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Abstract 
 

Reinsurance loss modelling using catastrophe simulation systems is focused on the 
development of an Event Loss Table which can be used to estimate costs and capital 
charges for a given reinsurance contract.  Most models in use for Australian perils 
assume a Poisson distribution for the underlying event frequency although it is well 
known that a more complex process is more appropriate, especially when considering 
losses to third and fourth event covers. 
 
This paper outlines research undertaken on significant historic Australian natural peril 
events and begins by reclassifying events to take account of the weather 
phenomenon and the various sub-perils which may occur within each event. 
 
An analysis was undertaken comparing the relative frequency of various event types 
under different global weather system situations including El Nino and La Nina phases.  
A catastrophe model was used to generate distributions of loss to catastrophe excess 
of loss reinsurance allowing for the impacts of the changing event frequencies. 
 
The impact of the frequency contagion on pricing of catastrophe excess of loss 
reinsurance is discussed and an approach for calculation to ensure simulation loss 
convergence including computing algorithms is introduced. 

 
Keywords: Catastrophe, Disaster, Reinsurance, Excess of Loss, Aggregate, Frequency, 
Poisson, El Nino, La Nina, Simulation 
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1. Introduction 
 
Catastrophe excess of loss reinsurance is priced by insurers, reinsurers, reinsurance 
brokers and capital markets analysts using a combination of individual company loss 
experience, indicative rates influenced by market cycles and by technical pricing 
based on outputs from catastrophe models. In the latter case the catastrophe models 
may be built from or as a combination of experience and exposure. 
 
Although the technical price often provides less influence on the actual reinsurance 
price than company experience or market rates, the determination of metrics such as 
expected loss can be useful in comparing alternative reinsurance programmes, in 
managing capital and for optimising reinsurance purchase. 
 
Excess of loss reinsurance typically provides reimbursement of financial losses over a 
predetermined attachment point and up to a predetermined limit. The limit and 
attachment may be defined in terms of both event occurrence and “in the 
aggregate”, meaning the total losses within a given time period. 
 
In 2016 a number of Australian insurers have reinsurance in place which covers losses 
from events beyond the third event, arising from regulatory guidance on minimal 
capital including Horizontal Requirements (Australian Prudential Regulatory Authority, 
2013) and a need to maintain earnings stability in order to manage shareholder (public 
or private) expectations. The same methodologies used for pricing aggregate 
reinsurance covers can be used for pricing these third and fourth event covers. 
 
The estimation of metrics around catastrophe excess of loss reinsurance for events 
beyond the first occurrence requires assumptions around the frequency distribution 
and a methodology for calculation of loss given a severity distribution or event loss 
table. 
 
This paper describes a review of the recent records of past Australian natural disasters 
to determine a suitable grouping of event types.  The frequency of occurrence of each 
peril type is compared to measures of global weather and simple relationships are 
shown that allow for estimation of suitable frequency distributions. Methods of 
calculation of expected loss to an excess of loss reinsurance layer are discussed and an 
approach is proposed for recursive calculation avoiding simulation. 
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2. Event definition 
 
A database was constructed of significant Australian natural disasters from a 
combination of disaster loss lists published by the Insurance Council of Australia, publicly 
reported insurance company losses, academic research and publications, newspaper 
and journal searches, Bureau of Meteorology archives, Geoscience Australia 
publications and other internet published disaster lists. For the purposes of this analysis 
there were 443 events of significance identified from 1966 to 2015 inclusive, which were 
described in a variety of ways depending on the reporting agency and level of 
technical detail. 
 
In some cases events were named by the Australian media or by insurance reporting as 
a “flood” or a “hailstorm” while in the more technical sources these same events were 
described in terms of the underlying meteorological conditions which led to each 
disaster. In order to attempt to achieve consistency between grouping of such events 
and the likely treatment of reinsurance contracts to event definition, it was decided 
that events should be categorised by “Peril”, being the main cause of the event. 
 
Within each event as defined by the peril, individual causes of loss resulting from the 
“Sub-Perils” such as strong winds, tornadic winds, hail, flash flooding, longer term 
freshwater flooding, storm surge and lightning may be modelled separately and 
included or excluded for summation of insured loss by catastrophe models depending 
on insurance policy conditions. 
 
The five perils in the database and the number of events from 1966 to 2015 inclusive are 
shown in Table 1. 
 

