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Abstract 
 
The authors of this report has performed this Master Thesis at the Group Risk 
Management department of Electrolux AB. Electrolux is a world leading company 
regarding home appliances. It is a multinational company that operates in over 150 
countries worldwide. The Net Sales during 2014 was 112 Billion SEK. With this in 
mind it leads to the fact that the company generates an extensive amount of 
transports carrying valuable goods, that is made daily all over the world. Every single 
transport itself entails a risk for the company, due to the exposure of a claim that can 
occur. 
 
Our study involved that, with the help of statistical modelling identify and quantify 
risk, which would lie as a basis for a relevant allocation of Electrolux´s cargo 
insurance policy. The premiums should be allocated to the company´s 190 internal 
sales companies. Partly by perfoming a survey of Electrolux´s transportflows and a 
compilation of their claim statistics, we have provided the Risk Management 
department with underlying facts of the current situation of the companies logistics. 
With these facts, and the use of generalized linear models, we have managed to 
provide risks of relevant variables that affect the cargo insurance. These lied as a 
basis for our final allocation program delivered to Electrolux. 
 
The results from this study has given the Risk Management department deeper 
knowledge of the underlying risks that cause the claims concerning their cargo 
insurance policy. We have also provided a user-friendly allocation program that will 
be used when allocating the premiums in the future. From the results we have 
concluded, we are certain of that Latin America is the region of our study with the 
highest risk. By the results of our premium allocation program we have also seen that 
the business sector Major Appliances EMEA has historically payed a lower premium 
than what they should have done. By this study we have highlighted the issues that 
can occur when trying to determine risks, due to inconsistent results. To conclude 
this has been a highly interesting study and by the goals set in the beginning of the 
project, we feel that they have been accompliched. 
 
 
 
 
 
 
 



 
 

Sammanfattning 
 
Detta examensarbete är utfört på Riskavdelningen på Electrolux AB. 
Electrolux är ett världsledande företag inom försäljningen av hushållsprodukter. De 
är ett stort multinationellt företag verksam i fler än 150 länder. Under 2014 hade 
Electrolux en omsättning på 112 miljarder SEK. Dessa fakta genererar i sig faktumet 
att företaget utför ett stort antal transporter innehållande värdefulla varor som sker 
varje dag runt om i världen. Varje transport som utfärdas medför i sin tur en risk för 
företaget, då det under en transport kan ske en skada. 
 
Vårt uppdrag var att, med hjälp av statistisk modellering indentifiera, samt 
kvantifiera risker vilka skulle ligga som grund till en rättvis allokering av Electrolux 
transportförsäkringspremie till företagets ca 190 interna säljbolag. Genom en 
kartläggning av Electrolux transportflöden samt en sammanställning av 
skadestatistik, har vi försett riskavdelningen med underliggande fakta av hur 
situationen ser ut i dagsläget. Genom dessa fakta har vi använt generaliserade linjära 
modeller kunde vi få fram riskbilden för relevanta faktorer som berörde denna 
transportförsäkring. Dessa låg i sin tur som grund till det slutgiltiga 
allokeringsprogrammet vi levererade till Electrolux. 
 
Reslutaten från vår studie har dels gett Electrolux en djupare förståelse om de 
bakomliggande riskerna som orsakar de skador som sker under en transport. Vi har 
också levererat en användarvänlig allokeringsmodell som i framtiden ska allokera ut 
den centralt förhandlade försäkringspremien. Vi är överygande om att Latinamerika 
är den mest riskfulla regionen i vår studie. Genom våra allokeringsresultat påvisas 
det bland annat att business sektorn Major Appliances EMEA historiskt sett haft en 
för låg premie. Genom denna rapport har vi dock belyst svårigheten med att göra 
vissa riskbedömningar då vi märkt att resultaten kan skilja sig mycket åt. Detta har 
varit ett mycket intressant examensarbete för oss och att vi har uppfyllt projektets 
mål. 
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1. Introduction 
  
Our first contact with Electrolux was during the fall of 2014 where we requested to 
perform our Master Thesis regarding Risk Management. Our first contact was with 
the VP of the Risk Management department who would investigate if there were any 
need for a project. One of the responsible for Group insurance and Risk Management 
answered us that he had a possible project that could improve the work at the Risk 
Management group, and at the same time could fit our criterias for a valid Master 
Thesis. We decided to set up a meeting at the headquarters of Electrolux in 
Stockholm in the end of December for a review of the cornerstones of the project. 
After the meeting both parties agreed to proceed with the project and the start date 
was set to January 19th. 
 

1.1 General Information of Electrolux  
 
In the year 1901, the company AB Lux was founded in Stockholm, Sweden. The first 
product was a kerosene lamp, which proved to be very successful on the market. In 
1910 Axel Wenner-Gren founded Elektromagnetiska. A merger between the two 
companies established Electrolux. Their first product was the Lux I, one of the first 
vacuum cleaners for home use. Today Electrolux is one of the world's leading 
companies regarding home and professional appliances (Electroluxgroup, 2015). 
 
There are three major product categories that the company manufactures, Major 
Appliances, Small Appliances and Professional Appliances. Major Appliances consist 
of for example refrigerators, dishwashers, washing machines ovens etc. As the name 
states, Small Appliances involves the smaller electronics e.g. vacuum cleaners, irons 
and mixers. The professional products are mainly kitchenware designed for 
industrial use e.g. restaurants, and washing machines situated in washrooms in for 
example a residential building.  
 
The sales of Electrolux are divided into the following six business sectors (% of total 
sales). 
  

• Major Appliances Europe, Middle East and Africa, (31%) 
• Major Appliances North America, (29%) 
• Major Appliances Latin America, (19%) 
• Major Appliances Asia-Pacific, (8%) 
• Small Appliances, (8%) and 
• Professional Appliances, (5%). 

  
The six business sectors shown above are separated from each other in regards to 
that they are responsible for their own economy and sales. These business sectors 
also include several sales companies. These sales companies are represented by 
country and business sectors. Overall there are about 190 sales companies within the 
Electrolux Group. Financial results are collected from the sales companies in each of 
the six business sectors and presented to the main board and the CEO. 
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The Electrolux products are sold in over 150 countries worldwide where the largest 
markets are Europe and North America. The Electrolux group has about 61 000 
employees placed in 60 countries. According to the Electrolux Annual report 2014 
the Net Sales of the company in the year 2014 was 112 Billion SEK (Electrolux 
Annual Report, 2014). 
 

1.1.1 Explaination of Regions 
 
As we have described earlier in this report, Electrolux is divided into several business 
sectors. For our study we decided in the end to have four regions that in one way 
resembles the region structure that is used within the company. The first region is 
EMEA. It includes countries in Europe, the Middle East and Africa. The next region 
is North America, which includes USA, Canada and Puerto Rico. The region Latin 
America includes Mexiko, Central America and South America. The fourth and last 
region we have included in this study is Asia Pacific. It includes South Asia, East 
Asia, South-East Asia and Oceania. 
  

1.2 Risk Management at Electrolux 
  

At Electrolux the Group Risk Management department is a part of the legal 
department. It has been a part of the Electrolux Group since in the beginning 
of 2000. The department is working with the following categories: 

 
• Insurance programs,  
• Loss Prevention, 
• Captives, 
• Security. 

 

1.2.1 Insurance Programs 
 

Within the Electrolux group there are several insurances, both internally and 
externally. The Risk Management department works both as a provider but 
also a subscriber of these insurances. According to the Electrolux Group Risk 
policy, the insurances cover properties, factories, warehouses, cargo, business 
travels, and liability (Electrolux Group Risk Policy, 2007).  

 
If a property e.g. a factory or warehouse is damaged due to for example a fire, 
Electrolux has insured that property. One example of this was a big fire that 
happened in a warehouse for refrigerators in Curitiba, Brazil in September 
2013. The warehouse did also contain a production department where the fire 
ruined the goods in the warehouse and caused the production department to 
shut down for weeks. The loss of goods, interruption in production and the 
restoration work were very costful for Electrolux. This is from an economical 
point of view a big letdown, causing restructuring of how the production 
should be managed, replanning of logistics etc. It lies though in the whole 
Electrolux Group’s interest that these incidents do not occur. More 
information about that is found in Section 1.2.3.  

 



 3 

One example concerning the Liability insurance is if Electrolux has installed 
washing machines, operating in an apartment building, and the machines 
starts a fire. This scenario causes damage to the property but can also lead to 
that somebody might get injured. Here it is the Liability insurance that comes 
into place. This often involves legal aspects that have to be taken into 
consideration on how to compensate for these types of incidents. It is of high 
importance that the products that Electrolux sell do not cause any harm to 
any persons or to the facilities they operate in.   

 
The cargo insurance is the part of the Group Risk Management department 
we have studied closest during the research with our Master’s Thesis. The 
Cargo insurance is the program that insures most of Electrolux transports 
around the world. If damage occurs during a transport it is the cargo 
insurance that covers the costs. The external insurance company AIG is the 
issuer of the insurance contract. This insurance contract is renegotiated every 
year between Electrolux and AIG. The contract specifies the obligations from 
AIG and the premium that Electrolux has to pay. However, not all of the 
countries that Electrolux operates in are included in the cargo insurance 
program. Some countries have their own local policies where the sales 
company has a local insurance company as their issuer. The reason why some 
countries are not a part of the insurance program varies from case to case. In 
Egypt and in Switzerland, they have had their own local insurance companies 
and in those countries there are a resistance to join the global program. In 
Brazil the national legislation obliged companies to subscribe a local 
insurance contract. This way of thinking has though changed recently and 
therefore Brazil eventually will be included in the global insurance program. 
 
 
1.2.1.1 International Commercial Terms  
 
During a transport there are International Commercial Terms, also called 
INCO terms that apply. INCO terms were introduced in 1936 and intended to 
create an equal system of the delivery, provision of the transport and 
insurance of goods. One major detail that is regulated in the INCO terms is 
the point where the transition of risk for the goods passes from seller to buyer. 
The most common INCO term at Electrolux for sea transports is FOB (Free on 
board), where the risk passes to Electrolux the moment the cargo is placed on 
the ship. For land transports the most common INCO term is the DDP 
(Delivered Duty Paid) where the seller undertakes to place the goods at an 
agreed location. The risk is transferred when the goods reach the specific 
location. 
 

1.2.2 Loss Prevention  
 

At most production companies the loss prevention part is located at or in close 
range to the production sites.  At Electrolux the loss prevention is instead 
centrally governed where it also is integrated with insurance parts. Together 
they become the Risk management department.  

 



 4 

The following are some examples of factors that the department is working 
with regarding loss prevention.          
     

• Promote risk awareness and improve the safety and security culture 
within the organization, 

• Review and report accidents, incidents and near misses and decide on actions 
to prevent reoccurrence, 

• Oversee the development of safety and security policies and standards, 
• Monitor compliance with safety and security policies and standards, 
• Implement and maintain Emergency Response and Business Contingency 

Plans, 
• Facilitate risk assessments, 
• Loss prevention audits.  

 
One example of a system that the Risk Management department uses is called 
the ”Blue Risk” program. It classifies all of the company’s factories where they 
get a rate depending on how they reach Electrolux standards regarding safety 
and risk. With the Blue Risk program the department can keep track on how 
the different factories are operating regarding safety. By working proactively 
with loss prevention the Risk Management department can prevent future 
claims.  

 
One issue with that the Risk management department is centrally governed, is 
the funding. An example of this is the fact that not all factories have a well-
structured sprinkler system. Investing in one will help preventing future 
claims and considerably reduce the risk for that specific factory. The Risk 
management department does not, though, have their own funding to make 
any kind of investments at the production sites. This is in the hands of the 
manager of each business sector, which sometimes leads to discussions and 
disagreements between them and the sectors. From the Risk Management 
department’s point of view, it is cheaper in the long run to prevent damages at 
an early stage instead of dealing with them later when the claim has already 
occurred.  
 

1.2.3 Captives 
 
A captive is a company's own insurance company. The main purpose of a captive is to 
transfer risk for the company's services and operations to the captive. At Electrolux 
they use captives for e.g business travels. This means that if it occurr an accident 
when an Electrolux employee is traveling the captive will pay all expenses that occurs 
during the travel. The advantage of having a captive is that the company does not 
have to pay an external company for the insurance.    
 

1.2.4 Security 
 

Another part of the Risk Management department is the security. The primary 
target is to prevent incidents that involve criminal attacks on the company. 
Examples of this is thefts, fraud, sabotage and other activities that can harm 
the Electrolux Group but also the employees of the company.  
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1.3 Logistics of Electrolux 
  
Electrolux has production sites on various locations around the world e.g. Hungary, 
Thailand, Brazil and Mexico. The site in Hungary produces for the European market, 
the site in Thailand produces for the Asian-Pacific market, the site in Brazil produces 
for the Latin American market and the site in Mexico produces for the North 
American market. The location of the production sites leads to a lot of transports 
both within Electrolux but also of finished goods from factory to warehouses that are 
located closely to the market. One example is the production site in Manaus in the 
Amazonas, in Brazil, where the goods are produced and loaded onto ships that sail 
for six days until they reach a port where the goods are reloaded to trucks and 
transported for an additional seven days. This results in a total transit time of 13 days 
just to get the finished goods from the factory to the final customer. 
  
Electrolux does not only have their own production sites, they also outsource some of 
their production. Electrolux still manages the transports of the goods from these 
production sites. The products are primarily purchased in China and are then 
shipped around the world. This leads to big transport flows of goods between Asia 
and the rest of the world.  
 

1.4 Problem Formulation  
 
Electrolux is as described in the previous paragraph, a multinational company. With 
Net Sales over 100 billion SEK it entails a large quantity of goods that is shipped 
around the world, which also entails that there is a lot of transports being made.  
 
The transports consist of many different types of goods carried from e.g. a factory to 
a warehouse, from a factory directly to the stores and from a warehouse to the store. 
From a factory the goods can be transported firstly by truck, then loaded onto a ship 
and sailed to a new port. At the arrival at the new port the goods are reloaded onto a 
new truck before they reach theirs final destination. All of these transports entail a 
risk for the company.  
 
Unexpected problems can occur along the way. Badly maintained roads can lead to 
that a truck can accidentally drive down into a ditch causing damage to the goods. 
Wreckless loading of goods is also an example of a situation that can occur during a 
transport. The list of incidents that can occur can be made long and all of these 
incidents entail risks for the company. It is not only the damaged goods themselves 
that is the effect when an incident happens. Goods that were intended to be sold are 
now lost or damaged and have to be replaced which leads to an economical loss for 
the company. Though when a claim occurs, the goods is insured with a cargo 
insurance. 
 
In the end of every year, Electrolux negotiates with the insurance provider about the 
total premium that Electrolux should pay the following year. When they have come 
to a conclusion regarding the year’s premium, it itself should be allocated amongst 
the sales companies that are included in the insurance program. 
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Historically this allocation is based on the sales statistics of the included sales 
companies. As stated previously in this report, Electrolux is divided into six business 
sectors, and each business sector has sales companies.  
Regarding the cargo insurance, a company that has external sales becomes 
automatically a part of the cargo insurance program. If a sales company has external 
sales, there have been transports involved. The other alternative is that a sales 
company has internal sales. An internal sale is usually a service that a company 
inside Electrolux provides to other parts within the company. One example of a 
function that has internal sales but do not have external sales is the IT department 
that provides a service to numerous departments within Electrolux.  The present 
number of companies that are included in the program is around 190 in 52 different 
countries. The number of companies varies from year to year due to that sales 
companies disappear and/or are replaced by new companies. Each company is also 
divided into two different categories regarding the insurance, Master and Local 
program. Some countries have special laws concerning insurance policies, which 
leads to that not all of the companies can have the same policy. This is why some 
companies need to have a local insurance program. Lastly each company is a part of 
an invoice. One invoice can contain several companies, usually divided into regions 
or countries.    
 
Regarding the calculation of premiums, the NET sales of the respective sales 
company are multiplied by the sales with a “premium rate” which is a percentage that 
give the final premium for the specified sales company. All of the calculated 
premiums of all the sales companies incorporated in the program should then sum 
up to the total negotiated premium. Our supervisor at Electrolux that is responsible 
for the cargo insurance program inherited this premium rate system when he got the 
position at the company. Due to that both the total premium and the change in the 
number of companies change from year to year, combined with the rate system, leads 
to that these calculations is a difficult task to perform. Often when adding all of the 
new premiums, they do not sum up to the total premium itself. This leads to a time 
consuming and frustrating task for the department. 
 
In addition to this problem there is a matter of argumentation. If a company gets a 
higher or lower premium one year in comparison to a previous year and wants to 
know the reason why this has happened Electrolux has not much information to give 
in response. Because the “risk premium” rate is not based on any statistical models, it 
is difficult to build an argument why a change in the premium occurs. This leads to a 
time consuming procedure every year, partly the calculation itself but also the lack of 
information regarding how the transport flows actually are. What causes the claims 
and does the companies actually pay the right premium? Are there some companies 
that have been set on a wrong premium and hence pay to little or too much every 
year?  
 
As an example, assume there are two companies with the same Net Sales the same 
year. With the herited premium rate these two companies have the same rate and 
therefore pay the same premium. The question is if this is fair? If we study the two 
companies further, they may be situated in two different countries and use different 
types of transportation when they ship their goods. The quality of the roads differs 
between the countries, and so does the number of transports they make. When 
looking at claim statistics the two companies differ from each other too. Should they 
still pay the same premium?  
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This is something that Electrolux wants to avoid and it is there we come into the 
picture in order to try to solve this problem and find a more transparent method for 
allocating premiums, using statistical methods. 
 

1.5 Mission Statement from the Company 
  
Our task at Electrolux was firstly to gather contact information, set up meetings and 
identify the persons who are in charge of the transport data. The purpose of this was 
for Electrolux to get a better overview of the transports internally. The next step was 
to collect claim statistics from the insurance company. The transport data together 
with the claims should be the base for a new allocation method when Electrolux 
determines the insurance premium for the internal sales companies. At last the 
mission was to develop a user-friendly premium allocation program that allocates 
the premiums for each sales company with this new method. 
 

1.6 Purpose 
 
The purpose of this project was to identify and analyze the transports of Electrolux 
together with claim statistics globally. The new suggested premiums are based on 
data and statistical models, and support the company when allocating the premium 
to the internal sale companies. Another purpose is also to compare the new 
premiums with the current premiums, and see if they differ much.   
 

1.7 Goals 
 
The goal was to make an application based on an appropriate mathematical model, 
which should be composed of a set of input data and variables that reflects the risks 
of the specified policy. The application allocates the total premium for Electrolux’s 
cargo insurance into the different sales companies within Electrolux. The model 
should then be implemented in appropriate software that Electrolux can use, 
alternatively are willing to work with. Secondly this project should lead to that 
Electrolux gets a better control of their risks and insurance premiums. 
 

1.8 Boundaries 
  
We have identified the transport flows of Electrolux regarding Major appliances, 
Small appliances and their Professional business line, thus products that ultimately 
go to sale. All other transports are being excluded in this study e.g. internal transport 
of office supplies, construction supplies and factory supplies. 
  
Regarding the logistic data, we have focused on collecting the data that would be 
relevant for the study. Due to the fact that we have collected the data from several 
different sources we have set boundaries on what information we requested. We have 
focused to get data on the number of transports domestically and internationally, the 
volume of the transports and the transit times of the transports. 
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We wanted to get a hold of the data regarding the value of the goods that are 
transported but concluded that this would be a difficult task. The responsible person 
for transport data did not have the information about the goods of the transports and 
the systems that are used for transport data does not contain the value of the 
transported goods. The local factories and warehouses treat the value of the goods 
and it would be too time consuming to contact each and every person. We were urged 
not to look at the value of the goods, because of our time limits. Since the 
information was not easy to get hold of, we decided to exclude this data in the study 
in order to get the model ready in stipulated time. 
 
All transports consist of an origin and a destination place, and could therefore be 
considered as a transport flow. We have limited the compilation of the transport 
flows to only focus on the destination. At first we wanted to include the whole 
transport flows in our model, but because of the countless origin and destination 
cities around the world we limited the compilation to focus on the destination. We 
found out that is was hard to determine which country that should be responsible for 
a claim if we considered the whole transport flow. We have however, taken the 
transports inside a country into consideration, because it can of course also occur 
claims on transports that are made domestically. 
  
