even when reconstruction occurs. The contrast with earthquakes—
where governance strengthens learning—suggests different hazard types trigger distinct 
policy responses, with earthquakes driving building-level interventions while 
hydrometeorological hazards prompt infrastructure-level investments. 

4.3. The Income Heterogeneity: Validating the Two-Stage Framework 

The two-stage framework predicts fundamentally different constraint structures at 
different development levels: achieving minimum safety standards (Stage 1) requires 
addressing household poverty and basic disaster vulnerability, while achieving robust 
construction (Stage 2) requires national technical capacity and specialized institutions. 
To test this directly, the study estimates the baseline specification separately for 
low/lower-middle income countries (below median GDP per capita of $14,885 PPP, 
n=75) and upper-middle/high income countries (above median, n=75). 

Results (Table 4) provide validation of this framework. In lower-income countries 
(Columns 1-4), the Poverty Gap is a highly significant constraint for Stage 1 (non-fragile 
housing) with the Poverty Gap Squared shows a positive and significant coefficient, 
validating the main result.  For Stage 2 (robust-only housing) in lower-income settings, 
the Building Quality Control Index  is significant (Column 4). This confirms that even in 
resource-constrained environments, institutional frameworks for technical oversight 
are essential for achieving advanced structural resilience. In contrast, basic GDP and 
urban population growth mainly support Stage 1 quality, suggesting that growth alone 
improves basic housing quality but does not automatically translate into robust 
engineering without institutional intervention. 

In higher-income countries (Columns 5-8), poverty metrics lose significance entirely, 
confirming that financial survival is no longer the primary bottleneck. Instead, 
Governance Effectiveness and Earthquake learning drive housing quality. Notably, the 
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model fit (R²) for Stage 2 (0.59–0.60) is substantially higher than for Stage 1 (0.37–0.39), 
reinforcing the idea that the transition to robust construction is a more deliberate, 
institutionally-driven process in higher income countries.  

A cross-cutting finding is the role of earthquake exposure, which remains significant 
across nearly all models and income levels. This suggests that the catastrophic and 
sudden nature of seismic events facilitates a more universal policy learning effect 
compared to storms, which show weaker or inconsistent significance in these sub-
groupings. The negative and occasionally significant coefficient for flood exposure is 
inconsistent with the reconstruction leap hypothesis, requiring further studies.  

Table 4  Income Heterogeneity and the Two-Stage Framework 
 

Lower- Income Higher Income  
(1) (2) (3) (4) (5) (6) (7) (8) 

Dependent 
Variable: 

Non-fragile Robust 
only 

Non-fragile Robust 
only 

Non-
fragile 

Robust 
only 

Non-
fragile 

Robust 
only 

Poverty Gap  -0.006*** -0.002 -0.006*** -0.002 -0.034 -0.033 -0.039 -0.030  
(0.002) (0.003) (0.002) (0.003) (0.033) (0.029) (0.038) (0.029) 

Poverty Gap 
Squared 

0.000*** 0.000 0.000** 0.000 0.004 0.004 0.003 0.003 

 (0.000) (0.000) (0.000) (0.000) (0.003) (0.002) (0.003) (0.002) 

Log GDP PC 0.067* 0.030 
  

0.119* 0.006 
  

 
(0.039) (0.040) 

  
(0.070) (0.056) 

  

Urban Pop % 0.002* 0.001 0.003** 0.002 -0.002 0.002* -0.002 0.002 

 (0.001) (0.001) (0.001) (0.001) (0.002) (0.001) (0.002) (0.001) 

Gov Effectiveness 
  

0.038 -0.018 
  

0.082* 0.030    
(0.030) (0.032) 

  
(0.043) (0.029) 

BQCI 
  

0.007 0.011** 
  

0.005 -0.004    
(0.006) (0.005) 

  
(0.017) (0.012) 

Earthquake 0.089*** 0.047* 0.078*** 0.035 0.081*** 0.060** 0.075*** 0.060*  
(0.032) (0.028) (0.030) (0.026) (0.024) (0.030) (0.024) (0.031) 

Storm 0.022 -0.001 0.021 -0.003 -0.022 -0.018 -0.025 -0.025  
(0.017) (0.018) (0.018) (0.018) (0.030) (0.026) (0.029) (0.026) 

Flood -0.053* -0.021 -0.052* -0.027 -0.032 -0.043* -0.021 -0.032  
(0.029) (0.028) (0.030) (0.029) (0.023) (0.024) (0.030) (0.028) 

Constant 0.399*** 0.062 0.417*** 0.103* 0.758*** 0.501*** 0.709*** 0.501*** 

  (0.050) (0.049) (0.049) (0.054) (0.074) (0.107) (0.076) (0.097) 

Region FE Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 75 75 75 75 75 75 75 75 

R-squared 0.757 0.510 0.757 0.527 0.378 0.597 0.390 0.603 

Adj. R-squared 0.710 0.415 0.706 0.426 0.257 0.519 0.260 0.519 

Notes: *** p<0.01, ** p<0.05, * p<0.10. 

4.4. External Validation Using Independent Data 

The main dependent variable derives from GEM building taxonomy classifications, 
which rely on expert assessments of structural systems, materials from different 
sources. While comprehensive in coverage and technically rigorous, the measure could 
potentially reflect taxonomy categorization choices rather than actual housing 
conditions. To validate that findings are not measurement artifacts, the paper re-
estimates the core model using an entirely independent data source: the housing 
deprivation component of the UN's Multidimensional Poverty Index (MPI). MPI housing 
deprivation measures the percentage of population living in dwellings with inadequate 
flooring, roofing, or walls, derived from household survey data in 96 countries. This 
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represents direct observation of housing materials through household interviews rather 
than expert inference from building taxonomy. The author constructs the dependent 
variable as 100 - MPI Housing Deprivation (higher values = better housing quality) and 
re-estimate the baseline specification. 

The results, presented in Appendix Table A-5, provide strong external validity for the 
main findings. All core relationships are replicated with theoretically consistent signs 
and notably higher explanatory power (𝑅2 ranging from 0.74 to 0.79). Specifically, the 
positive and significant coefficients for GDP per capita and governance effectiveness 
persist. The improved model fit in the MPI specifications likely stems from the fact that 
the MPI’s focus on basic material adequacy—such as durable walls and weather-
resistant roofing—is more directly responsive to income levels and institutional 
capacity than the broader engineering-based classifications found in the GEM 
taxonomy. 

Crucially, the hazard-specific learning hypothesis is also confirmed. The effect of 
earthquake risk remains positive and significant, while flood risk exerts a consistently 
negative and significant influence on housing quality. These results reinforce the 
theoretical distinction between these two hazards: earthquake resilience is primarily 
embedded within the structural robustness of individual buildings, thereby incentivizing 
better construction materials. In contrast, flood risk is often managed through 
collective physical protection (e.g., dikes) or land-use planning, which may not directly 
translate into improved building-level material quality. 

4.5. Additional Robustness Checks 

The author conducts extensive additional robustness checks examining alternative 
specifications, sample restrictions, and outlier sensitivity. Core findings prove 
remarkably stable. 

Alternative poverty specifications (Table A-2) confirm results are not artifacts of 
functional form. Using poverty gap quartile (Panel A) confirmed the negative impact of 
poverty in extremely poor setting. Replacing poverty gap with poverty headcount ratio 
(incidence rather than depth – Panel B) shows significant effects, indicating that how 
many people are poor matters independently of how poor they are, though governance 
and earthquake experiences remain the dominant predictor. Poverty constraints 
operate differently across poverty line definitions. Extreme poverty ($3.00/day gap – 
Panel C) shows weak or statistically insignificant effects—at such deep poverty, housing 
is uniformly low quality regardless of marginal variation. Higher thresholds ($8.30/day – 
Panel D) show consistent effects, indicating that households in the $5-$8/day range 
face binding constraints where modest income changes affect housing investment 
capacity. 
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Sample restrictions (Table A-3) validate key mechanisms. Excluding small island 
states (population <1.5 million, n=27 excluded – Panel A) improves model fit, confirming 
the framework explains variation better in larger, structurally diverse economies. 
Excluding the top 1% of disaster exposure (n = 2 – Panel B), confirms that the "learning 
effect" is derived from the frequency of seismic experience rather than just the shock of 
a single massive catastrophe. Winsorizing disaster counts at the 95th percentile (Panel 
C) produces nearly identical results, confirming outlier robustness. 

