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Seismic doublet: affected population and housing infrastructure
replacement costs along the La Guaira coastline
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In collaboration with the Microsoft Al for Good Research Lab

ANO

Evidence-based thinking.

In memoriam: The ANOVA Policy Research team joins in the
profound grief that afflicts our country following the earthquakes of
June 24, 2026. True to our commitment to Venezuela, from day one
we have placed our analytical capabilities at the service of the
humanitarian response. Our hearts, thoughts and prayers are at this
moment with the thousands of victims and with their families.

Introduction

The economics of disasters has clearly established that earthquakes
are natural phenomena, but their human and economic
consequences are not. Comparative evidence shows that, for events
of similar magnitude, mortality and material losses depend critically
on income levels, institutional quality, the effective enforcement of
seismic-resistant building codes, and the State's response capacity
(Kahn, 2005; Cavallo and Noy, 2011). While poor or institutionally
weakened countries do not suffer more earthquakes than rich
countries, they do suffer worse consequences from them (Cavallo
and Noy, 2011),

On June 24, 2026, Venezuela was shaken by a seismic doublet [1] of
magnitudes 7.2 Mw and 7.5 Mw, with epicenters located west of San
Felipe, Yaracuy state, and separated by just 39 seconds (USGS,
2026). It was the most powerful seismic event recorded in the
country in more than a century, since the San Narciso earthquake of
1900. Although the epicenters were located in the country's center-
west, destruction was disproportionately concentrated along the
coastal strip of La Guaira state, officially declared a disaster zone,
where the combination of an aged building stock, structurally
vulnerable typologies, and decades of deterioration in the
enforcement of seismic-resistant codes magnified the damage. The
preliminary toll of the event, still evolving, accumulates more than
2,000 dead and more than 10,500 injured nationwide, in addition to
thousands of people displaced from their homes.

In emergency contexts, timely and reliable information is a critical—
and scarce—input. International experience indicates that decisions
on humanitarian response, territorial prioritization, and
reconstruction financing are mostly made during the first weeks
after the event, precisely when uncertainty about the magnitude of
the damage is at its peak. In the Venezuelan case, this general
difficulty is compounded by the structural weakness of the national
statistical system, which arrives at this emergency without updated
censuses, without integrated administrative records, and without
installed capacity for large-scale damage assessment.

This policy brief presents the results of a joint exercise between
ANOVA Policy Research and the Microsoft Al for Good Research Lab,
which combines artificial intelligence (Al)-based building damage
assessment applied to post-event satellite imagery with ANOVA's
demographic-population model. The aim is to produce two
estimates that are fundamental for the public policy of response and
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reconstruction: (i) the population affected by the seismic event,
categorized by the damage typology of the structure in which it
resides; and (ii) the replacement cost of the damaged housing
infrastructure along the coastline of La Guaira state, between Catia
la Mar and Caraballeda.

The main findings indicate that, of an estimated population of
403,784 people in the seven parishes analyzed (including the
estimated increase from the floating population present in the area
because it was a public holiday), some 73,524 people (18.2% of the
total) resided in housing structures that suffered some level of
observable damage. Of these, 37,611 people (9.3% of the total)
inhabited structures with severe damage, structural damage, or
collapse—the segment of the population most likely to require
transitional or permanent housing solutions. Meanwhile, the
replacement cost of the damaged housing infrastructure is
estimated at USS 2,370.6 million, a magnitude equivalent to
between 2% and 3% of the country's current GDP [2]. This cost is
limited to residential infrastructure; it does not include damage to
public infrastructure and service networks, nor to the stock of
commercial and industrial infrastructure. Nor does it include losses
from economic activity.

The 24) doublet and La Guaira's accumulated vulnerability

The coastline of La Guaira state is a narrow, densely built strip,
compressed between the Avila massif and the Caribbean Sea, which
concentrates a good part of the stock of mid- and high-rise
residential buildings built between the 1950s and 1980s, along with
the country's main port and main international airport. In housing
terms, the La Guaira coast is an area of low occupancy per housing
unit, as it is an area of second homes used by Caracas residents for
rest and leisure. The La Guaira coast is, moreover, a territory with
recent catastrophic events: the same coastal strip was the epicenter
of the tragic landslides known as the 1999 Vargas tragedy, one of
the worst natural disasters in the contemporary history of Latin
America.

