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Abstract 

In this paper it will discussed how the changes in the interest rate curve will affect the size of the balance 

and thus the equity of the reinsurance industry. This thesis uses Munich Re as a case to represent the 

market, and thus the thesis will analyze data from their balance sheets to answer the problem statement.  

The thesis provides an overall introduction to the reinsurance industry and will introduce the contract 

types and the market participants.  

It will then be discussed how macro- and internal factors are driving the industry. This will be presented 

in an external and internal analysis of the industry and which strengths, weaknesses, opportunities and 

threats the industry is facing.   

The new Solvency II regime will be discussed and which impact this has on the industry. It will further be 

discussed how the financial markets are impacting the model and how interest rates and bonds are 

threaded in the model and why rating is utmost importance. A few issues around the handling of the 

interest rate in the model will also be discussed along with the actuarial methods of determine future 

liabilities.  

Interest rate and bond theory will be discussed and the methodology of how to approach, analyze and 

execute the final analysis of the problem statement will be concluded.  

An analysis of the Munich Re’s Groups balance sheet will be made using a reformulation of the income 

statement and the balance sheet. This will, along with the market analysis, form part of the budgeting. 

The budgeting and the analysis of the balance sheet will provide data for the calculation of the problem 

statement. The bond categories on the balance sheet will be calculation individually to find the key 

performance indicators to execute the analysis of the problem statement.  

Finally, the analysis and the impact of changing interest rates will be calculated. The conclusion of this 

paper is, that the reinsurance industry will have a negative impact on the size on their balance and sheet 

and as a consequence their equity. 
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1. Introduction and background 

Today, the financial market is in a state never seen before. The governments and central banks have, following 

the financial crisis, led an aggressive monetary policy and as a consequence, the interest rate is historically low. 

However, the FED has announced that they intend to increase the interest rate during the years to come. This 

poses a potential challenge in relation to the size of the reinsurance industry’s balance sheet and equity. 

The valuation of bonds correlates with the interest rate, since the price of a bond is its discounted cash-flow. 

The liabilities on the reinsurers’ balance sheet are, to a great extent, claims that has to be discounted. 

Consequently, the final impact of changes in the interest rate would be the net effect of the changes in the 

overall balance sheet. 

The reinsurance industry’s business model is to transfer risk from the liabilities of insurance companies to their 

own balance sheet and receive a premium for mitigating that risk. The reinsurance companies take risk on their 

liabilities on the balance sheet. As a consequence, the industry is investing heavily in fixed-income securities to 

have a stable asset side with a stable return on investments and which allows them to take as little risk on the 

assets as possible. 

Due to the reinsurance business model, there is a clear correlation between the interest rate curve, and the 

reinsurer’s balance sheet and equity. Given the current interest rate environment and the announcements 

from FED, this paper examines further to what extent this correlation impacts the reinsurance industry. 

 

1.1 Purpose of this paper and problem statement  

The purpose of this paper is to determine to which the extent the changes in the interest rate curve has on the 

balance sheet and as a consequence their equity. In this paper it will be discussed and concluded how these 

changes will impact the assets (bonds) on the balance sheets and to what extend these changes will influence 

the size of the balance sheet. The scope of the research is limited to Munich Re who in this paper will represent 

the insurance industry as a whole. Through the research this paper will conclude on the following problem 

statement:  

To what extend does changes in the interest rate curve impact the reinsurance industry’s balance sheet? 
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1.2 Delimitation and assumptions 

In a perfect world (re)insurance companies hedges their liabilities – future claims provisions – by matching the 

maturity/duration of their assets (bonds) and the future claims provisions. This hedge will neutralize the increase 

/ decrease of the liabilities if the interest rate will decrease / increase. The assumption is, that the industry 

discount their liabilities with a zero coupon interest rate. The effect being, if the hedge is 100% correlated, the 

assets and liabilities will move 1:1 with changes in the interest rate (proportionally). A further assumption is, that 

the asset side (bonds) of the industry is greater than the liabilities (claims). Therefore, the impact of a switch in 

the interest rate cure will be net sum of the changes on the assets and liabilities. As the assets are higher than 

the liabilities this will un-doubtfully have a net impact on the balance sheet of the industry.  

In this paper, derivatives as a whole has not been taken into account when assessing the impact of changing 

interest rates on the balance sheet and thereby hedging in general has been delimitated.  

All bonds on the balance sheet are assumed to be standing loans, which is the most used type of loan for 

government bonds. Therefore delimitation is made especially for corporate bonds whereby there typically will 

be a mix of different loan types but for the purpose of this paper this are assumed to be standing loans.  

It is assumed that there is no arbitrage in the market and thus the discounted cash-flow of the bonds is always 

equal to the present value of the bond traded in the market.  

