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Overview

1. Need for quantifying natural catastrophe perils

2. Natural catastrophe perils in Pakistan

1. Perils considered

 Earthquakes, windstorms, floods

2. Modelling natural catastrophe losses in Pakistan

3. Implications for National Natural Catastrophe Pools

4. Willis Research Network
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Need for quantifying natural 
catastrophe perils

 Catastrophic events caused due to earthquakes, hurricanes, tornadoes and floods can jeopardise 

the financial stability of companies and national governments.

 To manage this risk, financial instruments that extend to natural catastrophe pools are employed.

 Key questions with respect to management of catastrophe risk are:

– Where is my risk located?

– What is the expected Average Annual Loss?

This concerns premium rate as charging an appropriate rate enables a company

to operate smoothly and with stability  while making reasonable profits for share 

holders.

– What is my Probable Maximum Loss within a [250] year return period?

– How can my portfolio be optimised?



Problem with experience 
based pricing

 Population growth

 Growth in property values

 Growth of urban concentrations

 Settlement and development in exposed regions

 Rise in standard of living

 Increased international trade - marine cargo exposure

 Increased insurance penetration

 Political pressure for government compensation

 Increase in losses not necessarily linked to increase in 

hazard

Source: Normalized Hurricane Damages in the United States: 1900-
2005 Pielke et al Natural Hazards Review
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Natural Catastrophe Perils in 
Pakistan

Level of Risk

Earthquake Moderate-high

Windstorm Moderate

Flood High

Landslides High

Tsunami Moderate

Period Earthquake Flood Windstorm

1930s 60,000 - -

1940s 4,000 - -

1950s - 3,691 -

1960s - 32 10,450 

1970s 4,700 2,066 -

1980s 289 519 121 

1990s 413 4,180 956 

2000s 73,576 2,265 369 

2010s 2 2,569 23 

Empirical cat peril risk perspective (Top left), 

Loss data: Casualties (bottom Left) and economic damage 

(bottom right) Source: EM-DAT.
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Seismic hazard in Pakistan

Source: Bilham et al. (2007) - Seismological Research Letters
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Seismic hazard in Pakistan

Source: Bilham et al. (2007) -

Seismological Research Letters



Tropical cyclone tracks from 1970 to 2005:

Saffir-Simpson

Intensity:

Tropical Depression

Tropical Storm

Category 1

Category 5

Category 4

Category 3

Category 2

Windstorm hazard in Pakistan

Tropical cyclone tracks from 1970 to 2005
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Flood Hazard in Pakistan

Flooded areas in 2010 (left). Information available on 

discharge rates (bottom left) and flood prone regions in Dadu, 

Hyderabad and Tatta districts (bottom right).

Source:: http://www.pmd.gov.pk/ http://en.wikipedia.org/wiki/2010_Pakistan_floods

http://www.pmd.gov.pk/
http://en.wikipedia.org/wiki/2010_Pakistan_floods


hazard vulnerability

insurance 

terms & 

conditions

exposure

=  insured risk

Hazard

•earthquake sources –

defining event epicentres

•seismicity model –

magnitude, frequency of the 

event

•attenuation model – local 

site amplification

Vulnerability

•structural response to ground 

motion

•damage / loss validation

Exposure

•building construction and occupancy type 

and additional structural modifiers (e.g. 

year built, number of storeys, construction 

quality)

•locational information 

•value at risk estimation

Modelling natural catastrophes
in Pakistan



Local soil layers

Magnitude

Intensity

distance

 Released energy of the Earthquake in the source is represented by Magnitude

 Severity of ground motion in a site at a certain distance from source is indicated by Intensity 
(spectral parameters, etc.)  based on the magnitude and attenuation relation

 Due to the intensity and based on the resistance of structures, they will undergo different 
grades of damage

 This damage will result in loss (financial or casualties)

 Achieved through deterministic or probabilistic approaches

Catastrophe loss estimation: 
Earthquake and its describing parameters
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How do you model an earthquake loss 
in Pakistan?



Pakistan earthquake distribution

An event by event scenario was run for 

the Pakistan EQ model using large 

country-wide exposures. The resulting 

map shows that the probabilistic events 

follow a grid, with numerous events per 

latitude/longitude. The higher magnitude 

events are concentrated around northern 

and southern edges of Pakistan reflecting 

the regional seismicity. 

(however the damage functions are 

specific to the Pakistan based on 

engineering judgement). 



