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Abstract 
There are over 6.5 million pre-primary, primary, secondary and tertiary teaching institutions globally across the 250+ 
nations. These contain over 1.58 billion students and importantly over 120 million teaching and administrative staff. 
Historical experience suggests a significant number of them are at risk from major earthquakes, as we have seen many 
of which are in developing countries, and that a major event has the potential to decimate the education and associated 
economy of entire regions for years after.  

The first important question is to know is where these institutions are located. Over the years, data has been collected in 
the CATDAT database from open data platforms, ministry websites around the world but has not been completed 
globally for every country with respect to location information, and partial asset information until now. Various filling 
techniques which have been used in order to provide a more comprehensive risk-compatible exposure set for the 
education sector globally. The direct economic replacement value of the education institutions has also been calculated 
using capital stock modelling via expenditure data series, tested against ground-up construction cost analysis of school 
values.  

A hazard model has been developed over the last few years, combining various global models and tectonic regimes in 
order to create a model that allows for a global 10000-year stochastic event set of events to be produced for each 
country globally. Over 300 post disaster needs assessments (PDNAs) and sectoral analyses have been sourced in order 
to collect the education losses in these assessments over time. In addition, the CATDAT Natural Hazards Loss Database 
has been used to add a significant amount of events with school damage to the historical database. Concurrently, data 
from national loss databases as well as other sources have been included in order to create a substantial list of more than 
1000 events with damage to schools. 

This empirical data informs two things: 1) the cost of natural hazards to the education sector for these two perils 
through history; 2) data as to the vulnerability of schools which can be used in the formulation of risk-based indices 
and/or vulnerability functions for use in stochastic analyses of risk modelling of schools globally. By collecting this 
information, and overlaying earthquake event data (both historic and stochastic), and characteristic vulnerability 
functions, a view of education sector at risk from both the social and economic impact side is seen globally, providing 
estimates of total economic impact and potential social impacts from two sides.  

Over 2500 fatalities are expected annually when taking school hours into consideration in the student and teacher 
population globally. In terms of annualised fatalities, India, Peru, Iran, China and Indonesia are expected to be highest. 
In addition, over $3 billion is expected to be lost annually. The highest losses expected around the world are in Japan, 
China, USA, Turkey and Italy. PML curves and prioritisation plans are presented as part of this study. 

This provides a first step in having the numbers to assess the needs of the education sector across the developing (and 
indeed developed) world in terms of potential losses, the need for mitigation strategies and financing strategies to invest 
in reducing losses in this key sector. 

Keywords: Earthquake risk, education sector, socioeconomic losses, historical data, global analysis 
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1. Introduction 

There are over 6.5 million pre-primary, primary, secondary and tertiary teaching institutions globally across 
the 250+ nations. These contain over 1.58 billion students and importantly over 120 million teaching and 
administrative staff.  Historical experience suggests a significant number of them are at risk from major 
earthquakes, as we have seen many of which are in developing countries, and that a major event has the 
potential to decimate the education and associated economy of entire regions for years after. The goal of the 
study was to evaluate the global exposure of schools and their inhabitants in terms of a basis for social and 
economic loss around the world. 

2. Risk Model Components 
2.1 Hazard Model 
A hazard model has been developed over the last few years, combining various global models and tectonic 
regimes in order to create a model that allows for a global 10000-year stochastic event set of events to be 
produced for each country globally. The model for the schools database work was built using multiple 
stochastic models from around the world pieced into a single global earthquake model. There was the need 
for the analysis to be event based given the use in assessing the exposure of different subnational and 
national entities to earthquake hazard. Thus, the use of probabilistic maps would not work, given the need for 
event losses in any one year as well as the effect of events. For each region, the same process was used in 
order to evaluate the earthquake hazard.  

The process is as follows: 

1. Import of historic earthquake data and source model (zones and faults); 
2. Computing of data completeness and declustering of earthquake catalogue; 
3. Selection of fault and source model; 
4. Selection of Ground Motion Prediction Equations (GMPE); 
5. Calculation of ground motion through logic tree analysis; 
6. Estimation of site and topographic effects; 
7. Stochastic calculation of a model catalogue for 10,000 years of events; 
8. Ground motion sensitivity analysis. 

For the Americas, a combined seismic hazard model was built stretching from Alaska down to Chile and the 
whole of the Caribbean. The zonation was partially based on previous findings from regional hazard models 
like [1] or the SARA [2] and RESISII [3] projects. In addition, national hazard models for Canada, USA 
were used. Seismic activity was split into up to 6 depth regions. For which shallow seismicity accounts for 
zones with less than 100 km maximum depth, in addition, subduction interfaces and deep seismicity has been 
categorized (Table 1).  