It is assumed that bonds are following the bond market convention meaning that there will be N interest rate 

attributions during the life-time of the bond.  

For the purpose of this paper it is assumed that all bonds in the portfolio has been bought at 31.12.17 with the 

correlating characteristics i.e. effective interest rate and coupons / yields.  

In the balance sheet there are government bonds connecting to “European Other”. In this paper the United 

Kingdom government bond has been chosen as the proxy for this portfolio as it is one of the most liquid bonds 

in the European market. The government bond “Other” is in this paper represented as the Japanese government 

bond as this, like the UK bond, is one of the most liquid bonds outside of Europe. All other bonds are as per 

31.12.17.  

For corporate bond the S&P 500 AAA, AA and BBB Investment Grade Bond Index has been chosen as the proxy. 

It has not been possible to find similar indexes for A, lower than BBB or no-rating corporate indexes and thus the 
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average variables; effective interest rate, yield, duration and convexity has been estimated based on the above 

mentioned available indexes.  

In this paper the industry has been delimitated to Munich Re who will represent the reinsurance market as a 

whole. 

   

1.3 Theoretical approach and data processing  

The data collected and handled in this paper is mainly secondary data. The data used to analyse the industry’s 

balance sheets are the annual reports from Munich Re. The data gathered to determine and discuss the 

investment portfolio, and thereby the bonds, of Munich Re has all been gathered from investment web-sites for 

example Bloomberg. The general information gathered in this paper is from various sources such as online news 

articles, scientific articles released by universities, broking-houses etc. In this paper a range of theories will be 

discussed and used to answer the problem statement.  

In chapter 6 the external model PEST has been chosen to analyse and discuss the macro-factors impacting the 

reinsurance industry. For the internal analysis the value-chain model has been chosen in order to discuss how 

the industry creates value through their activities. Finally, these will be concluded in a SWOT-analysis, which will 

assist in the overall understanding of the market and the problems they are facing as well as assisting in the 

budgeting.  

In chapter 7 a Solvency II expert (Christian Vangsgård Jørgensen, Actuary at Alpha Insurance) has been 

interviewed with the purpose of discussing the implications that interest rates and rating of bonds have on the 

Solvency II ratio and thereby a crucial key indicator for the industry.   

In chapter 8 a variety of theories will be discussed. For interest rates, Irwin Fishers theory of consumers’ creation 

of the interest rate will be introduced. Following this theory Irwin Fishers Fisher-effect, Mundell-Tobin-effect and 

the liquidity-effect will be discussed.  

For bonds the theoretic approach for calculating the key indicators will be presented. These are; zero-coupon 

rate, present value of bonds, effective interest rate, duration and convexity. Two theories of how these key 

indicators can be used to calculate the impact of changes in the interest rate are the Dahl’s model and the BPV-

model. Chapter 5 thereby lays the ground for the theoretical approach when doing the final analysis and 

answering the problem statement.  
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In Chapter 10 the data from the annual reports will be discussed and the income statement and the balance 

sheet will both be reformulated. The budgeting will also be done and discussed.   

Chapter 11 will conclude the analysis by using the BPV-model based on the findings in Chapter 10.  
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2. Reinsurance at a glance 

Insurance has existed for thousands of years. The first insurance transactions can be dated back to 3.000 BC in 

China, Babylonia and Sumer. Chinese merchants pooled together their risk of losing their cargo at sea. This was 

the first sign of solidarity in a society or group, which is the essence and nature of the insurance industry. After 

the Code of Hammurabi, which allowed the transfer of risk from merchants to moneylenders, the merchants 

would pay an extra premium to the lenders, making them cancel the loan, should the merchant’s cargo or ship 

be stolen or damaged. For the merchant a loss of that magnitude would usually mean the end for him and his 

family thus providing a financial stability and security.i Later, the policy was extended to cover the merchant’s 

home and family.  

The Greeks and Romans was the first to lay ground for the health and life insurance around 600 BC. They created 

benevolent societies, which looked after bereaved families, as well as paying funeral expenses for their 

members.ii 

At the end of the 17th century, Edward Lloyd’s coffee bar, located on 16 Lombard Street, London, specialized in 

providing not only coffee to his costumers, but also intelligence about the maritime world. This endeavour 

attracted underwriters from all around London who entered into insurance policies to cover the global maritime 

world. This laid the foundation of the institution, which today is known as Lloyds of London. Lloyds of London 

has over the past 325 years provided specialized insurance and reinsurance solutions worldwide.iii. 

Today, insurance is one of the largest industries in the world with a projected gross written premium of EUR 3.6 

trillion in 2016iv. According to the World Bank the GDP in 2016 was $75.845 trillionv thus the global insurance 

industry accounts for roughly 5% of the total world GDP.  