Peril Number of events 
from 1966-2015 

Bushfire 44 
Severe Convective Storm 205 

Low Pressure System 118 
Tropical Cyclone 65 

Earthquake 11 
Total 443 

 
Table 1 – Number of significant Australia natural peril events 

 
Geophysical probabilistic loss models have been built by the author and documented 
elsewhere to estimate insured losses from hundreds of thousands of simulated events for 
each of the perils in Table 1 excluding earthquake. The models have been calibrated 
using a database of estimated Australian property and motor exposure across all States 
and Territories including residential, commercial and industrial exposures. The models 
produce Event Loss Tables (ELT) which can be restructured into a total frequency for all 
events of each peril along with a relative likelihood and estimated industry loss of each 
simulated event given that an event of that peril occurs. The results of an analysis using 
the low pressure system peril model are used in Section 5 below. 
 
Further details on these models are beyond the scope of this paper but can be 
obtained by contacting the author. 
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3. Frequency Contagion 
 
3.1. Global weather influences on frequency of Australian perils 
 
An analysis was undertaken to identify whether global weather patterns exist that lead 
to shifts in the frequency of occurrence of each of the above-ground natural perils. 
 
Monthly data was obtained for five metrics measuring global weather influences for the 
period from 1966 to 2015 inclusive, a total of 600 months. The five metrics and the 
methods of measurement are listed in Table 2 while the sources of the information are 
provided in the References at the end of this paper. 
 

Metric Measurement 
Indian Ocean Dipole (IOD) Sustained changes in the difference between sea 

surface temperatures of the tropical western and 
eastern Indian Ocean 

Southern Oscillation Index 
(SOI) 

Difference in surface air pressure between Tahiti and 
Darwin 

Southern Annular Mode 
(SAM) 

Describes the north-south movement of the westerly 
wind belt that circles Antarctica 

Nino 3.4 Periodical variation in sea surface temperature in 
region from 5° N – 5° S and 120° – 170° W 

Multivariate ENSO Index 
(MEI) 

Combination of sea-level pressure, zonal and 
meridional components of the surface wind, sea 
surface temperature, surface air temperature and 
total cloudiness fraction of the sky 

 
Table 2 – Metrics of global weather 

 
The 600 monthly values for each weather metric were broken into 10 quantiles and the 
relative frequency of occurrence of each peril while the metrics were in each quantile 
band was calculated. An adjustment was made to the bandings due to rounding of 
metrics by the reporting agency where in some cases the number of metrics in each 
band was not exactly equal to 60 months. 
 
The relative frequencies of each peril were plotted against the metric band and a 
trend-line was fitted using linear regression. The correlation coefficient of each fit was 
calculated and the resulting values are shown in Table 3. 
  

Peril Bushfire Severe 
Convective 

Storm 

Low 
Pressure 
System 

Tropical 
Cyclone 

IOD 0.01 0.42 0.10 0.07 
SOI 0.09 0.30 0.77 0.45 

SAM 0.03 0.46 0.00 0.09 
Nino 3.4 0.18 0.78* 0.52 0.46 

MEI 0.20 0.24 0.26 0.71 
* Line of best fit modelled as quadratic 

 
Table 3 – Correlation coefficient of fitted trend-line 
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The chart of relative frequency versus metric band for the metric with the highest 
correlation is shown for each peril in Figure 1. 
 

(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 1- Relative frequency versus metric band with fitted trend-line  

 
The impact of the weather metrics on relative frequency varies significantly by peril, 
with bushfire appearing to be the least influenced. In this analysis which focusses on 
events leading to significant property damage the impact of the weather metrics will 
be different to the influence to the likelihood of perils occurring (independent of 
property loss) or to other related phenomenon, such as drought in the case of bushfire. 
 
In the case of tropical cyclone, the frequency of events when the MEI is at the upper 
end of the fitted line is 80% greater than the overall average, while at the lower end is 
80% lower than average, indicating that the frequency of cyclones is strongly 
influenced by the position of the MEI within its cycle. 
 
In the case of the severe convective storm frequency as a function of Nino 3.4 band a 
quadratic curve provided a better fit than a straight line, suggesting that increased 
frequencies occur in the conditions when the Nino 3.4 metric is at its extremes.  
 