Alternative disaster measures (Table A-4) test whether occurrence, impact, or 
frequency drives learning. The population normalized disaster count (Relative Exposure 
- Panel A) aligns with the main findings, where earthquakes strengthen housing 
resilience at the robust-only tier.  The magnitude of the coefficient is actually larger than 
the baseline. This reinforces the core thesis: countries with higher relative exposure to 
earthquakes invest more in housing quality.  

Binary disaster indicators (any vs. none – Panel B) show substantially weaker effects 
than continuous specifications, with disaster variables becoming non-significant. This 
suggests that simply "having experienced an earthquake" is insufficient to drive 
national-level improvements in housing vulnerability. The mortality-based 
specifications (Panel C) confirms that seismic learning is not merely a trauma-response 
to high death tolls. Instead, as the main results and Panel A suggest, it is the frequency 
of events that matters. For storms, however, the significant mortality effect suggests 
that wind-related housing improvements may be more reactive to high-casualty events 
compared to seismic policies. 

Alternative dependent variable (Table A-5): In addition to the MPI analysis (Section 
4.4), unit-weighted housing proportions are tested instead of the cost-weighted 
baseline. GDP, poverty gap, and government effectiveness show stable results, 
confirming that fundamental development-housing relationships are robust to 
aggregation choices. Disaster effects reveal important distributional patterns, 
particularly for earthquake resilience. The earthquake frequency effect is statistically 
significant but weakened under unit-weighting. This suggests that earthquake-resilient 
construction is disproportionately concentrated in higher-cost, formal housing sectors 
where specialized structural engineering can be effectively implemented. Lower-cost 
and informal housing, which comprises the majority of dwellings in earthquake-prone 
developing countries, shows substantially less evidence of seismic adaptation, despite 
facing similar or greater exposure. This finding has significant equity implications: 
aggregate improvements in building quality measured by economic value may mask 
persistent vulnerabilities among poorer populations, who remain disproportionately at 
risk in seismic zones even as national-level housing indices improve.  

Jackknife analysis excluding each region sequentially (Table A-6) confirms that the 
results are not driven by any single geographic cluster. The earthquake coefficient 
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remains significant and positive in all seven sub-samples, with magnitudes ranging from 
0.050 to 0.082. Notably, earthquake effects strengthen when Sub-Saharan Africa (SSA) 
is excluded, suggesting SSA's high earthquake vulnerability may attenuate rather than 
drive the global relationship. The poverty gap coefficient maintains significance when 
SSA is excluded, indicating poverty effects operate beyond African contexts. Excluding 
Europe & Central Asia yields the highest overall R² (0.772), suggesting this region's 
unique institutional development path creates additional unexplained variance in the 
full sample.  

The robustness checks consistently validate the core finding that housing quality is 
shaped by the interplay of economic constraints, institutional capacity, and seismic 
experience. The results confirm that the seismic learning effect is fundamentally driven 
by the frequency and relative exposure of earthquakes rather than binary occurrence or 
past mortality.  

5. Discussion 

The results reveal that transitions from fragile to medium-quality structures operate 
through different mechanisms than progression to robust housing standards. Stage 1 
improvements (fragile to non-fragile housing) are driven primarily by poverty alleviation 
that relaxes budget constraints. The strong poverty coefficient combined with 
significant national income and government effectiveness effect in Stage 1 models 
suggest that basic housing improvements occur when households gain sufficient 
income to invest in durable materials and when public institutions provide enabling 
infrastructure—secure land tenure, basic utilities, and accessible materials markets. 
For moving to the robust housing tier (Stage 2), The Building Quality Control Index and 
urbanization becomes positive and statistically significant, indicating that construction 
sector regulations and enforcement capacity matter beyond general governance quality 
to achieve higher quality. 

Disaster learning varies systematically by hazard type, income level, and development 
stage. Earthquake exposure shows consistently positive associations with both non-
fragile and robust only indices, indicating that seismic risk creates universal incentives 
for structural improvements. The interactions with poverty, GDP, and governance 
effectiveness suggest earthquake disaster learning requires minimum economic and 
governance capacity to translate experience into durable improvements. Robustness 
checks using unit-weighted housing measures reveal important equity concerns: the 
earthquake effect weakened when all dwelling types receive equal weight, suggesting 
that seismic resilience concentrates in higher-cost formal construction. This finding 
indicates that aggregate improvements in building quality measured by economic value 
may mask persistent vulnerabilities among poorer populations who remain 
disproportionately at risk in seismic zones. This finding underscores the need for equity-
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focused disaster risk reduction policies that extend resilience improvements beyond 
formal, higher-cost construction sectors. 

The insignificance or even negative correlation with flood and storms result may reflect 
that, unlike earthquakes that require strengthening of each building, flood and storms 
may trigger other resilience measures, such as urban planning and flood control 
infrastructures. These divergent patterns strongly support hazard-specific rather than 
combined disaster modeling. Flood-poverty interactions are positive for both stages, 
while storm- poverty interactions are positive for non-fragile stages. The interaction with 
GDP aligns the findings, where storm-GDP interactions are negative, indicating stronger 
flood and storm effects in higher-poverty and lower income contexts. This result implies 
a critical "Reconstruction Leap" mechanism: the push for robust housing improvements 
following flood and storm events is driven disproportionately by high-poverty and low-
income contexts. 

Several important limitations affect the interpretation of these findings. First, the cross-
sectional design cannot establish causality. Reverse causation is possible: countries 
with safer housing may experience fewer disaster losses, which could affect disaster 
reporting. Second, the housing quality measures have important constraints. The 
taxonomy-based vulnerability categories cannot capture quality differences within each 
housing type, potentially missing important variation across countries. Third, national-
level data mask substantial within-country differences in disaster exposure, building 
code enforcement, construction market capacity, and household decisions. This 
aggregation creates risks of ecological inference—relationships observed at the 
national level may not hold at the household or community level. 

Future research should prioritize designs and data that strengthen causal inference and 
validate mechanisms. Subnational and household panel data would enable the study of 
pre–post dynamics, policy changes, and enforcement intensity, while engineering 
audits and ground-truth surveys could verify structural quality within categories. 
Integrating administrative permitting records, insurance claims, and remote-sensing-
derived building footprints would help track reconstruction pathways and evaluate 
program effects more precisely.  

6. Conclusion  

This paper advances a two-stage housing quality ladder framework for understanding 
resilient housing development in which poverty reduction and earthquake exposure 
drive transitions out of housing fragility, while progression to robust construction 
depends primarily on construction-specific regulatory capacity and national income. 
The analysis contributes empirical evidence on hazard-specific learning patterns and 
income-dependent effects, while documenting "reconstruction leaps" where lower-
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income countries experiencing flood bypass incremental upgrades to implement robust 
standards directly through post-disaster reconstruction programs. 

The findings carry direct policy implications across income contexts. In lower-income 
settings targeting Stage 1 improvements, policy should prioritize: (1) poverty alleviation 
programs that relax household budget constraints; (2) post-disaster reconstruction 
grants explicitly tied to minimum material standards; and (3) basic construction sector 
regulations (trained masons, material quality standards) rather than complex 
engineering codes. In middle-income countries transitioning to Stage 2, investments 
should shift toward: (1) building code enforcement capacity (inspectors, permitting 
systems); (2) professional certification for engineers and contractors; and (3) seismic 
retrofitting incentives for existing building stock, as poverty constraints no longer bind. 
Across all contexts, improved measurement systems are essential—systems that 
capture not only aggregate housing robustness but also enforcement intensity, equity in 
resilience distribution, and subnational variation in both exposure and construction 
quality. 

Future research combining granular data, quasi-experimental designs, and engineering 
validation will be essential to identify precise causal mechanisms and inform 
performance-based policies. Such work should prioritize three key areas: first, 
understanding how different disaster types trigger distinct adaptation pathways (such 
as building code strengthening versus land-use planning); second, determining how 
reconstruction programs can support quality improvements in resource-constrained 
settings; and third, ensuring that building codes are enforced equitably across diverse 
construction sectors. These integrated efforts are vital to ensuring that policy effectively 
accelerates progress up the "resilient housing ladder" for all populations at risk.  
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Appendix A. Correlation matrix 

Table A-1 shows the correlation matrix for key variables. As expected, building robustness is strongly positively correlated with GDP per 
capita and negatively correlated with poverty. Government effectiveness shows high correlation with GDP (r=0.796, p<0.01), which the 
paper addresses by testing these variables separately and jointly in the specifications. 