The transport data is limited to the transports made during 2014. After an agreement 
with our supervisor of Electrolux, we decided to only collect the data of 2014 and 
exclude further historical data. This was done in order to get a view of how the 
transport flows are distributed at the present time. Because the transport flows are 
relatively consistent the data of 2014 will provide a general view on how the situation 
is today and how it will look like during the forthcoming years. 
 
During our data collection we collected data of the transit times of Electrolux 
transports. At the end of this section of our project, we realized that we would not be 
able to collect all of the data needed in order to get relevant results that we could rely 
on. Therefore we decided to exclude this data from the study. 
 
The cargo insurance is limited to cover the damages that occur during and in 
connection to a transport. Additional costs are not included in the insurance e.g. 
damages due to fire in a warehouse/factory. We have also found claims concerning 
for example books, computers and office supplies. We decided to remove those 
claims from our study, mainly because they cannot be fitted in any category in our 
model. 
  
We have excluded the data explaining the cause of the claim from our model. This 
limitation was made since the many different causes would make it difficult for us to 
build a consistent model. The proposition of including the cause of the claim was 
made by Electrolux, since it is interesting for them to have an explanation to the 
claims. Due to the fact that we have a limited amount of claims we have had to limit 
the variables to be included in the model. For an extra explanatory variable that 
describes the cause of damage we would need many more claims.  
 
In all the transport contracts between a seller and a buyer there is an INCO-term (see 
section 1.1.2.1). It regulates who takes the responsibility when a claim occurs. Due to 
the time limit of this project and the difficulties in collecting data we decided to 
exclude this information for the project. The practical use of including the INCO-
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term in the model is limited, since the claim statistics only reflects the costs that 
Electrolux is responsible for. The model includes all the transports that are made 
under the responsibility of Electrolux and claims could only occur during these 
transports.  
  
Regarding the claim statistics we have only collected data from the year 2004 until 
present time. The reason for not including earlier data is that before 2004, the cargo 
insurance was included in Electrolux own captive. This means that Electrolux had to 
pay for all the claims that occurred but they were also liberated of paying a premium 
for the insurance. If we included earlier data it would be difficult to interpret the 
results of the model. Therefore we have excluded the claims earlier than the year of 
2004. 
  
As described in section 3.8.6.6, the premium allocation program consists of a Loss 
Ratio that is based on the claims that have occurred over the recent five years. After 
discussions with our supervisor at Electrolux and AIG, we found that five years was 
an appropriate time span. Companies that have many frequent claims should be 
“punished”, but a claim itself should not affect the premium for too long. For 
example a company that have had one claim, but the claim itself happened ten years 
ago and since then they have been going well should not be affected by that claim. 
Instead claims that have occurred during the last five years should be more relevant. 
Companies that have not had any claims during this time period could also be 
premiered, making incentives for other companies to strive to reduce their claims. 
 
 
1.9 Reading References 
 
The report is aimed to insurers who manage insurance policies that cover several 
policyholders. Our supervisor is Risk Manager of the Electrolux cargo insurance 
program and he will be the one who uses the results from this report. If you have a 
similar profession, we suggest you continue reading this report. The report is also 
aimed to readers who want to expand their knowledge in non-life insurance. The 
challenges we faced, theory, and opportunities for improvement will be discussed 
during the report. 
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2 Theory 
  
In this chapter we present the theoretical basis in order to get a deeper 
understanding of the significant parts of the mathematical model. The theory is 
based on standard non-life insurance calculations and statistics. In practice our 
model differ compared to a standard model but the theory in both of them will be the 
same. 
  

2.1 Non-life Insurance  
  
Insurance policies can roughly be divided into two groups, life insurance that 
includes e.g. pensions and non-life insurance, which includes e.g. property/casualty. 
According to Ohlsson, a non-life insurance policy can be explained as an agreement 
between a policyholder and the insurer. The insurer agrees to compensate the 
customer for certain unexpected losses during a fixed time-period. The customer 
pays a premium to the insurer in order to get this insurance. The contract agreement 
transfers the economic risk from the customer to the insurer. The insurer has several 
of these contracts and therefore the loss of the insurer is smaller and more 
predictable than the loss for the customer. The insurer has many contracts and 
spreads the risk between them, hoping that if a claim occurs the premiums of the 
other contracts can cover that cost. The premium that the customer pays to the 
insurer should be partly based on the average loss that the insurer takes from the 
policyholder (Ohlsson and Johansson, 2010, p 1). 
  
The transport insurance we are studying in this project lies under the non-life 
insurance category of insurance policies. Depending on what type of transport you 
are insuring there are some factors that you need to take into consideration. The 
choice of transportation type and if the transportation takes place in an area with bad 
roads are two properties to consider. The need for statistical methods is of great 
interest when one wants to determine how much premium the policyholders should 
pay for their insurance. There are several models that you can apply in order to 
determine the pricing of these kinds of insurances. We will explain why we chose to 
use the generalized linear model in Section 2.3. The model itself contains several 
parts that will be further explained in this Theory section of the report.  
  

2.2 General Linear Models  
  
To understand generalized linear models, we introduce the general linear model. It 
determines a relationship between one or several explanatory variables and one 
response variable. The general idea is explained in an example from the main drivers 
of property prices. “A real estate agent might record for each listing the size of the 
house, the number of bedrooms, the average income in the respective neighborhood 
according to census data, and a subjective rating of appeal of the house. Once this 
information has been compiled for various houses it would be interesting to see 
whether and how these measures relate to the price for which a house is sold" 
(Statsoft Inc, 2013). The result from the analysis will describe which explanatory 
variables that predict the most correct price of the house.  
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The general formula for a general linear model will looks like this: 
              𝜇! = 𝐸(𝑌!) =   𝛽! +   𝛽! ∗ 𝑋!,! +   𝛽! ∗ 𝑋!,!  +. .+    𝛽! ∗ 𝑋!,!              
  𝜇! = 𝐸(𝑌!) =   𝛽! +   𝛽! ∗ 𝑋!,! +   𝛽! ∗ 𝑋!,!  +. .+    𝛽! ∗ 𝑋!,! 
  …      ………….     ………… …………..  
  𝜇! = 𝐸(𝑌!) =   𝛽! +   𝛽! ∗ 𝑋!,! +   𝛽! ∗ 𝑋!,!  +. .+    𝛽! ∗ 𝑋!,!, 
 
where 
 

 𝑌! is the response variable assumed to be independent between different 
observations and normally distributed with mean 𝜇! and variance ,σ!.  

 𝑋!,𝑋!,…   𝑋! are the explanatory variables, 
 𝛽!,𝛽!,…   𝛽!are the regression coefficients and 
 
The analysis of the regression coefficients is called regression analysis and is widely 
used in many scientific areas (Statsoft Inc, 2013). 
 

2.3 Generalized Linear Models 
 
Generalized linear models is a quite recent theory and the basic ideas where 
introduced by Nelder and Wedderburn (1972, p 370-384). According to Haberman 
(1996, p 407-436) it was not though until the mid 90´s that the use of GLM got more 
common. It is an extension of general linear models and has two properties that are 
necessary in order to analyze insuranse data properly. Firstly, the response variable 
does not have to be normally distributed. For example, the claim severity of an 
insurance usually consists of many claims of low impact but just a few with a really 
big impact. The Gamma distribution is commonly used to model the claim amount. 
The claim frequency on the other is often assumed to have a Poisson distribution 
since it is discrete and events occur independently in time (Ohlsson and Johansson, 
2010, p 15). 
 
Secondly the other property in generalized linear models is that the relationship 
between the explanatory variables and the expected value does not have to be linear. 
For example the difference in risk between male and female drivers is big at young 
age, but at the age of 50 the differences are very small. Then one cannot make a 
linear function to define risk for male and female drivers (Statsoft Inc, 2013). 
 

2.4 Explanatory Variables, Exposure Measures and Key Ratios 
 
In order to execute a generalized linear model we need three different type of 
information,  

to determine the premium. The Explanatory Variables are generally categories that 
describe the properties of the policyholder, the insured object or the geographical 
area. For example, car insurance, an Explanatory Variable could be the age of the 

Explanatory 
Variables 

Exposure 
Measures 

Key Ratios 
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policyholder or the model of the car. The Exposure Measures (𝑤) describes how 
exposed the policyholder is in relation that a claim occur e.g. the number of policy 
years a policyholder have used the insurance. The key ratios are important in order 
to get a measure of how different Explanatory Variables and Exposure Measures 
relate to each other and to finally determine the premiums. Common examples of key 
ratios that are used are claim frequency and claim severity. Claim frequency can be 
described as the average frequency that a claim occurs. Claim severity is thus the 
average claim cost of a claim. When one has determined the Explanatory Variables 
and Exposure Measures, one can perform the analysis in order to set the appropriate 
premium for the insurance (Ohlsson and Johansson, 2010, p 2-3). 
 
Given the Key Ratio´s claim frequency and claim severity one can multiply these two 
ratios with each other. The product of this calculation is the Pure Premium,  

 
𝐶𝑙𝑎𝑖𝑚  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ∗ 𝐶𝑙𝑎𝑖𝑚  𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦 = 𝑃𝑢𝑟𝑒  𝑃𝑟𝑒𝑚𝑖𝑢𝑚, 

 
which in this report will be called the Risk or Relativity. Relativity is a 
measure of how one value relates to another value. One result you can get 
from the GLM is the relativities between different combinations of 
explanatory variables. For example if a base value is set to 1 and another 
combination gets the result 1.5, this means that relative to the base value, the 
risk of our other result is 50 % higher. This measure is though not an absolute 
risk measure, in the sense that it only measures the relation in risks between 
different combinations within the represented class of the model (Ohlsson 
and Johansson, 2010, p 10). 
 
One other Key Ratio is the Loss Ratio. The ratio is   !"#$%  !"#$%&

!"#$%&  !"#$%&$
, where the 

claim amount is the total value of the claims and the earned premium is the 
value of the premium that the policyholder has payed during a set time 
period. In this project the Loss Ratio has only been used in the Premium 
Allocation Program and not in our statistical models. 
  

2.5 Model Assumptions 
 
All statistical and mathematical models do have some assumptions, since one cannot 
make conclusions out of nothing. When fitting the GLM for the frequency and the 
severity of the claims we have three major statistical assumptions that will lie as a 
basis for our statistical models. 
  

1. The claims are assumed to be independent. One example where this is not the 
case is when e.g. two trucks from Electrolux collide and if there is a flood that 
makes damage to several transports at the same time. For more information 
about the theory of assumption 1 we refers to Rootzén (1997, p 70-94). 

2. The claims are assumed to be time independent. This implies that both the 
claim frequency and the claim severity are independent for different time 
periods. This means that if a policyholder has had a claim, the possibility of 
having a claim again in the future will be the same.  

3. The third assumption is homogeneity. This means that two policies that 
correspond to the same explanatory variables, also having the same exposure, 
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then have the same distribution and should pay the same amount in premium. 
In reality this is not always the fact. Some insurance company’s use a bonus 
system for careful drivers and this could make that one policyholder can pay 
less than another policyhoder in the same tariff cell (Ohlsson and Johansson, 
2010, p 6-7). 

2.6 Maximum Likelihood Function and Estimation  
  
The maximum likelihood estimation is a method to obtain the estimates that best 
describe the observed data. There exists a likelihood function 𝐿(𝛽|𝑦)  that depends 
on the distribution of the data. We want to maximize the likelihood function in order 
to get the best estimate of the observed data; therefore we differentiate it with respect 
to each of our parameters, and then set the derivatives to zero. In our explanation y 
will be a random sample from an unknown population. The solutions to this system 
of equations are the maximum likelihood estimates and is a vector of the estimates 
and will be denoted 𝜷   (Anderson, 2007, p 26). 
Usually it is easier to work with the logarithm of the likelihood function. The same 
MLE estimate will be obtained by maximizing either 𝐿  (𝜷  |𝑦) or ln 𝐿  (𝜷  |𝑦), since they 
are monotonically related to each other. If the ln 𝐿  (𝜷  |𝑦) could be differentiated and 
if there exists MLE estimates, it must satisfy the following partial differential 
equation.  
 

∂ln  (L(𝜷  |y)
∂𝜷  !

= 0 

But to make sure that the equation ln 𝐿  (𝜷  |𝑦) is a maximum and not a minimum one 
can check the second derivatives. If the assumption in the equation below holds, the 
second derivatives are negative the maximum likelihood function will have a 
maximum.  
 

∂!ln  (L(𝜷  |y)
∂!𝜷  !

< 0 

The shape of the likelihood function that consists of one parameter will look like a 
convex curve where the maximum is the highest point on the curve. Though, if the 
function consists of two parameters the maximum will be found on the highest point 
on the plane that is created. With more parameters the visualization will be more 
complex (Myung, 2002, p 93). 
 
Usually when using the GLM, for example when dealing with a Gamma distribution, 
the maximum likelihood estimates has to be determined numerically using nonlinear 
optimization algorithms to maximize the loglikelihood function (Johansson, 2014, p 
18). 
 

2.7 Distribution of the Claim Frequency 
 
During a time period you will have a number of claims of a certain insurance policy. 
If we let N(t) be the number of claims for that policy during the time interval [0, t], 
with a starting value of N(0) = 0 it can described as a stochastic process. This 
stochastic process is called the claims process. Based on assumption 2 and 3 that was 
presented in section 2.5, we can say that this claims process is time independent and 
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homogeneous. In addition with the assumption that claims do not cluster, we can say 
that the claims process is a Poisson process. This is why it is reasonable to assume 
that the number of claims during one policy year is Poisson distributed. Because of 
the independence of policies one can also assume Poisson distribution for the 
individual tariff cells (Ohlsson and Johansson, 2010, p 18). 
 
We set up the probability densityfunction for the number of claims 𝑋!. The exposure 
is denoted 𝜔! and 𝜇! is the expectation when 𝜔! = 1. We then have 𝐸[𝑋!] =   𝜔! ∙ 𝜇! so 
𝑋! will be Poisson distributed 

𝑋 ∈ 𝑃𝑜(𝜇 ∙ 𝜔) 
and with the probability density function 

𝑓!! 𝑥!; 𝜇! =   𝑒!!!  ∙!!   ∙ !!∙!! !!
!!!

   𝑥! = 0,1,2,… . 
 

As we have described in section 2.4 we want to fit a model for the claim frequency. 
Now when we know the distribution of the claims, we want to know the distribution 
of the claim frequency.  Let 𝑌! =

!!
𝜔!
  , where Y is the claim frequency, X the number of 

claims and 𝜔 the weight or in the standard insurance case the duration. The 
distribution of the claim frequency is defined as a relative Poisson distribution and 
the probability density function is 
                    

𝑓!! 𝑦!; 𝜇! = 𝑃 𝑋! = 𝜔  ! ∙ 𝑦! = 𝑒−𝜔𝑖  ∙𝜇𝑖   ∙
(𝜔𝑖 ∙ 𝜇𝑖)

𝜔𝑖∙𝜇𝑖

𝜔𝑖 ∙ 𝜇𝑖!
= e 𝜔   !∙!"# ! !! !! !,𝜔    

 
where 𝜇! = 𝐸 𝑌! ,𝑤ℎ𝑒𝑛  𝜔 = 1. In the formula above  
 
                   𝑐 𝑦,𝜔   = 𝜔   ∙ 𝑦 ∙ log 𝜔   − log 𝜔   ∙ 𝑦! . 
 
  
The expected claim frequency may in practice vary over time, but this does not have 
to be a problem since the number of claims during one year will still be Poisson 
distributed (Ohlsson and Johansson, 2010, p 19). 
 

2.8 Distribution of the Claim Severity  
  
The three assumptions applying to the claims for claim frequency will also be applied 
when fitting a model for the claim severity. The model for claim severity is 𝑌 = !

!
, 

where the response variable Y now is the claim severity. The explanatory variable X is 
the total claim cost, and the weight 𝜔 is the number of claims.  
The method is to first analyze the claim frequency as a random variable. After this is 
done we then condition on the number of claims in order to analyze the claim 
severity. We will then end up with the model for claim severity, 𝑌 = !

!
 (Ohlsson and 

Johansson 2010, p 20). It is not obvious which distribution to assume for the claim 
severity X. We need a distribution that is positive and is skewed to the right and one 
can chose from many distributions. According to Murphy et al (2000, p 116) and 
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Brookman and Wright (1992, p 475-476) the Gamma distribution has been the 
standard when analyzing the claim severity. 
 
We assume that the cost of an individual claim is Gamma distributed and in this case 
w=1. The frequency function for the claim cost is defined as 

                   𝑓 𝑥 =    !
!

! !
∙ 𝑥!!! ∙ 𝑒!!∙!         𝑥 > 0, 

  
where 𝛼 is the shape parameter, 𝛽 is the rate parameter and Γ(𝛼) is the gamma 
function (Karush, 1970, p 96). This function will be denoted 𝐺(𝛼,𝛽). The sums of 
independent gamma distributions with the same rate parameter 𝛽 are gamma 
distributed with the same scale and a rate parameter which is the sum of the 
individual 𝛼. If X is the sum of 𝜔 independent gamma distributed random variables, 
we conclude that 𝑋~𝐺(𝜔𝛼,𝛽). The frequency function for 𝑌 = !

!
 is then 

 

𝑓! 𝑦 =    (!∙!)
!∙!

! !∙!
∙ 𝑦!"!! ∙ 𝑒!!∙!∙!         𝑦 > 0, 

  
and so 𝑌~𝐺(𝜔𝛼,𝜔𝛽) with expectation !

!
.  

2.9 The Link Function 
  
In an ordinary linear model the parameter value equals the mean value, thus creating 
a linear structure of the mean. The equation 

𝜇! = 𝑥!,!𝛽!

!

!!!

          𝑖 = 1,2,…𝑛 

shows the link function for an ordinary linear model, where 𝜇! = 𝐸[𝑌!] , 𝛽 is the linear 
combination of the regression parameters and the explanatory variables X.  
 
In a GLM, this structure of the mean can not be used. Here the parameter value do 
not equal the mean value, instead we need a link function in order to model the 
connection between the estimated parameter and the mean. With the help of the link 
function we are able to construct a linear structure. For example, say that we have 
two different rating factors; Zone and Business sector. These rating factors have two 
classes each. When setting up our rating factors with the responding two classes 
within they will form a matrix, where the coordinates denotes the expectation of the 
key ratio 𝜇!" = 𝐸(𝑌!,!).  The first rating factor is in class i(Zone) and the second is in 
j(BS) (Ohlsson and Johansson, 2010, p 26). The equation  
 

𝐸 𝑌!,! = 𝜇!" = 𝛾! + 𝛾!! + 𝛾!! 
 
shows how the linear structure of the mean is created, where  𝛾!, 𝛾!! , 𝛾!! is the 
parameters that represents the class 𝑖 = 1,2 and 𝑗 = 1,2 for each rating factor 
𝛾!𝑎𝑛𝑑  𝛾!. 
    
The model at this stage is over-parameterized and one has to add some restrictions. 
In an ANOVA the usual restriction is that the marginal sums should be zero, but with 
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this procedure we will set a base coordinate to zero. All other parameters measure 
the mean departure from this base. 
 
The link function describes the relationship between the beta-parameters and the 
mean. To get an easier understanding of the theory we consider a model with only 
two rating factors. Let 
  

𝛽! = 𝛾!, 
𝛽! = 𝛾!", 
𝛽! = 𝛾!!. 

 
 
 
With the parameters we can develop a table including dummy variables with the 
following relation. 

𝑥!" =
1,              𝑖𝑓  𝛽!  𝑖𝑠  𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑  𝑖𝑛  𝜇!
0,            𝑒𝑙𝑠𝑒                                                                        

 
 
After setting up the table, we can rewrite the formula of the structure of the mean in 
the following way: 

𝜇! = 𝑥!"𝛽!       𝑖 = 1,2,3…
!

!!!

 

 
We can also define the formula in matrix form where 𝜇 = 𝑋𝛽, where X is called the 
design matrix. This is an example of the structure using an additive model. In our 
project we have been using a multiplicative model. Therefore to use the additive or 
the multiplicative model depends on what type of insurance policy you are studying. 
The main difference concerning the formulas is that you take the logarithm of the 
variables in the following way (Ohlsson and Johansson, 2010, p 27). 
 

log  (𝜇!"#) = log  (𝛾!)+ log  (𝛾!!)+ 𝑙𝑜𝑔(𝛾!!)+ (𝛾!!) 
 