Reinsurance is in short terms insurance for insurance companies. A reinsurance contract is a binding contract 

entered between two parties: A) an insurance company – the buyer, and B) a reinsurance company – the seller. 

The essence of entering into a reinsurance contract is similar to a costumer taking out a traditional insurance 

policy from an insurance company, meaning that the insurance company pays a premium in order to transfer 

parts or whole of their liabilities from their balance sheet to the reinsurer’s balance sheet. The purpose of buying 

reinsurance can be many-fold but the main motivations are to mitigate risk on the balance sheet, use it as a 

financial instrument to maximize the capital that is available to grow and write more business, market 

intelligence etc. In 2016 the new Basel rules – Solvency II, which will be discussed later in this paper – was 

introduced to the global market. This means that insurance companies, in part of the world, must comply with 
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these new Solvency II rules. Under these new rules an insurance company is granted more Solvency, and 

therefore capital relief from buying reinsurance. It is often that more than one reinsurer is participating on one 

reinsurance program.  

The reinsurance industry is a very important market for the general insurance industry mitigating large impacts 

on the general insurers’ balance sheets. It is estimated that the total reinsurance capital available for insurers to 

trade risk is US$ 600 bn.vi, meaning the capital which reinsurers makes available to insurance companies to 

mitigate such risks.  

The capital offered and available are dominated by the traditional reinsurance markets and accounts for 

approximately 86% of the total market see the below table:  

 

Figure 1. Overview of reinsurance capacity. vii 

The traditional reinsurance market is dominated by few large corporations whose core business model is to 

provide both capacity and solvency solutions for direct insurance companies. Therefore, they perform thorough 

asset and liability management and does predominately take risk on their liabilities. Taking risk on their liabilities 

is the essence of insurance and thus to mitigate balance sheet risk the (re)insurance companies are investing 

heavily in strong and less volatile assets such as rated bonds, both corporate and traditional bonds. OECD has 

revealed in a recent report that bonds are dominant in the investment portfolios for all types of insurance 

companies. These are predominately purchased directly by the companies thus avoiding bund funds etc.viii For 

life insurance companies 33 out of 43 held more than 50% of their assets in bonds. For non-life insurance 

companies in 24 countries out of 49 reported that they allocated more than 50% of their portfolio in bondsix. For 
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most of the companies, the two largest investments are bonds and equity. For Denmark approximately 60% is 

invested in bonds while equity and cash accounts for approximately 25% of the overall investment.x 

In 2016 the world largest reinsurers had an annual gross written premium of more than EUR 241,407,000,000. 

The vast market leaders are the two companies Swiss Re and Munich Re, who for last many years has been in 

competition of being the largest world-wide writer of life and non-life reinsurance premium.  

 

Figure 2. Overview of top ten reinsurers.  xi 

The alternative reinsurance has gained ground the past 10 years. There has been an influx of capital in the market 

supporting alternative capacity solutions. These products are usually known as Collateralized Reinsurance, 

Insurance Linked Securities, Industry Loss Warranties and Sidecars. 

 

Figure 3. Overview of alternative reinsurance capacity xii 
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2.1 Insurance-Linked Securities 

Insurance-linked securities are financial instruments which are sold to investors. The value of insurance-linked 

securities is affected by an insurance loss event. This is attractive to investors as the correlation between such 

instrument and movements on the financial markets is very limited. They are typically linked to risks such as 

natural catastrophes, longevity risk or life insurance mortality.xiii The insurance-linked securities allows insurers 

to trade the risks on their liability side and raise capital. One of the most common insurance-linked securities are 

Catastrophe Bonds. A Catastrophe Bond, or simply Cat bond, is a financial instrument whereby the insurer 

benefits from collateralized capacity and investors are rewarded with a high yield. Usually, the transaction will 

be facilitated by using a Special Purpose Vehicle (SPV) or so-called side cars. Such entities are often set up by 

already established reinsurance entities together with third-party investors. The side cars can be managed as 

funds meaning they have a limited duration or be managed as a risk taker. The coverage sold by side cars often 

demands, that the buyer pays the full premium up-front allowing the side car managers to invest the cash-flow 

received. Reinsurance side cars are usually fully collateralized.xiv 

The insurer, who is motivated by offloading risk from their balance sheet, pays a premium to the SPV who will 

manage the investments gained by the premium and the collateralized investment the investors has put into the 

SPV. The funds are typically invested in highly rated money market funds. The yield the investors receives are 

made up by the investment return on the collateral payments and premium received by the insurance company 

for the reinsurance protection. The principal investment is lost by the investors if an event triggers the 

parameters in the reinsurance contract. The contract and trigger points can be structured in many ways and can 

be linked to a single event, to weather indexes, accumulated market losses etc.xv This means that the contract is 

not necessarily triggered by a loss for the insurance company, but works in line with Industry Loss Warranties. 