Table A-1: Correlation matrix 
 

(1) 
Robustness(M/H) 

(2) 
Robustness(H) 

(3) Poverty 
Gap 

(4) Log GDP 
p.c. 

(5) Gov. 
Effectiveness 

(6) Building 
Quality 

(11) Urban 
Pop % 

(7) Log 
EQK 

(8) Log 
STM 

(9) Log 
FLD 

(10) Log 3-
Haz 

(1) 
Robustness(M/H) 

1.000*** 
          

(2) Robustness(H) 0.570*** 1.000*** 
         

(3) Poverty Gap -0.634*** -0.461*** 1.000*** 
        

(4) Log GDP p.c. 0.637*** 0.579*** -0.755*** 1.000*** 
       

(5) Gov. 
Effectiveness 

0.500*** 0.480*** -0.533*** 0.796*** 1.000*** 
      

(6) Building 
Quality 

0.298*** 0.440*** -0.299*** 0.423*** 0.326*** 1.000*** 
     

(11) Urban Pop % 0.531*** 0.469*** -0.543*** 0.702*** 0.505*** 0.299*** 1.000*** 
    

(7) Log EQK 0.270*** 0.082 -0.117 0.039 -0.002 0.266*** 0.014 1.000*** 
   

(8) Log STM 0.264*** -0.007 -0.124 0.189** 0.203** 0.115 0.128 0.455*** 1.000*** 
  

(9) Log FLD -0.126 -0.210*** 0.208** -0.193** -0.248*** 0.231*** -0.093 0.550*** 0.375*** 1.000*** 
 

(10) Log 3-Haz 0.015 -0.183** 0.116 -0.092 -0.111 0.215*** -0.053 0.663*** 0.674*** 0.906*** 1.000*** 
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Appendix B. Comprehensive Robustness Checks 

This appendix presents comprehensive robustness checks for the main findings. 
Following best practices in cross-country regression analysis, the author tests 
sensitivity to: (i) alternative poverty specifications, (ii) sample restrictions, (iii) outlier 
treatment, (iv) alternative disaster measures, (v) external validation with different data 
sources, (vi) interaction effects, and (vii) regional heterogeneity.  

To avoid multicollinearity between GDP, governance, and building quality control index, 
the paper follows the main analysis strategy and estimates two specifications for each 
robustness check: 

A. Log(GDP per capita) + Poverty + Urbanization +Disasters + Regional FE 
B. Government Effectiveness + BQCI + Poverty + Urbanization + Disasters + 

Regional FE 

We test both dependent variables: (i) VULN = non-fragile housing (robust + medium 
quality), and (ii) ONLY = robust housing only, corresponding to the two-stage housing 
ladder framework. Tables A-2 to A-6  provide detailed coefficient estimates for selected 
checks discussed in the main text. 

Table A-2: Robustness Checks - Alternative Poverty Specifications 

Note: This table presents results using alternative poverty measures. Panel A uses poverty quartiles 
(Q4 = highest poverty quartile). Panel B uses poverty headcount ratio at $4.20/day. Panel C uses 
poverty gap at $3.00/day. Panel D uses poverty gap at $8.30/day. All models include regional fixed 
effects. Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.10. 

Panel A: Poverty Quartiles VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Q2 -0.053 -0.140*** -0.048 -0.139*** 

 (0.047) (0.042) (0.045) (0.042) 

Poverty Q3 -0.078 -0.183*** -0.078 -0.182*** 

 (0.055) (0.050) (0.056) (0.050) 

Poverty Q4 (Highest) -0.146* -0.191** -0.156** -0.188**  
(0.077) (0.075) (0.077) (0.074) 

Log GDP PC 0.059** 0.028 
  

 
(0.029) (0.029) 

  

Governance Effectiveness 
  

0.051** 0.012    
(0.023) (0.021) 

Building Quality Control Index 
  

0.007 0.008    
(0.007) (0.005) 

Urban Population % 0.000 0.002** 0.001 0.002*** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.066*** 0.049*** 0.060*** 0.044**  
(0.018) (0.017) (0.018) (0.018) 

Log Storm count 0.007 -0.003 0.006 -0.003  
(0.016) (0.013) (0.015) (0.013) 

Log Flood count -0.032* -0.014 -0.031 -0.020  
(0.017) (0.015) (0.020) (0.016) 

Constant 0.644*** 0.366*** 0.635*** 0.371*** 

 (0.047) (0.055) (0.048) (0.055) 

N 150 150 150 150 

R² 0.667 0.667 0.674 0.672 

Adj. R² 0.633 0.632 0.638 0.635 
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Panel B: Poverty Headcount $4.20 VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Headcount Ratio -0.004* -0.003 -0.004** -0.003*  
(0.002) (0.002) (0.002) (0.002) 

Poverty Headcount Ratio Squared 0.000 0.000** 0.000 0.000** 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.051 0.048 
  

 
(0.032) (0.033) 

  

Governance Effectiveness 
  

0.048** 0.022    
(0.024) (0.022) 

Building Quality Control Index 
  

0.007 0.010*    
(0.006) (0.005) 

Urban Population % 0.000 0.002* 0.001 0.002** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.065*** 0.044** 0.058*** 0.037*  
(0.018) (0.020) (0.018) (0.021) 

Log Storm count 0.006 -0.007 0.006 -0.005  
(0.016) (0.014) (0.016) (0.014) 

Log Flood count -0.030* -0.015 -0.029 -0.020  
(0.018) (0.017) (0.020) (0.018) 

Constant 0.557*** 0.224*** 0.552*** 0.226*** 

 (0.039) (0.048) (0.039) (0.050) 

N 150 150 150 150 

R² 0.668 0.629 0.677 0.634 

Adj. R² 0.636 0.593 0.644 0.596 

 

Panel C: Poverty Gap $3.00 VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap $3.00 -0.007 0.000 -0.009* -0.001  
(0.005) (0.005) (0.005) (0.005) 

Poverty Gap $3.00 Squared 0.000** 0.000 0.000** 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.077*** 0.070** 
  

 
(0.027) (0.030) 

  

Governance Effectiveness 
  

0.059*** 0.035    
(0.022) (0.021) 

Building Quality Control Index 
  

0.008 0.012**    
(0.006) (0.005) 

Urban Population % 0.000 0.002* 0.001 0.003*** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.063*** 0.043** 0.056*** 0.035*  
(0.018) (0.020) (0.018) (0.021) 

Log Storm count 0.006 -0.005 0.007 -0.003  
(0.016) (0.014) (0.015) (0.014) 

Log Flood count -0.033* -0.018 -0.032 -0.024 

 (0.017) (0.016) (0.020) (0.018) 

Constant 0.566*** 0.258*** 0.549*** 0.254*** 

 (0.042) (0.054) (0.043) (0.056) 

N 150 150 150 150 

R² 0.665 0.618 0.670 0.621 

Adj. R² 0.633 0.581 0.636 0.581 
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Panel D: Poverty Gap $8.30 VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap $8.30 -0.005** -0.005** -0.005** -0.005**  
(0.002) (0.002) (0.002) (0.002) 

Poverty Gap $8.30 Squared 0.000** 0.000*** 0.000* 0.000*** 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.034 0.027 
  

 
(0.034) (0.035) 

  

Governance Effectiveness 
  

0.038 0.010    
(0.025) (0.022) 

Building Quality Control Index 
  

0.006 0.009    
(0.006) (0.005) 

Urban Population % 0.000 0.002* 0.000 0.002** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.067*** 0.047** 0.062*** 0.041*  
(0.018) (0.020) (0.018) (0.021) 

Log Storm count 0.006 -0.007 0.006 -0.006  
(0.016) (0.014) (0.016) (0.014) 

Log Flood count -0.029* -0.014 -0.029 -0.019  
(0.017) (0.016) (0.019) (0.017) 

Constant 0.554*** 0.215*** 0.553*** 0.223*** 

 (0.038) (0.047) (0.039) (0.048) 

N 150 150 150 150 

R² 0.675 0.642 0.683 0.648 

Adj. R² 0.644 0.607 0.650 0.611 

 

Table A-3: Robustness Checks - Sample Restrictions  

Notes: Panel A checks exclude small states (population < 1.5 million). Panel B excludes 
observations with disaster deaths in the top 1%. Panel C winsorizes disaster variables at the 95th 
percentile. All the models include regional fixed effects (coefficients not shown). Robust standard 
errors in parentheses. ***p<0.01, **p<0.05, *p<0.10. 