With the responding beta parameters as: 
 

𝛽! = log 𝛾! , 
𝛽! = log 𝛾!" , 
𝛽! = log 𝛾!! . 

 
The new structure of the mean will look like this, 
 

log  (𝜇!) = 𝑥!"𝛽!       𝑖 = 1,2,3… ,
!

!!!

 

where log  (𝜇!) is the link function. In general one can write the link fuction as the 
equation  
 

𝑔 𝜇! = 𝑥!,!𝛽!

!

!!!

          𝑖 = 1,2,…𝑛, 
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where the mean is linked to the linear structure with the link function g(·), where g(·) 
has to be a monotone, differentable function (Ohlsson and Johansson, 2010, p 28). 
 
 

2.10 Confidence Intervals 
  
Confidence intervals are e.g. used when we want to determine what values 
that are reasonable for a given parameter. Confidence intervals of GLM 
parameters can be derived from general ML estimation theory. When 
constructing a confidence interval one will need the Fisher Information, that 
is denoted as 𝐼. 𝐼 is defined as, “minus the expectation of the matrix of second 
derivatives of the loglikelihood function ℓ𝓁 “ (Ohlsson and Johansson 2010, p 
44). 
 
From section 2,6 we estimated 𝛽 and asymptotically the parameters are 
approximately normally distributed with mean 𝛽 and variance 𝐼!!, where 𝐼 is 
the Fisher Information matrix. 
 
The result of this is that we can compute standard normal distribution 
confidence intervals for the parameters 𝛽!. Usually we want to know the 
confidence interval for the relativities that are denoted:  𝛾 = exp 𝛽 . 
 

An approximate 95% confidence interval (a, b) for 𝛽!   is 𝛽! ± 1,96 ∗    𝑐!.!  , 

where 𝑐!.! is 𝑗: 𝑡ℎ diagonal element in 𝐶 = 𝐼!!.  
 
The approximate 95% confidence interval for 𝛾!   is given by (𝑒! , 𝑒!). The limits 
are not symmetric around the estimate 𝛾! = exp 𝛽! . These properties will be 
used when we are investigating the confidence intervals (Ohlsson and 
Johansson, 2010, p 46). 
  

2.11 Geometrical Mean 
 
The Geometrical mean is an alternative way of calculating an average. You have a set 
of n values of a variable. The Geometrical mean is the nth root of its product, i.e,  
 

𝑥! = (𝑥!, 𝑥!… . , 𝑥!)!/! = ( 𝑥!

!

!!!

)!/!. 

 
One advantages with using a geometrical mean compared with other methods is that 
the presence of extremities does not have a considerable effect on the results.  
 
Though if there is a zero in the calculation you will get no result from using this 
method. More information on our use of the geometrical mean can be seen in the 
method section of this report (Bannerjee and Giri, 2008, p 127). 
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2.12 Deductibles 
  

A deductible is the part of a damage that the policyholder has to pay. In a 
normal home insurance the deductible is 1500 SEK. So if there is a damage of 
10 000 SEK the policy issuer (insurance company) has to pay 8500 SEK to the 
policyholder. When one wants to price an insurance policy, the important 
costs are the ones that exceed the deductible limit.  
All the other occured damages have to be paid for by the policyholder itself. 
One general conclusion from choosing level of deductible is the higher limit 
the lower policy price (Ohlsson and Johansson, 2010, p 65). 
 
For this study the deductible level is 80 000 SEK because it is the value set by 
Electrolux. In this report we will refer to the approach when we only study 
claims that are above the deductibleas the second approach. 
  



 19 

3 Method 
  

3.1 Disposition of the Project 
  
The first action we had to do was to study the theory of Generalized linear models.  
After we knew the theory we could choose a model and determine some explanatory 
variables. Then we gathered transport data from Electrolux and claims data from the 
external insurance company AIG. When we had the data we used a statistical model 
to estimate parameter values for our explanatory variables and the result could be 
used as risk measures. We combined these risks with the risk image from AIG for our 
allocation program. Finally the program we have developed, calculates the premium 
of the cargo insurance based on sales and the risk measures. It then allocates the 
premiums per company that is included in the insurance program. The result has 
been compared with the already existing price model that Electrolux currently is 
using. 
 

3.2 Disposition of the Report 
 
This report can mainly be divided into the parts: Theory, Method, Results and 
Conclution. The first part focuses on the background of the problem and includes the 
theory that is needed to understand our study. The second part focuses on the course 
of action used during this project e.g interviews, the data collection and the 
description of the statistical model. The third part focuses on the result and aims to 
visualize it in a clear and comprehensible way. In the fourth part we analyze and 
discusse our results. We will also critically examine how we reached the goals of the 
project and how the project could be extended.  

 
3.3 Literature Study 
 
The literature study has consisted of both books and scientific articles of the subject. 
We have primarily focused on (Ohlson and Johansson, 2010). It provided 
information about the procedure in modeling of non-life insurance. It has been the 
base literature we have used for this project. We have also gathered information from 
various scientific articles to strengthen our knowledge. For references, please see the 
reference page. The search channels we have used in order to collect this literature 
are the databases provided by the library of Umeå University. We have also used the 
Internet as a tool in order to provide us with relevant information. 
 

3.4 Interviews and Meetings 

During our project we have had several interviews and meetings with relevant 
induviduals that could help us with our study. Here is a summary of these events. 
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3.4.1 Departments at Electrolux  
 
We arranged several meetings with induviduals from different departments of 
Electrolux. The departments we had meetings with were representatives from Small 
Appliances, Major Appliances, the IT department, the Global logistics department, 
representatives from relevant local logistics departments and the sales department. 
From these representatives we got deeper knowledge of the structure and complexity 
regarding transports flows and the logistics of the company. We learned that there is 
no central logistics department but instead there are several departments that could 
provide us with information according to the respective department and their line of 
expertice. Another example of information we recieved was how the factories and 
distribution flows were structured which helped us understand how the logistics of 
the company was organized. We also received the data for our data collection from 
these specific representatives. We used this data for our statistical models and our 
final premium allocation program. 
 

3.4.2 AIG 
 
Since the premium is paid to the insurance company AIG, we have had some 
meetings with them to clarify and specify how our project could be interpreted at 
Electrolux. The reason why we include the headline meetings in our report is because 
the process has been dynamic and the meetings have had a big impact on the path to 
the results. 
 
Through AIG we have got extensive knowledge of how a global company works with 
non-life insurance policies and their view on how to interpret and defining risks. 
With the help of the representatives from AIG we have for example been able to 
determine our risk measures for our study and got ideas when building our premium 
allocation program. We have also received data of the claim statistics and got 
knowledge of how to analyse this data.  
 

3.4.3 Sanity Checks 
 
After our data collection was finished we wanted to make sure that the results we had 
compiled would represent the reality of the transport flows of the company. 
Therefore we had several meetings with relevant representatives of Electrolux in 
order to ensure us of this matter. We had meetings with the Global Logistics 
department and the IT department where we discussed our results. What we found 
out from these meetings was that our data represented the transport flows of 
Electrolux in a realistic way.  
 

3.5 Implementation 
 

3.5.1 Project Beginning 
 
Before we started with the data collection we had several meetings where we decided 
what data that would be relevant for our study but also what data we could get hold 
of considering the time span of the project. From the theory of non-life insurance we 



 21 

knew that we needed explanatory variables and the exposure of these variables. Our 
study is about cargo insurance and we needed to have data relevant for that specific 
subject. 
 

3.5.2 Variables 
 
Before we started to make our statistical model we needed to identify some 
explanatory variable that could describe the transport insurance. We decided that 
relevant explanatory variables would be which geographical region the cargo is 
transported in (Region), the business sector to explain the content of the cargo 
(Business sector) and what type of transportation that was used (Type of transport).  
 
The explanatory variable Region consists of the regions EMEA (Europe, Middle East 
and Africa), North America, Latin America and Asia-Pacific. Since the insurance 
program is issued on a global basis we wanted to investigate different regions and see 
the differences between them. For the purpose of a just allocation of the premiums, 
we realized that it was good to use an explanatory variable divided into regions, since 
the companies that will receive the premiums are very dependent of where they are 
geographically situated.  
 
The explanatory variable Business sector is divided into three classes, Major 
appliance, Small appliance and Professionals. We wanted to include these classes in 
our study to see if there would be any differences regarding risk between the different 
business sectors. The reason why we chose only these three classes instead of the six 
sector classes described in Chapter 1.1 is because we did not want to separate the type 
of good that was transported. Major Appliances is mainly divided into 4 different 
sectors. We combined these because they all represent the same type of products.  
 
The explanatory variable Type of transport is divided into the three classes, Sea, 
Land and Air. The reason why we chose to divide the data in this way was that we 
considered that one explanation for the frequency and severity of claims could be in 
the choice of transportation method.  
 
For the explanatory variables we also needed some relevant exposure measure. We 
will now describe exposure from an insurance company's point of view, with a car 
insurance. They could use the total number of policy years the policyholders have, in 
a specific combination of the explanatory variables, as an exposure variable. In our 
case we faced the fact that a majority of the companies had been policyholders for the 
same amount of time, which led to that we had to rethink regarding the exposure 
measures. We decided to use several different exposure variables in order to do a 
more extensive study on the subject. The variables we have used are the Number of 
transports, the Volume of the transported goods and the Transit time of the 
transports. We also wanted a measure of the value of the goods and for that purpose 
we used the sales statistics. If a company in a region has had sales of goods, you can 
conclude that there has been a transport within the country. The value of the sales 
does though not include the value of all the transports that have been made within 
the region, but it still gives an indication of the exposure of that region. 
 
We chose the volume of the goods since we regarded this to be a good measure of 
how much risk the explanatory variables are exposed to. We needed to get a good 
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measure of exposure for the cargo insurances that we study. Since the exposure is 
related to how many claims that have occurred, we considered that the volume that 
had been transported would be an explicative way to go when deciding the 
relativities. 
 
Another plausible measure of exposure is the Number of transports. We used this as 
an additional measure, since we thought that the number of transports would be a 
good measure that we could relate the claim statistics to. Since it is not trivial to 
choose a correct measure of exposure, see section 3.5, we also wanted to see how the 
results would differ when we compared the two models, using Volume and the 
Number of transports as measure of exposure.  
 
Our models consist of two key ratios, the Claim frequency and the Claim severity. 
The key ratio Claim frequency is calculated by relating the number of claims to the 
exposure measure and this becomes a measure of how often a claim occurs. The 
other key ratio is Claim severity which is calculated by relating the severity of the 
claims to an exposure measure. The result explains the dignity of a claim when it 
occurs. The reason why we used these two key ratios is that it is widely used in 
insurance mathematics and we considered them as obvious responses since the best 
way of describing the risk is by the number of claims and the severity of a claim.   
 
Table 3.1 - Example of the structure of the variables are used for fitting the key 
ratios, Claim frequency and Claim severity. 

 
 
When we knew all the underlying information of the structure of the model we 
organized it in list form. Table 3.1 shows from left to right the three explanatory 
variables, the two exposure measures Number of transports and volume, the number 
of claims and the claim severity. There is also the exposure measure Sales but we 
chose not to include this in the table, since this is just an example of how the data 
could look like.  



 23 

3.6 Data Collection 
 
A substantial part of this project has been the data collection. The data has been 
divided into four major groups, the transport data, the claim statistics data, the sales 
statistics data and the premium data. The only data we initially received was the 
premium allocation file from the previous year. All other data, we have collected 
during the course of this project. In this section we present the different parts of the 
data and how we compiled it in order to complete our project.  
 

3.6.1 Transport Data 
 
The transport data that we wanted is specified in Section 3.5.2. But we wanted the 
data to be specified by country, business sector and what type of transportation that 
was used while shipping the cargo. As stated in Section 1.8, we have only collected 
data over one year. The reason for this is that we wanted the overview over the 
transport flows to be as updated as possible.  
 

3.6.2 AIR 
 
The composition of the Air transports was the easiest part of the data collection. We 
received a file containing the origin and destination of the transports, the number of 
transports that had been made from and to a destination, the volume of each 
transport and the transit times for each transport. The data also contained 
information regarding the contents of each cargo, which helped us when dividing the 
data into the different business sectors.  
 

3.6.3 SEA 
 
One of the first contacts regarding our gathering of transport data was to the Global 
Cargo Logistics department. We started a mail conversation and asked for the data of 
Electrolux sea transports. The answer came in an Excel file containing numerous of 
rows with the volumes in  𝑚! with the specified origin and destination country. The 
transport information was organized in a way that when we sort the file for a 
destination country, all of Electrolux predetermined routes to that destination 
country were visible. The data did also include the information about the volume for 
the three business sectors. Every row represented a business sector and the total 
volume that was made from one origin country to the specified destination country.  
 
To get the number of transports that were made for sea transports, we reached out to 
another contact within the global logistics department. The data was presented in a 
form where the origin and destination cities were specified. Every row in the file 
represented one transport from one city to another. The action we had to do was to 
go through the list with the destination cities and overwrite the city name with the 
county where the city belonged. When this was done we could summarize the volume 
and the number of sea transports for every country and paste the information into 
the transport data collection. When we updated the number of transports for the 
statistical model we had to divide the data into region and business sector. 
Since the information about the business sector was not specified for number of 
transports we summarized the transports for every region.  
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3.6.4 LAND 
 
The data collection regarding the land transports was the most time consuming 
section of the data collection part of our project. In comparison to when collecting 
the data for sea transports or air transports, for land transports we had some sources 
that could provide us with the data we needed. Regarding the land transports the 
collection was more complex. As we have explained earlier in this report, we were 
interested in the volume, the number of transports and the transit times for the 
transports for Major appliances, Small Appliances and Professionals.  
 
Europe 
 
After a research in order to get in contact with the right people that could give us the 
data we needed, there were several contacts that helped us to receive our 
information. Europe has been the region where we have got the most detailed data. 
We could not though receive data for all of the transports in Europe at the same time. 
Instead we needed to collect the data depending on which business sector the 
transports belonged to. 
 
Regarding Major Appliances, several of the files we received contained the number of 
transports and the volume of each transport, both domestically and internationally 
for each country. The data files were structured in different ways, which led to a bit of 
puzzling in order to compile the data. In addition to this information we also needed 
the data regarding the transit time of the transports that were not included in the 
previous files. After a successful meeting with employees responsible for the logistics 
for Major Appliances in Europe, we could retrieve this missing data. It was though 
also here a puzzle to compile the different formats of data to match our current 
structure of our data collection. Some data was inconsistent which led to some 
discussions and inquiries in order to get as correct data as possible.  
 
Concerning Small Appliances, we had meetings and contacted departments who 
could give us the data we needed. The number of transports and the volumes of the 
transports were received in two different files. As with the data of Major Appliances 
we needed to modify the data in order to get the structure we wanted. Regarding the 
transit times for these transports, we got this from a separate file which needed to be 
fitted with our existing data in order for them to match. Here we also needed to do 
some research about the correctness of the data so it could be considered as relevant 
for our study. 
 
Regarding Professional Appliances, there are three major factories that manufacture 
and distribute the professional products of Electrolux to the world market, one in 
Italy, one in Sweden and one in Thailand. All transports regarding professional 
products have its origin in one of these locations. When retrieving the data of the 
land transports we got in touch with supervisor of the professionals logistics 
department in Europe, where we also received data on the distribution of their 
transports to the rest of the world. The data from the other sites was more difficult to 
retrieve. We never got the exact data regarding the transports from the other two 
sites. After further investigation on how to handle this situation we got the 
information that the logistics from the other sites combined was the same as the data 
we already had received. By the information we gathered, it stood for half of the 
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transports of the professional business sector. Therefore our solution to this 
challenge was to analyze the data and then double the existing transports.  
 
Latin America 
 
In Latin America the logistics departments are local which means that they only 
monitor the logistics of the respective country. Therefore we could not retrieve 
statistics of the land transports from one source. Instead we had to contact the 
persons responsible in every country of the continent. The contacts we needed were 
though not specified in a simple way.  
After meetings with our supervisor and research in order to retrieve these contacts 
we concluded that the time it would take to get in touch with all of these contacts 
would extend the time limit of the project and we had to rethink on how we could get 
the data we needed.  
 
We had some contacts in Brazil, which could provide us with detailed data on the 
land transports in Brazil. From further investigations we learned that Brazil itself 
stood for 80 % of all land transports in Latin America. After several discussions and 
meetings we came with a solution to our problem. We had sales statistics for the 
countries in the region aside of the data for Brazil and we knew how much of the total 
Brazil stood for. With the data for Brazil we could approximate the number of 
transports and the volume of the transports of the whole continent should be. This 
shows how we calculated all of the land transports of Latin America. 
 
𝑇ℎ𝑒  𝑙𝑎𝑛𝑑  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠  𝑜𝑓  𝐵𝑟𝑎𝑧𝑖𝑙

80%    ∙ 100% =   𝐴𝑙𝑙  𝑙𝑎𝑛𝑑  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠  𝑜𝑓  𝐿𝑎𝑡𝑖𝑛  𝐴𝑚𝑒𝑟𝑖𝑐𝑎   
 
Because the sales statistics gives a measure on the value of the goods sold in the 
country, it also gave us an idea of how the logistics in the country would look like. 
Therefore with the sales statistics per country and business sector we could distribute 
the total number among these countries and business sectors in order to compile the 
data for our project. This calculation was made for every country that were included 
in the insurance program.  
 

𝐴𝑙𝑙  𝑙𝑎𝑛𝑑  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠  𝑜𝑓  𝐿𝑎𝑡𝑖𝑛  𝐴𝑚𝑒𝑟𝑖𝑐𝑎   ∙
𝑆𝑎𝑙𝑒𝑠  𝑓𝑟𝑜𝑚  𝑎  𝑐𝑜𝑢𝑛𝑡𝑟𝑦  𝑖𝑛  𝐿𝑎𝑡𝑖𝑛  𝐴𝑚𝑒𝑟𝑖𝑐𝑎

𝑇𝑜𝑡𝑎𝑙  𝑠𝑎𝑙𝑒𝑠  𝑜𝑓  𝐿𝑎𝑡𝑖𝑛  𝐴𝑚𝑒𝑟𝑖𝑐𝑎
= 𝑇ℎ𝑒  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠  𝑓𝑜𝑟  𝑡ℎ𝑒  𝑝𝑟𝑒𝑑𝑒𝑓𝑖𝑛𝑒𝑑  𝑐𝑜𝑢𝑛𝑡𝑟𝑦   

 
 
We had an issue regarding the transit times. For the case of Brazil we received data 
on the transit times even though these were estimates. Regarding the other countries 
we did not have any information about that subject. In comparison with for example 
Europe the data of the transit times was more detailed which in our opinion also 
made it more credible than the data we now had received regarding Brazil. Regarding 
the number of transports and the volume of the transports we could set the sales in 
relation with the data from Brazil. For the transit times we concluded that we could 
not stand behind an approximation of the transit times of the other countries of 
Latin America solely depending on the numbers from Brazil. After several 
discussions we decided to exclude the transit times for Latin America. 
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North America 
 
We contacted a supervisor who had information about our requested data for North 
America. In comparison with the data of Europe where we had received files that 
could contain details on every specific transport that had been made, here we only 
received the total number of transports and the volumes of the transports.  
The data was for North America as a whole and specific data for the United States 
alone. The issue we faced was to retrieve the data for Canada and Puerto Rico, which 
we did not have. After attempts to get hold of this information we solved the issue in 
the same matter as we did with Latin America. All of the data has been sanity 
checked and discussed in order to clarify the credibility of our study, see Section 
3.4.4.  
 
Regarding the transit times of the transports of North America we faced the same 
challenge as with Latin America. The conclusion was that we excluded the gathering 
of transit times for North America due to the lack of statistical credibility. 
 
Asia-Pacific 
 
The logistics departments in the countries in the Asia-Pacific region work in the same 
way as in Latin America. The respective countries logistics is managed locally and we 
had a challenge to trace contacts that could give us the data we required. Some 
contacts were hard to get in touch with and others clarified that the time it would 
take for them to compile the data for us would extend the time limit of this project.  
 