The trigger point is well defined as for geographic, underlying risk and type of claims that need to occur in order 

to trigger the contract. This could for example be natural catastrophic (hurricanes) risk in Florida, US or drought 

in Portugal.  

 

2.2 Industry Loss Warranties  

Industry Loss Warranty (ILW) protections are covers that are linked to the occurrence of a certain event of a 

certain size, and lends itself to both property catastrophe events as well as aviation, marine and space insurance 

risks. 
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ILWs are mainly predominant in the retrocession market as an alternative to traditional retrocession capacity, 

which is often insufficient to satisfy the entire demand in the retrocession market. ILW covers are often offered 

by alternative retrocession capacity such as hedge funds etc., setting up specialized reinsurance/retrocession 

writers, primarily in Bermuda. This widens the capacity available to buyers and mitigates the “spiral-effect” a 

major catastrophe can have for the reinsurance market, because much of the claim is paid by capital outside the 

traditional industry. 

ILWs are fundamentally structured in a way that makes it easy to determine if a loss to the contract has occurred 

or not; either a given and well-defined event occurs, and indemnity is triggered or it does not, and then no 

indemnity is triggered. This is referred to as a binary cover.  Whether an event of a certain magnitude has 

occurred is determined by the index (or reference) that is used. In the USA, Property Claims Services (PCS) is 

usually the determining entity for natural catastrophes, whereas outside the USA, Swiss Re’s index, SIGMA, is 

used.  These two entities track the losses to the insurance industry for named catastrophic events, and 

publish/update their findings regularly.  For very large events, the development of the market loss can take 

several years. 

A typical structure of a cover could be: 

  

Figure 4. Example of high-level ILW contract parameters  

In this case, the cover triggers if a windstorm creates a market loss in Florida of US$20bn following a hurricane 

and if the buyer of the cover can demonstrate a net loss of US$10m.  

The motivation for a buyer of such cover is a mixture of lack of traditional capacity as well as the more reasonable 

price the buyer can obtain, if one compares to the price for a similar protection on a traditional basis. The buyer 

is often using sophisticated catastrophe modelling techniques and can calculate with relative precision, what 

effect a given size catastrophe in a given geographical area will have on their portfolio, and therefore calculate 

trigger point and indemnity limit needed. Catastrophe modelling is, however, not an exact or perfect science and 

therefore, there is always a margin of error which means that the ILW cover has an inherent basis-risk. This 

Period: 12 months from 01.01.2018

Geographical scope: The State of Florida

Covered peril: Windstorm

Trigger: US$ 20bn market loss

Index: PCS

Limit of indemnity: US$ 10m 

Rate on line: 15%

Premium US$ 1.5m
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means that if the buyer of the cover has modelled that a US$20bn hurricane market loss in Florida will cause 

them a US$10m net loss (beyond any other covers they may have), then one must assume that if the market loss 

ends up at, say, US$19.99bn, then the net loss to the buyer is still very close to US$10,000,000, however, given 

the binary nature of the cover, there is no indemnity triggered. This potential disadvantage is to the benefit of 

the seller of the cover, hence, the lower price. Buyers often estimate to the cautious side, so the buyer mentioned 

above may choose to buy at a US$15 or 17.5bn trigger instead of US$20bn, in order to mitigate the basis risk. 

Even so, they cannot be certain.  If the hurricane makes landfall in an area where the buyer has particularly high 

concentration of values, they may suffer a disproportionally high claim compared with the market in general, 

even if the market loss is below the trigger point chosen. 

 

2.3 Reinsurance contract  

A good example of a traditional reinsurance contract is coverage for natural catastrophes. The insurance 

company is seeking to limit their exposure on their liabilities and consequently, their economic loss in the event 

of a natural catastrophe. The insurance company can have a disastrous loss caused by the accumulation of their 

direct written policies in the area in which the natural catastrophe occurs. For such an event the insurance 

company takes out a reinsurance protection which is covered by one or more reinsurance companies and which 

indemnifies the insurer with the contractual agreed sums.  

There is a variety of different solutions and structures of a reinsurance contract. The two principles are 

proportional and non-proportional reinsurance. The most common of these contracts are referred to as Quota 

Share (proportional) and Excess of Loss (non-proportional) reinsurance. These are contract types covering either 

a so-called facultative risk or a treaty of risks. A facultative reinsurance agreement is a cover for one single risk. 