Panel A: Exclude Small States VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap  -0.004 0.001 -0.004 0.001  
(0.003) (0.003) (0.003) (0.003) 

Poverty Gap Squared 0.000* -0.000 0.000 -0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.095*** 0.055 
  

 
(0.033) (0.035) 

  

Governance Effectiveness 
  

0.040* 0.030    
(0.021) (0.021) 

Building Quality Control Index 
  

0.013** 0.007    
(0.006) (0.004) 

Urban Population % 0.000 0.002 0.002 0.003*** 

 (0.002) (0.001) (0.001) (0.001) 

Log Earthquake count  0.067*** 0.028 0.050*** 0.018  
(0.019) (0.022) (0.019) (0.023) 

Log Storm count 0.005 -0.000 0.008 0.000  
(0.014) (0.014) (0.014) (0.015) 

Log Flood count -0.036* -0.027 -0.029 -0.021  
(0.021) (0.020) (0.022) (0.020) 

Constant 0.591*** 0.380*** 0.574*** 0.369*** 

 (0.054) (0.072) (0.049) (0.072) 

N 125 125 125 125 

R² 0.754 0.672 0.753 0.674 

Adj. R² 0.725 0.634 0.721 0.633 
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Panel B: Exclude Top 1% Disasters VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap  -0.006* -0.001 -0.007** -0.002  
(0.004) (0.004) (0.004) (0.004) 

Poverty Gap Squared 0.000** 0.000 0.000** 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.067** 0.064** 
  

 
(0.029) (0.031) 

  

Governance Effectiveness 
  

0.053** 0.031    
(0.023) (0.021) 

Building Quality Control Index 
  

0.007 0.011*    
(0.006) (0.005) 

Urban Population % 0.000 0.002* 0.001 0.003*** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.063*** 0.035* 0.057*** 0.027  
(0.019) (0.019) (0.019) (0.020) 

Log Storm count 0.006 -0.008 0.006 -0.007  
(0.017) (0.014) (0.016) (0.014) 

Log Flood count -0.032* -0.017 -0.031 -0.022  
(0.018) (0.017) (0.020) (0.018) 

Constant 0.555*** 0.240*** 0.541*** 0.237*** 

 (0.041) (0.053) (0.041) (0.054) 

N 148 148 148 148 

R² 0.663 0.620 0.669 0.623 

Adj. R² 0.630 0.583 0.634 0.583 

 
Panel C: Winsorized Disasters (P95) VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap  -0.007* -0.002 -0.008** -0.003  
(0.004) (0.004) (0.004) (0.004) 

Poverty Gap Squared 0.000** 0.000 0.000** 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.067** 0.065** 
  

 
(0.028) (0.031) 

  

Governance Effectiveness 
  

0.053** 0.031    
(0.023) (0.021) 

Building Quality Control Index 
  

0.008 0.011**    
(0.006) (0.005) 

Urban Population % 0.000 0.002* 0.001 0.003*** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.064*** 0.044** 0.056*** 0.034  
(0.022) (0.021) (0.021) (0.022) 

Log Storm count 0.006 -0.006 0.006 -0.003  
(0.018) (0.015) (0.017) (0.015) 

Log Flood count -0.031* -0.017 -0.030 -0.023  
(0.018) (0.017) (0.020) (0.018) 

Constant 0.568*** 0.253*** 0.554*** 0.248*** 

 (0.042) (0.051) (0.042) (0.052) 

N 150 150 150 150 

R² 0.663 0.617 0.670 0.622 

Adj. R² 0.630 0.581 0.636 0.583 
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Table A-4: Robustness Checks - Alternative Disaster Measures 

Notes: Panel A used the population normalized disaster count. Panel B analysis uses binary disaster 
indicators (any disasters vs. none) Panel C uses the Log disaster death, normalized with the 
population. All analyses include regional fixed effects (coefficients not shown). Robust standard 
errors in parentheses. ***p<0.01, **p<0.05, *p<0.10. 

Panel A: Disaster Count (Population Normalized)  VULN (GDP)   ONLY (GDP)   VULN (Inst.)   ONLY (Inst.)  

Poverty Gap  -0.006* -0.003 -0.006 -0.004 

 (0.004) (0.003) (0.004) (0.003) 

Poverty Gap Squared 0.000** 0.000 0.000* 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.064** 0.054*   

 (0.029) (0.029)   

Governance Effectiveness   0.049** 0.041* 

   (0.022) (0.022) 

Building Quality Control Index   0.013* 0.002 

   (0.007) (0.005) 

Urban Population % 0.001 0.001 0.001 0.002* 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count (Normalized) 0.056 0.080** 0.051 0.080** 

 (0.048) (0.036) (0.050) (0.036) 

Log Storm count (Normalized) 0.009 -0.050** 0.021 -0.053** 

 (0.031) (0.021) (0.038) (0.025) 

Log Flood count (Normalized) -0.005 -0.050** 0.009 -0.048** 

 (0.031) (0.021) (0.030) (0.022) 

Constant 0.575*** 0.303*** 0.554*** 0.284*** 

 (0.050) (0.049) (0.044) (0.048) 

N 150 150 150 150 

R² 0.649 0.648 0.664 0.648 

Adj. R² 0.616 0.614 0.629 0.611 

 

Panel B: Binary Disaster Indicators VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap  -0.007** -0.003 -0.008** -0.003  
(0.003) (0.003) (0.003) (0.003) 

Poverty Gap Squared 0.000** 0.000 0.000** 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.065** 0.056* 
  

 
(0.028) (0.031) 

  

Governance Effectiveness 
  

0.057** 0.028    
(0.022) (0.021) 

Building Quality Control Index 
  

0.008 0.011**    
(0.005) (0.005) 

Urban Population % 0.000 0.002** 0.001 0.002*** 

 (0.001) (0.001) (0.001) (0.001) 

Earthquake (binary)  0.029 0.030 0.025 0.022  
(0.036) (0.029) (0.036) (0.030) 

Storm count (binary) 0.010 -0.024 0.004 -0.030  
(0.051) (0.036) (0.050) (0.037) 

Flood count (binary) -0.041 -0.078 -0.032 -0.088  
(0.077) (0.069) (0.083) (0.074) 

Constant 0.600*** 0.338*** 0.584*** 0.353*** 

 (0.100) (0.087) (0.107) (0.093) 

N 150 150 150 150 

R² 0.644 0.614 0.655 0.622 

Adj. R² 0.610 0.577 0.619 0.583 
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Panel C: Disaster Deaths (Population Normalized)                                  VULN (GDP)   ONLY (GDP)   VULN (Inst.)   ONLY (Inst.)  

Poverty Gap  -0.008** -0.003 -0.008** -0.004 

 (0.003) (0.003) (0.003) (0.003) 

Poverty Gap Squared 0.000*** 0.000 0.000** 0.000 

 (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.063** 0.063**   

 (0.028) (0.031)   

Governance Effectiveness   0.055** 0.037* 

   (0.023) (0.022) 

Building Quality Control Index   0.011** 0.010** 

   (0.005) (0.005) 

Urban Population % 0.001 0.002* 0.001 0.002*** 

 (0.001) (0.001) (0.001) (0.001) 

Log Earthquake Death (normalized)  0.002 0.003 -0.000 0.001 

 (0.010) (0.008) (0.009) (0.009) 

Log Storm Death (normalized) 0.031** 0.005 0.034*** 0.008 

 (0.013) (0.010) (0.012) (0.010) 

Log Flood Death (normalized) -0.007 0.010 -0.010 0.006 

 (0.015) (0.015) (0.016) (0.016) 

Constant 0.545*** 0.248*** 0.533*** 0.237*** 

 (0.044) (0.055) (0.041) (0.056) 

N 150 150 150 150 

R² 0.659 0.608 0.675 0.614 

Adj. R² 0.626 0.570 0.641 0.574 

 

Table A-5: Robustness Checks - Alternative Dependent Variable 

Notes: Panel A and Panel B use MPI Housing Deprivation (reversed, so higher = better) and unit-
weighted proportion as the dependent variable, respectively. The models include regional fixed 
effects (coefficients not shown). Robust standard errors in parentheses. ***p<0.01, **p<0.05, 
*p<0.10. 