We managed with the help of our supervisor and by research to get in touch with 
employees of some logistics departments in some of the countries in the region and 
retrieve some of the data we needed.  
 
The only data we were able to collect was the number of transports and the volumes 
of the transports for Australia, China, Thailand, Malaysia and the Philippines. In 
addition we also got approximate values of the average transit times for land 
transports in China, Malaysia and the Philippines but not for the other specified 
countries. Because of the time limit of the project, we had to make the choice to leave 
those countries out.  
 
We could ensure from several sources that Australia, China and Thailand alone stand 
for 80 % of the transports in the Asia-Pacific region. With this information and with 
the data we already had, we could approximate the number of transports and the 
volumes for the business sectors in the remaining countries in the region. We did this 
approximation in the same way as Latin America. As with all other data we have 
collected, we ensured the data with a sanity check with selected representatives in 
order for credibility of the study to be as good as possible.  
 

3.6.5 Claims 
 
We wanted to study two different approaches, namely our first approach 
where all the claims where included, and the second approach where only the 
claims exceeding the deductible level Electrolux has set, of 80 000 SEK was 
included. The claims were used as response variable in our statistical model. 
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The claims were also used when calcultating the loss ratio in the allocation 
program.  
 
The information about a claim should respond to the information we needed 
for the statistical model, thus, region, business sector and type of transport. 
To get the claim data on this form for the model, we worked with the claim 
data and filled in some information about the claims where the missing 
information was obvious. For example if a claim lacked the information about 
which business sector it belonged to, we could look at the information about 
the company who was the claimant and if that company was in the major 
appliance area the claim then was registered to Major Appliance.  
 
Another job was to figure out the claims that did not have any type of 
transportation registered between the origin and the destination.  
If the path from origin to destination country was made oversea we assumed 
that the claim happened at sea or in connection to a sea transport. There was 
of course a chance that a claim could occur in connection to a flight, but the 
comparison between the amount that is transported between sea and air made 
us assume that it was a transport made with ship. We were also investigating 
which kind of company that was transporting the cargo or in some cases the 
name of the ship were given and then we made the conclusion that it was a sea 
transport. When the same procedure was made for transports on land we 
found out that it was much easier to fill in the missing information. We were 
told that in general the most common type of transport is made on land and if 
a transport could be done on land Electrolux often chooses this way of 
transportation. This is why we registered the claims that could be made with 
trucks as claim from a land transport.     
 
To get an overview of the information that was missing for the claims, we used 
an Excel sheet to colour the claims in different colours depending of what 
information the claim lacked of.  The claims that consisted of all the 
information we needed was colored in green, the claims that lacked the 
information about business sector in light orange, the claims that did not 
consist of the information about type of transport in light blue and the claims 
that lacked of the information about the claim cost in brown. We made shades 
of colours for the claims that lacked of a combination of information as well. If 
for example a claim lacked information of business sector and the claim 
amount we marked it with a darker shade of orange, if it lacked information 
about the type of transport and the claim amount it was set to a darker shade 
of blue and so on.  
 
The procedure of categorizing the claims was made for our sake, but also for 
the sake of AIG. After we filled in the information about the claims that we 
were regarded as correct we had a meeting with AIG (see section 3.4.3) and 
asked them if they could go back to their systems and extract more 
information about certain claims. This was very helpful and we got 
information of about 40 additional claims, which would make it easier to fit 
the statistical model. After we gathered 460 claims we started to divide the 
claims into the three explanatory variables that were used for our first 
approach in the model. For our second approach in our statistical model we 
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compiled the claims with a cost abow 80 000, leaving us with a total of 
approximately 120 claims.  
 
The second approach is built up on the claims that have a higher cost than 80 
000 SEK, since this is the level of deductibles. The claims that have a smaller 
impact than 80 000 SEK are the companies responsible of paying themselves. 
For the compilation for the Loss Ratio we sorted out the same 120 claims but 
only including the data from the years 2010 to 2014. We were not able to find 
the information regarding the specific company inside a country that had a 
claim, so we solved this by assigning the claims to the sales company that was 
paying the largest premium.   

 
3.6.6 Sales Statistics 
 
We received the external sales statistics for each country of every region. The data 
was specified by company, which business sector they belonged to and which country 
they operated in. We gathered the data over two years. The data has been used 
primarily for the premium allocation and for the mathematical models, but also as 
we have explained in previous parts, to approximate certain data that we could not 
get hold of. Because we could not collect the value of the transports itself we have 
used the sales statistics data as a “substitute” measure of the value of the transports 
for the specific country and/or business sector that we have used in our study.  
 

3.6.7 Premium Statistics 
 
We received files containing the statistics of the previous 5 years’ allocations where 
the premium of each company was specified. This data collection has only been used 
for the allocation program and not for our mathematical model. The statistics that we 
received was how much each company had paid in premium per year. We inserted 
the data in our allocation program and matched the current existing companies with 
their respective historical premium statistics.   
 

3.6.8 Excluding the Explanatory Variable “Transit Time”  
 
After we had collected all of the data of the transports we faced an issue, namely that 
we had not been able to gather the data of the transit times of the transports for all of 
the countries. Regarding Volume and the Number of transports, we could 
approximate the values as described earlier in this section of the report.  
We saw though that an approximation of transit times per country would be more 
sensitive and a more difficult task. After several discussions we decided to exclude 
transit times as an exposure variable due to the fact that we could not guarantee a 
good approximation of it. 
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Business	  Sector-‐	  Sales	  

MA	   SA	   Professional	  

Business	  Sector-‐	  Number	  
of	  transports	  

MA	   SA	   Professional	  

Business	  Sector-‐
Volume	  

MA	   SA	   Professional	  

Figure 3.3 - The proportions of the transported volume divided into busines sectors. 

Figure 3.1 - The proportions of sales 
statistics divided into business sectors. 

Figure 3.2 - The proportions of number of 
transports divided into business sectors. 

3.7 Visualization of Data Collection 
 
3.7.1 Transport Results 
 
The three Figure 3.1-3.3 describe the proportions of volume, number of transport 
and sales and will be the exposure in our statistical models. Figures 3.1-3.3 show the 
three business sectors Major appliance, Small appliance and Professionals. After 
making our sanity check these diagrams give a fair illustration of how Electrolux´s 
transports are in reality. By comparing the transport data that are illustrated in 
Figures 3.1-3.3 for the business sectors one can see that the proportions for Sales and 
Number of transports for Major Appliance are similar, but the proportion is a little 
bigger when looking at volume. Small Appliance has more or less the same 
proportion in Figures 3.1-3.3. But Professional has bigger proportion in sales 
comparing to Number of transports and the proportion is even smaller when looking 
at volume. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The Figures 3.4-3.5 describe the proportions of the volume and number of transports 
between the different types of transportation methods that are used. One can see by 
looking at the transported volumes that land represents around 80 % of all of the 
transports. This is not surprising since all goods that have been transported oversea 
have to be loaded on a truck and delivered to a customer. The proportions of Air 
transports are really small and cannot be seen when looking at volume.  
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Type	  of	  transport-‐	  
Volume	  

SEA	   LAND	   AIR	  

Type	  of	  transport-‐	  Number	  
of	  transport	  

SEA	   LAND	   AIR	  

Figure 3.4 - The proportions of the volume 
divided into type of transport. 

Figure 3.5 - The proportions of the number of 
transports divided into type of transport. 

Figure 3.6 - The transported volume 
divided into regions. 

Figure 3.7 - The number of transports 
divided into regions. 

Figure 3.8 - The sales statistics divided into Regions.  

When we investigate the Number of transports the proportion of land transports are 
even bigger comparing to volume. 
 

 
 

 
 
 
 
 
 

 
 

The Figures 3.6-3.8 describe the distribution of volume, number of transports and 
sales divided into regions. As one can see the proportions differ a lot from the 
different figures. When looking at sales one can see that EMEA and North America 
represent more than 80% of the sales. When looking at volume this number is 
around 70% and when looking at number of transports the proportion is around 
40%. When comparing EMEA and North America they have similar proportions in 
all of the three figures. Latin America is the region with the least number of 
transports, sales and volume. One can see that Asia-Pacific is the region that differs 
the most between the Figures 3.6-3.8.   
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Figure 3.9 - The claims divided into Regions. Figure 3.10 - The claims divided into Business sectors. 

Figure 3.11 - The claims divided into type of transport. 

3.7.2 Claims 
 
In this section the claims statistics are compiled and visualized in apropriate 
illustrations. Figures 3.9-3.11 show the number of claims that have occurred during 
the time period 2004-2015 and are divided into the explanatory variables that we 
have chose to include in the mathematical models.  The diagrams explain the 
proportions between the different categories within the explanatory variable.  
 

            
 
 
 
 
 
 
 
 
  
 
 

 
 

Figure 3.9 shows that the distribution of the 
number of claims EMEA is the region that stands for almost half of the total claims of 
the company. The proportions of North America (NA) and Asia Pacific (AP) are 
almost the same, representing 15 % and 16 % of the total claim amount. Latin 
America (LA) stands for 24 % of Electrolux´s claims.  
 
When looking at Figure 3.10 one can conclude that most of the claims occur for the 
business Major appliances (MA). Professionals (Pro) stand for 17 % of the claims and 
Small Appliances (SA) has 9 %.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When looking at Figure 3.11 one can see that Land and sea represents the majority of 
the claims. Air takes up only 2 % of the total claim amount. 
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Figure 3.12 - The average Claim severity per region 

Figure 3.13 - The average Claim severity per type of transport. 

Figure 3.14 - The average claim severity per business sector. 

The illustrations in this following section decribes the average claim severity for the 
categories within each of the explanatory variables.   
 
 
   
 
 
 
 
 
 
 
 
 
 
Figure 3.12 shows the severity for the four regions and as shown Latin America has 
the highest severity of the four regions with an average severity of almost 100 000 
SEK. The region EMEA has the second highest severity followed by North America. 
Asia Pacific has the lowest claim severity with an average of approximately 50 000 
SEK per claim, which is about half of the average claim value of Latin America.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When we divide the average claim severity into type of transports one can see in 
Figure 3.13 that the average claim severity of Air transports are significantly smaller 
in comparison with the other two transportation methods. Land transports have the 
highest average claim severity followed by Sea transports. 
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When studying Figure 3.14 one can see that when a claim occurs on goods from 
Major Appliance the average severity of the claim is the highest in comparison with 
the two other business sectors. Small Appliances have an average claim severity of 
about 60 000 SEK whilst the Professional sector has the lowest with just over 20 000 
SEK. 
 

3.8 Models 
 

3.8.1 Motivation for Software 
 
As we stated in Section 1.5 we had a request from Electrolux that our final product 
would be a user-friendly premium allocation program in appropriate software that 
could be used by our supervisor. Because our supervisor at Electrolux already used 
Microsoft Excel and was familiar with this software and that was why we 
implemented the program in Excel. When studying the theory of GLM in particular 
we realized that some calculations in our mathematical model would be difficult to 
perform using Excel. We therefore wanted to test our model using statistical software 
that could give us reliable results. We would then build the same mathematical 
model in Excel and compare the results from the statistical software for credibility 
reasons.  
 
We have looked at alternative statistical software for solving the problem and finally 
we chose to build our statistical model in R, which is a free statistical program. The 
reason why we chose to do the modeling in R was because we wanted to use the many 
built in functions of R. Since R contains many function for doing advanced statistical 
analysis and in our case a GLM-analysis we chose to use R. 
 
When we saw that the statistical model worked in R, it was time to implement the 
model in Excel. We tried different add-ons in Excel that were not satisfactory 
because there was no add-on that could perform all of the operations we wanted. We 
needed several add-ons in order for this to function. This became a time matter as 
well as an economical matter, which led us to discussions on how to solve the issue. 
From Electrolux point of view on the subject, they were more interested in our 
results and use them, instead of being able to run the statistical model themselves. 
With this in mind, and after discussions with both the university and Electrolux we 
decided to have the statistical model in R, use the results to build an allocation 
program in Excel.  
 
Regarding the premium allocation program in Excel we discussed the option in using 
Visual Basic to build our application. In the end we chose to build the allocation 
program using Excels built in formulas instead. Because both Electrolux and their 
external insurance company will use the program we wanted it to be as user friendly 
as possible. We also wanted the program to be able to be customizable in the future 
and for the simplicities sake concerning our supervisor at Electrolux, we chose to 
keep the program user friendly, both operational and customizable.  
 

 
 



 34 

3.8.2 Two Approaches for the Statistical Model 
 
As described in section 3.6.5, because Electrolux has set a deductible of 80 000 SEK, 
we wanted to test if it would give the same results or how they would differ between 
the two approaches. By having these two points of views we ended up with having 7 
models for each approach, giving a total of 14 different results. By that we could 
analyse, both the results between the models but also between our two approaches in 
order to determine the risk measures as good as possible.  
 

3.8.3 Using the Statistical Model 
 
In the beginning of the project we were investigating the possibility of using five 
different explanatory variables for regions. In addition to the already mentioned 
regions we included Africa-Australia as a fifth region. After discussions with our 
supervisor at the company and in order to decrease the number of parameters in the 
models we decided to include Africa into Europe and Australia into Asia, which 
decreases the number of regions from five to four. By doing so, the regions were now 
divided into the same regions that Electrolux uses internally within the group, which 
we saw as favourable.  
 
For every combination of explanatory variables we need certain information. The 
information needed is a response variable and an exposure variable. In order to make 
a form where all this information was included, we used a list form. In insurance 
mathematics this is the standard way of compiling the data (Ohlson and Johansson, 
2010, p 16). The result is that the combinations of explanatory variables get one 
unique index for every combination of the explanatory variables. The three 
explanatory variables were named Region, Business sector and Type of transport and 
are indexed after how many different types there are in every category. To get an 
overview of how the data material looked like we refer to table 3.1.  
 
Once our chosen explanatory variables were organized into the list form shown in 
Table 3.1, we could relate these with the use of our exposure variables. The different 
exposures we chose were Volume, Number of transport and Sales value.  
 
The model with the most amount of variables is the one where we have used all three 
explanatory variables, namely Region, Business sector and Type of transport. For 
this model we used Volume as exposure and the result of this model is shown in 
Appendix A. The data for the model is on list form and includes data for all the 
explanatory variables. The second model we run also included all the explanatory 
variables but had Number of transports as the exposure measure. The reason why we 
did not include the sales was that we could not distinguish the sales number to which 
kind of transportation method that was used.  
 
The relativities for the the claim frequency and claim severity were then multiplied 
with each other, this such that we could get one result instead of two for each 
respective explanatory variable of the specific model.  
 

𝐶𝑙𝑎𝑖𝑚  𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦  ×𝐶𝑙𝑎𝑖𝑚  𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 = 𝑇𝑜𝑡𝑎𝑙  𝑟𝑖𝑠𝑘  𝑓𝑜𝑟  𝑜𝑛𝑒  𝑚𝑜𝑑𝑒𝑙 
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We then chose to exclude the explanatory variable Business sector in order to 
investigate how the estimated relativities were affected. At this time we are just 
investigating the regions and the type of transport. In order to run the model the 
claims and the exposure had to be summarized for the variables Region and Type of 
transports. We decreased the number of variables from 36 to 12 with the purpose of 
finding a fit to the model that could be better. Our thought was that due to the lack of 
data, with fewer variables the data would be more compiled and in that way give 
more reliable results. We fitted models with both the volume of the transport and the 
number of transports as measures of exposure. When we got the relativities for these 
models, we made the same process as we did with the model with all explanatory 
variables.  
 
We then fitted a model by using the regions and the business sectors as explanatory 
variables. The reason for this was that we wanted to compare the relativities when we 
excluded the type of transports. For this model we could include the exposure of 
sales. The claims, volume, number of transports and sales had to be summarized for 
the variables Region and BS. Since we had three different exposures we got results 
that came from three different models. As with the other models we multiplied the 
results of the claim frequency and the claim severity in order to get one result of 
every explanatory variable used in the model.  
 
Tablel 3.2 - A description of how the seven models are built.  
 
Model Explanatory variables   Exposure Measures 
1 Region Business 

Sector 
Type of 
transports  

Volume   

2 Region Business 
Sector 

Type of 
transports 

 Number of 
transports 

 

3 Region Business 
Sector 

 Volume   

4 Region Business 
Sector 

  Number of 
transports 

 

5 Region Business 
Sector 

   Sales 

6 Region  Type of 
transports 

Volume   

7 Region  Type of 
transports 

 Number of 
transports 

 

 
 
When we had run all the 14 models and got relativities for the three explanatory 
variables we combined the relativities for each approach, in order to get two total risk 
measures that we could evaluate and base our further calculations on. As we 
described earlier the first model contains all variables and the relativities we got from 
it were then combined with the relativities from the other models. The Region is 
included in all the models; hence its relativities could be combined for all the models. 
This equation shows the geometrical mean for the four Regions that are included in 
the explanatory variable Region. The product sum runs from 1 to 7 for each model in 
the seven models in each approach.  
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𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐𝑎𝑙  𝑚𝑒𝑎𝑛  𝑓𝑜𝑟  𝑒𝑎𝑐ℎ  𝑜𝑓  𝑡ℎ𝑒  𝑓𝑜𝑢𝑟  𝑅𝑒𝑔𝑖𝑜𝑛𝑠 = ( 𝑥!

!

!!!

)!/!, 

 
where 𝑥! denotes the relativity for region i. The geometrical mean for Business sector 
and Type of transport were calculated in the same way as the mean for Region. The 
difference is that Business sector is included in five models and Type of transport in 
four models. Hence, the product sum runs from 1 to 5 for Business sector and from 1 
to 4 for Type of transport. 
 
Because we have different data to build our models from, we wanted to be able to 
analyse the results from different models and approaches to find similarities and 
differences between them. Our thought was to study different aspects of the data. We 
knew that the results were going to be used and have an economical effect in the end. 
Therefore we wanted to base our conclusions on solid facts that we could stand for. 
Because of the lack of certain data in this project, we have got some results provided 
to us from AIG. These results concern the geographical risk measures for certain 
specific countries could be seen Appendix C. 

 
 

3.8.4 Algorithm Description 
 
In this section we give a stepwise guide to our program in R. If the reader wants to 
implement our model this should be a comprehensive guide to achieve the same 
results as we got. The description of the code has to be slightly changed depending on 
how many variables that are used. The exposure variable is also different for the 
different models.  
 

1. First we have to define the source and the name of the Excel file that is used. 
The Excel file is converted into a special format that is called CSV and then 
read into a dataframe in R. The advantages of using this format is that the 
created table in R will get the information needed for the model directly from 
the Excel file. 

2. Then some steps are made to get the correct and most visual table. A column 
for the classes and a column for indeces, that keep track of the explanatory 
variables, are made. Next to the first two columns, a column where the 
exposure values are summerized for the specific combination of explanatory 
variables. 

3. Then the vectors for the explanatory variables region, Business sector and 
Type of transport are set to factors. This is done to insure that the modeling 
functions will treat the data correctly.  

4. Contrasts are needed when one wants to fit a model with factors as 
explanatory variables. The contrasts are set up as dummy variables to be able 
to compare the individual explanatory variables against each other. 

5. The GLM prediction is set with response, terms, offset, data and family. The 
family argument describes what distribution family the claims are modeled 
from. The response consists of the numeric response vectors, in our case the 
amount of claims and the severity of the claims. The terms are the explanatory 
variables and the offset is the vector containing the weights. Data is the 
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defined data set and is derived from the table. When executing the model for 
the claim severity, the claims where the claim severity is zero has to be 
excluded, since the distribution we use to fit the model is Gamma, which is a 
continuous distribution.  

6. The result from the regression analysis is the beta parameters. But since we 
are interested in the relativities for the explanatory variables, we need to 
transform the beta values into relativities. Since the link function is log we 
have to take 𝑒! to get the relativities. 

7. Finally a table is created with the columns for the explanatory variables. One 
column gives the index of the explanatory variables, one column shows the 
exposure for the explanatory variable and the two last columns show the 
parameter estimates for the claim severity and claim frequency. 

