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1. Single natural hazards (influencing Nairobi, 
Istanbul, Kathmandu—peer/grey literature, social media)

2. Hazard interrelationships (influencing 
Nairobi, Istanbul, Kathmandu —peer/grey literature, social 
media)

3. Building dynamic risk scenarios
4. Co-development of dynamic Risk 

Scenarios (for Istanbul, Nairobi)
(workshops, interviews)

5. Challenges and opportunities 
identified by stakeholders in 
incorporating dynamic risk scenarios 
into planning

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)OUTLINE OF NEXT 8’ 
(+2’ FOR QS AND CROSS OVER)
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• We mapped all single hazards that might 
impact Istanbul, Nairobi & Kathmandhu
(Classification amended from Gill & Malamud, 2014).

• Evidence for case studies and what might be 
theoretically possible using multiple sources 
using:

• Peer-reviewed literature
• Grey literature
• Newspapers
• Social media
• Databases (e.g., DesInventar)

• Expert input

Kömüşacü et al. (2013)

Kurnaz (2014)

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
1 SINGLE HAZARDS
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1 SINGLE HAZARDS (THE DATABASE)

Hazard 
group

Hazard
Code

Component 
hazards

A Hazard Type

Case 
study/ 
Review

Type of 
evidence Source Link

Description 
of themes 
covered

B Source Info and URL C Source Content
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1 SINGLE HAZARDS (THE DATABASE) EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

Interrelationship with 
other hazard 

mentioned in the 
source

D Hazard Interrelationships & 
Anthropogenic Influences  

Illustrative 
YouTube video 
of case study 

or type of 
hazard 

discussed 

Any other 
comments 

on the 
source

Anthropogenic 
processes and 

influences 
mentioned in the 

source

E Video 
Evidence

How much 
is the 

hazard 
evidenced 

by different 
types of 
sources 
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Reflection on 
how frequent a 

hazard of a 
given size 

occurs

G Hazard Frequency 
-Magnitude

Additional 
reflection by  

local 
stakeholder

H Other Reflections

Eight broad classes:
A. Hazard type

B. Source information and 
link

C. Source content
D. Hazard interrelationships 

and anthropogenic 
influences

E. Video evidence
F. Source reflection
G. Hazard frequency-

magnitude reflection

H. Any other reflection
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Y = Potential for hazard to impact given 
urban area (Istanbul, Nairobi, or 

Kathmandu)

N = No case studies or clear theoretical 
possibility of impacting the given urban 

area (Istanbul, Nairobi, or Kathmandu)

Istanbul: 23 natural hazards
(52 sources of evidence)

Nairobi: 18 natural hazards 
(69 sources of evidence)

Kathmandu: 21 natural hazards 
(58 sources of evidence)

HAZARD GROUP HAZARD CODE ISTANBUL NAIROBI KATHMANDU

GEOPHYSICAL

Earthquake EQ Y Y Y
Tsunami TS Y N N
Volcanic Activity or Eruption VO Y Y Y
Landslide LA Y Y Y
Snow Avalanche AV N N N

HYDROLOGICAL

Flood FL Y Y Y
Seiche SE Y N N
Drought DR Y Y Y

SHALLOW
EARTH PROCESSES

Regional Subsidence RS Y Y Y
Ground Collapse GC Y Y Y
Soil (Local) Subsidence SS Y Y Y
Ground Heave GH Y Y Y

ATMOSPHERIC

Storm ST Y Y Y
Fog FO Y Y Y
Tornado TO Y N Y
HailStorm HA Y Y Y
SnowStorm SN Y N Y
Lightning LN Y Y Y
Extreme Temperature (Hot) ET (H) Y Y Y
Extreme Temperature (Cold) ET (C) Y Y Y

BIOPHYSICAL
WildFire WF Y Y Y
Urban Fire UF Y Y Y

SPACE/CELESTIAL
Geomagnetic Storm GS Y Y Y
Impact Event IM Y Y Y

1 SINGLE HAZARDS (RESULTS) EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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2 HAZARD INTERRELATIONSHIPS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

• We then systematically noted 
potential multi-(natural) hazard 
interrelationships that might impact 
Istanbul, Nairobi & Kathmandhu