For the Africa and the Arabian Peninsula, a combined seismic hazard model was built stretching from 
Tunisia to South Africa the whole of the Arabian Peninsula. The zonation was partially based on previous 
findings from regional hazard models like [4] around Ethiopia and the SSAHARA model for sub-Saharan 
Africa using shallow crust GMPEs as per the Americas. Europe was completely based on the latest SHARE 
hazard model [5] including its complete GMPE logic tree. The Middle-East was based on the latest EMME 
hazard model [6] including its complete GMPE logic tree. 

For Asia, the region covers the whole area from the Northern Coast of the Black Sea, Central Asia, all of 
South East Asia (Table 2) including Papua and the Pacific coasts up to Kamchatka. The model was a 
complete custom build based on the former (yet smaller) ECA seismic hazard model (2014-15) as through 
[7]. The further modifications also considered the findings of hazard models like [8] for Papua New Guinea, 
[9] for Sulawesi, [10]for India, etc. 
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Table 1 – GMPEs used for the Americas part of the hazard model (GMPE citations in [11]) 

Tectonic Group GMPEs 
Active Shallow Climent et al. 1994, Chiou and Youngs 2008, Akkar and Bommer 2010, Boore 2014 
Deep Abrahamson et al. 2015, Montalva et al. 2016 
Subduction Interface Atkinson and Boore 2003, Montalva et al. 2016, Kanno et al. 2006, Campbell and 

Bozorgnia 2008 

Table 2 – GMPEs used for the South East Asia part of the model 

Tectonic Group GMPEs 
Active Shallow Atkinson and Boore 2003, Chiou and Youngs 2008, Kanno 2006 
Deep Seismicity Atkinson and Boore 2006, Tavakoli and Pezeshk 2005, Douet 2015 
Subduction Atkinson and Boore 2003, Montalva et al. 2016, Youngs 1997, Kanno et al. 2006 
 
Australia was completely based on the latest NHA model (2018, [12]) including its complete GMPE logic 
tree, which is a superposition of >20 different seismic hazard models for Australia. New Zealand & Coral 
Sea region (Table 3) covered all islands from Southland to Samoa, New Caledonia and the New Britain 
Islands region. It was built as a complete custom model, incorporating findings of latest regional hazard 
studies (e.g. [13]). GMPEs are shown below. 

Table 3 – GMPEs used for the NZ, Pacific and Coral Sea part of the model 

Tectonic Group GMPEs 
Active Shallow (NZ) Climent et al. 1994, Chiou and Youngs 2008, Akkar and Bommer 2010, Boore 2014 
Active Shallow 
(Coral Sea) 

Cauzzi & Faccioli 2008, Chiou and Youngs 2008, Akkar and Bommer 2010, Boore 
2014 

Deep Seismicity Abrahamson et al. 2015, Montalva et al. 2016 
Subduction Atkinson and Boore 2003, Montalva et al. 2016, Youngs 1997 (NZ only), Kanno et 

al. 2006, Campbell and Bozorgnia 2008 
 

 
Fig. 1 – Global aggregated hazard map (using the combination of the various hazard models enumerated 

above) at 500 year RP. 

A view of the result is shown in Fig. 1. Each of the hazard models was harmonised by concurrent runs for 
each country individually, ensuring that no overlaps or double counting of recurrence rates were present as 
shown by stochastic and single event examples in Fig. 2. 
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Fig. 2 – Left: Examples of the hypocenters of the stochastic set across Central America, Right: Shakemap of 

a single stochastic event offshore Ecuador. 

2.2 Exposure Analysis 
The schools database was developed using many different types of sources for each country to answer the 
question of where, what and how much education infrastructure exists globally. The first important question 
is to know is where these institutions are located. The initial base layer was developed from an OSM 
extraction of schools and universities using various OSM tags (amenity=school, kindergarten, university and 
others). However, this was found to severely underestimate the number and location of schools around the 
world. 

