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Our Methodology

We collect and process 
data worldwide, related 
to the main components 
of risk

Hazard
The seismic potential 
at any location

Exposure
The built environment 

at risk

Vulnerability
The expected 
damage to an event

Currently GEM has fully 
functional global model 
components to assess 
earthquake impact 
worldwide
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Seismic Risk

Risk occurs when there is a spatial and temporal overlap of these three elements

HAZARD EXPOSURE VULNERABILITY

Source: gfdrr.org/sites/gfdrr/files/publication/opendri_fg_web_20140629b_0.pdf



Global Earthquake Model

Seismic Hazard
PSHA for the country
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Seismic Hazard Assessment

Subduction plate boundaries

Source: Michael Steckler / Lamont-Doherty 
Earth Observatory

Active fault map of Bangladesh

Morino et al. (2014). A paleo-seismological study 
of the Dauki fault at Jaflong, Sylhet, Bangladesh: 
Historical seismic events and an attempted 
rupture segmentation model. Journal of Asian 
Earth Sciences, 91, 218–226.

• Identification of active faults
• Historical earthquakes
• Seismic source model
• Soil characterization using 

secondary data
• Ground motion model
• Probabilistic seismic hazard 

assessment
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Seismic Hazard Assessment



Global Earthquake Model

Exposure
Buildings

Population
Infrastructure
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Exposure Modelling

It is necessary to identify the physical characteristics of the built environment, to 
classify each exposed element according to its seismic fragility and vulnerability

Some of the main attributes that need to be identified are:
location, construction material, structural system, height, and code compliance
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Exposure Modelling

Residential Buildings

• Buildings
• Residential
• Commercial
• Industrial
• Healthcare
• Education

• Infrastructure
• Roads
• Railways

• Population

Railway Lines

• Attributes
• Location
• Typology
• Valuation
• Age



Global Earthquake Model

Earthquake Scenarios
Historical and hypothetical events
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Scenario Ruptures
12 Scenario Ruptures

Based on historical and likely potential 
events

Faults from existing GEM research in 
region, or (for Madhupur, etc.) 
mapped for this project based on 
publications and topography
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1885 Manikganj Mw7.2 earthquake
- Very damaging earthquake, 

widespread destruction in Dhaka

- Placed on the Madhupur fault

- Assigned Mw 7.2 based on 
area-magnitude scaling 
relationships

- Martin and Szeliga assigned M 7.1
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Ground Motion Models: Active (left) vs. Stable (right) ?
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1885 Manikganj
Mw7.2 earthquake

Active shallow crust
(Stable continental crust?)

- ChiouYoungs2014
- AbrahamsonEtAl2014
- Modifications for Al-Atik and 

Youngs (2014) epistemic 
uncertainty factors for reverse 
faulting



181885 Manikganj Mw7.2 earthquake
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Ground motion fields Exposure model Fragility functions

Loss mapsDamage distribution
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20Seismic Vulnerability Analysis
Seismic Intensity
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Preliminary Results
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Preliminary Results
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1885 Manikganj 
Mw7.2 earthquake

Mean Fatalities

Time of the event
- night
- day
- Transit

Fatalities at night: 
25k - 52k people
~ 37k people

Preliminary Results
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1885 Manikganj
Mw7.2 earthquake

Fatalities at night: 
  25k - 52k people
  ~ 37k people

Preliminary Results
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Supplementary notes
Data from UN used for period between 
1950-2020. Data from Gapminder used 
for period between 1800-1949.

The sources do not give their 
methodology, but appear to use 
estimates from extended periods of 
time to calculate gradual annual 
figures, therefore the impact of major 
events (such as the Bengal Famine or 
Liberation War) may appear smaller 
when represented on the graph.

1885 Manikganj
Mw7.2 earthquake

https://www.statista.com/statistics/1066829/population-bangladesh-historical/

https://www.gapminder.org/data/
https://www.statista.com/statistics/1066829/population-bangladesh-historical/
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1885 Manikganj
Mw7.2 earthquake

Mean Collapsed 
Buildings:

  43k - 101k units
  ~ 69k units

Preliminary Results



27

1885 Manikganj
Mw7.2 earthquake

Mean Economic losses

  10 - 17 Billion USD
  ~ 13 Billion USD

Preliminary Results
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Preliminary Results
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27% 63% 43% 45% 47%

Preliminary Results



Global Earthquake Model

Probabilistic Risk
Event-based risk assessment
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Source model GMPE logic tree Site effects
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Event-based PSHA Calculator

Stochastic earthquake catalog for the Indian subcontinent (10,000 years) Probabilistic Seismic Hazard Map for Bangladesh
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Loss curves (portfolio)

Probabilistic Event-Based Risk Calculator

Stochastic event sets
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Division Level Seismic Risk Maps
• GEM has published 

division-level maps 
of seismic hazard, 
exposure, and risk 
for Bangladesh

• The spatial 
resolution has been 
improved to upazila 
level in this project
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Average Annual Economic Losses at Upazila Level 
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Average Annual Building Collapses and Fatalities 
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Probabilistic Risk Metrics at Upazila Level

Preliminary Results
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Probabilistic Risk Metrics at Zila Level

Preliminary Results
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Probabilistic Risk Metrics at Division Level

Preliminary Results



40Tectonic setting of the Bay of Bengal

Cummins, P. The potential for giant tsunamigenic earthquakes in the northern Bay of Bengal. 
Nature 449, 75–78 (2007). https://doi.org/10.1038/nature06088



41Models for the 1762 Arakan earthquake and tsunami

Cummins, P. The potential for giant tsunamigenic earthquakes in the northern Bay of Bengal. 
Nature 449, 75–78 (2007). https://doi.org/10.1038/nature06088



42Tentative agenda for in-person workshops in Dhaka
Tentative dates: 3rd March – 7th March, 2024

Day 1: MoDMR, technical panel, and selected members from other key ministries
Goals: Presentation of the project goals, components, and key findings to the government

Day 2: Broader stakeholder audience
Goals: Presentation of the project components, datasets, methodologies, models, and results;
             interwoven by presentations by key technical panel members

Day 3: Primarily academic audience – Dhaka University & BUET faculty and graduate students
Goals: Hands-on working session with the datasets, models, and OpenQuake software

Day 4: UN Humanitarian Advisory Group, UN Cluster Coordination Group, and
             UN Humanitarian Coordination Task Team
Goals: High-level presentation of the project and key findings, discussions focussed on risk 
reduction, preparedness, and response

Day 5: Bilateral meetings and spillover discussions
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Except where otherwise noted, this work is licensed under a 
Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 

International License (CC BY-NC-ND 4.0) 
https://creativecommons.org/licenses/by-nc-nd/4.0/

Please attribute to the GEM Foundation with a link to: 
https://www.globalquakemodel.org
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