These are often used for heavy industrial risks, such as factories, power plants and vessels. Facultative 

reinsurance is also used widely for infrastructure risks. The definition of a treaty is that the contract covers more 

than one underlying risk. This can be everything from traditional motor insurance, workmen’s compensation and 

property risks to extended warranties and credit and bond risks.  

The proportional reinsurance is in principle a straight forward transaction in which the reinsured agrees to cede 

a defined percentage of all premiums arising under the contract and in return the reinsurer accepts to pay the 

same agreed percentage of all future losses under the contract. A good example of such a transaction is a motor 

portfolio. The insurance company chooses to enter into a transaction with the reinsurance company and – as an 
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example – accepts to cede 50% of all the premiums they receive from selling motor insurance policies to their 

customers. In return the reinsurer accepts to pay 50% of every single future loss / liability arising under this 

contract, regardless of size of the individual loss. This means that the Quota Share reinsurance is following the 

solidary principle of insurance. Usually, the reinsurance company allows the insurance company a commission 

for ceding and administer the business under the contract. The reason for choosing such an agreement is that it 

is fairly easy to administer and the Quota Share reinsurance is a particularly efficient tool to optimize the capital 

of an insurance company following the new Solvency II rules. The Solvency II rules will be discussed later in this 

paper.  

The non-proportional reinsurance is different in the way that this contract responds to one single loss or event 

e.g. a natural catastrophe, which has a total loss above an agreed amount and covering up to an agreed retention. 

The most common non-proportional reinsurance contract is Excess of Loss reinsurance. The best example is a 

reinsurance contract covering natural catastrophes whereby an insurance company buys a contract in which the 

event is well defined e.g. loss occurring in the US caused by natural catastrophe. The contract can e.g. cover all 

the liabilities arising from such an event up to an agreed amount e.g. USD 1 bn., in excess of an agreed retained 

amount of e.g. USD 100 mill. This means that the insurance company through a risk management process defines 

an amount for which they have a net retention. Net retention is the amount the insurance company for each and 

every loss / event is willing to take for their own account. Thereby the contract protects the insurance company’s 

balance sheet for losses which exceeds their own guidelines for the maximum indemnity which they are willing 

to pay.  
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Figure 5. Example of loss distribution in an Excess of Loss reinsurance contract 

As illustrated in figure 5, a loss of US$ 500m has occurred and following the contractual example above the 

insurance company pays their own net retention of US$ 100m and the reinsurance contract indemnifies the 

insurance company for the remaining US$ 400m.  

The pricing of the two contracts is quite different. The price of a Quota Share is determined by the expected 

premium and losses occurring during the term of the contract and by the commission the reinsurance company 

pays the insurance company to cede the business. The future losses of the contract is calculated by actuaries 

based on past years’ performance and market benchmark. Usually the premium or margin paid to insurance 

company for ceding and administer the portfolio is a percentage of the overall premium ceded under the contract 

to the reinsurer(s).  

The price of an Excess of Loss is determined by the possible exposure to the contract. For natural catastrophes, 

modelling tools like AIR, RMS and EQECAT exist. These modelling tools seek to determine the maximum claim an 

insurance company can experience given a certain event for their portfolio. The natural perils in which these 

exposures can be measured covers everything from windstorm, earthquake, tsunamis, mudslides etc. While the 

pricing of a Quota Share reinsurance is more driven by attritional losses, the Excess of Loss is driven by single 

losses / events occurring by the underlying exposure and the likelihood of such a loss determines the technical 

price of the Excess of Loss reinsurance. Motor covers, on the other hand, are accessed by applying national 

benchmarks as the legislation and therefore indemnity levels differs between countries. An example is Denmark 

compared to the UK. According to the Danish legislation the maximum indemnity for bodily injury is DKK 121 

mill.xvi This amount is indexed annually. In the UK, according to the Road Traffic Act, the maximum indemnity for 

bodily injury is unlimited thus a significant difference in the two legislations.xvii  

 

2.4 Retrocession 

Retrocession is essentially reinsurance for reinsurance companies. The issuers of retrocession-cover are other 

reinsurance companies or ILS/ILW providers and besides removing risks from their balance sheet this is also a 

way of swapping exposures and entering into new markets or products. This may sound counter intuitive and as 

a spiral without an end. Retrocession has once showed that the spiral has to be limited and controlled. In the 

Lloyds market in the 1980’s and 1990’s there were created what later was referred to as the London Market 

Excess of Loss spiral or simply the LMX-spiral which led to the near-collapse of Lloyd’s of Londonxviii. The origin of 
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the LMX-spiral was due to the London market – Lloyds of London in particular – entered into reinsurance contract 

with each-other and thereby insured the same underlying risk. This was a way of generating premium across the 

market but when larger claims occurred the claims went into a very complicated spiral which in effect meant 

that the risk management of the companies was insufficient and they did not have control of their risk aggregates 

causing a systematic collapse of many Lloyd’s syndicates. Later the “old” Lloyd’s of London ceased existing and a 

company named Equitasxix was created to centralize the liabilities of the old Lloyd’s syndicates which meant a 

centralizing of management, negotiation and discounting of all present and future liabilities taken on by the 

Lloyd’s syndicates.  