Panel A: MPI Housing Deprivation GDP Model Institutional Model 

Poverty Gap 0.061 -0.397 

  (0.313) (0.318) 

Poverty Gap Squared -0.006 -0.003 

  (0.005) (0.006) 

Log GDP PC 14.577*** 
 

  (2.580) 
 

Governance Effectiveness 
 

8.639***   
(2.305) 

Building Quality Control Index 
 

-0.455 

  
 

(0.548) 

Urban Population % 0.131 0.289*** 

  (0.094) (0.102) 

Log Earthquake count  3.565** 3.190*  
(1.573) (1.754) 

Log Storm count 2.011* 1.927  
(1.094) (1.287) 

Log Flood count -5.427*** -4.009** 

  (1.520) (1.961) 

Constant 95.396*** 89.930*** 

  (3.811) (3.819) 

Observations 92 92 

R-squared 0.794 0.738 

Adj. R-squared 0.762 0.694 

Region Fixed Effects Yes Yes 
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Panel B: Unit-weighted proportion VULN (GDP) ONLY (GDP) VULN (Inst.) ONLY (Inst.) 

Poverty Gap -0.006* -0.001 -0.007* -0.002 

  (0.004) (0.003) (0.004) (0.003) 

Poverty Gap Squared 0.000** 0.000 0.000** 0.000 

  (0.000) (0.000) (0.000) (0.000) 

Log GDP PC 0.070** 0.053*   

  (0.031) (0.030)   

Governance Effectiveness 
  

0.058** 0.037    
(0.027) (0.023) 

Building Quality Control Index 
  

0.008 0.005 

  
  

(0.007) (0.005) 

Urban Population % 0.000 0.002** 0.001 0.002*** 

  (0.001) (0.001) (0.001) (0.001) 

Log Earthquake count  0.043* 0.035* 0.036 0.030  
(0.024) (0.018) (0.025) (0.019) 

Log Storm count 0.022 0.008 0.022 0.008  
(0.019) (0.013) (0.019) (0.013) 

Log Flood count -0.032* -0.024* -0.031 -0.024 

  (0.018) (0.014) (0.021) (0.016) 

Constant 0.395*** 0.163*** 0.380*** 0.152*** 

  (0.047) (0.038) (0.049) (0.040) 

Observations 150 150 150 150 

R-squared 0.565 0.668 0.574 0.670 

Adj. R-squared 0.523 0.636 0.529 0.636 
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Table A-6: Regional Heterogeneity (Jackknife Analysis) 

Notes: Each row presents results from models that exclude one World Bank region. This tests whether 
results are driven by any single region. All models include remaining regional fixed effects. Robust 
standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.10. 

Excluded Region N Model Type Poverty (Gap) Earthquake (Log) Storm (Log) Flood (Log) R² 

Sub-Saharan Africa 109 (1) GDP / Vuln -0.012** 0.082*** 0.012 -0.054** 0.387   
(2) GDP / Only -0.011* 0.061*** 0.001 -0.031 0.579   
(3) Gov / Vuln -0.013** 0.074*** 0.009 -0.042* 0.401   
(4) Gov / Only -0.013** 0.051** 0.001 -0.031 0.579 

Europe & Central Asia 106 (1) GDP / Vuln -0.004 0.056*** 0.028 -0.043** 0.752   
(2) GDP / Only -0.002 0.024 0.004 0.006 0.576   
(3) Gov / Vuln -0.004 0.050** 0.026 -0.046** 0.772   
(4) Gov / Only -0.003 0.018 0.002 -0.007 0.585 

Middle East & N. Africa 137 (1) GDP / Vuln -0.007* 0.067*** 0.003 -0.024 0.676   
(2) GDP / Only 0.000 0.046** -0.009 -0.012 0.620   
(3) Gov / Vuln -0.008** 0.058*** 0.003 -0.019 0.683   
(4) Gov / Only -0.001 0.035 -0.004 -0.018 0.618 

Latin America & Carib. 126 (1) GDP / Vuln -0.006* 0.061*** -0.018 -0.015 0.697   
(2) GDP / Only -0.003 0.054** -0.017 -0.021 0.606   
(3) Gov / Vuln -0.007** 0.056*** -0.017 -0.016 0.701   
(4) Gov / Only -0.004 0.046* -0.013 -0.029 0.616 

East Asia & Pacific 130 (1) GDP / Vuln -0.005 0.050** 0.004 -0.036* 0.671   
(2) GDP / Only -0.000 0.029 -0.004 -0.030* 0.665   
(3) Gov / Vuln -0.007* 0.045** 0.007 -0.039* 0.673   
(4) Gov / Only -0.001 0.027 -0.004 -0.029 0.672 

South Asia 144 (1) GDP / Vuln -0.007* 0.059*** 0.006 -0.026 0.675   
(2) GDP / Only -0.002 0.039** -0.005 -0.011 0.638   
(3) Gov / Vuln -0.008** 0.055*** 0.006 -0.025 0.679   
(4) Gov / Only -0.003 0.034 -0.003 -0.017 0.639 

North America 148 (1) GDP / Vuln -0.007* 0.065*** 0.007 -0.032* 0.662   
(2) GDP / Only -0.002 0.043** -0.005 -0.017 0.615   
(3) Gov / Vuln -0.008** 0.059*** 0.007 -0.031 0.668   
(4) Gov / Only -0.003 0.035 -0.003 -0.022 0.618 
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Appendix C. Full Regression Results 

Table A-7: Determinants of Non-Fragile Housing (Stage 1) 
Panel A: Baseline Models  

Variable M1.Base M2.Poverty M3.Income M4.Urb M5.Gov M6.Full 

Poverty Gap ($4.20/day) -0.0050*** -0.0134*** -0.0075** -0.0074** -0.0076** -0.0072**  
(0.0017) (0.0027) (0.0032) (0.0033) (0.0032) (0.0032) 

Poverty Gap Squared 
 

0.0003*** 0.0002*** 0.0002*** 0.0002*** 0.0002**   
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
  

0.0700*** 0.0679** 0.0305 0.0210    
(0.0239) (0.0280) (0.0324) (0.0339) 

Urban Population % 
   

0.0002 0.0002 0.0002     
(0.0012) (0.0011) (0.0012) 

Government Effectiveness  
    

0.0473* 0.0484*      
(0.0263) (0.0266) 

Building Quality Index 
     

0.0080       
(0.0053) 

Region FE: Middle East & North Africa 0.0927 0.0644 0.0536 0.0506 0.0839 0.0620  
(0.0771) (0.0722) (0.0679) (0.0716) (0.0728) (0.0734) 

Region FE: Latin America & Caribbean 0.1061* 0.0881 0.0743 0.0729 0.1080** 0.1128**  
(0.0618) (0.0586) (0.0572) (0.0593) (0.0546) (0.0537) 

Region FE: Europe & Central Asia -0.0031 -0.0455 -0.1027** -0.1025** -0.0786 -0.0849*  
(0.0525) (0.0511) (0.0511) (0.0514) (0.0521) (0.0505) 

Region FE: North America 0.2444*** 0.2009*** 0.1059* 0.1052 0.1135* 0.0982*  
(0.0540) (0.0508) (0.0641) (0.0642) (0.0580) (0.0552) 

Region FE: Sub-Saharan Africa -0.3124*** -0.2552*** -0.2682*** -0.2690*** -0.2558*** -0.2672***  
(0.0572) (0.0547) (0.0552) (0.0556) (0.0530) (0.0515) 

Region FE: South Asia -0.2547** -0.2628** -0.2375** -0.2358** -0.2271** -0.2417**  
(0.1120) (0.1076) (0.1025) (0.1036) (0.0984) (0.0951) 

Constant 0.5906*** 0.5512*** 0.5879*** 0.5886*** 0.5702*** 0.5793***  
(0.0442) (0.0402) (0.0416) (0.0419) (0.0401) (0.0395) 

Observations 150 150 150 150 150 150 

R-squared 0.5913 0.6190 0.6409 0.6410 0.6484 0.6539 

Adj. R-squared 0.5711 0.5974 0.6178 0.6151 0.6204 0.6236 

Note: *** p<0.01, ** p<0.05, * p<0.10.  