It was then decided to build from national level downwards the database of schools, teachers, students and 
administrative staff using country-by-country research as seen in Fig. 3. Over the years, data has been 
collected in the CATDAT database [20] from open data platforms, ministry websites around the world but 
has not been completed globally for every country with respect to location information, and partial asset 
information until now.  For each country, the statistical agencies and statistical yearbooks were initially 
consulted for statistics. At the same time, OpenData sources in each country were also consulted for potential 
databases of schools – both public and private. In most cases these were able to be used, extracted and 
integrated. Interestingly however, often the listed databases missed schools, and in some countries were only 
60% complete, thus using these would have a significant impact on the school risk results were they to be 
used. Checks were made against statistics from each respective Ministry of Education website and data 
portal, in order to compare the numbers at each administrative level. Much work in harmonising the names 
of these regions, with consistent spatial GIS of the administrative layers was made. In the end, very few 
countries were used in terms of the schools points given the need for consistency of the number of schools, 
students and teachers. 

For the student and teacher distributions, the same MoE data was often used depending on the country. For 
most small nations, detailed lists were available of schools, and thus these were used. In most cases, 
administrative staff values were present and used, and for the other countries an inference was made to the 
percentage based on other countries. 

The splits between early learning, primary, secondary and tertiary schooling differs in many countries, and 
although the data was collected, the data was more or less unused in the global study, due to the inability to 
be able to keep consistency between definitions. 

Within each of the administrative zones, the schools and teachers were split based on GHSL population. This 
meant that not being completely consistent with the actual position of schools, for a global level analysis it 
was good enough. An initial assumption was made to use the school point data collected for each country as 
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the basis for further downscaling of the administrative level values, however it could not be known if it were 
consistent at each location in the country, since often there were different percentages missing across 
countries (Fig. 4). The UNESCO [15] and World Bank indicator sets at a national level were used as a check 
and in the absence of subnational or updated data. 

 
Fig. 3 – School points resolutions for countries over 5,000km2. Countries under 5,000km2 were mostly 

applied using point data 

  
Fig. 4 – Left: Ecuador school point locations (generally these were not used due to incompleteness compared 

to full country statistics), Right: Africa school populations per admin zone. 

The second part of the exposure analysis was the need for an economic exposure value for the schools based 
on buildings and contents. The direct economic replacement value (Fig. 5) of the education institutions has 
also been calculated using capital stock modelling via expenditure data series, tested against ground-up 
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construction cost analysis of school values ([14]). For each country, the same sources (MoE and OpenData) 
were used to source capital expenditure data on education (not just education expenditure) for each country. 
The capital expenditure is generally split into public and private in each country, however there are some 
differences, with household expenditure often being used. No subnational splits were generally available for 
the capital expenditure (or if they were available) were often inconsistent with the total, due to differences in 
spending patterns over time. A consistent basis in each country was made with different service lives 
applied. Checks could be made against a couple of existing studies where available as to the values of school 
construction. All structures, equipment and contents were included in the estimate, however the following 
were not taken into account: interruption costs generally in the order of 25% of historic losses, expenditure 
for salaries, non-tangible losses and abrupt changes in capital spending. Global values are shown in Table 4. 

Table 4 – Base results and definition from the global schools exposure database 

Indicator Global 
Estimate 

Definition Source 

Schools 6.583 
million 

No. of separate pre-primary, 
primary, secondary and 
tertiary schools in each unit; 
where possible private and 
public splits 

Ministry of Education Websites from all 
countries; subnational Ministry of Education 
from countries; World Bank Indicators; 
UNESCO data; CATDAT (200+ countries 
covered to some extent) using Research Reports; 
Ministry of Education data; Geonodes and ESRI 
archives; OpenStreetMap; National and 
Provincial Data; Library Archives; Website 
Scouring; Reports from assessors; Private 
Education Board data; Planipolis 

Students 1585.7 
million 

No. of students in each unit 

Teachers 82.565 
million 

No. of official teaching staff 
in each unit (FTE where 
indicated). 

School Admin. 
Staff Count 

41.338 
million 

No. of administrative and 
support staff in each unit 

Gross Capital 
Stock of Schools 
(USD) 

13.622 
trillion 

Gross Capital Stock of 
schools in USD (2018) - 
including contents. 

Own estimates based on Ministry of Education 
Data; Education Investment data from Statistical 
Yearbooks, National Accounts, UNESCO data, 
UCCs via construction cost information. 

 

 
Fig. 5 – Gross Capital Stock per country for education facilities per capita (often a more meaningful proxy 

depending on the data) 
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2.3 Vulnerability Analysis 
Over 300 post disaster needs assessments (PDNAs) and sectoral analyses have been sourced in order to 
collect the education losses in these assessments over time, however only a small number are for 
earthquakes. Thus, in addition, the CATDAT Natural Hazards Loss Database [20] has been used to add a 
significant amount of events with school damage to the historical database. Concurrently, data from national 
loss databases as well as other sources have been included in order to create a substantial list of more than 
1000 events with damage to schools. 