 

2.5 Reinsurance market outlook 

The rating agency Fitch released a report in 2016 in which they concluded that the global reinsurance market 

outlook was Stable but with a negative outlookxx. The main factors which have driven this negative outlook for 

the global market was predominately a continuous negative technical profit for reinsurers and the financial 

market environment. The profit deterioration is driven by decreasing premium as supply has increased mainly 

due to the increased influx of capital from the out-side capital markets and the decreased yield on 

reinvestments.xxi  

The year 2017 was, according to Impact Forecasting estimates the third most costly year for the insurance 

industry with only 2005 and 2011 exceeding itxxii. It is estimated that natural catastrophe losses caused as much 

as US$ 200 bn. and insured losses to the private sector and government-supported programs of US$128 bn. This 

is 151% higher than the market average (2000 – 2016) of US$ 56 bn.xxiii The traditional reinsurance market has 

proven to be well-capitalized to meet these losses, also as a consequence of higher retained losses by the primary 

insurance market and a significant contribution from the alternative reinsurance marketxxiv.   

The premium levels in the non-life insurance market continuous to be under pressure and e.g. premium rates 

for commercial insurance continue to deteriorate across all regionsxxv. Returns on equity are expected to decline. 

Profitability has been sustained by a lower activity in recent years on natural catastrophes and a decline in 

reserve releases. The return on equity is expected to decline to around 6% in 2016-2018xxvi 
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3. Market analysis and strategic management  

3.1 Strategic management  

Strategic management is a corporate process of identifying and implement a strategy for a company. The process 

contains three elements. 1. a strategic management, 2. strategic definition and, 3. Implementing of the strategy. 

All of these steps need to be accessed individually and jointly implemented in order to meet and compete in the 

market space in which they are navigating.xxvii All companies has purposes and goals and the strategic 

management assists the companies in planning and accessing how these goals can be achieved through their 

available resources and competitiveness in the market.  

The strategic analysis is a dual composition of internal and external analysis. Jointly this analysis is referred to as 

a SWOT-analysis and seeks to analyse four individual points for the company. The points are segmented in the 

above mentioned internal and external analysis and are as follows: S: Strengths and W: weaknesses. These 

elements forms the internal analysis of a company and as can be expected, these seeks to highlight the positive 

and negative value drivers in a company. The other parts in the SWOT-analysis is the O: opportunities and T: 

threats. These seeks to highlight the market and the company’s position in the market analysing how and where 

a company can grow and increase the value for their shareholders and which dangers there is at present and in 

the future in the market in which the company is navigating.  

 

3.1.1 External analysis  

The external challenges and opportunities the company is facing can be divided into two separate categories: 1. 

the general environment and 2. the competitive environment.xxviii  

The purpose of analysing the general environment is to identify which general trends, threats and opportunity 

the macro economy and market is affecting the company.  

The purpose of analysing the competitive environment is to identify the industry and the market in which the 

company is acting and how these can create both opportunities and threats for the company.  



Page 17 of 83 
 

 

Figure 6. External analysis xxix 

The above chart shows the connection between the components in the external analysis for a company. A 

common analysis for the general environment is the PEST analysis. The PEST analysis has been chosen in this 

paper because the industry faces a verity of macro-factor challenges and opportunities and thus will be a suitable 

model. Other external analysis could also be included such as Porters Five Forces which seeks to analyse the 

competitive environment.  

The PEST analysis seeks to identify four essential macro factors in the general environment being: 1. Political 

factors, 2. economic factors, 3. social factors and, 4. technological factors.xxx  

The political factors have a big impact on the insurance industry. Insurance products are in general highly 

regulated. In the mature markets like the US and the European markets there are regulations in place to protect 

the consumers i.e. the policyholders. An example of how the governmental bodies can influence the industry 

unfolded in the UK on the 27th of February 2017 when the Lord Chancellor, Elizabeth Truss, announced to change 

the Ogden discount rate from its level of 2.50% to -0.75% with effect from the 20th of March 2017.xxxi The Ogden 

rate is the discounting rate which has to be applied when discounting future expenses for bodily injury claims in 

the UK when these are settled. The magnitude of this has been assessed and the UK law firm, Weightmans LLP, 

made a proxy calculation on how this would inflate the indemnity for the insurance industry. Their proxy 

calculation was made under the assumption that a male victim, involved in a traffic accident, in his early 20s 
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sustained severe traumatic brain injury. Applying the Ogden discount rate of 2.50% would have meant a case 

reserve of £9,072,028 while the same claims with an implied Ogden discount rate of -0.75% would mean a case 

reserve of £20,023,103. A staggering 120% increase in indemnity for the same incident.xxxii  Royal Sun Alliance 

made a similar schedule of the impact for four different scenarios showing a high increase in reserve levels.  