Among the elements identified as contributing to the vulnerability
of the La Guaira coastal strip to the June 24 event are the age of the
built stock and the historical deficiencies in the application and
enforcement of the Venezuelan seismic-resistant code (Colegio de
Ingenieros de Venezuela [CIV], 2026). Added to this scenario is the
presence of structural typologies known for their high seismic
vulnerability, specifically open ground floor or soft-story buildings,
whose dynamic behavior tends toward collapse due to lack of basal
rigidity (Miranda, 2026). This structural fragility may have been
aggravated by the fact that, after more than a decade of economic
collapse, preventive and corrective maintenance of buildings has
been extremely limited in the case of impoverished households and
condominiums (Instituto de Urbanismo de la Universidad Central de
Venezuela [IU-UCV], 2026). Likewise, the latent risk of the area was
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consolidated by the site effect derived from the soft soils present
along the coast and the occurrence of microzonified seismic
liquefaction effects (Fundacion Venezolana de Investigaciones
Sismoldgicas [FUNVISIS], 2026).

In this context, preliminary official figures and remote sensing-based
approximations show significant discrepancies regarding the scale of
the impact. Initial official reports counted 855 damaged buildings
nationwide, of which 189 with total collapse, with 8 out of every 10
collapses concentrated in La Guaira state. In contrast, satellite
imagery analyses released by international agencies suggest
numbers of compromised structures in coastal localities that are
orders of magnitude higher. This information gap, typical of the first
weeks of a large-scale emergency, reinforces the value of producing
independent estimates, transparent in their assumptions and
replicable, such as those presented in this document.

Data and methodology

The exercise was built in four sequential stages. In the first stage, the
Microsoft Al for Good Research Lab produced an Al-based building
damage assessment, through the automated inspection of high-
resolution satellite imagery following June 24, on the basis of its
building footprints map [3]. The result is a georeferenced layer of
individual structures, each with a damage probability estimate
(Robinson et al., 2026), from which ANOVA built a five-category
classification: no apparent damage, light/moderate damage,
intermediate damage, severe damage, and structural damage or
collapse [4].

In the second stage, at ANOVA's request, the Microsoft Al for Good
Research Lab team developed a routine to assign heights to the
building footprints using Google Open Buildings 2.5D for the year
2023, which provides an annual building-height raster with good
spatial resolution. This made it possible to transform the surface
areas of the building footprints into built volumes. The Microsoft Al
for Good Research Lab team also implemented an automated Al-
based classifier to separate commercial/industrial-use structures
from residential-use ones. This classification was achieved by cross-

referencing the building footprints with public information on types
and sub-types in Overture Maps, which integrates information from
Google Maps, OpenStreetMap, Esri, and Microsoft.

In the third stage, ANOVA manually refined the resulting database,
excluding the large industrial and service complexes of the coastal
strip that have no residential use: the Tacoa thermoelectric plant,
the Simdn Bolivar International Airport in Maiquetia, the port of La
Guaira and its adjacent storage areas, universities, hospitals, clinics,
and cemeteries, among others. The result is a refined database of
built volumes with a predominantly residential character, covering
the entire coastal strip between Catia la Mar and Caraballeda (see
Figure 1).

In the fourth stage, ANOVA Policy Research's demographic-
population model was used to estimate and assign the population
of seven of the eleven parishes of La Guaira state: Caraballeda,
Carlos Soublette, Catia la Mar, La Guaira, Macuto, Maiquetia, and
Urimare. The parishes of Caruao, El Junko, Carayaca, and Naiguata
were excluded from the analysis, as they are considered not to have
suffered damage of the same magnitude as the rest of the parishes.
The assignment of population to structures was carried out in
proportion to the estimated volume of the residential buildings of
each parish. By crossing the buildings-and-damage-typology layer
with the demographic-population model, an estimate is obtained of
the population affected by the seismic event, categorized by the
type of damage of the structure in which it resides.

Like any remote sensing-based approximation, these estimates have
limitations that should be made explicit: satellite inspection
captures mainly damage observable from above, and may therefore
underestimate internal or fagade structural damage; the
proportional assignment of population assumes homogeneous
densities within each parish; and the damage categories are
probabilistic classifications, not habitability determinations. For
these reasons, the results should be interpreted as conservative and
preliminary bounds, subject to revision as field verification becomes
available.

