
Introduction
Offshore installations are exposed to several natural 
hazards. The greatest is severe weather caused 
by hurricanes and cyclones. Such storms can be 
devastating, causing wide-spread damage and financial
loss. Insurance companies offer a range of products 
that insure against potential losses, including physical
damage, control of well, sue and labour, removal 
of wreck, business interruption and liability.

This paper describes the development of the first
stochastic natural catastrophe model for the north-west
Australian coastal region. Its development is designed 
to allow the sustainable and reasonably priced supply 
of insurance, which is essential to the further extension
of exploration and production activities and investment
in Australia.

Method
The model consists of three computational modules: 
the hazard module, the vulnerability module, and the 
financial module (Figure 2).

Hazard module
In the hazard module, wind and wave hazard is calculated
stochastically. The module generates stochastic cyclone
scenarios, including several tens of thousands of 
cyclone events and computes wind and wave hazards 
for each of the events using Monte Carlo simulation.
Special correlations between locations are considered.

Vulnerability module
The vulnerability module computes the degree of 
damage to offshore platforms that could be caused 
by wind and wave hazards. Our model can estimate
damage for several types of installations including fixed
platforms; floating, production, storage and offloading
facilities (FPSOs); pipelines and others (Figure 3).

Financial module
The financial module computes platform losses for 
each event in the stochastic scenario. Annual average
loss and exceedance probabilities (EP) are calculated 
for each loss, based on the event loss. The module 
can apply insurance coverage conditions to projected
losses and loss expectancies for a portfolio of risks.

Settings of trial simulation
We performed a trial simulation for a sample portfolio
comprising two platforms located in Carnarvon Basin
(Location01) and Browse Basin (Location02), which are
depicted in the map of Figure 5. The settings of each 
location are shown in Figure 4.

Results and discussion

Comparing Location01 and Location02, cyclone risk at
Location02 is higher than that at Location01 as shown in
Figure 6, because of the significantly higher wave hazard
at Location02. Our model can represent portfolio-base
risks using spatial correlation of wind and wave hazard.

Estimated losses for each return period differentiated 
by design standard (Figure 7). The model can 
differentiate the vulnerability of offshore assets based 
on design standards. The model provides the insurer
with quantitative results that can be used for several 
purposes such as underwriting, design of insurance
condition, evaluation of the profitability of each policy, 
or their entire portfolio and assist in deciding the 
requirements for reinsurance, capital allocation, etc.

Summary and conclusions
We developed a natural catastrophe risk model for
north-west Australia offshore installations that enables
quantitative assessment of cyclone risk. As assets 
exposed to severe natural catastrophes there increase, 
it is important and very useful to have a tool based 
on a sound scientific and engineering approach. 
The model can be used for insurance underwriting 
and risk management, and by oil and gas operators 
developing business plans, managing portfolio risk, 
evaluating business exposures, etc. The model 
quantifies a major risk, and hence will assist in risk 
transfer activities, for example through insurance,
thereby contributing to the continued development 
of offshore petroleum exploration and production 
on the North West Shelf of Australia.

Figure 1
Historical cyclone tracks during 1969-2015
from International Best Track Archive for Climate 
Stewardship (IBTrACS). Categories represent 
Saffir-Simpson Hurricane Scale.
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Figure 2
Modelling procedure, EP, exceedance probability.
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Loss

Coverages   Property damage, operator’s extra-expense

Perils            Wind and wave induced by cyclone

Assets          Platforms, rigs, FPSOs, pipelines

Figure 6
Exceedance probability (EP) curves showing estimated
losses for each return period. AAL, annual average loss; 
TIV, total insured value; SD, standard deviation.

Property damage of platforms (USD)
                         Return Period       Location01       Location02                     All
                                        1000       30,047,216     180,224,672     211,057,488
                                          500         2,505,456       70,008,112     102,025,056
                                          250               15680       10,907,744       28,243,760
                                          200                 1136         4,238,448       15,175,536
                                          100                       0              26,464            604,704
                                            70                       0                   192              29,120
                                            50                       0                       0                   336
                                            20                       0                       0                       0
Annual Average Loss                          190,288            484,480            674,768
SD                                                755,209,344     956,329,280  1,306,808,416
Total Insured Value                       800,000,000     400,000,000  1,200,000,000
AAL / TIV                                               0.02%              0.12%              0.06%

Figure 4
Settings of calculation

                             Location01                Location02

Area                      Carnarvon Basin       Browse Basin

Asset                    Fixed Platform          Fixed Platform

Value                     800 million USD        400 million USD

Covered Peril        Wind and wave induced by cyclone

Realization            10 thousand years

Figure 5
Probability of wind and wave hazards 
at (a) Location01 (Carnarvon Basin) and 
(b) Location 02 (Browse Basin).

Figure 7
Estimated losses for each return period 
differentiated by design standard.

Property damage of platform by different design standard (USD)
                       Return Period       1993 or before 1993                      After 1993
                                     1000                     81,819,288                     12,155,783
                                       500                     14,646,315                          468,064
                                       250                          485,071                                 551
                                       200                            84,135                                   16
                                       100                                     7                                     0
                                         70                                     0                                     0
                                         50                                     0                                     0
                                         20                                     0                                     0
AAL                                                                 320,192                          132,191
SD                                                         1,012,460,276                   614,525,049
Total Insured Value                                  800,000,000                   800,000,000
AAL/TIV                                                           0.040%                           0.017%

RP 50 wind speed:    Location01 44.1 m/s

                                   Location02 39.4 m/s

RP 50 wave height:   Location01 4.8 m

                                   Location02 11.6 m

Risk of wind hazard:  Location01 > Location02

Risk of wave hazard: Location01 < Location02
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