 

Figure 7. Royal Sun Alliance, table of indemnity after Ogden changes xxxiii 

This change caused an estimated one-off increase of reserve adjustments for the insurance industry with 

engagements in the UK of £3.5bn.xxxiv 

On the 14th of April 2016 the EU Parliament approved the new General Data Protection Regulation (GDPR) with 

an enforcement date of 25th of May 2018.xxxv GDPR replaced the Data Protection Directive 95/46/EC with the 

purpose of further protecting the European citizens’ data privacy and to reshape how industries approach and 

protect private data for their customers.xxxvi This new regulation will attempt to force the European markets to 

comply with this new and very comprehensive regulation and non-compliance may result in heavy fines.   

Probably the most significant political change in the past years has been the new Solvency II requirement. These 

will be discussed in more depth later in this paper.  

Economically factors is an important variable for the insurance and reinsurance industry. An important factor is 

the currency risk. Premium and claims are paid in original currencies. International reinsurance companies are 

often accounting in US dollars and Euro’s. This means that fluctuation in currencies can cause an increased 

liability on present and future payments of indemnities to their clients, due to the premiums received in t0 at the 

current rate of exchange and claims are paid in t1. As described in the previous chapter, there has been a great 
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influx of alternative capital the last years. Alternative capital, is viewed as specialized products with capital from 

the outside markets investing in higher yield securities. Over the past 15 years the influx of out-side capital has 

meant that today this form of capacity accounts for approximately 15% of the overall capacity available for 

insurers.  

The continuous low interest rate also provides a challenge for the insurance sector both for life and non-life 

companies. Insurers are dependent on stable income of their investments. The majority of assets on the insurer’s 

balance sheet is bonds. When older bonds mature, with higher yields, these are reinvested in bonds which, as 

an effect of the interest rate environment, provides a lower yield and therefore a lower stable returns on 

investments.xxxvii In some countries, like Israel, insurers are seeking to increase their lending activities potentially 

as a result of the interest rate environment.xxxviii  

Social Factor. An important social factor is the insurance penetration. Following the catastrophic events in 2017 

it is estimated that only 40% of the overall losses was insured leaving a significant protection gap in the overall 

insurance market.xxxix  

The growing middle-class and increased consumerism in the emerging markets are driving the demand for 

insurance in these areas as their assets are increasing. For both life- and non-life insurance these are forming an 

important part of the growth in the insurance industry. An increase in commodity prices and strengthening 

economic activities will also increase the demand for insurance in the emerging marketsxl. The real growth for 

non-life insurance globally is expected to be around 3.1% for 2018 compared to 2.9% for 2017 thus following the 

overall market trend. This is predominantly due to the growth in MENA (Middle East and North Africa) and Asiaxli. 

The mature markets in Europe and America will see a lower rate of expansion. The anticipated additional 

premium volume from emerging markets are gaining more and more weight and they are believed to rise from 

20% in 2016 to 47% by 2025xlii. The Asian market is expected to have the strongest growth of the emerging 

markets for non-life premium with a forecast of nearly 9% in 2018. The increased investments in Asia, very much 

contributed by China’s One Belt One Road program, is expected to generate an increased demand for commercial 

insurance in this areaxliii. As can be seen from the below the distribution of overall expected market growth is 

coming from the emerging markets.  
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Figure 8. Real growth of direct premiums written in non-life insurnace xliv 

The third largest insurance market now is China. However, the insurance penetration, defined as the premium 

volume as a percentage of GDP, is 4.2%, which is significantly lower than the global average of 6.2%.xlv The 

Chinese government in 2016 published The Five-Year Plan whereby they anticipate that the insurance 

penetration will be increased to 5%.xlvi 

As the world changes so do risks. One of the biggest new insurance products is the Cyber insurance. This product 

has become very relevant in the continuous modernization use of computer technology. Cyber insurance was 

introduced in the 90’s, but the last few years the product has really seen its significance in the market. Between 

2011 – 2015 cyber insurance achieved an annual growth of approximately 30%, which exceeds the market growth 

of any other traditional insurance products. xlvii The market premium for cyber insurance was US$ 1.7 bn. in 2016 

and is expected to reach US$ 2.3 bn. for the 2017 financial year.xlviii The US is by far the largest market for cyber 

insurance and accounted for approximately 90% of the global premium income in 2015. Due to recent events 

with large cyber-attacks it has become clearer that there is an evident need of the protection not only for large 

corporations but also for individuals and SMEs. According to the reinsurance broke Aon Benfield 85% of the 

premium generated in the European market came from large corporationsxlix.  