The purpose of this analysis is not to propose any specific fitted model to the impact on 
peril frequency but to demonstrate that there are influences and that a variety of 
models could be possible. The use of a fitted model in estimating metrics for 
catastrophe excess of loss reinsurance pricing is discussed below. 
 
3.2. Contagioned Poisson distributions 
 
The output from a catastrophe model usually includes an ELT which contains a list of 
hypothetical events and for each event at least the following fields: 

 
 Event identifier; 
 Estimated event loss; and 
 Event occurrence frequency. 
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By definition of this approach it is assumed that each event is independent and that 
the likelihood of an event occurring is proportional to the time period of interest. These 
conditions are consistent with the assumptions required of the Poisson statistical 
distribution for the number of events which can be represented as: 
 

 Pr
!

 (1) 

 
Where  

 is a non-negative integer representing the number of events 
  with  0 as the Poisson frequency parameter  

with 
   

and  
 	 
 
As discussed in the section above, global weather systems influence the frequency of 
perils implying that the Poisson condition of constant frequency is not appropriate for 
Australian perils. It is proposed that a Poisson approach may be used, where the 
average frequency changes in different time periods according to some predefined 
model for the frequency adjustment. 
 
This approach is outlined in (Kellison & London, 2011) where the average frequency 
itself is treated as variable and is referred to as a Mixed Poisson. 
 
An alternative approach proposed in (Heckman & Meyers, 1983) models the 
proportional variability around a given long-term average, known as the Contagion, 
where such contagion parameter has an expected value of 1.0 and a given variance. 
 
Using the latter approach we can restate the Contagioned Poisson in the following 
manner 
 
If we define  

 as the relative adjustment to the average frequency  where 0 	 
with 

	 	1.0  
and  
 	  contagion 
 
then 

 Pr
!



 (2) 

with 
  

and   
 		 	 ∗  
 
It can be shown that if the distribution for  is Gamma then the resulting frequency 
distribution takes the form of a Negative Binomial distribution. (Hossack, et al., 1983)  
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If the contagion distribution is Uniform, as in the case of the adjustments in Figures 1 a, b 
and d, and the maximum frequency adjustment is , then the frequency adjustment 
follows the following distribution 
 

 = 
1
2

 (3) 

 
where  
 1 	 	 	 	1  
 
The contagioned frequency distribution can be calculated as  
 

 Pr
!

1
2

 (4) 

   
Substituting   
 

 
!

1
2

 

 
which can then be equated using Lower Incomplete Gamma functions as  
 

  
1, 1 1, 1

!
1
2

 (5) 

 
 
If the distribution is of the form of Figure 1(c), i.e. a quadratic fit, then 
 

 = 
8 1

9
 (6) 

 
where  
 1 /2	 	 	 	1  
 
The contagioned frequency distribution can be calculated using a similar approach as 
(4) and (5) to give 
 

 Pr 	= !
8 1

9
 

(7) 

   
 

 

 

= 

8 1
9 ²

1, 1 1, 1 2
!

 

			 		
8
9 ²

2, 1 2, 1 2
² !

 

 

(8) 
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3.3. Practical methods for estimating frequency distributions in multiple dimensions 
 
In the general case where a model is fitted to a specific weather pattern metric, a 
practical method for generating the frequency distribution involves the weighted 
summation of different Poisson frequency distributions. 
 
In the methodology outlined in Section 3.1, which uses ten bands in each metric, the 
adjusted frequency at the midpoint of each of the ten bands is used to generate ten 
different Poisson frequency distributions and each is given a 10% weight to determine 
an overall frequency distribution. The number of bands could be expanded beyond 
ten to a larger number to ensure convergence against the theoretical frequency 
values. 
 
For example, if the number of events is modelled as a contagioned Poisson where the 
frequency has an average of 2.5 events and a contagion as a uniform distribution from 
0% to 200%, then the resulting frequencies using 100 bands converges closely to the 
results when using Equation (5), as shown in Table 4. 
 