Panel B: Disaster Learning Models (Model A) 
Variable D1.Pov D2.Econ D3.Urb D4.Inst D5.Policy 

Poverty Gap ($4.20/day) -0.0128*** -0.0068** -0.0067* -0.0071** -0.0065*  
(0.0028) (0.0035) (0.0035) (0.0034) (0.0036) 

Poverty Gap Squared 0.0002*** 0.0002** 0.0002** 0.0001** 0.0001**  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
 

0.0716*** 0.0668** 0.0334 0.0280   
(0.0249) (0.0287) (0.0354) (0.0360) 

Urban Population % 
  

0.0004 0.0004 0.0005    
(0.0012) (0.0012) (0.0012) 

Government Effectiveness  
   

0.0431 0.0403     
(0.0284) (0.0282) 

Building Quality Index 
    

0.0065      
(0.0064) 

Earthquake Count (Log) 0.0580*** 0.0626*** 0.0632*** 0.0616*** 0.0579***  
(0.0188) (0.0180) (0.0181) (0.0179) (0.0180) 

Storm Count (Log) 0.0144 0.0053 0.0050 0.0036 0.0043  
(0.0164) (0.0163) (0.0164) (0.0158) (0.0158) 

Flood Count (Log) -0.0298* -0.0307* -0.0315* -0.0254 -0.0312  
(0.0176) (0.0171) (0.0175) (0.0182) (0.0201) 

Constant 0.5148*** 0.5572*** 0.5592*** 0.5426*** 0.5548***  
(0.0382) (0.0405) (0.0406) (0.0402) (0.0435) 

Observations 150 150 150 150 150 

R-squared 0.6449 0.6669 0.6673 0.6730 0.6758 

Adj. R-squared 0.6166 0.6378 0.6355 0.6391 0.6395 

Regional FE Yes Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Panel C: Heterogeneous Effects (Interaction Models: Model A)  

Variable Int.Pov Int.GDP Int.WGI Int.BQCI 

Poverty Gap ($4.20/day) -0.0071** -0.0065* -0.0073** -0.0056  
(0.0033) (0.0033) (0.0033) (0.0035) 

Poverty Gap Squared 0.0001 0.0001** 0.0002** 0.0001**  
(0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 0.0651** 0.0763*** 0.0349 0.0633**  
(0.0293) (0.0284) (0.0357) (0.0296) 

Urban Population % 0.0003 0.0002 0.0003 0.0008  
(0.0012) (0.0012) (0.0011) (0.0012) 

Government Effectiveness 
  

0.0518* 
 

   
(0.0285) 

 

Building Quality Index 
   

0.0101     
(0.0064) 

Earthquake Count (Log) 0.0468*** 0.0538*** 0.0557*** 0.0434*  
(0.0170) (0.0181) (0.0182) (0.0253) 

Storm Count (Log) 0.0106 0.0058 0.0042 0.0043  
(0.0167) (0.0166) (0.0159) (0.0172) 

Flood Count (Log) -0.0183 -0.0260 -0.0206 -0.0330*  
(0.0157) (0.0171) (0.0185) (0.0196) 

Poverty × Earthquake -0.0041*** 
   

 
(0.0012) 

   

Poverty × Storm 0.0012* 
   

 
(0.0007) 

   

Poverty × Flood 0.0033*** 
   

 
(0.0012) 

   

GDP × Earthquake 
 

0.0352** 
  

  
(0.0169) 

  

GDP × Storm 
 

-0.0238** 
  

  
(0.0102) 

  

GDP × Flood 
 

0.0009 
  

  
(0.0163) 

  

Gov. Effectiveness × Earthquake 
  

0.0349** 
 

   
(0.0172) 

 

Gov. Effectiveness × Storm 
  

-0.0312** 
 

   
(0.0147) 

 

Gov. Effectiveness × Flood 
  

0.0054 
 

   
(0.0172) 

 

Building Quality × Earthquake 
   

0.0031     
(0.0076) 

Building Quality × Storm 
   

-0.0063     
(0.0050) 

Building Quality × Flood 
   

0.0087     
(0.0058) 

Constant 0.5713*** 0.5688*** 0.5484*** 0.5545***  
(0.0403) (0.0413) (0.0395) (0.0441) 

Observations 150 150 150 150 

R-squared 0.6797 0.6794 0.6866 0.6821 

Adj. R-squared 0.6411 0.6408 0.6462 0.6412 

Regional FE Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Panel D: Disaster Learning Models (Model B) 

Variable VULN-M.D1.Pov VULN-M.D2.Econ VULN-M.D3.Urb VULN-M.D4.Inst VULN-M.D5.Policy 

Poverty Gap ($4.20/day) -0.0136*** -0.0077** -0.0077** -0.0080*** -0.0073**  
(0.0026) (0.0032) (0.0032) (0.0031) (0.0032) 

Poverty Gap Squared 0.0002*** 0.0002*** 0.0002*** 0.0002*** 0.0002**  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
 

0.0689*** 0.0676** 0.0265 0.0204   
(0.0243) (0.0283) (0.0344) (0.0347) 

Urban Population % 
  

0.0001 0.0001 0.0002    
(0.0012) (0.0012) (0.0012) 

Government Effectiveness  
   

0.0517* 0.0498*     
(0.0287) (0.0288) 

Building Quality Index 
    

0.0073      
(0.0061) 

3 Hazards Combined (Log) 0.0116 0.0081 0.0079 0.0129 0.0042  
(0.0194) (0.0193) (0.0194) (0.0198) (0.0223) 

Constant 0.5451*** 0.5831*** 0.5837*** 0.5604*** 0.5754***  
(0.0385) (0.0418) (0.0423) (0.0412) (0.0451) 

Observations 150 150 150 150 150 

R-squared 0.6206 0.6417 0.6417 0.6502 0.6541 

Adj. R-squared 0.5962 0.6159 0.6131 0.6196 0.6210 

Regional FE Yes Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  

Panel E: Heterogeneous Effects (Interaction Models: Model B)  

Variable VULN-M.Int.Pov VULN-M.Int.GDP VULN-M.Int.WGI VULN-M.Int.BQCI 

Poverty Gap ($4.20/day) -0.0073** -0.0081*** -0.0084*** -0.0058*  
(0.0031) (0.0031) (0.0030) (0.0034) 

Poverty Gap Squared 0.0001** 0.0002*** 0.0002*** 0.0002**  
(0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 0.0665** 0.0610** 0.0250 0.0635**  
(0.0274) (0.0283) (0.0346) (0.0294) 

Urban Population % 0.0002 0.0002 0.0001 0.0001  
(0.0012) (0.0012) (0.0012) (0.0012) 

Government Effectiveness  
  

0.0488* 
 

   
(0.0270) 

 

Building Quality Index 
   

0.0103*     
(0.0058) 

3 Hazards Combined (Log) 0.0195 0.0127 0.0167 -0.0090  
(0.0176) (0.0199) (0.0219) (0.0237) 

Poverty × 3 Hazards 0.0026** 
   

 
(0.0012) 

   

GDP × 3 Hazards 
 

-0.0117 
  

  
(0.0165) 

  

Governance Effectiveness × 3 Hazards 
  

-0.0111 
 

   
(0.0204) 

 

Building Quality × 3 Hazards 
   

0.0080     
(0.0064) 

Constant 0.5965*** 0.5882*** 0.5647*** 0.5741***  
(0.0428) (0.0440) (0.0416) (0.0492) 

Observations 150 150 150 150 

R-squared 0.6468 0.6432 0.6516 0.6531 

Adj. R-squared 0.6159 0.6120 0.6182 0.6200 

Regional FE Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Table A-8: Determinants of Robust-Only Index (Stage 2) 

Panel A: Baseline Models  
Variable M1.Base M2.Poverty M3.Income M4.Urb M5.Gov M6.Full 

Poverty Gap ($4.20/day) -0.0038*** -0.0100*** -0.0028 -0.0024 -0.0025 -0.0019  
(0.0013) (0.0031) (0.0035) (0.0034) (0.0034) (0.0033) 

Poverty Gap Squared 
 

0.0002*** 0.0001 0.0001 0.0001 0.0001   
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
  

0.0851*** 0.0628** 0.0506 0.0393    
(0.0255) (0.0302) (0.0318) (0.0301) 

Urban Population % 
   

0.0018* 0.0018* 0.0018*     
(0.0010) (0.0010) (0.0010) 