 

3.8.5 Determining the Risk Measures  
 
The purpose with the chosen risk measures is that they should reflect the risk 
exposure of each of the sales company´s within Electrolux. We have had several 
discussions with representatives from the university, Electrolux and AIG on how to 
set the existing risk measures. When we got the results from our statistical models we 
faced an issue. We had 14 different models with 14 different results derived from our 
two different approaches, which we had to interpret so they could be used in our 
premium allocation program. The span between the lowest and the highest results 
were in some cases very big, which led to that we had to “translate” our results into 
more manageable values. As we have described in previous parts in this report, the 
results of our statistical model only gave us the risk measures of a region as a whole, 
where we could not see if some countries within the region had a higher geographical 
risk than other countries in that region.  
 
After meetings with AIG we received their general geographical risk measures (see 
Appendix C), where they had divided the world in 16 different regions instead of our 
4 regions. These risk measures depicted the geographical risks taking all of their 
statistics of their policyholders into consideration, and not specifically for the case of 
Electrolux.  
 
By receiving this information we got more detailed values of specific countries and 
regions within our existing regions, which was valuable to us so that we could 
determine our geographical risk measures. With the results from our mathematical 
model in combination with the information received from AIG, we could determine 
the geographical risk measures for our premium allocation program. The final results 
were that for some risk measures, the results from our models and the risks from 
AIG were the same. Though for some risk measures we chose the results from our 
models and for some risks we chose the risk values from AIG. The reason for this is 
because we saw that some of our results reflected the reality better than the results 
from AIG and vice versa.  
 
From our models we also had results concerning the risk of our three business 
sectors, Major Appliances, Small Appliances and Professional. These results have 
only been used for this report and not in the final premium allocation program. We 
have though prepared the program so that it is possible to insert risk measures that 
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will affect the calculations of the premiums. After several discussions we chose not to 
include these measures in the program, but instead use the measures for analysis in 
this report.  
 
The final risk measure we had to determine was from the three types of transport, 
Sea, Land and Air. Our two different approaches had given us two different results, 
which led to several discussions, partly on how to interpret these results, but also 
which of them to chose for our final allocation program. Finally, we decided on risk 
measures that were translated from both approaches so that it could be used for our 
program.  
 
For our premium allocation program we also had to determine the risk measures for 
our Loss Ratio, since it was a requirement from Electrolux. The level of the risk 
measures is derived from meetings with AIG, where they helped us to define the 
different risk levels. When we calculated the Loss ratio, we realized that the results 
varied in such extent that we had to interpret the results and divide them into 
categories. These categories were later given an appropriate risk measure, which we 
decided after discussions with our supervisor at Electrolux and with AIG.  
 
The results can be found in the Results section 4.5.2 and further analysis of these 
measures will be discussed in section 5.9. 
 

3.8.6 The Premium Allocation Program  
 
As we have stated before, the request that Electrolux had was that we from the 
results of our study, should build a premium allocation program. The program 
should be user friendly and you should practically only have to insert the negotiated 
new total premium in it, and the new premiums for the different policyholders 
should be calculated automatically. The premiums should be based on statistical 
results concerning risks and exposures in order to give the policyholders as correct 
premiums as possible.  
 
The program is developed using Excel, as explained in section 3.8.1. We have used all 
of our compilations of data and results, including the transport data, our claim 
statistics, the sales statistics, the premium statistics and the results from our 
mathematical model when building this program.  
 
For the basis of the program we used the previous years’ allocation specification 
sheet as a template. We wanted the data to be specified as detailed as possible from 
the beginning. By doing so we were able to categorize the data such that we could 
make summeries in an easy way. All of the premiums historically have been based on 
sales statistics, and we decided that the core value for the premium calculation 
should be based on that too. The core of the program, we call the Allocation Raw 
Data sheet. The sheet contains several sections explaining and calculating different 
areas of the final new premium. In the forthcoming sections explanations of the 
different sections of the program and how we built it, are presented. 
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The Company and Sales Section  
 
In this section all the companies included in the cargo insurance program are given, 
specified by company name, country, business sector, which invoice they belonged to 
and their sales statistics from the previous two years. In addition there was also 
specifications on which insurance program the respective company belonged to, 
namely Local or Master. The program describes if the company belongs to a local 
policy within their country or if it belongs to the master policy of the Electrolux 
Group. We had about 190 companies specified in an organized way divided into 
which invoice they belong to.  
 
The Business Sectors for the Allocation Program 
 
In our premium allocation program the business sectors are divided into 7 different 
business sectors. The sectors differ from the classification made in previous sections 
of this report. The reason why we chose to change the classification to the program 
was mainly because the sectors have been divided this way in historical allocations 
and also because it partly helps when putting together the invoices. Therefore we 
continued to use this classification in our program. 
 

• EMA_LA, 
• EMA_E, 
• EMA_AP, 
• North America, 
• Small Appliance_E, 
• Small Appliance_ROW and 
• Professional. 

 
EMA_LA, EMA_E and EMA_AP include Major Appliances for Latin America, EMEA 
and Asia Pacific. North America represents Major Appliances for that region. Small 
Appliances is divided into two sectors, Small Appliance_E which represents Europe 
and Small Appliance_ROW, which represent the rest of the world except Europe. 
The Professional sector stands alone and represents the professional business sector 
for the whole world. 
 
The Premium Statistics Section 
 
With the base structure of the program in place we inserted a section specifying the 
statistics over how much every company has paid in premium over a 5-year period. 
We made this section for calculation purposes only. Though, the user also gets an 
overview of the premiums over time.  
 
The Claim Statistics Section 
 
The claim statistics section is structured in the same way as the premium statistics 
section, with the claim statistics showing the value of the claims for each company 
over the latest 5-year period. Due to Electrolux policy, we only inserted the claims 
with values over their deductible. The reason why we excluded all of the other claims 
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was due to the fact that those claims are not covered by the insurance. This section 
was also made for calculation purposes. 
 
The Transport Section 
 
The following section concerns the transport distribution. We want the premiums to 
be based on how the countries choose to manage their types of transports. We have 
gathered transport statistics for every country included in the cargo insurance 
program. For every country there is data on the distribution of the three different 
types of transportation, Sea, Land and Air. We have multilplied the distribution of 
number of transports and distribution of the volumes of the transports.  
 

(𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛  𝑜𝑓  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠×𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛  𝑜𝑓  𝑣𝑜𝑙𝑢𝑚𝑒)
2

= 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑  𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛  𝑜𝑓  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠 
 
The reason why we did this was because we wanted the data to be as close to the real 
scenario as possible. By combining the two different factors we get a measures that 
takes both into consideration. These data could later be used to calculate a transport 
risk value.  
 
The Risk Section 
 
From our data collection we have detailed information on how the transport flows 
were operated in each country. From our mathematical model we could get the risks 
by choosing a specific type of transport. We have also results on which regions that 
have more risk than others. We had a meeting with our contacts at AIG where we got 
a more detailed view of risks in different geographical locations. From the historical 
premiums and claim statistics we could calculate a Loss Ratio. Therefore we had 
three types of risk measures that we could use in our allocation model:   
 

• Transport Risk,  
• Geographical Risk and 
• Loss Ratio. 

 
First we have the transport risk. Each of the three types of transportation has its 
specific risk measure. By multiplying the transport distribution with the respective 
risk measure we get the total transport risk.  
 
Next we have the geographical risk. Each country that is part of the cargo insurance 
program has been given its respective risk measure. As stated before the measures 
have been decided both from the results from our mathematical models but also by 
statistics we received from AIG. In order for our models to give reasonable results we 
could only have four different geographical zones. By analyzing our own results and 
the results from AIG we could decide the risk measures for each country (see 
Appendix C). 
 
Our next risk measure was the Loss Ratio. By taking the 5-year claim total and divide 
it with the 5-year premium total we could calculate the Loss ratio. We noticed that 
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the Loss ratios were widely spread. Therefore we made a decision to classify the loss 
ratios in order to manage them in a fair way.  
 
We then multiplied the transport risk values, the geographical risk values and the 
Loss ratios to determine a total risk value for each company. This risk value would be 
one part of our new premium calculation. 
 

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡  𝑟𝑖𝑠𝑘×𝐺𝑒𝑜𝑟𝑎𝑝ℎ𝑖𝑐𝑎𝑙  𝑟𝑖𝑠𝑘  ×𝐿𝑜𝑠𝑠  𝑟𝑎𝑡𝑖𝑜 = 𝑇𝑜𝑡𝑎𝑙  𝑟𝑖𝑠𝑘  𝑣𝑎𝑙𝑢𝑒 
 
The New Premium Allocation Section   
 
Because our premiums are based on the sales statistics of each company, we wanted 
to find a way in order to calculate the new premium using our new information we 
had gathered and calculated.  
 
We multiplied the sales value of the company with the total risk value. This value we 
called the Sales Risk value. The premium was based on the sales statistics but we had 
included all of the respective risks that each company faced. We then calculated the 
total value of all the Sales Risk values. After this the percentage rate of each company 
could be determined. This led to that when adding up the percentage rates, they 
would sum to 100 %. The percentage rate was then multiplied with the pre 
negotiated total premium and the new premiums were calculated. We also added 
calculations where the user could see the change in the premiums from the previous 
year and a rate to see how much of the respective company's total sales that would go 
to paying the premium. 
We were now done with our calculations and the next task was to make the program 
user friendly. The request from Electrolux was that you basically only should have to 
insert the new total premium every year and the calculations of the individual 
premiums would be made automatically. You should also be able to add and remove 
companies. We also wanted the program to be customizable and adaptable if for 
example there would be changes in the company that made our calculations 
outdated. We solved this matter by adding a Reference Table and a Transport Table.  
 
The Reference Table 
 
We organized the Reference table by dividing it into 4 different areas. 
 

• Geographic Area,  
• Transport Area,  
• Loss Ratio Area and 
• Premium Area.  

 
Here the user can make modifications and changes to all of the risk measures in this 
application. We designed the application so that you only will need to make 
adjustments in this table and all other calculations will be made automatically. All of 
the data in this page is connected to the allocation program so the program can 
transfer the information to the page and use it for the calculations. The parameters 
can be translated into a risk value that combined with the other risk measures lies as 
a base in the calculations of the premium.  
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For the Geographical Area, we added a table with all the countries included in the 
insurance program. In addition we specified which of the 4 different regions the 
countries belong to, EMEA, ASIA-PACIFIC, LATIN AMERICA or NORTH 
AMERICA. To the specific regions there are corresponding countries with respective 
risk measures.  
 
The risk measures were determined by consulting our supervisor at Electrolux, our 
contacts at AIG and by analyzing the results from our mathematical model.  
We then linked the parameters to the premium allocation page. If you have to make 
any changes in a specific country's geographical risk due to for example political 
reasons, e.g. war, may lead to a higher risk making transports in that country. The 
change should then be made here and not within the formulas in the calculation 
page.  
 
The transport area consists of three risk measures, Sea, Land and Air with their 
corresponding risk parameters. The weights are based on our mathematical model. 
Simply by changing the value of the parameter, then the risk changes.  
 
For the calculation of the Loss Ratio we added a total 5-year premium column and a 
total 5-year claim column. 
 
This Loss Ratio Area is divided into two interactive parts, the Loss Ratio Interval 
column and the Loss Ratio Effect column. Both of these measures can be modified if 
needed. The Loss Ratio Interval determines the interval for the respective risk effect. 
We set a default based on our results from our project to: 
 
A Loss Ratio that equals 0 (no claims under the past 5-year period), 
A Loss Ratio between 0 and 1, 
A Loss Ratio between 1 and 3 and 
A Loss Ratio that exceeds 3. 
 
These intervals can be changed if the user would see for example trends in the claim 
statistics. The Loss Ratio Effect column represents the specified risk measure 
connected to the interval. These numbers can also be changed if needed. 
  
We added the Premium area where you fill in your total premium in order for this 
application to calculate the allocation for each company. If you change this value all 
of the calculations will be recalculated automatically. 
 
 
The Transport Raw Data Section 
 
In this section all of the underlying transport data used for our calculations of the 
transport distributions, is found. We wanted to add this page in order to handle the 
situation where there is a change in a specific country's transport distribution. The 
user could then update the transport data on this page and the premium calculations 
would still be accurate. Another purpose with this page was to prevent the user from 
having to make any changes in the formulas in the calculation sheet. Instead of 
updating the statistics, the calculations would be made automatically. 
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The sheet is divided into two sections, the statistics section and the distribution 
section. The data is presented in regions and countries with their respective 
statistics. The statistics are divided into the Volume (𝑚!) of the transports and the 
number of transports. One also see these two measures for all three types of 
transportation (Sea, Land and Air). All of the data is arranged for every country with 
their respective region of the cargo insurance programme. We calculated the 
distributions of each respective country by volume and by the number of transports. 
Because we saw that the two different distribution measures deviated, we decided to 
combine the two and use the combined measure for our calculations of the insurance 
premium. 
 
Add/Remove Countries 
 
If the user wants to add/remove a company from the allocation page, we want this to 
be carried out as simple as possible. Because the data every year came from the sales 
department and that the page should be customizable we linked all of the data from 
the reference page and the transport page to the premium allocation page. When 
inserting a new company the user had to fill in the information about the company 
and what sales that specific company has had during that year, plus setting the 
previous year’s premium to 0. After this is done all of the transport data, risk 
measures and the premium calculations are linked which leads to the program 
becoming user friendly 
 
The “Other pages” Section 
 
We also added a summary page to get a better overview of the premium allocation, 
both for Electrolux sake but also for AIG, which deals with the invoice distribution. 
In order for the program to be used by different users, we also added user guides and 
information pages with information regarding the program and its different features. 
We did this to cover all of the inquiries that might emerge for the user.  
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4. Results 

4.1 Statistical Model 
 
In this chapter we present the results from our statistical models built and executed 
in the statistical software R. As stated in Section 3.8.3, the statistical results are 
based on 2 approaches, one using all of the claims and one taking the current 
deductible level into concideration. With these two approaches we get a total of seven 
different models for each of the two approaches. The results from the models have 
then been combined using a geometric mean.  
 
The blue bars in Figures 4.1-4.14 show the relativities for the seven models with the 
approach where we use the deductible level and the orange bars show the relativities 
for the seven models where we have included all claims. The grey line represents the 
base value one. One blue and one orange bar show the different outcome from one 
type of model.  
 
 
4.2 Geometric Mean combined Results 
 
 

 
Figure 4.1 - The combined relativities of our two approaches containing seven 
models each. The relativities are between the four regions, EMEA, North America, 
Latin America and Asia Pacific. 
 
Table 4.1 - The relativities that are illustrated in Figure 4.1 

	  Approach/Region	  
First	  
Approach	  

Second	  
Approach	  

EMEA	   6,01	   2,81	  
North	  America	   1,45	   0,84	  
Latin	  America	   48,09	   36,67	  
Asia-‐Pac	   2,28	   2,80	  

 
In Figure 4.1 and Table 4.1 the results from our two different approaches per region, 
are shown. We have combined the results from our 7 models in order to get a final 
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result for each approach. As the figure describes, North America is the region with 
the lowest risk, both when looking at the two approaches but also in relation to the 
other regions. Compared to North America, the risk of Asia Pacific is slightly higher 
where the two different approaches give similar results. When studying EMEA, the 
risk is higher relative to both Asia Pacific and North America. When comparing the 
first and the second approach, the results differ. This can be explained due to that 
when including all claims, the total number of claims and the severity of the claims 
are higher in comparison to the other regions, which also gives an effect on the final 
result. Even though the claims do not have a high severity, the total of all the claims 
result in a higher value. Latin America stands out significantly from the other 
regions. This can be explained by the frequency and the severity of the claims in 
relation to our explanatory variables. The results for the two approaches differ, which 
can be explained in the same way as with EMEA. When studying the results between 
the regions, both of our approaches give the same indications. Latin America is the 
region with the highest risk compared to the other regions. Compared to North 
America, the risk is about 50 times as high for the first approach but lower values for 
the second approach. Compared to Asia Pacific it is around times 25 and 13 times 
respectively as high. EMEA is the second most risky region followed by Asia Pacific 
and North America is the least risky region. 
 

 
 
 
Figure 4.2 - The combined relativities of our two approaches containing seven 
models each. The relativities are between the three business sectors, Major 
Appliances, Small Appliances and Professionals. 
 
Table 4.2 – The relativities that are illustrated in Diagram 5.2 
	  Approach/Business	  
Sector	  

First	  
Approach	  

Second	  
Approach	  

Major	  Appliance	   1,00	   1,00	  
Small	  Appliance	   4,57	   5,03	  
Professional	   29,70	   27,16	  
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Figure 4.2 shows the results from our two approaches when studying the different 
business sectors of Electrolux, namely Major Appliances, Small Appliances and 
Professional. In our models Major Appliances has been set to the base value in all the 
models since it has the largest exposure in comparison with the other business 
sectors. In relation to Major Appliances, the risk of Small Appliances is around 5 
times as high. Professional is the business sector with the highest risk in comparison 
to the other sectors. In relation to Major Appliances the risk is about 28 times as 
high. Compared to Small Appliances it is approximately 6 times as high.  
The explanation for the high risk of Professionals is that the exposure of the sector is 
small and the frequency and severity of the claims in relation to the exposure is high, 
when comparing to the other sectors.  
 

 

Figure 4.3 - The combined relativities of our two approaches containing seven 
models each. The relativities are between the three types of transports, Sea and 
Land and Air. 
 
Table 4.3 – The relativities that are illustrated in Figure 4.3-4.4.  
	  Approach/Type	  
of	  Transport	  

First	  
Approach	  

Second	  
Approach	  

SEA	   4,41	   6,05	  
LAND	   1,00	   1,00	  
AIR	   164,22	   0,15	  
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Figure 4.4 - The combined relativities of our two approaches containing 7 models 
each. The relativities are between the two types of transports, Sea and Land. 
 
The results when combining relativities of the three types of transportation are 
shown in Figure 4.3-4.4. Figure 4.3 shows the relativities between Sea, Land and Air. 
Since the result of Air is significantly higher in relation to the other two alternatives it 
is difficult to interpret the figure. To get a clearer view of the results of Sea and Land, 
see the results in Figure 4.4. 
 
Since Land has the highest exposure out of the three different categories, it has been 
set as the base value in all of our models. In comparison you can see that relative to 
Land, the risk of an incident to occur during a sea transport is approximately 5 times 
as high.  
 
The result from the approach using all of the claims is that the use of air as the type 
of transportation of goods is about 164 times as high in relation to land transports. 
When compared to Sea transports the results is around 27 and 41 depending on 
which approach you wish to study. The reason for this is because the exposure of air 
transports is significantly small in comparison with the other types of transports. The 
claim frequency and severity is relatively high in relation to the other categories, 
which leads to the results given.  
 

4.3 Comparison between the Models  
 
In the following figures the relativities for the different regions with each of the seven 
models are shown. The differences between the models are the exposure variables 
and the number of variables. The exposure measure is written first, followed by the 
explanatory variables that are used for the specific model.  
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The 7 models we have used are Volume-Region & BS & Type of transport, Number of 
transports- Region & BS & Type of transport, Volume- Region & Type of transport, 
Number of transports- Region & Type of transport, Number of transports- Region & 
BS, Volume- Region & BS and Sales- Region & BS. 
 

 
Figure 4.5. The relativities for EMEA from the two approaches with seven different 
models. 
 
When studying Figure 4.5 of EMEA, we see especially two models that stand out 
from the rest, namely the model “Number of transports- Region & BS” and “Volume 
– Region & Type of Transport”, the relativity is much higher compared to the rest of 
the models. One general result is that the first approach gives higher relativities than 
the second approach. This is derived mainly from that the claim frequencies are 
lower in the second approach.  
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Figure 4.6 - The relativities for North America from the two approaches with seven 
different models. 
 
When investigating the relativities for North America in Figure 4.6 one see that they 
are not in line with the others. When the relativity has been calculated with the 
model “Number of transports- Region & BS” and with all claims included, it results 
in a relativity of more than 14, when the rest of the relativities stay around 1 or 2. 
This high value is to be seen as an outlier. North America have the greatest exposure 
regarding volume, hence all models that uses Volume, as an exposure will be set to 
one. The reason for these results is due to the composition of the underlying data.  