N 
Poisson 
without 

Contagion 

Using 
Equation (5) 

Using 10 
Bands 

Using 100 
Bands 

0 0.082085 0.198652 0.196598 0.198632 
1 0.205212 0.191914 0.194009 0.191936 
2 0.256516 0.175070 0.175219 0.175071 
3 0.213763 0.146995 0.147098 0.146996 
4 0.133602 0.111901 0.111974 0.111902 
5 0.066801 0.076808 0.076808 0.076808 
6 0.027834 0.047563 0.047502 0.047563 
7 0.009941 0.026674 0.026587 0.026673 
8 0.003106 0.013619 0.013537 0.013618 
9 0.000863 0.006366 0.006305 0.006365 

10 0.000216 0.002739 0.002701 0.002739 
 

Table 4 – Frequencies for contagioned Poisson 
 
In most cases reinsurance contracts cover multiple perils so a frequency distribution 
comprising a sum of different weighting approaches may be required.  For this 
approach it is necessary to first generate samples for each of the underlying weather 
metrics, then determining adjustment factors for each of the different peril frequencies. 
The combined frequency of all perils is then the sum of the individual peril frequencies.  
 
Further complexities arise when estimating the aggregate losses because different ELTs 
must be used for each of the individual perils, but this can be addressed by use of 
multidimensional frequency arrays. This issue is discussed further in Section 4.6 below. 
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4. Convolution 
 
4.1. Aggregate claims 
 
Losses to aggregate reinsurance excess of loss treaties operate after an occurrence 
attachment and up to an occurrence limit. The occurrence loss  after allowing for the 
limit and attachment can be calculated from an ELT containing ground up losses using 
the following approach. 
 

 = 0 when   
 =     when 	   
 =  when 	   

 
where 
   is the Gross event loss net of policy deductibles and inuring reinsurance; 
   is the layer attachment per occurrence; and 
   is the layer limit per occurrence. 
 
In the terminology of (Hart, et al., 2006), the combination of  claims with random 
severity  where  is fixed is referred to as an -fold Convolution, while a combination 
of  claims with random severity  where  is a random variable is referred to as a 
Compound Distribution. 
 
4.2. Mean and variance of aggregate claims 
 
We can determine the expected value and variance of the aggregate claims C where  
 

 = 	 	 	…	 	   
 
In the case of a Poisson frequency distribution with frequency  (i.e. a Compound 
Poisson distribution), from (Mildenhall, 2005) 

 
 =   
    
 = 	   
 =  (9) 

 
In the case of a contagioned Poisson frequency with the coefficient of variation  
where  

 = 
²

  

 
The mean and variance of the contagioned aggregate claims are 
 

 =     i.e. the same as above  
    
 = 	 ∗   
 =   
 = Variance of Compound Poisson +  (10) 
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4.3. Distribution of aggregate losses 
 
To calculate the expected loss to a specific reinsurance layer from a given event 
occurrence (third, fourth etc.) it is necessary to be able to specify an aggregate 
distribution of losses. 
 
At this point it is assumed that the frequency distribution has been determined in a 
manner with no formulaic description but rather the distribution has been generated as 
the weighted sum of Poisson distributions based on adjusted frequencies per the 
method outline in Section 3. The distribution is, however, discrete with probability values 
for non-negative values of . 
 
It is also assumed that the severity distribution has been provided from the output of a 
catastrophe model ELT hence it is also non-parametric but has non-negative values 
and the severity amounts may be grouped into a defined number of loss “bins”, the size 
of which may be modified to take account of available computing power. 
 
There are a number of documented approaches in (Hart, et al., 2006) for determining 
an aggregate loss distribution, the first being approximations to obtain numerical results. 
Due to the inability to represent the frequency or severity using models with three or less 
parameters the documented approaches of the Normal Approximation, the Normal 
Power Transformation and Power Transformation are not able to be used. 
 
An approach outlined in (Panjer, 1981) and an extension of this approach by (Hess, et 
al., 2002) both require the frequency distribution to follow a recursive relationship of the 
form 

 Pr	 1   

 
which is not the case if any kind of complex contagion has been applied, hence these 
recursive algorithms involving the frequency and severity distributions are also 
unsuitable. 
 
A third method, and one used commonly by Australian actuaries, involves simulation 
using Dynamic Financial Analysis (DFA) software where frequency distributions are able 
to be entered as tables and ELTs may be loaded directly. This approach appears 
attractive due to the ease of explanation but the level of error introduced by Monte 
Carlo simulation needs to be carefully considered when modelling reinsurance covers 
beyond the third and fourth event due to the low number of samples that are 
generated from the severity distributions to the required metric. 
 