Figure 1. Area of analysis: coastline of La Guaira state, between Catia la Mar and Caraballeda
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Source: Microsoft Al for Good Research Lab (Robinson et al., 2026).

Affected population by the seismic event

Table 1 presents the population estimate by parish, categorized
according to the damage typology of the housing structure in which
it resides. The population is estimated at 403,784 people for the
seven parishes, a figure that includes a uniform 30% increase in the
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population of all parishes as an assumption to model the floating
tourist population present along the coast as a result of June 24
being a public holiday in Venezuela. Of that total, 330,260 (81.8%)
resided in structures with no apparent damage. It is estimated,
however, that 73,524 people (18.2%) in the disaster zone inhabited
structures with some level of damage, of which 26,845 inhabited
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structures with severe damage and 10,766 people inhabited
structures with structural damage or collapse. Altogether, some
37,611 people—about 1 in 10 inhabitants of the strip analyzed—

resided in structures whose condition compromises their

habitability severely or permanently.

Table 1. Estimated population by parish, according to damage typology of the housing structure of residence. Central estimate shown (+/- 6.5%)

Damage group Total % Total Caraballeda C. Soublette Catia la Mar La Guaira Macuto Maiquetia Urimare
No apparent damage 330,260 81.8 54,099 40,410 84,285 25,947 24,652 43,719 57,148
Light/moderate damage 22,280 5.5 3,132 1,418 11,154 711 847 633 4,385
Intermediate damage 13,633 3.4 1,642 852 7,444 346 1,326 268 1,755
Severe damage 26,845 6.6 5,856 705 14,085 241 1,344 385 4,229
Structural damage or collapse 10,766 2.7 4,415 23 4,432 — 344 21 1,531
Total 403,784  100.0 69,144 43,408 121,400 27,245 28,513 45,026 69,048

Source: ANOVA Policy Research estimates based on the building damage layer of the Microsoft Al for Good Research Lab and ANOVA's demographic-population model.

The territorial distribution of the impact is markedly heterogeneous.
The parish of Catia la Mar, the most populated of the strip,
concentrates half of the affected population: 37,115 people (central
estimate), equivalent to 30.6% of its total population, resided in
structures with some level of damage. Caraballeda, at the eastern
end of the coastal strip, shows the most severe damage profile:
4,415 of the 10,766 people in collapsed or structurally damaged

structures resided there (41% of the total for that category), a result
consistent with the collapse of several high-rise residential buildings
reported in the Los Corales sector and adjacent areas (see Figure 2).
At the other extreme, parishes such as Maiquetia (2.9% of
population affected) and La Guaira (4.8%) show comparatively low
incidences.

Figure 2. Caraballeda: post-event satellite image (Panel A) and damage classification of predictive model (Panel B)

Panel A. Imagen satelital posterior al evento
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Note: both panels cover approximately the same section of the territory of the parish of Caraballeda. In Panel B, polygons in red tones correspond to structures with detected
damage and blue polygons to structures with less damage. Source: Microsoft Al for Good Research Lab (Robinson et al., 2026),

Damage to the housing infrastructure stock

Table 2 presents the same analysis from the perspective of the
physical stock. Of a total of 38,798 residential structures identified
along the coastal strip, 4,958 (12.8%) show some level of observable
damage. Of these, 1,948 structures register severe damage and 706
structural damage or collapse; that is, 2,654 structures (6.8% of the
total stock) were left severely compromised or destroyed by the
event. Again, the territorial concentration is notable: Catia la Mar
accumulates 3,449 of the 4,958 damaged structures, about 7 out of
10, including 528 of the 706 collapsed or structurally damaged
structures.

Panel B. Clasificacién de dafios sobre huellas de construccién
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The comparison between the two tables also reveals a pattern that
must be taken into account in the plans for future reconstruction: in
areas such as Caraballeda, a relatively low proportion of damaged
structures coexists with a high proportion of population affected in
the most severe categories, which reflects the weight of high-rise
multifamily buildings in that parish's stock. In contrast, in Catia la
Mar the damage is distributed over a much larger number of
smaller-scale structures. Both patterns demand different policy
instruments: the replacement of high-rise multifamily housing has
technical, financial, and urban land requirements radically different
from the scattered repair or reconstruction of single-family housing.