Government Effectiveness  
    

0.0154 0.0167      
(0.0214) (0.0210) 

Building Quality Index 
     

0.0094**       
(0.0044) 

Region FE: Middle East & North Africa 0.2753*** 0.2544*** 0.2413*** 0.2082** 0.2191** 0.1933**  
(0.0919) (0.0899) (0.0874) (0.0878) (0.0912) (0.0910) 

Region FE: Latin America & Caribbean -0.1367** -0.1500** -0.1668*** -0.1829*** -0.1714*** -0.1657***  
(0.0587) (0.0590) (0.0554) (0.0581) (0.0605) (0.0574) 

Region FE: Europe & Central Asia 0.2094*** 0.1781*** 0.1085 0.1105 0.1183* 0.1110  
(0.0630) (0.0657) (0.0675) (0.0675) (0.0686) (0.0679) 

Region FE: North America -0.2238*** -0.2559*** -0.3716*** -0.3793*** -0.3766*** -0.3946***  
(0.0571) (0.0607) (0.0734) (0.0739) (0.0743) (0.0765) 

Region FE: Sub-Saharan Africa -0.0672 -0.0249 -0.0408 -0.0495 -0.0453 -0.0587  
(0.0546) (0.0542) (0.0543) (0.0538) (0.0545) (0.0526) 

Region FE: South Asia 0.0815 0.0755 0.1063 0.1257 0.1285 0.1113  
(0.1161) (0.1120) (0.1050) (0.1075) (0.1073) (0.1046) 

Constant 0.2355*** 0.2064*** 0.2511*** 0.2592*** 0.2532*** 0.2639***  
(0.0537) (0.0478) (0.0492) (0.0503) (0.0512) (0.0508) 

Observations 150 150 150 150 150 150 

R-squared 0.5308 0.5513 0.5953 0.6048 0.6059 0.6163 

Adj. R-squared 0.5077 0.5259 0.5693 0.5764 0.5745 0.5827 

Note: *** p<0.01, ** p<0.05, * p<0.10.  

Panel B: Disaster Learning Models (Model A) 
Variable D1.Pov D2.Econ D3.Urb D4.Inst D5.Policy 

Poverty Gap ($4.20/day) -0.0098*** -0.0025 -0.0020 -0.0021 -0.0012  
(0.0032) (0.0036) (0.0036) (0.0036) (0.0037) 

Poverty Gap Squared 0.0002** 0.0001 0.0001 0.0001 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
 

0.0880*** 0.0644** 0.0539* 0.0459   
(0.0269) (0.0311) (0.0316) (0.0308) 

Urban Population % 
  

0.0019* 0.0019* 0.0021**    
(0.0010) (0.0010) (0.0010) 

Government Effectiveness  
   

0.0135 0.0094     
(0.0214) (0.0205) 

Building Quality Index 
    

0.0096*      
(0.0054) 

Earthquake Count (Log) 0.0343* 0.0400** 0.0428** 0.0423** 0.0369*  
(0.0208) (0.0204) (0.0199) (0.0200) (0.0211) 

Storm Count (Log) 0.0070 -0.0041 -0.0056 -0.0061 -0.0051  
(0.0146) (0.0143) (0.0143) (0.0144) (0.0144) 

Flood Count (Log) -0.0122 -0.0133 -0.0169 -0.0150 -0.0235  
(0.0176) (0.0168) (0.0166) (0.0168) (0.0178) 

Constant 0.1848*** 0.2369*** 0.2466*** 0.2414*** 0.2594***  
(0.0483) (0.0502) (0.0515) (0.0518) (0.0531) 

Observations 150 150 150 150 150 

R-squared 0.5635 0.6086 0.6198 0.6205 0.6288 

Adj. R-squared 0.5287 0.5743 0.5834 0.5812 0.5873 

Regional FE Yes Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Panel C: Heterogeneous Effects (Interaction Models: Model A)  

Variable Int.Pov Int.GDP Int.WGI Int.BQCI 

Poverty Gap ($4.20/day) -0.0022 -0.0022 -0.0027 -0.0013  
(0.0035) (0.0034) (0.0033) (0.0036) 

Poverty Gap Squared 0.0000 0.0001 0.0001 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 0.0621* 0.0639** 0.0543* 0.0549*  
(0.0331) (0.0303) (0.0311) (0.0306) 

Urban Population % 0.0019* 0.0016* 0.0017* 0.0019*  
(0.0010) (0.0009) (0.0010) (0.0011) 

Government Effectiveness  
  

0.0171 
 

   
(0.0220) 

 

Building Quality Index 
   

0.0098*     
(0.0055) 

Earthquake Count (Log) 0.0315* 0.0292* 0.0346* 0.0318  
(0.0179) (0.0170) (0.0182) (0.0232) 

Storm Count (Log) -0.0007 -0.0008 -0.0026 -0.0038  
(0.0147) (0.0146) (0.0136) (0.0143) 

Flood Count (Log) -0.0059 -0.0058 -0.0061 -0.0262  
(0.0152) (0.0158) (0.0156) (0.0192) 

Poverty × Earthquake -0.0028** 
   

 
(0.0013) 

   

Poverty × Storm 0.0008 
   

 
(0.0007) 

   

Poverty × Flood 0.0028** 
   

 
(0.0012) 

   

GDP × Earthquake 
 

0.0448*** 
  

  
(0.0167) 

  

GDP × Storm 
 

-0.0173 
  

  
(0.0110) 

  

GDP × Flood 
 

-0.0234 
  

  
(0.0156) 

  

Gov. Effectiveness × Earthquake 
  

0.0447** 
 

   
(0.0185) 

 

Gov. Effectiveness × Storm 
  

-0.0314** 
 

   
(0.0135) 

 

Gov. Effectiveness × Flood 
  

-0.0119 
 

   
(0.0150) 

 

Building Quality × Earthquake 
   

0.0073     
(0.0080) 

Building Quality × Storm 
   

-0.0027     
(0.0045) 

Building Quality × Flood 
   

-0.0044     
(0.0057) 

Constant 0.2568*** 0.2646*** 0.2477*** 0.2712***  
(0.0534) (0.0510) (0.0499) (0.0562) 

Observations 150 150 150 150 

R-squared 0.6296 0.6400 0.6439 0.6330 

Adj. R-squared 0.5851 0.5966 0.5981 0.5857 

Regional FE Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  

 

  



44 
 

 

Panel D: Disaster Learning Models (Model B) 

Variable D1.Pov D2.Econ D3.Urb D4.Inst D5.Policy 

Poverty Gap ($4.20/day) -0.0102*** -0.0029 -0.0024 -0.0026 -0.0015  
(0.0031) (0.0035) (0.0035) (0.0035) (0.0036) 

Poverty Gap Squared 0.0002*** 0.0001 0.0001 0.0001 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 
 

0.0846*** 0.0627** 0.0497 0.0406   
(0.0259) (0.0303) (0.0312) (0.0304) 

Urban Population % 
  

0.0017* 0.0017* 0.0019*    
(0.0010) (0.0010) (0.0010) 

Government Effectiveness  
   

0.0164 0.0135     
(0.0204) (0.0194) 

Building Quality Index 
    

0.0110**      
(0.0050) 

3 Hazards Combined (Log) 0.0079 0.0036 0.0012 0.0027 -0.0103  
(0.0183) (0.0173) (0.0178) (0.0176) (0.0192) 

Constant 0.2023*** 0.2490*** 0.2585*** 0.2511*** 0.2735***  
(0.0459) (0.0482) (0.0501) (0.0503) (0.0514) 

Observations 150 150 150 150 150 

R-squared 0.5523 0.5955 0.6049 0.6060 0.6177 

Adj. R-squared 0.5235 0.5664 0.5734 0.5715 0.5811 

Regional FE Yes Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  

Panel E: Heterogeneous Effects (Interaction Models: Model B)  

Variable ONLY-M.Int.Pov ONLY-M.Int.GDP ONLY-M.Int.WGI ONLY-M.Int.BQCI 

Poverty Gap ($4.20/day) -0.0021 -0.0033 -0.0032 -0.0016  
(0.0033) (0.0033) (0.0033) (0.0035) 

Poverty Gap Squared 0.0000 0.0001 0.0001 0.0001  
(0.0001) (0.0001) (0.0001) (0.0001) 