EQECAT model for Pakistan

AAL by CRESTA distribution for Pakistan for a flat portfolio 

Vintage 2009 (Earthquake); 2007 (Windstorm)

Methodology WCC (WorldCat Classic)

Perils Earthquake Shake; Windstorm

Hazard model 

resolution

Population centres

Event frequency 

distribution

Poisson

Event severity 

distribution

Normal

Vulnerability set Standard Classic classification - The same standard set of 

vulnerabilities is used for all the aggregate WCC models.

How the 

vulnerabilities 

compare to those in 

other territories

Not documented

Seismic source 

model used

“Zoneless approach”. The „Kernel Estimation Method‟ 

(1996), relies on historical seismic event data for the 

calculation of seismic activity intensity rates over territories. 

Intensity measure MMI (Modified Mercali Intensity)

Event set The  Kernel Method uses background sources between 

M6.6 and 8.8. 



Pakistan – MSA by Risk Type 
(EQECAT)

 In order to test the validity 
and sensitivity of the 
EQECAT model, a number 
of benchmarking tests were 
undertaken. 

 By varying one a parameter 
at a time, an idea of the 
relative vulnerabilities 
across the model can be 
ascertained. 

 For consistency, an 
exposure of $1m USD per 
zone was modelled, and the 
sensitivity of risk type was 
examined.
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Karachi – Impact of different perils 
(EQECAT)
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Cyclone Phet – June 2010

http://upload.wikimedia.org/wikipedia/commons/6/68/Phet_2010_track.png
http://upload.wikimedia.org/wikipedia/commons/6/68/Phet_2010_track.png


Implications for National 
Natural Catastrophe Pools

Operational Systems

Premium collection & claims settlement

Accounts receivable and payable

Management of loss accumulations

Customer response

Cash flow Audit 

Flow of funds, risk and information

Internal Management of information and 

funds 

Accounting and Monitoring of risk

Operations Risk Management

Regulatory Solvency Requirements

Reinsurance Guidelines

Risk Financing Instruments

Optimum Retention

Managing Accumulations

Modelling catastrophe liabilities

Modelling reinsurance

Simulate financial statements of pool

Model varying deductibles and limits and their 

effect on pool solvency

Determine level of premium required

Financial Model

Asset Management

Initial and Future Capital Structure

General Investment Policy

Optimal Asset Allocation

Structure of pool

Funding of pool

Insurance Law Catastrophe Model

Peril / Perils

Varying insurance 

company share

Operational Systems

Premium collection & claims settlement

Accounts receivable and payable

Management of loss accumulations

Customer response

Cash flow Audit 

Flow of funds, risk and information

Internal Management of information and 

funds 

Accounting and Monitoring of risk

Operations Risk Management

Regulatory Solvency Requirements

Reinsurance Guidelines

Risk Financing Instruments

Optimum Retention

Managing Accumulations

Modelling catastrophe liabilities

Modelling reinsurance

Simulate financial statements of pool

Model varying deductibles and limits and their 

effect on pool solvency

Determine level of premium required

Financial Model

Asset Management

Initial and Future Capital Structure

General Investment Policy

Optimal Asset Allocation

Structure of pool

Funding of pool

Insurance Law Catastrophe Model

Peril / Perils

Varying insurance 

company share

Operational Systems

Premium collection & claims settlement

Accounts receivable and payable

Management of loss accumulations

Customer response

Cash flow Audit 

Flow of funds, risk and information

Internal Management of information and 

funds 

Accounting and Monitoring of risk

OperationsOperations Risk Management

Regulatory Solvency Requirements

Reinsurance Guidelines

Risk Financing Instruments

Optimum Retention

Managing Accumulations

Risk Management

Regulatory Solvency Requirements

Reinsurance Guidelines

Risk Financing Instruments

Optimum Retention

Managing Accumulations

Modelling catastrophe liabilities

Modelling reinsurance

Simulate financial statements of pool

Model varying deductibles and limits and their 

effect on pool solvency

Determine level of premium required

Financial Model

Modelling catastrophe liabilities

Modelling reinsurance

Simulate financial statements of pool

Model varying deductibles and limits and their 

effect on pool solvency

Determine level of premium required

Financial Model

Asset Management

Initial and Future Capital Structure

General Investment Policy

Optimal Asset Allocation

Asset Management

Initial and Future Capital Structure

General Investment Policy

Optimal Asset Allocation

Structure of pool

Funding of pool

Insurance Law

Structure of pool

Funding of pool

Insurance Law Catastrophe Model

Peril / Perils

Varying insurance 

company share



Willis’ involvement in national 
schemes
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Willis Research Network 
membership

http://www.bbk.ac.uk/
http://www.ordnancesurvey.co.uk/
http://sio.ucsd.edu/
http://www.kit.edu/english/
http://www.gfz-potsdam.de/
http://www.ncl.ac.uk/
http://www.gfdl.noaa.gov/
http://www.wharton.upenn.edu/
http://www.gsu.edu/index.html
http://www.fsu.edu/
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Key WRN research Themes
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• Flagship research projects:

Hybrid loss model for seismic risks: Imperial College, 
ROSE School Pavia, Cambridge University, Kyoto 
University, Colorado University

Regional flood risk: Bologna University, Exeter 
University, Fluvius Consulting (Vienna), Bristol 
University, Durham University, Princeton University , 
Newcastle

Extreme weather hazard modelling from GCMs: 
Tropical Cyclone and hurricane

Walker Institute / Reading University, NCAR Colorado, 
National University Singapore, Systems Engineering 
Australia, University of Exeter

Public-policy catastrophe risk transfer optimisation:

Oxford University, Wharton, UPenn, ETH Zurich, 
Scripps

Overarching research 

projects:
Demand surge – led by Colorado University

Business interruption and infrastructural risk - led by 

Kyoto University

Risk and uncertainty visualisation – led by City University, 

UWI

Extreme statistics and uncertainty – led by Exeter 

University

Exposure, post event calibration and remote sensing 

– led by Cambridge University

Urban and megacity risk – all members

High performance computation – all members

Operational Risk, Cost of Capital and Public-private 

risk transfer – including ETH, Swansea, Wharton



21

Disclaimers

Important Notice – Terms and Conditions 

This report has been prepared by Willis Limited (“Willis”) at the request of and for the exclusive and confidential use of its client (“Client”) and is only disclosed to third parties with the 

specific agreement of Willis and the Client.  The Client or any third party recipient are referred to as “Recipient”.

This report is provided to the Recipient on condition that the Recipient shall treat it as strictly confidential and shall not communicate it in whole, in part or in summary to any third party. 

The Recipient undertakes to indemnify Willis against all liability or loss arising from any breach by the Recipient or its representatives of the requirements of these Terms and Conditions.

These Terms and Conditions are supplemental to any other agreement between Willis and the Recipient as to the subject matter of this report.

This report comprises estimated projections of loss exposure in part based on certain underlying data supplied by Client and assumptions.  Willis did not prepare the underlying data and it 

has not been audited.  Willis does not make any representation or warranty, express or implied, as to the accuracy or completeness of the underlying data and nothing contained in this 

report may be relied upon as a promise, warranty or representation, whether as to the past or the future and no representation can be made as to the accuracy or completeness of this 

report.  It is in the nature of loss exposure projection that the assumptions (and hence the conclusions which rest upon those assumptions) are subjective and are unlikely to be wholly 

accurate.  Insofar as this report provides numerical estimated projections, such figures comprise an approximation of or a subjective selection from a range of statistical probabilities.  

Willis assumes no duty in contract, tort (including negligence) or otherwise to any Recipient and/or third party (excepting any liability which as a matter of law cannot be excluded) in 

respect of the underlying data or the report based upon it and no Recipient and/or third party should expect Willis to owe it any such duty.   Client and Willis may have also agreed to limit 

Willis’ liability in the manner set out in the terms and conditions upon which Willis’ services are provided.

Where data is supplied by way of CD or other electronic format, Willis Group accepts no liability for any loss or damage caused to the Recipient directly or indirectly through use of any 

such CD or other electronic format, even where caused by negligence.  Without limitation, Willis shall not be liable for: loss or corruption of data, damage to any computer or 

communications system, indirect or consequential losses.  This limitation of liability does not apply to losses or damage caused by death, personal injury, dishonesty or any other liability 

which cannot be excluded by law.  The Recipient should take proper precautions to prevent loss or damage – including the use of a virus checker.

Acceptance by the Recipient of this report shall be deemed to be agreement by that Recipient to the above.

Willis Re Analytics gratefully acknowledges the kind permission of EQECAT to perform MSA for their 

Pakistan Earthquake and Windstorm models.

Modeling for this report has also been undertaken using software from EQECAT (an EQE International Company). The contents of this report contain confidential information of EQECAT, 

which is to be treated as strictly confidential. Furthermore, EQECAT assumes no liability for this report.
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