Detailed school data for many past events has been collected, however datasets are sometimes inconsistent 
within a single country based on PDNAs. i.e. Bhutan 2009 vs. 2011, the counting of infrastructure comes 
with its own definitions for each country (i.e. what is a school, or school building?), school loss data is 
sometimes very sensitive politically thus numbers sometimes over- or underestimated. 

This empirical data informs two things: 1) the cost of natural hazards to the education sector for these two 
perils through history; 2) data as to the vulnerability of schools which can be used in the formulation of risk-
based indices and/or vulnerability functions for use in stochastic analyses of risk modelling of schools 
globally. By collecting this information, and overlaying earthquake event data (both historic and stochastic), 
and characteristic vulnerability functions, a view of education sector at risk from both the social and 
economic impact side is seen globally, providing estimates of total economic impact and potential social 
impacts from two sides. 

School occupancy data was collected from many locations around the world in order to take the time into 
account. In addition, public and school holidays were consulted due to the importance of these numbers in 
the entire process. In most countries, school students are in school buildings for 14%-20% of the year 
depending on the country, thus events were then given a time of occurrence for the fatality studies. 

Vulnerability functions were derived through the work of [16] for economic losses and for fatalities through 
[17]. These have been updated in the course of ongoing work, with them being representative of a hybrid 
function of the different building typologies in each nation. Depending on the location, adjustments are made 
to the distribution based on the difference of the school stock as a whole vs. other typologies. The 
construction year and height are inherently within the analysis although not explicitly accounted for. For 
each country, the construction year distribution is assumed to be the same as in [18]. 

3. Risk Assessment Results 

The risk estimates were developed for the following indicators (Table 5) including PMLs in order to gain an 
understanding of the amount of losses. Annual modelled fatalities from earthquake shaking (Fig. 6) and 
economic losses (Fig. 7, Fig. 8) are shown in absolute and relative terms for each country. 

Table 5– Risk parameters developed for the study for earthquake 

Indicator Source 
School AAL due to earthquakes 
(USD) and % 

Annual Average Loss of schools in USD (2018), Financial Loss 
(Annual Average Loss) as a ratio of the value of schools 

School AAD due to earthquakes 
and % 

Annual Average Deaths in schools based on staff and students in 
school, Ratio of Annual Average Deaths as a percentage of 
Students, Teachers and Administrative Staff. 

School AAAP due to earthquakes Annual Average Affected Schools Population – set with a threshold 
over intensity V from any earthquake.   
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Fig. 6 – Fatalities per year in absolute and relative terms by country ISO3166 code. 

Over 2500 fatalities are expected annually when taking school hours into consideration in the student and 
teacher population globally. In terms of annualised fatalities, India, Peru, Iran, China and Indonesia are 
expected to be highest. In addition, around $3 billion is expected to be lost annually. The highest losses 
expected around the world are in Japan, China, USA, Turkey and Italy. PML curves (Fig. 9) and 
prioritisation plans are presented as part of this study given the need for planning of risk mitigation 
programs, and earthquake-sensitive building plans. 

 
Fig. 7 – Economic Losses per year in absolute and relative terms by country ISO3166 code. 
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Fig. 8 – AAL for earthquake as a % of TEV of education infrastructure 

        
Fig. 9 – Left: Peru PML curve for economic losses and fatalities; Right: Azerbaijan PML curve for economic 

losses and fatalities. 

4. Discussion and Model Checks 

This provides a first step in having the numbers to assess the needs of the education sector across the 
developing (and indeed developed) world in terms of potential losses, the need for mitigation strategies and 
financing strategies to invest in reducing losses in this key sector.  

A major check of the model is the historic record of fatalities from events. For this, work was needed from 
the CATDAT and Pomonis databases of fatalities, in order to harmonise and research estimates of fatalities 
in schools in the aftermath of large events, following on from [19]. The following list in Table 6 gives a 
detailed account of the largest earthquake events affecting schools in the last 60 years. 