Log GDP per Capita (PPP) 0.0618** 0.0498* 0.0470 0.0505*  
(0.0304) (0.0298) (0.0312) (0.0288) 

Urban Population % 0.0018* 0.0020* 0.0018* 0.0019*  
(0.0010) (0.0010) (0.0010) (0.0010) 

Government Effectiveness (WGI) 
  

0.0114 
 

   
(0.0200) 

 

Building Quality Index 
   

0.0107**     
(0.0048) 

3 Hazards Combined (Log) 0.0114 0.0106 0.0093 -0.0104  
(0.0160) (0.0183) (0.0170) (0.0184) 

Poverty × 3 Hazards 0.0023* 
   

 
(0.0014) 

   

GDP × 3 Hazards 
 

-0.0228 
  

  
(0.0182) 

  

Gov. Effectiveness × 3 Hazards 
  

-0.0195 
 

   
(0.0176) 

 

Building Quality × 3 Hazards 
   

-0.0014     
(0.0054) 

Constant 0.2697*** 0.2674*** 0.2586*** 0.2841***  
(0.0502) (0.0497) (0.0495) (0.0548) 

Observations 150 150 150 150 

R-squared 0.6102 0.6128 0.6115 0.6172 

Adj. R-squared 0.5760 0.5789 0.5743 0.5806 

Regional FE Yes Yes Yes Yes 

Note: *** p<0.01, ** p<0.05, * p<0.10.  
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Appendix D. GEM taxonomy mapping 

Table A-9. GEM taxonomy mapping (representative cases) 

GEM Taxonomy Description Robustness Category 
lat_load_ma
t 

lat_lo
ad_sy
s 

hei
ght 

comment combi
ned 

Earthq
uake 

Flood+
Storm 
surge+
Tsuna
mi 

Wind 

MUR+ADO 
  

Masonry, unreinforced + adobe blocks fragile fragile fragile fragile 
MCF 

  
Masonry, confined media

n 
media
n 

fragile media
n 

MCF+CLBR
S 

  
Masonry, confined + Fired clay solid bricks robust media

n 
fragile media

n 
CR+CIP LDUA

L 
HBE
T:3,
1 

Concrete, reinforced + Cast in place + Dual frame-wall 
system, low rise 

media
n 

robust fragile robust 

CR+CIP LDUA
L 

def
ault 

Concrete, reinforced + Cast in place + Dual frame-wall 
system, other heights 

robust robust media
n 

media
n 

CR+CIP LFINF HBE
T:3,
1 

Concrete, reinforced + Cast in place + Infilled frame, low rise media
n 

media
n 

fragile robust 

CR+CIP LFINF def
ault 

Concrete, reinforced + Cast in place + Infilled frame, other 
heights 

robust media
n 

media
n 

media
n 

CR+CIP LFM HBE
T:3,
1 

Concrete, reinforced + Cast in place + Moment frame, low 
rise 

media
n 

robust fragile robust 

CR+PC LDUA
L 

HBE
T:3,
1 

Concrete, reinforced + Precast concrete + Dual frame-wall 
system, low rise 

media
n 

robust fragile robust 

CR+PC LDUA
L 

def
ault 

Concrete, reinforced + Precast concrete + Dual frame-wall 
system, other heights 

robust robust media
n 

media
n 

S+SL 
  

Steel + light-weight steel members robust robust media
n 

media
n 

W+WBB 
  

Wood + Bamboo fragile media
n 

fragile fragile 

W+WHE 
  

Wood + Heavy wood  media
n 

media
n 

fragile fragile 

ME+MEIR 
  

Metal (except steel) + iron fragile fragile fragile fragile 
MIX(MUR-
STRUB-W) 

  
Mix of Masonry, unreinforced + Rubble (field stone) or semi-
dressed stone and Wood 

fragile fragile fragile fragile 

Full list is available at the original source: https://github.com/rmiddelanis/global-
unbreakable-model 
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Appendix E. List of economies dropped from the analysis due to lack of data  

Several economies were excluded from the analysis due to missing data on key 
indicators, such as the poverty gap, construction quality index, GDP per capita, or 
hazard exposure measures. These exclusions encompass a mix of small island states, 
high-income jurisdictions, and economies with limited data infrastructure. 
Nevertheless, the final sample of 150 economies—each with a complete set of 
variables—remains geographically and economically diverse, supporting the validity of 
global insights and generalizable findings. From the World Bank country list, the 
following economies were excluded from the sample, with the specific missing 
variables indicated for each: 

Table A-10: List of economies excluded from the sample 

Economy GEM Poverty GDP WGI BQCI Disaster 
Afghanistan OK Missing OK OK OK OK 
American Samoa OK Missing Missing OK Missing OK 
Andorra OK Missing OK OK Missing Missing 
Antigua and Barbuda OK Missing OK OK OK OK 
Aruba OK Missing OK OK Missing Missing 
Azerbaijan OK Missing OK OK OK OK 
Bahamas, The OK Missing OK OK OK OK 
Bahrain OK Missing OK OK OK Missing 
Bermuda Missing Missing OK OK Missing OK 
British Virgin Islands OK Missing Missing Missing Missing OK 
Brunei Darussalam OK Missing OK OK OK OK 
Cabo Verde OK OK OK Missing OK OK 
Cambodia OK Missing OK OK OK OK 
Cayman Islands OK Missing OK OK Missing OK 
Channel Islands Missing Missing Missing Missing Missing Missing 
Côte d'Ivoire OK OK OK Missing Missing Missing 
Cuba OK Missing Missing OK Missing OK 
Curacao Missing Missing OK Missing Missing Missing 
Czechia OK OK OK Missing Missing OK 
Dominica OK Missing OK OK OK OK 
Equatorial Guinea OK OK OK OK OK Missing 
Eritrea OK Missing Missing OK Missing OK 
Faroe Islands Missing Missing OK Missing Missing Missing 
French Polynesia Missing Missing Missing Missing Missing OK 
Gibraltar OK Missing Missing Missing Missing Missing 
Greenland Missing Missing OK OK Missing Missing 
Guam OK Missing Missing OK Missing OK 
Guyana OK Missing OK OK OK OK 
Hong Kong SAR, China OK Missing OK OK OK OK 
Isle of Man OK Missing Missing Missing Missing Missing 
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Korea, Dem. People's Rep. OK Missing Missing Missing Missing OK 
Kosovo OK OK OK OK OK Missing 
Kuwait OK Missing OK OK OK OK 
Libya OK Missing OK OK Missing OK 
Liechtenstein OK Missing Missing OK Missing Missing 
Macao SAR, China OK Missing OK OK Missing OK 
Maldives Missing OK OK OK OK OK 
Malta OK OK OK OK OK Missing 
Monaco OK Missing Missing OK Missing Missing 
Nauru OK OK OK OK Missing Missing 
New Caledonia OK Missing Missing Missing Missing OK 
New Zealand OK Missing OK OK OK OK 
Northern Mariana Islands OK Missing Missing Missing Missing OK 
Oman OK Missing OK OK OK OK 
Palau OK Missing OK OK OK OK 
Papua New Guinea OK Missing OK OK OK OK 
Puerto Rico (US) OK Missing OK Missing Missing OK 
San Marino Missing Missing OK OK OK Missing 
São Tomé and Príncipe OK OK OK Missing Missing Missing 
Saudi Arabia OK Missing OK OK OK OK 
Singapore OK Missing OK OK OK Missing 
Sint Maarten (Dutch part) Missing Missing OK Missing Missing OK 
Somalia, Fed. Rep. OK Missing OK Missing Missing OK 
South Sudan OK OK Missing OK OK OK 
St. Kitts and Nevis OK Missing OK OK OK OK 
St. Martin (French part) Missing Missing Missing Missing Missing OK 
St. Vincent and the 
Grenadines 

OK Missing OK OK OK OK 

Syrian Arab Republic OK OK OK OK Missing OK 
Trinidad and Tobago OK Missing OK OK OK OK 
Türkiye OK OK OK Missing Missing OK 
Turkmenistan OK Missing OK OK Missing OK 
Turks and Caicos Islands OK Missing OK Missing Missing OK 
Tuvalu OK OK OK OK Missing OK 
Venezuela, RB OK Missing Missing OK OK OK 
Viet Nam OK OK OK OK Missing OK 
Virgin Islands (U.S.) OK Missing OK OK Missing OK 
Yemen, Rep. OK OK Missing OK Missing OK 

 