For example, ignoring any contagion, the chance of generating 4 or more losses to a 
layer that attaches at a 1-in-6 frequency is 0.0000281. Therefore, even with one million 
Monte Carlo simulations there are only expected to be 28 samples for estimation of 
expected loss in the layer, implying a sampling error of 19% times the underlying layer 
standard deviation which would be considered unacceptable. 
 
The approach outlined below relaxes the requirements of having a parametric 
representation of the frequency and severity distributions but also calculates an 
“exact” solution given a defined set of severity bins, thus avoiding any sampling error 
than would otherwise be introduced by simulation.   
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4.4. Catastrophe event loss recursion 
 
Define  as the probability distribution function of the aggregate claims  with  
 

 = 	 	…	 	   
then 

 Pr ∗  (11) 

 
where 
 

∗   is the -fold convolution probability that, if there are exactly n 
claims, the total claim cost will be exactly .  

and 
  has been determined using the mix of Poisson distributions in the 

method outlined in Section 3. 
 
In the case where X is treated as a discrete distribution, grouped into predetermined 
bins, the n-fold convolution probability may be calculated in a recursive manner using 
 

 ∗ 	 ∗  (12) 

 
where 

  is the distribution of losses to the layer after the occurrence attachment 
and limit have been applied 

 
 is the maximum value of net occurrence loss to layer  from all events  

 
4.5. Calculation methods 
 
The methodology above has been applied by developing computer code using the 
C++ programming language which calculates ∗  for binned values of  up to  
times the maximum net event loss from the ELT after occurrence limits and 
attachments. 
 
The inputs to the programme are the ELT, the layer occurrence attachment and 
occurrence limits. 
 
The program logic can be summarised in the following steps: 

1. Define program variables; 
2. Read ELT frequencies into bins, adjusting each event loss for layer attachment 

and limit; 
3. Rescale total frequency of all events to 1.0; 
4. Loop through number of events  from 1 to a predefined maximum event count; 
5. Loop through the values of  from 0 to  times the maximum net layer event loss; 
6. Loop through the values of  from 0 to the maximum net layer event loss;  
7. Add the product of  and ∗  to ∗ ; 
8. Complete loops 6, 5 and 4; and 
9. Write results to output file. 
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The -fold convolution tables are then combined with the mixed frequency distribution 
using (11) to determine the probability distribution of aggregate claims, from which 
required metrics may be determined. 
 
This approach is less computationally intensive than a simulation which would also 
contain result uncertainty even with large numbers of simulation samples. 
 
4.6. Multiple peril type combinations 
 
The method above can be expanded to incorporate multiple ELTs although the 
matrices and hence computer memory requirements become large. The number of 
aggregation loss bins expands by the maximum event count to the power of the 
additional number of perils.  
 
For example, if the single-peril model used a frequency distribution with a maximum of 
40 events in one year and each of three additional perils had a maximum of 40 events, 
the number of required combinations becomes 404 or 2,560,000. The number of bins in 
each severity block remains the same if we assume the total number of events cannot 
exceed 40.  
 
Fortunately, with modern computer storage availability and careful use of memory 
allocation these array storage requirements are still achievable. However, using 
traditional single thread process logic the analysis run times may become impractical.  
 
4.7. Use of Graphics Processing Units (GPU) 
 
GPUs have been widely available within personal computers, laptops and workstations 
since 1999 and from that time have improved in performance in line with general 
speed and data storage increases of Central Processing Units (CPU) and computer 
memory of various forms. (Harris, et al., 2002) 
 
GPUs are especially useful in catastrophe modelling due to the repetitive nature of the 
calculations and can lead to performance improvements of processing speed versus 
similar calculations using a CPU by factors of more than 1000 times, depending on the 
graphic card. 
 
The analysis undertaken in the following section was undertaken using GPUs on a mid-
range laptop bought in 2016 using an event loss recursion of 10,000 bins with a total 
calculation time of less than 3 seconds. 
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5. Analysis of example reinsurance structure 
 
The catastrophe model for low pressure systems mentioned in Section 2 was used to 
generate an ELT for an artificial insurance portfolio consisting of industry average 
exposures. Using a Poisson assumption for frequency and the individual event 
frequencies, the occurrence probable maximum loss value was determined for a 
range of return periods shown in Table 4. 
 