Triggering relationships
Increased (or decreased) 

probability relationships [such as 
amplification]
Compound Hazards

Example: 

8 July 2018 Landslide

“Twenty-four people killed in northwest Turkey when a 
train headed for Istanbul derailed following heavy rain 
and a Landslide’’. Reuters (2018)

Storm 
(heavy 
rainfall)

Triggers

Landslide
Figure and information from Reuters / Ezgi Erkoyun

https://www.reuters.com/article/us-turkey-train-idUSKBN1JZ0D8
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2 HAZARD INTERRELATIONSHIPS
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Global South: Nairobi, Istanbul & Kathmandu)

• For Nairobi, Istanbul & 
Kathmandu, we

Examined each pair of 
hazards from the single 
hazard databases for 
potential interrelationships 
(again using blended 
evidence).
Put systematically into a 

detailed database.
Created matrix visualization 

(next slide)

Istanbul Nairobi Kathmandu

# of potential natural 
hazard interrelationships 

identified* that  
theoretically might 

influence the 
urban/peri-urban area

111 114 81

Of the potential hazard 
interrelationships, how 

many have direct 
evidence for having 

occurring in the urban 
area?

25 21 12

*Note that hazard interrelationships identified, include both low-
probability and high-probability potential interrelationships.



23 cell ×23 cell
matrix

B. SECONDARY HAZARD
(Triggered or Increased Probability)

A. 
PR

IM
AR

Y H
AZ

AR
D
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2 HAZARD INTERRELATIONSHIPS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)



Example of 
triggered or 

increased 
probability 

relationships 
visualized on 

matrix (will later 
use these to build 

dynamic risk 
scenarios).

B. SECONDARY HAZARD
(Triggered or Increased Probability)

A. 
PR

IM
AR

Y H
AZ

AR
D
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Storm (ST) → Landslides 
(LA) → Floods (FL) → 

(Other Cascading 
Hazards)

2 HAZARD INTERRELATIONSHIPS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)



Example from 
Instanbul on left
• 111 potential 

hazard 
interrelationships.

• 25 of these in 
Istanbul related 
literature.
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B. SECONDARY HAZARD
(Triggered or Increased Probability)

A. 
PR

IM
AR

Y H
AZ

AR
D

2 HAZARD INTERRELATIONSHIPS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)



Can extend hazard 
interrelationships to dynamic 

risk scenarios that include 
anthropogenic processes and 

consider how urban areas 
might change in the future.

13

2 HAZARD INTERRELATIONSHIPS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)



14

1

B. Secondary Hazard

A.
 P

rim
ar

y 
Ha

za
rd

Earthquake 
(EQ)

1

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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1

2a

B. Secondary Hazard

A.
 P

rim
ar

y 
Ha

za
rd

Earthquake 
(EQ)

Tsunami 
(TS)1

2a

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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1

2a

2b

B. Secondary Hazard

A.
 P

rim
ar

y 
Ha

za
rd

Earthquake 
(EQ)

Tsunami 
(TS)

Landslide 
(LA)

1

2a

2b

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
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1

2a

2b

3

B. Secondary Hazard

A.
 P

rim
ar

y 
Ha

za
rd

Earthquake 
(EQ)

Flooding 
(FL)Blocked  

rivers

Increases 
probability

Tsunami 
(TS)

Landslide 
(LA)

1

2a

32b

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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Heatwave 
(ET (H))

1

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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1 2

Heatwave 
(ET (H))

Drought 
(DR)

Triggers
1 2

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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1 2

3b

Heatwave 
(ET (H))

Drought 
(DR)

WildFire
(WF)

Triggers

Increases 
probability

1 2

3b

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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1 2

3a 3b

Heatwave 
(ET (H))

Drought 
(DR)

WildFire
(WF)

Local Soil 
Subsidence 

(SS)Triggers

Increases 
probability

Increases 
probability

1 2

3a

3b

3 BUILDING DYNAMIC RISK SCENARIOS
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Heatwave 
(ET (H))

Drought 
(DR)

WildFire
(WF)

Local Soil 
Subsidence 

(SS)Triggers

Increases 
probability

Increases 
probability

1 2

3a

3b

3 BUILDING DYNAMIC RISK SCENARIOS
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Earthquake 
(EQ)

Flooding 
(FL)Blocked  

rivers

Increases 
probability

Tsunami 
(TS)