Figure 4.7 - The relativities for Latin America from the two approaches with seven models. 
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When studying the results in Figure 4.7 for Latin America, the values are overall 
high. Compared to the other regions, all of the models have shown that Latin 
America has the highest relativity. This is due to the fact that they have the highest 
frequency and severity of the four regions. When studying the results of the models 
for the region alone we can see some deviances. The biggest deviation is with the 
model Number of transports-Region & BS where the first approach is significantly 
higher than the second approach.   
 

 
Figure 4.8 - The relativities for Asia-Pacific from the two approaches with seven 
different models. 
 
When looking at the models for Asia-Pac in Figure 4.8, one can see that three of the 
models set the relativity to one. This derives from the fact that Asia-Pac has the 
highest exposure of number of transports. The model “Volume- Region & Type of 
transport” with the second approach, it results in a relativity of 23. This could be 
derived by a decrease in the claim frequency and claim severity of the other regions, 
which leads to an increase of the risk when using the second approach.  
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Figure 4.9 - The relativities for Major Appliances from the two approaches with five 
different models. 
 
Figure 4.9 show the results of the variable Major Appliances has the highest exposure 
and is therefore chosen to have the base relativity 1. 
 

 
Figure 4.10 - The relativities for Small Appliance from the two approaches with five 
different models. 
 
Figure 4.10 shows the relativities of Small Appliance compared to the base value of 
one. The bars show the five models where Small Appliance is included. A general 
conclusion from the relativity for Small Appliance is that the model where all claims 
are included gives lower relativities. The relativities differ for the different models, 
where the lowest relativity is about 2,5 and the highest is around 9.  
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Figure 4.11 - The relativities for Professional from the two approaches with five 
different models. 
 
Figure 4.11 shows the relativities for the business sector Professional. The relativities 
differ a lot between the models. For the second approach the result from the model 
with volume is around 135, which is high. When changing the exposure to Sales the 
relativity becomes the lowest. The explanation for these big differences can be found 
in the transport data. Since Professionals proportion of Sales is bigger than the 
corresponding proportion in volume and number of transports it will result in big 
differences of the relativity.  
 
In the following section, we describe the relativities for the different types of 
transports.  
 

 
 
Figure 4.12 - The relativities for the different models for the variable Land. 
 
Figure 4.12 show the results of the variable Land, which has the highest exposure and 
is therefore chosen to have the base relativity 1. 
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Figure 4.13 - The relativities for the different models for the variable SEA. 
 
Figure 4.13 shows the relativities from the four different models where the variable 
SEA is included. When looking closer at the models one can see that when the 
number of transports is used as the exposure measure the risk for sea transports 
rises slightly. This can be explained from the transport data, since the proportion of 
the volume is larger than the proportion number of transports, for Sea. 
 

 
Figure 4.14 - The relativities from the different approaches and models for the 
variable AIR. 
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Figure 4.14 shows the four different models but only the approach with all claims. 
The four different models have a fixed amount of claims but changes are made in the 
exposure and the included variables. As one can see the model with “Volume- Region 
& Type of transport” results in an extremely high relativity. Both of the models with 
exposure volume result in high relativities. This can be explains from the transport 
data. Because the exposure of volume is very low, every claim leads to big impact of 
the relativity for Air.  
 

4.4 Confidence Interval 
 
In this part we illustrate the uncertainties of the results with 95% confidence 
intervals for the relativities for the different models. The estimated relativities and 
their confidence interval are shown for all seven models in Figures 4.15-4.18. The 
models are divided in the same way as in the section 4.3. The line in the diagrams 
aims to compare the base level to the relativities.  The blue dot is the relativity for 
one specific model and the thin black line that reaches out from the dot is the 
confidence interval.  
 
 

Figure 4.15 - The relativities and the confidence intervals for the claim severity for 
the seven models when all claims are included. 
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Figure 4.16 - The relativities and the confidence intervals for the claim severity for 
the seven models, when we have excluded the claims with a cost below 80 000. 
 
Figures 4.15 and 4.16 show the confidence interval for the claim severity for the 
variable EMEA. In the last model in all the graphs, the relativity is 1 and there is no 
corresponding confidence interval since this it is the base value. In this model the 
variable EMEA has the highest sales value and as previously stated the variable with 
the highest exposure is set to one. It has no confidence interval because this is the 
value that the other variables are referred to when their relativities are defined.  
 
Regarding the confidence interval for severity for EMEA in Figure 4.15 the 
uncerainity is higher than when compered to figure 4.16. Especially for the model 
“Volume Region & Type of Transport” we can see the confidence interval is higher 
when compered to the other models but also when compared to the same model in 
4.16. In Figure 4.15 all of the confidence intervals ranges below one and abowe one. 
When this happens one can not determine if EMEA is more risky than the current 
base. To conclude there is an uncertainty in some models, but in the model with the 
deductible level, the uncertainty is smaller. It is hard to make any conclusions from a 
model with such considerable uncertainty.  
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Figure 4.17 - The relativities and the confidence intervals for the claim frequency for 
the seven models when all claims are included. 
 

 
Figure 4.18 - The relativities and confidence intervals for the claim frequency for 
the seven models when we have excluded the claims with a cost below 80 000. 
 
Figures 4.17 and 4.18 show the confidence intervals and the relativities for the claim 
frequency for the region EMEA. In these two figures the relativity for the model 
named “Sales Region & BS” will be one by the same reason as in figures 4.15-4.16. 
When looking at the three models with the weights “Number of transports”, the 
confidence intervals are large compared to the other models, when studying figure 
4.18. Though does this not apply for the approach in figure 4.17. Our conclusion is 
that the model with more claims gives smaller confidence intervals. This can be 
explained by that the amount of data for this model is larger and therefore the 
uncertainty decreases.  
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The general conclusion we can make by looking at all four figures in this section is 
that the confidence intervals for claim frequency is smaller for the models when 
including all claims. This does not apply for the confidence interval of severity. It is 
smaller when using the second approach.  
 

4.5 Results from the Premium Allocation program 
 
In this section we will present the results from our premium allocation program. The 
results are divided into two sections, Allocation Results and Risk Measure Results. 
 

4.5.1 Allocation Results 
 
In table 4.4 the results and effects of our premium allocation when studying the 6 
different business sectors is shown. Based on that the total negotiated premium is 
6497449 Million SEK, the results show that with the new calculation of the 
premiums, the sectors that will have an increase in premiums is Major Appliances 
Latin America, Major Appliances Europe, Small Appliances Europe and Small 
Appliances “Rest of the world”. The sectors that will pay less in premiums are Major 
Appliances Asia Pacific, Major Appliances North America and the Professional 
sector. The sectors that will be affected the most is Major Appliances Europe and 
Major Appliances North America. EMA_E will pay about 500 000 SEK more in 
comparison what would pay with the old calculations. On the other side, Major 
Appliances North America will have to pay about 300 000 less in premium in 
comparison.  
 
 
Table 4.4 - Table over the summary of the premiums divided into the Business 
sectors of Electrolux. The table shows the current premiums, the previous years 
premiums and the change of the premiums from last year.  
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Table 4.5 - Extract of the table over the summary of the premiums divided into the 
countries included in the cargo insurance. The table shows the current premiums, 
the previous years premiums and the change of the premiums from last year. For 
the full table with all countries included please see Appendix D. 
 
Mexico 382188 1101522 -719334 
Peru 190172 93376 96795 
Venezuela 39363 22500 16863 
Canada 77863 113603 -35740 
Puerto Rico 3234 6275 -3041 
USA 707858 975181 -267323 
 
Table 4.5 show an extract of the results of our new premium calculation summary 
divided into some of the countries included in the cargo insurance program. The full 
specification of this result can be found in Appendix D. Compared with the old 
calculation there has been changes in the premiums in all of the included countries. 
The reason why these changes occur is because the way the premiums are calculated 
using our model compared to the old allocation calculation differs significantly. 
 
4.5.2 Risk Measure Results 
 
Table 4.6 - Table over the risk measures of the Loss Ratio. The table shows the risk 
measure for each interval of the Loss ratio. 
 

Description Loss Ratio Interval Loss Ratio Effect Rate 

If 0 0,00 1 
Between 0 and 1 1,00 1,1 
Between 1 and 3 3,00 1,5 
Greater than  3,00 3 
 
 
Table 4.6 shows the intervals and the respective risk measures of the Loss ratio used 
in our premium allocation program. With the calculated results of the loss ratio, the 
intervals are divided into 4 categories. The first risk measure of 1 is assigned to 
companies with a Loss ratio of 0. This means that the company will have no effect of 
the premium. If the Loss ratio is between 0 and 1 the effect will be 1.1, which is used 
for the calculation of the total Risk value see section 3.8.6. If a company has a Loss 
ratio between 1 and 3 the effect will be 1.5. Companies with a Loss ratio exceeding 3 
got assigned a risk measure of 3. 
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Table 4.7 - Table over the risk measures of the three different types of 
transportation used in the premium allocation program 

Transport Risk  Transport parameter 
SEA 3 
LAND 1,5 
AIR 10 
 
 
Table 4.7 shows the three types of transportation we have been studying during this 
project with their respective assigned risk measure. As described in section 3.8.5 we 
assigned Land with the risk measure of 1.5, Sea transports with the value 3 and Air 
transports with the measure of 10. These measures are based on the results from our 
statistical models. The parameter values are used in the calculation of the total Risk 
value, which is used in our premium allocation program.  
 
Table 4.8 - Risk measures for the respective business sectors used in the premium 
allocation program.  
Main Sector Sector Risk 
EMA_LA 1 
EMA_E 1 
EMA_AP 1 
North America 1 
Small Appliances_E 1 
Small 
Appliances_ROW 1 
Professional 1 
 
 
As seen in Table 4.8 we have specified the results of our risk measures for our 7 
business sectors used in our premium allocation program. The results are that all of 
the business sectors have the same measure of 1. This means that in our calculations 
of the new premiums, the business sector that a company belongs to does not affect 
the premium of that specific company. More information regarding this matter can 
be read in section 3.8.5 
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Table 4.9 - Table of the geographical risk measures specified into countries included 
in the cargo insurance program. 
 
Region	   Country	   Geografic parameter 
EMEA	   Austria 2	  

	  
Belgium 2	  

	  
Czech Republic 2	  

	  
Croatia 2	  

	  
Denmark 2	  

	  
Estonia 2	  

	  
Finland 2	  

	  
France 2	  

	  
Germany 2	  

	  
Greece 2	  

	  
Hungary 2	  

	  
Ireland 2	  

	  
Italy 2	  

	  
Latvia 2	  

	  
Lithuania 2	  

	  
Luxemburg 2	  

	  
Netherlands 2	  

	  
Norway 2	  

	  
Romania 2	  

	  
Russia 6	  

	  
Slovenia 2	  

	  
Slovakia 2	  

	  
South Africa 2	  

	  
Spain 2	  

	  
Sweden 2	  

	  
Turkey 4	  

	  
Poland 2	  

	  
Portugal 2	  

	  
UK 2	  

	  
Ukraine 4	  

ASIA-‐PACIFIC	   Australia 2	  

	  
China 8	  

	  
Indonesia 4	  

	  
Japan 1,5	  

	  
Korea 1,5	  

	  
Malaysia 6	  

	  
New Zealand 2	  

	  
Philippines 4	  

	  
Singapore 4	  

	  
Thailand 6	  

	  
Taiwan 4	  

	  
Viet Nam 4	  

LATIN	  AMERICA	   Argentina 30	  

	  
Chile 30	  

	  
Colombia 30	  

	  
Ecuador 30	  

	  
Mexico 30	  

	  
Peru 30	  

	  
Venezuela 30	  

NORTH	  AMERICA	   Canada 1,25	  

	  
Puerto Rico 1,25	  

	  
USA 1,25	  
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Table 4.9 shows the geographical risk measure for the countries included in the 
program. Each country has been assigned with their respective risk measure. The 
countries in Latin America got assigned a risk measure of 30. The risk measure for 
the North American countries was set to 1.25. The European countries got a risk 
measure of 2, with the exception of Russia, Turkey and Ukraine. Russia was assigned 
the value of 6 whilst Turkey and Ukraine got the measure of 4. The reason for this 
was mainly due to a decision made after information received from AIG.  
 
The risk measures assigned to the countries within the region Asia Pacific varied. 
Japan and Korea got assigned with the risk 1.5. Australia and New Zealand received a 
value of 2. The Philippines, Singapore, Taiwan and Vietnam's risk measure was set to 
four. Malaysia was set to 6 and China was assigned with a measure of 8.  The 
countries measures varies due to the same reason as for Europe.  
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5. Discussion 
 
To reconnect to the beginning of this report, our goal with this project was to allocate 
the premiums of the cargo insurance amongst the sales companies of Electrolux. Our 
focus was to find both relevant explanatory variables and exposure variables that 
could describe a cargo insurance, such that we could determine the risks that align 
best with the reality. These risks lie as a basis of the pricing of the premium. In this 
section we analyze the outcome and evaluate it. 
 

5.1 Explanatory Variables  
 
Explanatory variables are the foundation when constructing a non-life insurance. 
They are used to describe what factors that affect the risk and hence should lie as a 
basis for the insurance premiums. We wanted some variables that could explain the 
cargo insurance and decided to use region, business sector and type of transports. 
We can though question if the variables we have chosen are the most relevant ones to 
describe the cargo insurance? Region is relevant since it describes where the 
transport is being made. Business sector describes the content of the transport and 
the type of transportation describes the “vehicle” being used to transport the cargo. 
One can argue that we should have used different variables or added other variables 
to the study. We can speculate that with more variables, the statistical model would 
become more inaccurate due to the lack of claims. By choosing other variables, the 
results would have differed. Though if this had been for the good or the worse, one 
can only speculate on.  

 
5.2 Exposure Measures  
 
In the section below we discuss the pros and cons with our exposure measures. The 
exposures that have been used in our models describe how we have related the 
claims. One preferable exposure we consider would have been interesting to study is 
the value of the cargo being transported, but as stated in section 1.7 this was not 
possible.   
 

5.2.1 Number of Transports 
 
The number of transports being made can in one extent describe the exposure of the 
cargo insurance. For every transport being made there is a possibility that a claim 
will occur and therefore we consider this as a relevant exposure measure. 
 
The information that the measure Number of transports does not describe is the 
content of the goods being transported, nor the value of the goods. One transport can 
contain one single refrigerator, whilst on the other hand it can contain a shipload of 
300 refrigerators. This measure would in one way underestimate the exposure of the 
transport methods with big loads of for example using sea transports but on the 
other hand overestimate the exposure of the air transports where the cargo usually 
contains fewer packages. To get the full coverage of the risk one cannot solely use the 
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number of transports as an exposure measure, though we still consider it to be a 
relevant measure when combining it with other exposures.   
 

5.2.2 Sales 
 
We have concluded that the sales measure has its pros and cons. The value of the 
sales that has been reported in a country over the last year only resembles the value 
that has actually been sold, not the value of all of the transports that have been made, 
within the country. One example is the case of Hungary. In that country, one of 
Electrolux´s many factories is situated, which in turn allows you to assume that there 
are transports being made to and from this factory. The issue is that only a small 
portion of the goods being transported is delivered and sold within Hungary. The 
majority of the goods are distributed to other countries worldwide. Even though 
there is an extensive amount of transports made within the country, the only number 
that the sales statistics show is the value of the goods being sold inside the country. 
 
Also the fact that we could not separate the fractions of each sales value of which type 
of transport was being used, limited our use of the sales. With this in mind we can 
conclude that the Sales measure is not the optimal choice for an exposure measure. 
We still see it as a measure that gives an indication of the value being transported for 
the regions and business sectors of Electrolux.  
 
The pros of the sales statistics are that it was easy to gather the data. We got the 
numbers from the sales department and we knew they were correct. This is one 
argument for why we used sales as an exposure variable. However, if there are any 
regions that need to transport more goods to achieve the same amount of sales as 
another region, then this measure is not favorable.  
 

5.2.3 Volume 
 
As we have seen in our results, the measure volume has both preferable and not so 
preferable properties regarding the exposure of risk. The benefits of using volume is 
that it describes the amount of goods that are transported in a better way than other 
exposure measures and therefore could be good to relate to the claims. When we use 
this measure we assume that the volume of the cargo is proportional to the value of 
the goods. For example if one variable have twice as much volume as another the 
exposure to the claim frequency and severity would be twice as high. A disadvantage 
of the volume is that the volume does not describe the value of the goods. If for 
example a transport consists of high value goods, this will not be shown with the 
measure. The conclusion we can make is that the measure is not optimal but still 
relevant when being combined with other exposures. 
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5.3 Data Collection 
 
One big challenge we have faced during this project concerns the data collection, 
especially the transport data. The results we have gained through the collection of the 
transport data is partly based on approximations. This leads to that the results can be 
questioned regarding their credibility. Even though we have conducted sanity checks 
with representatives of Electrolux in order to verify that our data align with reality, 
we still cannot totally trust the data.   
 
The conclusion we can draw is that there is a difficulty to collect the massive data 
needed to compile the transport flows for such a large company as Electrolux. In 
addition to this, because the company has a decentralized structure, there is no 
central unit that holds the information regarding the company's logistics. This has 
made it even harder to get an overview of the transports in a realistic way. Due to the 
fact that this is the first time Electrolux has tried to survey the transport flows of the 
company, we see our results as a relevant base for their future mapping on the 
matter.  
 

5.4 Claims Data 
 
One issue has been the inconsistency of the data regarding the claim statistics. We 
received a total of about 660 claims. During our literature study we found out that 
when using a GLM the model operates better with more claims. As stated in section 
3.6.5 we put an extensive effort to resolve this matter. In the end, we could only use 
460 of the total number of claims in our study, partly due to lack of information and 
the time it would take to retrieve the missing data concerning the remaining 200 
claims. Because the amount of claims is low, the effect of adding claims can change 
the results significantly. Depending on which region, business sector and type of 
transport these claims belongs to, the outcome of our models and also our 
conclusions of this study could change. The conclusion is because of that a 
substantial part of the claims is not included in our models one can speculate if our 
results would have been the same if all claims had been used. Regardless what the 
results would have been, our results lies as a relevant foundation over Electrolux 
claim survey. 
 
There are though some factors that would have been interesting to investigate further 
if we had got a hold of more information about the claims. One example of this is the 
cause of the claims. Because we were not able to retrieve this information for all of 
the claims, we decided not to investigate in the matter further. If we had got this data 
we would have had the opportunity to investigate what kind of cause that was most 
frequent and in this way helped Electrolux in their future work with loss prevention.  
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5.5 Statistical Model 
 
At the end of this project we want to evaluate our choice of statistical model. We can 
conclude that the method of conducting a GLM to define the risks of Electrolux cargo 
insurance is relevant. Due to the fact that the insurance can be seen as a non-life 
insurance policy, and that GLM is a common tool for the pricing of these insurances, 
our choice is validated. With the use of this method, our results have improved 
Electrolux’s control of the specific insurance.  
 
With the help of our statistical models we have been able to provide Electrolux with 
solutions to the problems they faced before this study had begun. Examples of this is 
the study and analysis of the risks of regions, business sectors and the type of 
transport concerning the cargo insurance. The statistical models have also led to that 
the Risk Management department has got knowledge of the advantages of the use of 
statistical modeling.  
 
We can see after our work with the GLM, that we could have extend our analysis of 
the model. The literature shows further possibilities in this matter. We have though 
chosen to delimit the study to review in our view, the most relevant aspects.  
 
After investigating the distributions used in our models, we argue that the Poisson 
distribution describes the claim frequency in the best way. This can be derived from 
the properties of the Poisson distribution Section 2.7, since the claims occur as time 
independent events. According to the literature the most used distribution to fit the 
claim severity is Gamma. That is why we have limited our study to the Gamma 
distribution. One subject for improvement could be to compare the Gamma 
distribution with other distributions and evaluate the fitted models with a Goodness 
of fit test.  
 
As we have explained in Section 1.2 the Risk Management department is divided into 
several parts, which handles different kinds of insurance policies. After our final 
presentation of our study at Electrolux, the colleagues at the Risk Management 
department were interested in if the user capability of our allocation program could 
be applied onto their areas of expertise. This is due to that their policy premiums also 
is in the need to be allocated in a similar way as the case of our project. Because our 
method was considered to be an easy and correct way to perform a premium 
allocation, we see that it could be applied to other types of policies as well.  
 