An artificial reinsurance programme was constructed of five excess of loss layers and 
with coverage for the first, second, third and fourth event losses attaching at each 
occurrence layer. 
 

Attachment 
Return Period (years) 

Attachment + Limit 
Return Period (years) 

6 10 
3 6 
2 3 
1 2 

0.5 1 
 

Table 5 – Layer attachments and limits 
 
The method of exact calculation outlined in Section 4 was used to determine the 
expected loss for each layer and event combination using the Poisson frequency 
distribution and the results as a proportion of layer occurrence limits are shown in Figure 
2. Values are shown in scientific notation for purposes of comparison. 
 

 
 

Figure 2 – Expected loss as proportion of layer occurrence limits using Poisson 
 
A second analysis was undertaken using the contagion suggested by the fit in Figure 
1(b) where the contagion was a uniform distribution with the parameter 0.50 as per 
Equation 3. The results of the analysis are shown in Figure 3. 
 

6‐10 years 1.23E‐01 7.67E‐03 3.19E‐04 9.80E‐06

3‐6 years 2.05E‐01 2.19E‐02 1.54E‐03 8.06E‐05

2‐3 years 3.41E‐01 6.56E‐02 8.61E‐03 8.52E‐04

1‐2 years 5.32E‐01 1.72E‐01 3.85E‐02 6.49E‐03

0.5‐1 year 7.85E‐01 4.45E‐01 1.88E‐01 6.16E‐02

Below First Second Third Fourth
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Figure 3 – Expected loss as proportion of layer size using contagioned Poisson 
 
Figure 4 shows the ratio of the results with and without the frequency contagion. 
 

 
 

Figure 4 – Ratio of contagioned Poisson results to Poisson results 
 
It can be seen from Figure 4 that for events beyond the first occurrence loss there is 
expected to be a greater expected loss from the contagioned Poisson analysis than 
that for the Poisson analysis. The ratio increases for higher reinsurance layers. 
 
The lower values in the first column show that, for this example, the increased likelihood 
of higher event counts in the tail of the frequency distribution is offset by an increased 
likelihood of small numbers of zero claims, hence a lower chance of obtaining a first 
loss. 
 
Results for the analysis are highly sensitive to the choice of total event frequency and 
also the shape of the severity curve as determined by the specific catastrophe model 
and peril being examined. 
 
 

6‐10 years 1.22E‐01 8.33E‐03 4.07E‐04 1.55E‐05

3‐6 years 2.03E‐01 2.35E‐02 1.94E‐03 1.25E‐04

2‐3 years 3.36E‐01 6.91E‐02 1.05E‐02 1.27E‐03

1‐2 years 5.18E‐01 1.76E‐01 4.47E‐02 9.12E‐03

0.5‐1 year 7.58E‐01 4.34E‐01 1.99E‐01 7.59E‐02

Below First Second Third Fourth

6‐10 years 99.4% 108.5% 127.7% 158.6%

3‐6 years 99.0% 107.4% 125.5% 155.0%

2‐3 years 98.3% 105.3% 121.7% 148.9%

1‐2 years 97.4% 102.4% 116.3% 140.6%

0.5‐1 year 96.5% 97.5% 105.9% 123.1%

Below First Second Third Fourth
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6. Conclusions 
 
Following a review of significant past loss-causing events in Australia the historic 
database was categorised into five main peril types. Within each of these event 
definitions, a range of sub-perils can occur leading to physical and financial loss. 
 
The influence of five global weather system metrics on the four above ground perils 
were examined focusing on the relative change in peril frequency during different 
quantiles of the weather metrics. It was seen that the influence varies significantly by 
peril but that there are clear trends on which models for frequency contagion may be 
constructed. 
 
Approaches for treatment of frequency contagion were discussed and the 
methodology of using a weighted Poisson distribution proposed as the most suitable for 
modelling of reinsurance structures. 
 
A recursive process for calculation of aggregate loss distributions was outlined and this 
approach, along with a contagioned Poisson frequency distribution, was used to 
model a sample reinsurance structure.  
 
The analysis of a sample reinsurance programme, taking account of frequency 
contagion consistent with historic global weather pattern influences, showed significant 
impacts on pricing due to the contagion. It is recommended that a similar approach 
incorporating frequency contagion be used to quantify the impact of global weather 
patterns when undertaking reinsurance pricing, reinsurance optimisation and capital 
management. 
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