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After this lesson, you should be able to:

• define what is meant by multi-hazard and multi-risk

• describe the complexities of multi-hazard and multi-risk

• describe several state of the art methods and approaches for 
understanding multi-hazard and multi-risk

• describe how multi-hazard and multi-risk information can be used 
in disaster risk management

Learning objectives
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What is multi-hazard?
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Multi-hazard means (1) the selection of multiple 
major hazards that the country faces, and (2) the 
specific contexts where hazardous events may 
occur simultaneously, cascadingly or cumulatively 
over time, and taking into account the potential 
interrelated effects. 

How do we define Multi-
hazards?
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In this matrix 

there are

231 possible 

pairs 

Note: With the 
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45753 possible 
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What is multi-risk?
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How do we define risk?
Term Definition Source

Multi-hazard “The selection of multiple major hazards that the country faces, 

and the specific UNDRR (2017) contexts where hazardous events 

may occur simultaneously, cascadingly or cumulatively over time, 

and taking into account the potential interrelated effects

UNDRR (2017)

Multi-hazard risk Risk generated from multiple hazards and the interrelationships 

between these hazards (but not considering interrelationships on 

the vulnerability level)

Zschau (2017)

Multi-risk Risk generated from multiple hazards and the interrelationships 

between these hazards (and considering interrelationships on the 

vulnerability level)

Zschau (2017)

Multi-(hazard)-risk Used to refer to the terms above collectively Ward et al. (2022)
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Haiti 2021

ConsecutiveTriggering

Amplification
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Hunga Tonga – Hunga Ha’apai eruption
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Hunga Tonga 
eruption

Tsunami Santa Cruz, 
California Foreign aid delivery



@Myriad_EU

Multiple hazards can have interrelated effects on risk

Triggering Amplifying

Compound Consecutive

How can risk be better managed by considering these 
interrelated effects? 
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MYRIAD-EU: Vision and aim

● Vision: to catalyse the paradigm shift required to move 
towards a multi-risk, multi-sector, systemic approach to 
risk assessment and management.

● Aim: by the end of MYRIAD-EU policy-makers, decision-
makers, and practitioners will be able to develop forward-
looking disaster risk management pathways that assess 
trade-offs and synergies across sectors, hazards, and 
scales
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Definitions and concepts
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Handbook
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WP1 Disaster Risk Gateway
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Multi-hazard event sets
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Footprint



@Myriad_EU

Hazard 4Start day End day

Hazard 1

Hazard 2

Hazard 3

Hazard 4

Time Longitude

La
ti

tu
d
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Hazard 2   

Hazard 3

Event 1

Event 1

Event 2

Event 2

Hazard 1

MYRIAD-HESA: MYRIAD – Hazard Event Sets 
Algorithm  



Earthquake

1. Define the outer 
bound where the 
MMI is at least five

1. Final polygon: 
taken directly from 
The Global Flood 
Database

Volcanic Eruption

1. Coordinates of 
volcanic eruption 
and VEI

2. Calculate radius 
of influence

𝐿 = 3.0408𝑒0.6956𝑉𝐸𝐼

3. Final polygon

Landslides

1. Does the provided 
polygon from the database 
have a high accuracy?

yes 2. Final polygon: polygon is 
used as provided

no 2. Final polygon: polygon is 
estimated based on coordinates 
of occurrence and fixed radius

Tropical Cyclone

1. Wind field from WRN-
TC and track from IBTrACS

2. Final polygon: Combine track 
and wind field based on tropical 
cyclone name and year

Cold-wave & Heat-wave
t1

t2

t3

1. ERA-5 Daily temperature data, 
calculate the daily extremes (< 5 
percentile for cold wave, > 95 
percentile for heat-wave).

2. See where temperatures 
are extreme for at least 
three consecutive days

3. Final polygon

Extreme Wind

1. ERA-5 Maximum daily wind 
gust data, calculate the daily 
extremes (> 99 percentile). Max 
wind of polygon above 15 ms-1

Tsunami Flood

2. Final polygon

Wildfire

1. Polygon from the global 

wildfire dataset. Is the area 

of the polygon above 5 km2

and the duration of the 

wildfire at least 3 days?

yes

no

2. Final polygon

2. Polygon removed 
from dataset

Drought

2. Final polygon

Source

Runup

1. Source and runup data 
Global Historic Tsunami 
database 

2. Final polygon

𝐿

1. GDO SPI-3 (3-month 
Standardized Precipitation 
Index) monthly data below 
1.3

2. Final polygon





cw: coldwave

dr: drought

eq: earthquake 

ew: extreme wind

fl: flood

hw: heatwave

ls: landslide

tc: tropical cyclone

ts: tsunami

vo: volcanic eruption 

wf: wildfire
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MYRIAD-HESA: global multi-hazard dataset
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Impact



@Myriad_EU

Statistical Analysis of 

Impacts

Single hazard

vs. hazard pair 

impacts

Sum of two 

single hazard 

vs. hazard pair 

impacts

From Case Studies to Global Data (EM-DAT)
How are multi-hazard impacts different from single-hazard impacts?

Input data

EM-DAT1: Socio-

economic impact data 

GDIS2: Spatial 

footprints on admin-

level

Period: 2010 – 2018

Hazards:

Single & Multi-Hazard 

Identification 

Adapted MYRIAD-HESA 

algorithm3:

1:  Guha-Sapir et al. (2014), 2: Rosvold & Buhaug (2021); 3: Claassen et al. (2023)

1 . EM-DAT multi-hazard information

Dr. Wiebke Jäger
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Vulnerability
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VulneraCity: urban vulnerability dynamics

3000+ articles 

reviewed*

6 natural hazards** Focus on empirical drivers

Paper

*Based on a systematic literature review of peer-reviewed scientific articles

**Pluvial flooding, waterborne diseases, earthquakes, drought, heatwaves, coastal flooding

Tristian Stolte, MSc.

tristian.stolte@vu.nl

mailto:tristian.stolte@vu.nl
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VulneraCity: urban vulnerability dynamics

Snippet of VulneraCity
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VulneraCity: urban vulnerability dynamics

Beyond static vulnerability-impact 

relationships:

directional dynamics of 

vulnerability
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Recovery
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Time-lag

2 days1 day

3 days
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Recovery rates from nighttime light data 

Sophie Buijs (IVM VU Amsterdam)
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Recovery rates from nighttime light data 

October 9, 2018 October 13, 2018
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Recovery rates from nighttime light data 
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MYRIAD-EU: Vision and aim

● Vision: to catalyse the paradigm shift required to move 
towards a multi-risk, multi-sector, systemic approach to 
risk assessment and management.

● Aim: by the end of MYRIAD-EU policy-makers, decision-
makers, and practitioners will be able to develop forward-
looking disaster risk management pathways that assess 
trade-offs and synergies across sectors, hazards, and 
scales
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MYRIAD-EU Pilots
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Framework development 
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Interim Pilot Results

• 2 Workshops
• 2 Focus Group meetings per pilot

• Continual testing of methods
• Iterative updating of framework
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Interim Pilot Results

5 core challenges for multi-hazard risk 
assessment and management in Europe:

• Governance of multi-hazard risk
• Knowledge of multi-hazard risk

• Existing approaches to DRM
• Translation of science to policy and 

practice
• Lack of data
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Developing forward-looking pathways
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DAPP-MR (DAPP-Multi-Risks)
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