One example where our method could add value is when looking at a liability 
insurance that covers the company's responsibility when a product causes damage to 
property or people. The exposure measure could in this case be the amount of 
products that have been sold and that still are in use. The model would then consist 
of different explanatory variables such as product category and region. The product 
category could explain if that product is more likely to cause higher severity and/or 
frequency than other products. In this case the region could explain the legal cultures 
of how residents in different region handle liability claims. Some regions may have a 
legal culture where the residents are more eager to sue companies in the case of an 
accident then others, so that is why this could be another explanatory variable. This 
is just one example of how our method could be extended and the idea could be 
developed further. 
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5.6 Evaluation of Results from Approaches and Models 
 
Our thoughts when evaluating the results from Figure 4.5 -4.14 are that the 
relativities differ from one model to another, but also when evaluating the two 
approaches. One positive aspect of using several models with different exposures and 
combinations of explanatory variables is that we could find general trends and 
conclusions of the results. Partly we wanted to see if one exposure variable was better 
than another, or if we could find similarities between the different models. After the 
evaluation of the models we see that it is difficult to determine the risk measures by 
the results, due to the deviance of the relativities. When trying to evaluate which 
approach or model to prefer, the conclusion is that we cannot say that one model nor 
approach is more appropriate than another concerning our results. There are 
extreme values, see e.g. the model “Number of transports-Region & BS” in Figure 
4.5-4.7 where the relativities differ significantly both between the two approaches 
and the models itself. The same apply when studying the same model for the 
business sectors in Figures 4.9-4.11. We see that the model gives constantly high 
values for these factors when compared to the other variables. Therefore we are 
skeptical to the credibility of the results. This matter can be questioned but we still 
leave these results for further evaluation. 
  

5.7 Evaluation of our Final Results  
 
When studying the results in Figure 4.1-4.3 we draw some conclusions.  
Because we have based our results on two approaches using 7 different models each, 
we had to find a way to compile these results in order to conclude a final result. 
When having 14 different relativities, it was very difficult to determine one single 
result just by valuation. Therefore we decided to use a geometric mean. One 
characteristic of the geometric mean that we saw as an advantage was the fact that 
extreme values did not have a major impact on the final result. Because some of our 
results from our models deviated from the others, the geometric mean is a way to 
smoothen the results into one final value. The advantage of the use of the geometric 
is that we could use the different characteristics of all models, combining the 
different aspects regarding exposure measures and explanatory variables to get a 
valid result. Though here we can once again argue the necessity of having so many 
models, but because it is the case, the solution, namely the geometric mean was the 
best as we saw it considering the circumstances.  
 
When studying the results in Figure 4.1 of the regions we can see that the values of 
our two approaches give about the same results. Latin America stands alone 
with significantly higher values than the other regions. When trying to explain why 
this is, there are some aspects to consider.  
 
Firstly the exposure in Latin America regarding the number of transports, volume 
and sales are small in comparison with the other regions. When looking at the results 
of the data collection in Section 3.7, Latin America stands for 3 % (Number of 
transports), 9 % (Volume) and 9 % (Sales) of the total compared to EMEA, North 
America and Asia Pacific. When studying the results of the claims Latin America 
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stands for 24 % of all the claims, and in addition has the highest average claim 
severity of the four figures (See section 3.7). 
With this information in mind, because the exposure is so low in relation to the high 
occurrence of claims, you can understand why the final results become what they are.  
 
We see the same pattern when studying Figure 4.2 and 4.3. The reason why 
Professional and Air give so high relativities can be explained by the underlying 
exposures. These two categories stand for the lowest distribution of both volume and 
number of transports in their respective class. Professional has a high percentage of 
the total amount of claims when compared with the other business sectors. Air has a 
low percentage of claims, but in relation to the transport data the results show that it 
is significantly high in relation to Land and Sea. Both Professional and Air has the 
lowest average claim severity in their specific class. In relation to the exposure 
measures being used, the claim frequency and the claim severity are high which also 
explains the results shown in the diagrams.  
 
Another aspect is the two different approaches for handling deductibles. We fit one 
model including all the claims and one model only including claims over 80 000 
SEK. By studying the Figure 4.3 we see that the results are in general the same apart 
from the specific case, namely Air. Regarding the results of Air, the two approaches 
give completely different results. With all claims, it is the type of transport with the 
highest relativity compared to the other approach, which proves that Air has a 
significantly low relativity. These results has led to several discussions regarding how 
we would interpret the values, but also what risk measure value the variable should 
be assigned to in our allocation program. We could explain one reason for the results, 
namely the underlying data in the models. When including all claims, Air has the 
highest relativity in relation to Land and Sea. On the other hand, due to that none of 
the claims exceed the deductible level of 80 000 SEK, the approach shows that Air 
should have a low risk measure. The question is which approach that represents the 
reality in the most appropriate way? Because the deductible is set to 80 000 one can 
argue that the risk measure should be very low, as the approach shows. On the other 
hand, there has occurred claims and regarding the relations between the exposure 
measures and the respective claims that gives the significantly high result, one can 
argue that the risk measure should be very high.  
 
What one can learn from these issues is that there is a difficulty to determine what 
result to choose when facing different results. The underlying data has a big impact 
on the results of our models due to the low amount of claims. We consider this 
matter to be open for further discussions in the future. 
 

5.8 Confidence Intervals 
 
In Figures 4.15 - 4.18 95% confidence intervals for the relativities for EMEA are 
shown. One conclusion from the figures is that when the number of claims increases 
the confidence level for the claim frequency decreases. A conclusion we can make is 
that when the number of claims increase it is easier to get a better fit to the model. 
This is not just valid for EMEA, it is a general trend that applies for all variables and 
we will refer to Appendix A for more information. The confidence interval for 
severity decreases when excluding the claims below the deductible level of 80 000 
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SEK. The big differences in claim severity will then disappear and the insecurity will 
decrease. 
 
It is though hard to make any definite conclusions about the risk by looking at the 
confidence intervals. What it tells us is that some relativities are more secure than 
others but not really if the relativity is fair or not. Because of the wide confidence 
intervals one can make the conclusion that it gives us more flexibility when 
determine the risk measures to the allocation program.  
 

5.9 Risk Measures 
 
Regarding the risk measures presented in Section 4.5.2 we faced an issue where we 
could not apply the results from our statistical models directly into the allocation 
program. Partly because some of our results were too extreme, the values would not 
be applicable in the program. Another matter is for example the fact that the regions 
used in the statistical program were compiled in such a way that making the safe 
positioning of the geographical risk measures of each specific country was difficult to 
determine. A third issue is the accuracy of the results themselves, an issue that we 
already have raised in previous parts of this discussion. Since we could not ensure 
the accuracy of the results, we used external knowledge with the help of our contacts 
at AIG before we transferred the results into the allocation program. 
 
We have based all of our risk measures on all the knowledge we have gained during 
this Master Thesis, including discussions with AIG and our supervisor at Electrolux. 
The difficulty is that there is no general way to determine our risk measures, namely 
to interpret the final geometric mean results from the models together with the risk 
values from AIG and translate the results into a specific measure value. Preferably we 
would want to trust the estimated risks from the model completely but we consider it 
as a great advantage to be able to discuss the risk measures with AIG that is one of 
the biggest insurance companies in the world.  Our conclusion is that all of the 
measures have an economic effect on the specific sales company's premium. By 
setting a wrongly based risk measure, in the end could have negative consequences.  
 

5.10 Evaluation of Allocation Program 
 
When studying one of the purposes of this Master´s Thesis, we wanted to evaluate 
the results of our allocation program with how the allocation was managed prior to 
this study. One can conclude that the results differ between the two methods. This 
can in one way be explained by that the premiums are calculated in different ways. 
When studying the results in Figure 4.4 we see that the premiums have changed, 
especially in favor of North America but unfavourable for EMEA. One can say that 
the biggest difference between the previous method of allocating the cargo insurance 
and our method is that the allocation is now based on statistical facts. The Risk 
Management department has now underlying facts that they can base their allocation 
on which is an improvement from before. 
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One aspect we thought would be interesting to discuss is what the effect on the 
premiums would be if the results using our determined risk measures shown in 4.5.2 
was compared with the results given by applying our actual risk measures from the 
two approaches using the geometrical mean shown in Tables 4.1-4.3 in Section 4.2. 
The results can be seen in Appendix D. What one can see is that the results differ 
significantly between the results using the geometric mean compared to the results 
shown in the actual report. The business sector that is affected the most is 
Professional Appliances and Small Appliances_ROW (Small Appliances Rest Of the 
World) has a big change in the premiums whilst the other sectors have to pay less. 
What one can question is if the results of the GLM models can directly be applied 
into the allocation program? Our general thoughts after this review is that by 
singlehandedly relying on the results, we feel that it is the wrong path to go.   
 

5.11 Final Thoughts 
 
By looking back at the mission from the company and at our goals with this study we 
can conclude that we have fulfilled our commitments. Before we initiated this 
project, Electrolux had an issue regarding their cargo insurance. We have solved this 
problem by defining and analysing different relevant risks using statistical models. 
The results lie as a basis for a premium allocation program. Compared how the 
allocation was designed prior to our project, Electrolux has now a user-friendly, 
customizable program that distributes the premiums to the included policyholders, 
with a statistical base. An issue that occur is for example that discussions between 
the policyholder and the Risk Management department regarding why a premium 
have increased/decreased. They have now a better knowledge of the risks the cargo 
insurance is facing, and can now easily argue for the premium that has been set. We 
have also used appropriate software that has been favourable by the end user.  
 
One other accomplishment is that we have managed to help AIG as well. Partly 
because they also will be using the program, were the work have been simplified, 
both concerning the claims itself but also by helping them with a method to manage 
the invoice handling. By our study we also have set a minimum standard of the 
reporting of the claims.  
 
By the method we have used during this project we have managed to survey the 
transport flows of Electrolux globally, which has not been done prior to this study. 
The same applies for the study itself. With this project it is the first time the Risk 
Management department has completed a Master Thesis study, which have proven 
to be useful for them. We have simplified the workload, both of the Risk 
Management department and AIG to their satisfaction. As stated before we have 
achieved our goal, but we also see opportunities for further studies in the future.  
 
We have gained a deeper understanding of the many challenges one face regarding 
the pricing of a non-life insurance policy. By determining explanatory variables and 
exposure measures, using statistical methods to analyse the results. We have 
received a complex problem and used our academic knowledge in order to find 
relevant ways to solve it. Considering all of these thoughts we are proude with the 
outcome of this Master Thesis.   
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Appendix A 
Volume-‐Region,	  BS	  &	  
Type	  of	  Transport	   Confidence	  intervals	  of	  severity	  

Confidence	  
intervals	  of	  
frequency	  

Explanatory	  variable	   Lower	   Relative	  severity	   Upper	   Lower	   Relative	  frequency	   Upper	  
EMEA	   0,26	   1,49	   7,19	   2,30	   3,03	   4,04	  
North	  America	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Latin	  America	   0,52	   3,11	   16,88	   2,72	   3,75	   5,22	  
Asia-‐Pac	   0,29	   2,21	   14,52	   0,84	   1,18	   1,67	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   0,90	   3,61	   13,69	   0,68	   0,95	   1,30	  
Professional	   1,24	   4,86	   24,93	   8,49	   11,21	   14,66	  
SEA	   0,40	   1,43	   5,01	   2,42	   3,01	   3,73	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   12,66	   69,82	   439,65	   5,74	   12,98	   25,43	  
 
Table A1 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region, Business sector and Type of transport are included in the 
model and the exposure is volume. The columns filled with blue color is the lower confidence 
interval for severity and frequency and the orange color is the upper confidence interval.  
 
 
Number	  of	  transports-‐Region,	  BS	  &	  
Type	  of	  Transport	   Confidence	  intervals	  of	  severity	   Confidence	  intervals	  of	  frequency	  
Explanatory	  variable	   Lower	   Relative	  severity	   Upper	   Lower	   Relative	  frequency	   Upper	  
EMEA	   0,19	   0,72	   2,71	   4,32	   5,65	   7,47	  
North	  America	   0,15	   0,81	   4,95	   1,74	   2,45	   3,44	  
Latin	  America	   0,87	   4,37	   23,48	   19,49	   26,65	   36,66	  
Asia-‐Pac	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   1,47	   4,80	   15,06	   0,47	   0,66	   0,91	  
Professional	   1,62	   5,63	   24,39	   5,08	   6,70	   8,74	  
SEA	   0,64	   1,87	   5,47	   3,03	   3,69	   4,49	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   1,48	   6,71	   36,57	   0,77	   1,73	   3,32	  
 
Table A2 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region, Business sector and Type of transport are included in the 
model and the exposure is number of transports.  
 
 
 
 
 
 
 
 
 
 



 72 

 
	  
Volume-‐Region	  &	  Type	  of	  Transport	   Confidence	  intervals	  of	  severity	   Confidence	  intervals	  of	  frequency	  
Explanatory	  variable	   Lower	   Relative	  severity	   Upper	   Lower	   Relative	  frequency	   Upper	  
EMEA	   0,54	   3,81	   23,70	   3,03	   3,96	   5,25	  
North	  America	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Latin	  America	   0,37	   2,26	   17,03	   1,11	   1,55	   2,17	  
Asia-‐Pac	   0,29	   2,74	   14,99	   2,47	   3,40	   4,74	  
SEA	   0,27	   1,27	   6,08	   2,79	   3,48	   4,33	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   7,26	   36,91	   201,78	   21,87	   48,37	   91,55	  
 
Table A3 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region and Type of transport are included in the model and the 
exposure is volume.  
	  
Number	  of	  transports-‐
Region	  &	  Type	  of	  
Transport	   Confidence	  intervals	  of	  severity	  

Confidence	  intervals	  of	  
frequency	  

Explanatory	  variable	   Lower	  
Relative	  
severity	  

Uppe
r	  

Lowe
r	  

Relative	  
frequency	  

Uppe
r	  

EMEA	   0,37	   1,26	   4,38	   4,45	   5,81	   7,67	  
North	  America	   0,19	   0,86	   4,05	   1,39	   1,95	   2,73	  
Latin	  America	   1,21	   4,98	   19,27	   15,21	   20,62	   28,10	  
Asia-‐Pac	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
SEA	   0,96	   2,82	   8,28	   3,27	   3,97	   4,80	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   2,74	   10,85	   41,45	   1,62	   3,58	   6,79	  
 
Table A4 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region and Type of transport are included in the model and the 
exposure is number of transports.  
 

Number	  of	  transports-‐Region	  &	  BS	  
Confidence	  intervals	  of	  
severity	   Confidence	  intervals	  of	  frequency	  

Explanatory	  variable	   Lower	  
Relative	  
severity	   Upper	   Lower	   Relative	  frequency	   Upper	  

EMEA	   1,03	   3,88	   14,91	   5,91	   7,68	   10,09	  
North	  America	   0,87	   4,34	   24,66	   2,41	   3,38	   4,74	  
Latin	  America	   6,35	   30,00	   161,89	   33,01	   44,56	   60,55	  
Asia-‐Pac	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Major	  appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  appliance	   1,35	   4,86	   16,51	   0,63	   0,89	   1,21	  
Professional	   1,27	   4,74	   20,93	   6,75	   8,81	   11,40	  
 
Table A5 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region and Business sector are included in the model and the 
exposure is number of transports.  
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Volume-‐Region	  &	  BS	   Confidence	  intervals	  of	  severity	   Confidence	  intervals	  of	  frequency	  
Explanatory	  variable	   Lower	   Relative	  severity	   Upper	   Lower	   Relative	  frequency	   Upper	  
EMEA	   0,28	   1,50	   7,50	   2,22	   2,92	   3,90	  
North	  America	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Latin	  America	   0,66	   3,63	   20,06	   5,37	   7,24	   9,82	  
Asia-‐Pac	   0,20	   1,26	   6,83	   1,01	   1,42	   2,00	  
Major	  appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  appliance	   1,43	   5,78	   21,43	   0,79	   1,11	   1,51	  
Professional	   1,43	   6,02	   30,81	   10,87	   14,24	   18,46	  
 
Table A6 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region and Business sector are included in the model and the 
exposure is volume.  
 

Sales-‐Region	  &	  BS	   Confidence	  intervals	  of	  severity	  

Confidence	  
intervals	  
of	  
frequency	  

Explanatory	  variable	   Lower	  	   Relative	  severity	   Upper	  	   Lower	  	   Relative	  frequency	   Upper	  	  
EMEA	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
North	  America	   0,33	   1,44	   6,91	   0,32	   0,43	   0,57	  
Latin	  America	   1,86	   7,73	   35,95	   3,74	   4,79	   6,12	  
Asia-‐Pac	   0,96	   3,90	   15,33	   1,12	   1,48	   1,94	  
Major	  appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  appliance	   1,97	   7,02	   23,75	   0,73	   1,03	   1,41	  
Professional	   0,85	   3,33	   15,18	   2,57	   3,38	   4,41	  
 
Table A7 : The results from the statistical model when no claims have been excluded. The 
explanatory variables Region and Business sector are included in the model and the 
exposure is Sales.  
 
In this section are the result from the models when we have used a deductible level of 
80 000 kronor. Due to the design of the model the variable AIR is removed hence, 
the explanatory variable only has two categories.    
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Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Volume-‐Region	  
BS	  Type	   Lower	   Severity	   Upper	   Lower	   Frequency	   Upper	  
EMEA	   0,85	   2,76	   8,69	   1,42	   2,42	   4,24	  
North	  America	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Latin	  America	   0,84	   2,70	   8,92	   2,96	   5,32	   9,80	  
Asia-‐Pac	   1,04	   4,25	   17,90	   0,43	   0,97	   2,06	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   1,12	   2,92	   7,70	   0,59	   1,12	   1,98	  
Professional	   2,20	   7,67	   35,40	   0,86	   2,96	   7,50	  
SEA	   0,68	   1,63	   4,00	   1,28	   2,05	   3,20	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   0,02	   0,15	   1,50	   0,77	   14,2	   72,00	  
 
Table A8 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region, Business sector 
and Type of transport are included in the model and the exposure is volume.  
 
 

 

Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Number	  of	  
transports-‐Region	  
BS	  Type	   Lower	   Severity	   Upper	   Lower	   Frequency	   Upper	  
EMEA	   0,26	   0,88	   2,77	   2,03	   4,00	   8,47	  
North	  America	   0,12	   0,45	   1,57	   1,00	   2,00	   4,60	  
Latin	  America	   1,02	   3,71	   12,99	   12,70	   24,50	   52,00	  
Asia-‐Pac	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   1,21	   2,97	   7,46	   0,41	   0,78	   1,39	  
Professional	   3,04	   9,93	   41,06	   0,56	   1,70	   4,67	  
SEA	   0,95	   2,18	   5,08	   2,07	   3,10	   4,51	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   0,00	   0,02	   0,13	   0,25	   1,32	   6,20	  
 
Table A9 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region, Business sector 
and Type of transport are included in the model and the exposure is number of transports.  
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 Confidence	  itervals	  of	  severity	   	   Confidence	  intervals	  of	  frequency	  
Volume	  Region	  &	  BS	   Lower	   Severity	   Upper	   Lower	   Frequency	   Upper	  
EMEA	   0,89	   2,08	   4,50	   1,38	   2,34	   4,09	  
North	  America	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Latin	  America	   1,33	   3,00	   6,77	   4,63	   7,84	   13,69	  
Asia-‐Pac	   1,58	   3,70	   8,20	   0,49	   1,13	   2,40	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   3,96	   7,30	   13,50	   0,66	   1,26	   2,22	  
Professional	   18,50	   34,00	   63,30	   1,23	   3,95	   9,93	  
 
Table A10 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region and Business 
sector are included in the model and the exposure is volume.  
 