Table 6 – School deaths from major events in the last 60 years with over 10 deaths in schools 

Date Name Mw Local Time Day School Deaths Total Deaths 
2008.05.12 Wenchuan (China) 8 14:28 Mon 20068 87633 
2005.10.08 Kashmir (Pakistan) 7.6 8:50 Sat 18948 75150 
2010.01.12 Port-au-Prince (Haiti) 7 16:53 Tue 13500 90000 
1988.12.07 Spitak (Armenia) 6.9 11:41 Wed 6250 24990 
1976.07.28 Tangshan (China) 7.6 3:42 Wed 2100 242419 
1982.12.13 Dhamar (Yemen) 6.1 12:12 Mon 1400 2800 
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2001.01.26 Bhuj (India) 7.6 8:46 Fri 1082 13840 
1998.05.30 Badakhshan-Takhar (Afghan.) 6.6 10:52 Sat 850 4700 
1970.05.31 Ancash (Peru) 7.7 15:23 Sun 250 66794 
1990.07.16 Baguio (Philippines) 7.7 16:26 Mon 181 1621 
1992.10.12 Cairo (Egypt) 5.8 15:09 Mon 130 561 
1985.09.19 Michoacan (Mexico) 8.0 07:17 Thu 119 9500 
1997.05.10 Ardekul (Iran) 7.3 12:27 Sat 110 1745 
2003.05.01 Bingol (Turkey) 6.3 3:27 Thu 85 184 
2010.04.14 Yushu (China) 6.9 07:49 Wed 83 2968 
2011.02.21 Christchurch (New Zealand) 6.1 11:51 Mon 76 185 
1976.07.11 Bali (Indonesia) 6.5 15:13 Thu 60 573 
2017.09.19 Puebla (Mexico) 7.1 13:14 Tue 47 371 
1986.10.10 San Salvador (El Salvador) 5.6 11:49 Fri 42 1300 
2002.03.03 Faizabad (Afghanistan) 7.3 15:38 Sun 40 181 
2002.10.31 Molise (Italy) 5.7 11:32 Fri 28 30 
2001.02.13 San Vicente (El Salvador) 6.5 8:22 Tue 24 407 
1997.07.09 Cariaco (Venezuela) 6.9 15:24 Wed 23 81 
1992.03.13 Erzincan (Turkey) 6.7 19:19 Sat 23 677 
1960.04.24 Lar-Gerash (Iran) 6 15:34 Sun 20 420 
2009.09.30 Padang-Pariaman (Indonesia) 7.6 17:16 Wed 15 1150 
2015.10.26 Hindu Kush (Afghanistan) 7.5 13:39 Mon 12 402 
1966.03.22 Xingtai (China) 7 16:19 Mon 1000* 7064 
 

For the AAD (annual average deaths) associated with the 60-year historical record, the number is around 
1100, and over the last 20 years, 2700+ fatalities (not including Xingtai). This is quite comparable to the 
stochastic record of 2469 fatalities per year, where it could be expected that since populations have 
increased, and the fatality ratio per intensity has not significantly decreased over time. 

 
Fig. 10 – Direct damage in the education sector in selected past events 

Important events in the last 60 years include the 2008 Sichuan earthquake, 2005 Kashmir earthquake, 2010 
Haiti earthquake and the 1988 Spitak earthquake. All of these events occurred unluckily during school 
classroom hours (not during breaks), with death tolls exceeding 5,000 students in each case. Considering the 
chances being 1 in 7 to 1 in 5 of being in school at the time of an event, the exposure as a total of the shaking 
fatalities since 1960 matches this quite closely. It does not include events like the 2003 Bam earthquake 
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where 1200 teachers and 10000 students died, however not in school buildings. The historic losses within 
CATDAT have been normalised and explicitly split off for earthquake shaking vs. secondary effects. Again, 
it could be assumed that schools are usually not as vulnerable as the housing stock, however, it can be seen 
that on average around 5% of economic direct damages post-earthquake are generally associated with the 
education sector (Fig. 10). The education sector has seen a loss of around $166 billion USD damage for 
earthquakes (in 2019 adjusted) since 1900. These results were loosely checked against the results of [21] and 
[22] with the knowledge that the school stock will not be the same as the stock in both these studies (mainly 
residential, commercial and industrial), however it is still a good general yardstick. The relative risk of 
fatalities by looking at the stochastically modelled fatalities divided by the historically observed school 
fatalities from CATDAT (Fig. 11). This is an indicator for where we may not have seen major events in the 
record but where significant risk may be present.  

 
Fig. 11 – Figure of residual risk in terms of the ratio between stochastic and historic (yellow/orange/red 

indicates that the countries have a higher stochastic risk than historical risk indicating that nations may be 
less prepared or less expecting a major event due to their background 

A value of 1 would indicate that the 1900-2018 annualised school earthquake fatalities are representative of 
the fatalities from the stochastic model. A value < 1 would indicate that the last 120 years of event fatalities 
are above the average in the stochastic model (i.e. Turkmenistan); and > 1 the opposite. It is hoped such 
metrics can support the global education community to understand and manage their earthquake risk better. 
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