Landslide 
(LA)

1

2a

32b



“A process, phenomenon or 
human activity that may 
cause loss of life, injury or 

other health impacts, property 
damage, social and economic 

disruption or environmental 
degradation.” UNDRR 

Terminology

“The situation of 
people, infrastructure, 
housing, production 
capacities and other 

tangible human assets 
located in hazard-prone 

areas.”  UNDRR 
Terminology

“The conditions determined by 
physical, social, economic and 

environmental factors or 
processes which increase 

susceptibility of an individual, a 
community, assets or systems to 

the impacts of hazards.”  
UNDRR Terminology

Common Representation of Risk

23

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)



Risk can be dynamic
(increase or decrease over time)

24

Hazard, Exposure, Vulnerability are dynamic
(increase or decrease over time)

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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• Dynamic Risk:
• Exposure in Earthquake region 

DIFFERENT before and after
Earthquake (infrastructure 
damage, people moved).

• Hazard managers need to 
consider change in exposure for 
both where people are (has 
changed) and layout of 
infrastructure (e.g., blocked 
roads).

Earthquake 
(EQ)

Flooding 
(FL)Blocked  

rivers

Increases 
probability

Tsunami 
(TS)

Landslide 
(LA)

1

2a

32b

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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• Anthropogenic Processes:
• Humans can influence the 

magnitude of these hazards 
through anthropogenic 
processes.

• Medium time scales: For 
example, vegetation 
removal can increase the 
severity of the drought.

• Longer time scales: Climate 
change can influence the 
magnitude and severity of 
the heatwaves.

Heatwave 
(ET (H))

Drought 
(DR)

WildFire
(WF)

Local Soil 
Subsidence 

(SS)Triggers

Increases 
probability

Increases 
probability

1 2

3a

3b

3 BUILDING DYNAMIC RISK SCENARIOS
EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)
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4 CO-DEVELOPMENT OF DYNAMIC RISK
SCENARIOS (FOR ISTANBUL, NAIROBI) 

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

• We further co-developed the 
dynamic risk scenarios with natural 
hazard stakeholders:

• Istanbul: Two (repeated) 
workshops of 2.5 hours (total 
50 participants, 15 institutions) 
+ 3 expert interviews (1 hr 
each).

• Nairobi: Two (repeated) 
workshops of 2 hours (total 21 
participants, 5 institutions) + 6 
expert interviews (45-60 
minutes each). 
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4 CO-DEVELOPMENT OF DYNAMIC RISK
SCENARIOS (FOR ISTANBUL, NAIROBI)

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

Example scenarios identified by Nairobi participants

W
O

RK
SH

O
PS

Scenario 1: Storm -> Lightning -> Urban Fire
Scenario 2: Earthquake -> Urban Fire
Scenario 3: Heavy Rain (Storm) -> Flooding -> Landslides
Scenario 4: Heavy Rain (Storm) -> Flash Floods (Flooding) due to poor 

drainage -> Riverine Floods (Flooding) -> Collapse of buildings
Scenario 5: Heavy Rain (Storm) -> Flooding -> Electricity blackout, people 

start using candles and paraffin -> Urban Fire
Scenario 6: Heavy Rain (Storm) -> Flooding -> Short Circuits -> Urban Fire
Scenario 7: Storm -> Flooding and Landslides and Ground Collapse
Scenario 8: Drought and no waste management -> Flooding and Urban Fire
Scenario 9: Heavy Rain (Storm) + Windstorm -> Flooding and fall of electric 

poles -> Urban Fire and electrocution
Scenario 10: Extreme Heat -> Wildfire
Scenario 11: Heavy Rainfall (Storm) + Lightning -> Urban Fire
Scenario 12: Heatwave -> Drought and at the same time WIldFire followed at a 

later time by Flooding -> Ground Collapse
Scenario 13: Flooding -> Landslides and Ground Collapse -> Landslides 

resulting in the Collapse of electricity poles -> Urban Fire
Scenario 14: Flooding -> Communicate Diseases
Scenario 15: Flooding + Lightning -> Urban Fire