 

 

Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Number	  of	  transports-‐
Region	  BS	   Lower	  

Severit
y	   Upper	   Lower	  

Frequenc
y	  

Uppe
r	  

EMEA	   0,65	   0,85	   1,20	   2,20	   4,1	   8,70	  
North	  America	   0,44	   0,64	   0,90	   1,10	   2,19	   4,90	  
Latin	  America	   2,53	   3,48	   4,74	   14,50	   28,1	   59,70	  
Asia-‐Pac	   1,00	   1	   1,00	   1,00	   1	   1,00	  
Major	  Appliance	   1,00	   1	   1,00	   1,00	   1	   1,00	  
Small	  Appliance	   4,50	   5,9	   7,70	   0,53	   1,02	   1,78	  
Professional	   20,00	   26,2	   34,20	   0,69	   2,28	   5,60	  
 
Table A11 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region and Business 
sector are included in the model and the exposure is number of transports.  
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Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Sales-‐	  Region	  &	  BS	   Lower	   Severity	   Upper	   Lower	   Frequency	   Upper	  
EMEA	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
North	  America	   0,60	   0,65	   0,72	   0,27	   0,49	   0,83	  
Latin	  America	   3,75	   4,00	   4,35	   4,09	   6,41	   10,07	  
Asia-‐Pac	   3,79	   4,00	   4,30	   0,40	   0,83	   1,60	  
Major	  Appliance	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
Small	  Appliance	   6,39	   6,50	   7,25	   0,61	   1,18	   2,06	  
Professional	   6,54	   6,89	   7,74	   0,21	   0,70	   1,73	  
 
 
Table A12 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region and Business 
sector are included in the model and the exposure is sales.  
 

 

Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Number	  of	  
transports	  	  Region	  
Typ	   Lower	   Severity	   Upper	   Lower	   Frequency	   Upper	  
EMEA	   0,02	   0,14	   0,98	   4,62	   8,90	   19,00	  
North	  America	   0,02	   0,17	   1,25	   2,15	   4,50	   10,00	  
Latin	  America	   0,19	   1,58	   12,90	   31,00	   61,30	   131,00	  
Asia-‐Pac	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
SEA	   0,70	   3,23	   13,90	   2,07	   2,93	   4,44	  
LAND	   1,00	   1,00	   1,00	   1,00	   1,00	   1,00	  
AIR	   0,00	   0,02	   0,22	   0,08	   1,39	   6,40	  
 
 
 
Table A13 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region and Type of 
transport are included in the model and the exposure is number of transports.. 
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Confidence	  intervals	  of	  
severity	  

	  
Confidence	  intervals	  of	  frequency	  

Volume	  Region	  Type	   Lower	  
Severit
y	   Upper	   Lower	  

Frequenc
y	  

Uppe
r	  

EMEA	   0,16	   1,11	   7,50	   1,49	   2,53	   4,41	  
North	  America	   1,00	   1	   1,00	   1,00	   1	   1,00	  
Latin	  America	   0,34	   2,33	   15,70	   3,10	   5,124	   9,46	  
Asia-‐Pac	   2,88	   26,7	   220,00	   0,37	   0,887	   1,93	  
SEA	   0,55	   2,9	   12,90	   1,35	   2,157	   3,43	  
LAND	   1,00	   1	   1,00	   1,00	   1	   1,00	  
AIR	   0,00	   0,027	   0,40	   1,20	   21	   97,00	  
 
Table A14 : The results from the statistical model when the claims below the deductible level 
of 80 000 kronor have been excluded. The explanatory variables Region  and Type of 
transport are included in the model and the exposure is volume.  
 

Appendix B 
 
Country Total Premium Last years Premium Change in Premium 
Austria 23719 26536 -2817 
Belgium 39213 34717 4496 
Czech Republic 18864 17588 1276 
Croatia 5078 3925 1153 
Denmark 25236 30864 -5627 
Estonia 4312 4188 124 
Finland 36821 44329 -7508 
France 135012 118949 16063 
Germany 170041 169329 712 
Greece 7698 7880 -182 
Hungary 21849 16161 5689 
Ireland 11877 7726 4150 
Italy 354045 184207 169838 
Latvia 2702 3169 -467 
Lithuania 7087 5582 1505 
Luxemburg 3607 3368 239 
Netherlands 36236 39035 -2799 
Norway 22198 17722 4476 
Romania 8077 9074 -997 
Russia 120827 55087 65741 
Slovenia 3326 2143 1183 
Slovakia 10693 13195 -2502 
South Africa 33775 9609 24167 
Spain 37454 35873 1581 
Sweden 222761 181182 41578 
Turkey 49692 28164 21528 
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Poland 43732 36698 7034 
Portugal 7239 7398 -159 
UK 99245 101834 -2589 
Ukraine 68963 11027 57936 
Australia 187009 229425 -42416 
China 288584 261917 26668 
Indonesia 14603 29383 -14780 
Japan 14915 66286 -51371 
Korea 14750 46171 -31421 
Malaysia 46607 40861 5746 
New Zealand 17326 42991 -25665 
Philippines 20279 30979 -10701 
Singapore 36354 44429 -8075 
Thailand 55979 64397 -8418 
Taiwan 7231 7699 -468 
Viet Nam 42002 58694 -16692 
Argentina 733694 1119849 -386155 
Chile 1242207 600281 641926 
Colombia 611793 194631 417162 
Ecuador 132057 120439 11618 
Mexico 382188 1101522 -719334 
Peru 190172 93376 96795 
Venezuela 39363 22500 16863 
Canada 77863 113603 -35740 
Puerto Rico 3234 6275 -3041 
USA 707858 975181 -267323 
 
Figure B1: Full summary of the premium allocation divided into countries included in the 
cargo insurance.  
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Appendix C 

 
 
Table C1: Risk measures received from AIG. 
 
 

Appendix D 
 
 
Main Sector Total Premium Last years Premium Change in Premium 
EMA_LA 927853 2996540 -2068687 
EMA_E 630991 795841 -164850 
EMA_AP 79260 726156 -646896 
North America 157824 1095059 -937235 
Small Appliances_E 255319 98886 156434 
Small Appliances_ROW 684851 427442 257409 
Professional 3761352 357526 3403826 
Total 6497449 6497449 0 

Table D1: Summary of the change in premium divided by business sectors, using only the 
results from our first approach of the geometric mean risk measures. 
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Main Sector Total Premium Last years Premium Change in Premium 
EMA_LA 2267676 2996540 -728864 
EMA_E 684748 795841 -111093 
EMA_AP 152942 726156 -573214 
North America 162222 1095059 -932837 
Small Appliances_E 244088 98886 145202 
Small Appliances_ROW 1427287 427442 999845 
Professional 1558486 357526 1200960 
Total 6497449 6497449 0 

Table D2: Summary of the change in premium divided by business sectors, using only the 
results from our first approach of the geometric mean risk measures. 
 

Appendix E 
 
The code is our statistical model and is used to define the relativities of the 
explanatory variables. The program is working in a similar way for all of the models 
hence; we will present some examples of the code that are used to achieve our 
results. The reader has to execute some actions to change between the different 
models. The source of the information has to be changed when shifting the amount 
of parameters. Changing the excel-file that should be read into the program does 
this.  
 
 
The code describes the model with the three explanatory variables Region, BS and 
Type. The weight of the model is set to be volume.  
 
# The program are creating a table from the source of the Excel-file. 
Because of the CSV format (Comma separated values file) the information has 
to be separated with a semicolon  
table.1.3 <- read.csv ("C:\\slutgiltig\\slutgiltig.csv", sep=";", dec=",") 
table.1.3 
 
# The information is extracted from the file using the variable names (zon, 
BS and Typ) and are denoted with the more descriptive terms Region, 
Business sector and Type of transports. The information is placed in a 
vector.  
rating.factor <- 
    with(table.1.3, 
         c(rep("Region", nlevels(Zon)), 
           rep("Business sector", nlevels(BS)), 
           rep("Type of transport", nlevels(Typ)))) 
rating.factor 
 
# This part keep track of the amount of categories of the explanatory 
variable. In our case the regions are EMEA, North America, Latin America 
and Asia-Pacific this information is extracted from the variable Zon. It 
will then be a vector from 1-4 that denotes the four regions.  
class.num <- with(table.1.3, c(levels(Zon), levels(BS), levels(Typ))) 
class.num 
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# The exposure in this model is the volume are summarized of the categories 
within each explanatory variable. This three first parts are created for 
the presentation of the results in the end. 
Volym.total <- 
    c(with(table.1.3, tapply(Volym, Zon, sum)), 
      with(table.1.3, tapply(Volym, BS, sum)), 
      with(table.1.3, tapply(Volym, Typ, sum))) 
Volym.total 
 
# The category that have the largest exposure will be the variable that 
will be set to one. This is done for each of the explanatory variables. 
 
Zon.base <- which.max(Volym.total[1:4]) 
BS.base   <- which.max(Volym.total[5:7])  
Typ.base  <- which.max(Volym.total[8:10]) 
 
# Then the vectors for the explanatory variables are set to a vector as 
factor values. This is done to insure that the modeling functions will 
treat the data correctly. The factor function define the amount of 
categories in every explanatory variable.  
table.1.3$Zon <-factor(table.1.3$Zon) 
table.1.3$BS <-factor(table.1.3$BS) 
table.1.3$Typ <-factor(table.1.3$Typ) 
 
# Contrasts are needed when one wants to fit a model with factors as 
explanatory variables. The contrasts are set up as dummy variables to be 
able to compare the individual explanatory variables against each other. 
The base are used for define the base value, that will be one.  
Contrasts table.1.3$Zon) <- contr.treatment(nlevels(table.1.3$Zon), base = 
Zon.base) 
Contrasts table.1.3$BS) <- contr.treatment(nlevels(table.1.3$BS), base = 
BS.base) 
Contrasts table.1.3$Typ) <- contr.treatment(nlevels(table.1.3$Typ), base = 
Typ.base) 
 
# The GLM function are used to fit the explanatory variables to the claim 
frequency data.  
m <- glm(Antalskador ~ Zon + BS + Typ + offset(log(Volym)),  
  data = table.1.3, family = poisson("log")) 
m 
# The beta parameters are transformed to relativities using the link 
function.  
rels <- exp( coef(m)[1] + coef(m)[-1] ) / exp(coef(m)[1]) 
rels 
 
# Create vectors with the relativities for each of the explanatory 
variable. 
rm.Zon <- c(1, rels[1:3])[rank(-Volym.total[1:4], ties.method = "first")]  
rm.BS   <- c(1, rels[4:5])[rank(-Volym.total[5:7], ties.method = "first")] 
rm.Typ  <- c(1, rels[6:7])[rank(-Volym.total[8:10], ties.method = "first")] 
 
# The GLM function are used to fit the explanatory variables to the claim 
severity data. 
g <- glm(Skadevarde ~ Zon + BS + Typ + offset(log(Volym)),  
 data = table.1.3[table.1.3$Skadevarde > 0, ], family = Gamma("log")) 
g 
relg <- exp( coef(g)[1] + coef(g)[-1] ) / exp(coef(g)[1]) 
relg 
 
# Create vectors with the relativities for each of the explanatory 
variable. 
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rg.Zon <- c(1, relg[1:3])[rank(-Volym.total[1:4], ties.method = "first")] 
rg.BS   <- c(1, relg[4:5])[rank(-Volym.total[5:7], ties.method = "first")] 
rg.Typ  <- c(1, relg[6:7])[rank(-Volym.total[8:10], ties.method = "first")] 
 
# A table are created that shows the explanatory variables, the categories 
within the variables, the weight to the respective category, the claim 
severity and the claim frequency.  
 
table.1.5 <- 
    data.frame(Explanatory_variables = rating.factor, Class = class.num, 
               Volym = Volym.total, 
               Rel.severity = c(rg.Zon, rg.BS, rg.Typ), 
   Rel.frequence = c(rm.Zon, rm.BS, rm.Typ)) 
save(table.1.5, file = "table.1.5.RData") 
print(table.1.5, digits = 3) 
 
 
#Confidence interval for the claim frequency 
conffreq <- confint(m) 
conffreq 
#Confidence interval for the claim severity 
confsev <- confint(g) 
confsev 
 
 
This code describes the model with the two explanatory variables Region and 
Business sector. The source has to be changed since we change the number of 
parameters. The weight of the model is number of transports but will just be changed 
in the code.  
 

 
Figure 2: This is how the CSV file looks like when using the 
variables Region and BS. The exposures and the claims have 
been summarized to fit the variables.  
 
table.1.3 <- read.csv ("D:\\program\\dropbox\\Dropbox\\exjobb\\excel-
filer\\slutgiltig\\Region BS sales.csv", sep=";", dec=",") 
table.1.3 
 
# The program will extract data for the two variables Zon and BS. 
rating.factor <- 
    with(table.1.3, 
         c(rep("Världsdel", nlevels(Zon)), 
           rep("Business Sektor", nlevels(BS)))) 

Region Zon BS Antaltransporter TransportdagarVolym Antalskador Skadevarde Sales
EMEA 1 1 174659 321488 7891637 114 244370 28610224
EMEA 1 2 21258 28698 548023 18 178166 3303573
EMEA 1 3 8202 13248 189065 74 59380 4752504
North	  America 2 1 178636 36638 9554926 62 152237 33893104
North	  America 2 2 19985 5657 952714 6 253950 2455982
North	  America 2 3 322 434 13500 0 0 238471
Latin	  America 3 1 22103 37607 2139169 104 186817 4957752
Latin	  America 3 2 3256 13212 307993 9 245501 535467
Latin	  America 3 3 15 138 32 0 0 1
Asia-‐Pac 4 1 448896 46691 4262142 61 340533 8634677
Asia-‐Pac 4 2 81154 5037 774053 8 13561 1614764
Asia-‐Pac 4 3 22964 6204 213762 4 44044 355007
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rating.factor 
 
# See previous example 
class.num <- with(table.1.3, c(levels(Zon), levels(BS))) 
class.num 
 
# The exposure in this model is the number of transports and are summarized 
for the categories within each explanatory variable. 
 
Volym.total <- 
    c(with(table.1.3, tapply(Antaltransporter, Zon, sum)), 
      with(table.1.3, tapply(Antaltransporter, BS, sum))) 
Volym.total 
 
# The following procedures are explained in the previous code. The 
difference is that we have excluded one explanatory variable and changed 
the weights.  
Zon.base <- which.max(Volym.total[1:4]) 
BS.base  <- which.max(Volym.total[5:7]) 
 
table.1.3$Zon <-factor(table.1.3$Zon) 
table.1.3$BS <-factor(table.1.3$BS) 
 
contrasts(table.1.3$Zon) <- contr.treatment(nlevels(table.1.3$Zon), base = 
Zon.base) 
contrasts(table.1.3$BS) <- contr.treatment(nlevels(table.1.3$BS), base = 
BS.base) 
 
m <- glm(Antalskador ~ Zon + BS + offset(log(Antaltransporter)),  
  data = table.1.3, family = poisson("log")) 
m 
rels <- exp( coef(m)[1] + coef(m)[-1] ) / exp(coef(m)[1]) 
rels 
rm.Zon <- c(1, rels[1:3])[rank(-Volym.total[1:4], ties.method = "first")]  
rm.BS   <- c(1, rels[4:5])[rank(-Volym.total[5:7], ties.method = "first")] 
 
 
g <- glm(Skadevarde ~ Zon + BS + offset(log(Antaltransporter)),  
 data = table.1.3[table.1.3$Skadevarde > 0, ], family = Gamma("log")) 
g 
relg <- exp( coef(g)[1] + coef(g)[-1] ) / exp(coef(g)[1]) 
relg 
rg.Zon <- c(1, relg[1:3])[rank(-Volym.total[1:4], ties.method = "first")] 
rg.BS   <- c(1, relg[4:5])[rank(-Volym.total[5:7], ties.method = "first")]  
rg.BS 
 
# A table are created that shows the explanatory variables, the categories 
within the variables, the weight to the respective category, the claim 
severity and the claim frequency.  
table.1.5 <- 
    data.frame(Explanatory_variable = rating.factor, Volym = Volym.total, 
                  Rel.severity = c(rg.Zon, rg.BS), 
   Rel.frequence = c(rm.Zon, rm.BS)) 
save(table.1.5, file = "table.1.5.RData") 
print(table.1.5, digits = 3) 
 
 
#Confidence interval for the claim frequency 
conffreq <- confint(m) 
conffreq 
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#Confidence interval for the claim severity 
confsev <- confint(g) 
confsev 

 
This code describes the model with the two explanatory variables Region and Type of 
transport. The source has to be changed since we change the set of parameters. The 
weight of the model is number of transports but will just be changed in the code.  
 

 
Figure 3: This is how the CSV file looks like when using the 
variables Region and Typ. The exposures and the claims have 
been summarized to fit the variables. 
 
table.1.3 <- read.csv ("D:\\program\\dropbox\\Dropbox\\exjobb\\excel-
filer\\slutgiltig\\Region typ.csv", sep=";", dec=",") 
table.1.3 
 
# The program will extract data for the two variables Zon and Typ. 
rating.factor <- 
    with(table.1.3, 
         c(rep("Världsdel", nlevels(Zon)), 
           rep("Transporttyp", nlevels(Typ)))) 
rating.factor 
 
# See previous example.  
class.num <- with(table.1.3, c(levels(Zon), levels(Typ))) 
class.num 
 
# The exposure in this model is the number of transports and are summarized 
for the categories within each explanatory variable. 
Volym.total <- 
    c(with(table.1.3, tapply(Antaltransporter, Zon, sum)), 
      with(table.1.3, tapply(Antaltransporter, Typ, sum))) 
Volym.total 
 
# The following procedures are explained in the previous code. The 
difference is that we have excluded the explanatory variable BS and 
included the variable Typ.  
Zon.base <- which.max(Volym.total[1:4]) 
Typ.base  <- which.max(Volym.total[5:7]) 
 
table.1.3$Zon <-factor(table.1.3$Zon) 
table.1.3$Typ <-factor(table.1.3$Typ) 

Region Zon Typ Antaltransporter TransportdagarVolym Antalskador Skadevarde
EMEA 1 1 36234 29653 681737 57 116052
EMEA 1 2 166429 328472,9 7943300 146 64467
EMEA 1 3 1456 5308 3687,9 3 16713
North	  America 2 1 37052 13670 1199632 47 53291
North	  America 2 2 161403 26900,3 9316932 21 106217
North	  America 2 3 488 2159 4575,8 0 0
Latin	  America 3 1 7494 33450 1682618 43 87390
Latin	  America 3 2 17429 15829,7 762966,2 69 102163
Latin	  America 3 3 451 1677 1609,3 1 908
Asia-‐Pac 4 1 31527 21464 1606610 62 35580
Asia-‐Pac 4 2 520322 33105 3637736 7 246934
Asia-‐Pac 4 3 1165 3363 5611,7 4 14768
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contrasts(table.1.3$Zon) <- contr.treatment(nlevels(table.1.3$Zon), base = 
Zon.base) 
contrasts(table.1.3$Typ) <- contr.treatment(nlevels(table.1.3$Typ), base = 
Typ.base) 
 
 
m <- glm(Antalskador ~ Zon + Typ + offset(log(Antaltransporter)),  
  data = table.1.3, family = poisson("log")) 
m 
rels <- exp( coef(m)[1] + coef(m)[-1] ) / exp(coef(m)[1]) 
rels 
rm.Zon <- c(1, rels[1:3])[rank(-Volym.total[1:4], ties.method = "first")]  
rm.Typ   <- c(1, rels[4:5])[rank(-Volym.total[5:7], ties.method = "first")] 
 
# A table are created that shows the explanatory variables, the categories 
within the variables, the weight to the respective category, the claim 
severity and the claim frequency.  
g <- glm(Skadevarde ~ Zon + Typ + offset(log(Antaltransporter)),  
 data = table.1.3[table.1.3$Skadevarde > 0, ], family = Gamma("log")) 
g 
relg <- exp( coef(g)[1] + coef(g)[-1] ) / exp(coef(g)[1]) 
relg 
rg.Zon <- c(1, relg[1:3])[rank(-Volym.total[1:4], ties.method = "first")] 
rg.Typ   <- c(1, relg[4:5])[rank(-Volym.total[5:7], ties.method = "first")]  
 
table.1.5 <- 
    data.frame(Explanatory_variable = rating.factor, Volym = Volym.total, 
                  Rel.severity = c(rg.Zon, rg.Typ), 
   Rel.frequence = c(rm.Zon, rm.Typ)) 
save(table.1.5, file = "table.1.5.RData") 
print(table.1.5, digits = 3) 
 
#Confidence interval for the claim frequency 
conffreq <- confint(m) 
conffreq 
#Confidence interval for the claim severity 
confsev <- confint(g) 
confsev 
 
 
 

 