Table 2. Number of residential structures by parish, according to damage typology. The central estimate of the range is shown (+/- 6.5%)

Damage group Total % Total Caraballeda C. Soublette Catia la Mar La Guaira Macuto Maiquetia Urimare
No apparent damage 33,840 87.2 6,559 2,755 10,386 2,841 1,884 4,047 5,368
Light/moderate damage 1,363 3.5 134 56 901 49 47 38 138
Intermediate damage 941 2.4 54 48 659 30 41 17 92
Severe damage 1,948 5.0 191 38 1,361 37 51 27 243
ig“g::' damage or 706 18 83 4 528 - 8 4 79
Total 38,798 100.0 7,021 2,901 13,835 2,957 2,031 4,133 5,920

Source: ANOVA Policy Research estimates based on the building damage layer of the Microsoft Al for Good Research Lab.
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The replacement cost of housing infrastructure

Based on the database of damaged residential volumes, the
replacement cost of the affected housing infrastructure was
estimated. The main source of unit construction costs is the
residential inventory model for South America of Yepes-Estrada et
al. (2017), published in Earthquake Spectra, which reports estimated
replacement costs for Venezuela by construction typology, and from
which the values corresponding to the type of infrastructure
predominant along the La Guaira coastline were taken: formal
structures, regulated and built under the construction codes in
force. These costs were adjusted for inflation to express them in
current dollars. Additionally, a factor of up to 30% was applied to the
replacement cost of residential floor area to account for the cost of
circulation corridors, entrance halls, common and social areas,
swimming pools, elevators, and parking areas—elements
characteristic of the area's multifamily typology [5].

Table 3 presents the results. The total replacement cost of the
damaged housing infrastructure of the La Guaira coastline is
estimated at US$ 2,370.6 million. As expected, the bulk of the cost
is concentrated in the most severe categories: structures with
severe damage and with structural damage or collapse account for
USS 1,591.7 million, 67.1% of the total, despite representing just
over half of the damaged structures.

Table 3. Estimated replacement cost of damaged housing infrastructure,
by damage typology

Damage group US$ million % of total
Light/moderate damage 425.2 17.9
Intermediate damage 353.7 14.9
Severe damage 1,087.2 45.9
Structural damage or collapse 504.5 21.3
Total 2,370.6 100.0

Source: ANOVA Policy Research estimates based on Yepes-Estrada et al. (2017),
adjusted for inflation.

To gauge the magnitude of this figure: USS 2,370.6 million is
equivalent to between 2% and 3% of the country's estimated current
GDP [2], and that considering only the replacement of the housing
stock of the La Guaira coastal strip. The estimate constitutes, by
design, a partial estimate of the total economic cost of the disaster,
circumscribed to the residential component only, and should be
read as a preliminary estimate of the replacement cost, subject to
field validation and to assumptions about the type of repair or
reconstruction to be carried out in the area, The taxonomy of
ECLAC's Handbook for Disaster Assessment, the main reference in
the region for the application of the DalA disaster assessment
methodology (Damage, Loss and Needs Assessment), distinguishes
between damage to stocks, losses in economic flows, and additional
costs generated by the event (CEPAL, 2014). That is, what is
estimated here corresponds exclusively to the damage component,
and only over a fraction of the stock: it excludes damage to public
infrastructure and service networks, the stock of commercial and
industrial infrastructure, the contents and equipment of
households, the damage recorded in Caracas and other states of the
country, as well as the costs of demolition, debris removal, and
transitional shelter for the displaced population. Nor does it include
losses in future economic activity flows, or the effects of the
disruption of the economic and social circuits of the affected areas.
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Policy implications

The results of this exercise have at least four direct implications for
the public policy of response and reconstruction. The first is one of
scale: post-disaster housing policy must be planned for a universe of
around 37,600 (+/- 6.5%) people residing in structures with severe
damage, structural damage, or collapse, who will require
transitional or permanent housing solutions, along with a second
tier of some 35,900 people in structures with light, moderate, or
intermediate damage, whose homes require habitability assessment
and repair programs. Sizing this universe makes it possible to
establish the optimal scale of the temporary shelter operation,

The second implication is one of territorial targeting. The
concentration of damage in Catia la Mar (7 out of 10 damaged
structures) and the severity of damage in Caraballeda demand
territorially differentiated responses. The reconstruction scheme
must take into account the heterogeneity of typologies and damage
scales across parishes.