IN
TE

RV
IE

W
S

Scenario 16: Drought followed by a Storm -> Flooding
Scenario 17: Flooding -> Landslides
Scenario 18: Flooding -> Urban Fire due to improper wiring
Scenario 19: Lightning -> Urban Fire
Scenario 10: Flooding -> Water pollution and environmental contamination -> 

Diseases
Scenario 21: Storm -> Flooding -> Landslides

Example scenarios identified by Istanbul participants

W
O

RK
SH

O
PS

Scenario 1: Heavy rains (Storm) followed by Earthquake -> Flood + 
Landslide + Tsunami + Regional subsidence + Ground 
Collapse

Scenario 2: Earthquake -> Ground Collapse + building Collapse -> Urban 
Fire

Scenario 3: Storm -> Flood
Scenario 4: Storm -> Flood + Hail + (coincident) Earthquake
Scenario 5: Earthquake -> infrastructure damage -> Flood
Scenario 6: rains (Storm) -> dam Collapse -> Flood
Scenario 7: Lightning -> Fire
Scenario 8: Extreme temperature (heat) -> rain (Storm) -> Flood -> 

building Collapse + Landslide + Ground Collapse or heave + 
infectious disease

Scenario 9: Earthquake -> Liquefaction + Ground deformation
Scenario 10: Earthquake -> Landslide + Tsunami + Urban Fire + release 

of hazardous chemicals/contaminants

IN
TE

RV
IE

W
S

Scenario 11: Earthquake -> Tsunami -> Landslide
Scenario 12: Earthquake -> Liquefaction
Scenario 13: Earthquake -> Landslide
Scenario 14: Earthquake -> dam damage -> Flood
Scenario 15: Earthquake -> Tsunami + dam damage + Urban Fire -> 

Flood
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4 CO-DEVELOPMENT OF DYNAMIC RISK
SCENARIOS (FOR ISTANBUL, NAIROBI)

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

Two multi-hazard 
dynamic risk 

scenarios created 
by Nairobi 
research 

participants that 
involve a hazard 

of urban fire.



Opportunities:
• Increased awareness of the factors that 

might influence risk dynamically in 
their urban region. 

• Integration of these factors into 
existing urban regeneration project 
planning. 

• These scenarios have a vast array of 
potential benefits for disaster risk 
management in their cities, especially in 
terms of enhanced preparedness and 
risk-informed planning.

30

5 CHALLENGES & OPPORTUNITIES IDENTIFIED
BY STAKEHOLDERS IN INCORPORATING
DYNAMIC RISK SCENARIOS INTO PLANNING

EGU22-10366 (Malamud et al., Dynamic risk 
scenarios for single and multi-hazards in the 

Global South: Nairobi, Istanbul & Kathmandu)

Challenges
• Siloed approaches to hazards (often single-hazard 

focused).
• Lack of enforcement of regulations.
• Translation of planning to implementation.
• Centralised policy-making.
• Needs beyond electoral cycles.
• Lack of financial and human resources.
• Disconnect between scientific and policy-

making communities. 
• Lack of existing data & research in their 

region on multi-hazard interrelationships, 
anthropogenic processes, and components 
that make up dynamic risk scenarios. 
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5 CHALLENGES & OPPORTUNITIES IDENTIFIED
BY STAKEHOLDERS IN INCORPORATING
DYNAMIC RISK SCENARIOS INTO PLANNING
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THANK YOU!

Opportunities:
• Increased awareness of the factors that 

might influence risk dynamically in 
their urban region. 

• Integration of these factors into 
existing urban regeneration project 
planning. 

• These scenarios have a vast array of 
potential benefits for disaster risk 
management in their cities, especially in 
terms of enhanced preparedness and 
risk-informed planning.

Challenges
• Siloed approaches to hazards (often single-hazard 

focused).
• Lack of enforcement of regulations.
• Translation of planning to implementation.
• Centralised policy-making.
• Needs beyond electoral cycles.
• Lack of financial and human resources.
• Disconnect between scientific and policy-

making communities. 
• Lack of existing data & research in their 

region on multi-hazard interrelationships, 
anthropogenic processes, and components 
that make up dynamic risk scenarios. 
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