The third implication is one of financing. Housing infrastructure
replacement needs on the order of USS 2,370.6 million, in a single
state and in a single component of the physical capital stock, without
taking into account the enormous spending pressures that the
reconstruction of the rest of public and private infrastructure will
entail, far exceed any fiscal space available in the short term. The
country remains without access to international capital markets,
with external debt in default and a virtually nonexistent catastrophic
insurance market. The mobilization of multilateral financing and
international cooperation for reconstruction will be a necessary
condition. The existence of transparent and verifiable damage
estimates, such as those presented here, is precisely one of the
requirements that multilateral banks will demand in order to
structure post-disaster financing operations.

The fourth implication is institutional and longer-term. The tragedy
of June 24, 2026, once again laid bare the cost of decades of
deterioration in the enforcement of seismic-resistant codes and in
the maintenance of the built stock. The reconstruction of the La
Guaira coastline should be the opportunity to build back better:
update and enforce the seismic code, structurally audit the surviving
stock, and create a public registry of buildings and damage to serve
as the basis for future risk management in a country that, as the 24J
doublet reminded us, sits on the active boundary of two tectonic
plates.

Conclusions and final remarks

This policy brief presents the first independent, georeferenced, and
methodologically transparent estimate of the affected population
and of the replacement cost of the housing infrastructure of the La
Guaira coastline following the seismic doublet of June 24, 2026. The
figures described outline a large-scale housing emergency: nearly
73,500 people residing in damaged structures, of whom 37,611 in
severely compromised or destroyed structures, and a minimum
replacement bill of USS$ 2,370.6 million.

Beyond the specific results, this exercise demonstrates the value of
a collaboration model that combines frontier capabilities in artificial
intelligence and remote sensing—contributed by the Microsoft Al
for Good Research Lab—with local knowledge, demographic
models, and economic judgment—contributed by ANOVA. In
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countries with weakened statistical systems, where the State does
not produce or publish the basic information that an emergency of
this magnitude demands, this type of alliance can generate, in a
matter of weeks, actionable evidence that would otherwise take
months or simply not exist. The quality of La Guaira's
reconstruction—and the protection of its inhabitants against the
next event—will depend, to a large extent, on the coming decisions
being made on the basis of evidence such as that presented here.
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Notes

[1] A seismic doublet is the occurrence of two earthquakes of similar magnitude within
a small spatial and temporal window, such that neither can be considered an
aftershock of the other.

[2] According to the most recent IMF estimates (World Economic Outlook),
Venezuela's nominal GDP would range between USS$ 82 billion (2025) and USS 111
billion (2026), a range that explains the reported interval.

[3] The building footprints were contributed by the Microsoft Al for Good Research Lab
from Overture Maps, which includes information from Microsoft and other available
sources. For more information and data access, see the following link:
https://docs.overturemaps.org/guides/buildings/#14/32.58453/-117.05154/0/60

[4] The damage categories result from the automated classification of post-event
satellite imagery and should be interpreted as classifications of the observable
condition of each structure, not as habitability determinations. The Microsoft Al for
Good Research Lab established the categories on the basis of the percentage of pixels
of the image area classified as “damaged” within the footprint of each building. This
should not be interpreted as a damage probability, and it should be borne in mind that
the damage percentage may be affected by the quality of the co-registration between
the image and the building polygons, The five-category classification was derived by
ANOVA Policy Research using the same damage metric established by the Microsoft Al
for Good Research Lab at the building level, but converting it into a multinomial
variable. ANOVA Policy Research's classification differs from the binary classification
(damaged/not damaged) of the public report by Robinson et al. (2026) in that it
classifies as “no apparent damage” those buildings with 0% of damaged pixels in the
area within the building footprint; as “light/moderate damage” those buildings with
between 0% and 10% of damaged pixels in the area within the building footprint; as
“intermediate damage” those buildings with between 10% and 30% of damaged pixels
in the area within the building footprint; as “severe damage” those buildings with
between 30% and 50% of damaged pixels in the area within the building footprint, and

s “structural damage or collapse” those buildings with between 50% and 100% of
damaged pixels in the area within the building footprint.

[5] The factor seeks to approximate the replacement cost of the non-residential areas
of multifamily buildings, which is not included in the unit costs per habitable floor area.
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