Technology is one of the largest opportunities and threats to the financial service industry. Especially insurance 

is widely driven by data when assessing and pricing risk, consumer behaviour etc. The Financial Technology or 

simply the FinTech industry is a changing factor for the insurance industry. FinTech covers a wide range of data 
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driven processes within the financial sector, but the essence is, that FinTech seeks to disrupt the traditional 

handling of financial services such as transactions, monitoring and reporting.  

It is estimated that investments in FinTech rose from US$930 mill. in 2008 to more than US$12 bn. in 2015l. It is 

further assessed that investments in FinTech increased by more than three times the rate of overall venture 

capital investments in 2014li. According to a survey performed by PwClii they found that more than 88% of the 

respondents globally meant that their business is at risk due to the innovators. From the respondents, however, 

insurance is one of the industries whereby it is meant that at present consumers are less conducting with the 

FinTech industry – 38% compared to 84% conducting with payments in general.  

For the insurance industry FinTech or InsureTech, when referring to the insurance industry, means that 

interaction with the end-costumer i.e. the policyholders are becoming digitalized and the industry is becoming 

more disrupt and revolutionized. The InsureTech industry seeks to disrupt every link in the value-chain for 

insurance companies by: improving costumer experience, maximizing transparency, simplifying processes, 

empowering and delighting customers, minimizing moral hazard and fraud, employing big data and making the 

claims process pleasurableliii. InsureTech thereby benefit the insurers from a more lean organization with less 

human resources, an easier way to administer and comply with regulations, gathering big data sets and 

mitigating fraud. The life time of the policy can be disrupted by automatic the issuing of the policy, collection of 

premium, store data and pay-out “plain vanilla” claims. As for the traditional distribution channels such as 

traditional retail brokers the costumers will be offered comprehensive insurance solutions on their mobile 

devices which they can manage on a user-friendly digitalized platform.  

For the reinsurance industry this means, all things being equal, that the underlying costs for the client are being 

trimmed and thus the cost base is smaller. As the industry is highly data driven underwriting could become less 

humanized.  

An example of how InsureTech is revolutionizing the industry is the announcement made on the 16th of April 

2018 by reinsurance giant General Reinsurance Corporate (Gen Re, a Berkshire Hathaway company)liv. They have 

entered into a collaboration with the InsureTech company Thrive. Thrive has developed a software for the 

prevention, screening and self-management of mental health conditions. This software is developed to promote 

better mental health outcomes for insurance and reinsurance customers within the life and health sector. The 

software is an App with an in-build cognitive behavioural therapy that allows people to access mental health 

support at any timelv. The App can detect and treat common conditions like depression and anxiety. This will, all 
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things being equal, enable an early interaction with the customer to prevent and control the magnitude of the 

individual risk and as a consequence limit the indemnity paid by the insurance company and indirectly the 

reinsurance company.  

Besides the InsureTech and disruption of the very core activities for the insurance industry, insurers also faces 

challenges and opportunities with the subject of autonomous cars. According to a report by Accenture and the 

Stevens Institute, it is estimated that in the US alone as many as 23 million autonomous cars will be in use in 

2035lvi. The use of fully autonomous cars is expected to decrease the claims frequency significant and as a 

consequence premium for traditional cars insurance will decrease and the decreased level of indemnity is not 

expected to compensate the insurance industry for the loss of premium generated. It is estimated that the 

premium generation in 2035 will decrease by US$ 25 billion, which equals approximately 12.5% of the total motor 

market premiumlvii. However, the autonomous cars will create new revenue streams for the insurance companies 

for other products which are covering inherent risks for these cars which is expected to compensate the 

insurance industry for their loss in revenue. In 2025 Accenture and Stevens Institute expects that the 

accumulated premium revenues connect to autonomous cars will reach US$ 81 million as illustrated in figure 9. 

 

Figure 9. Accumulative premium gained vs. lost for introduction of autonomous cars lviii 

The new products relating autonomous cars are: cyber security, product liability insurance for sensors and/or 

algorithms and insuring against infrastructure problems. The cyber security product is expected to account for 

the vast majority of the additional premium. Cyber security will cover vehicle theft, “ransomware” where the 

policyholder is held hostage until payments has been made to unlock the software control, terrorist hijacking of 

vehicles through hacking etc.  
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As a consequence of the autonomous cars the insurance industry needs to adapt and apply these new products 

in order to compensate their inevitable loss of premium revenue from the traditional car insurance products.  

Other examples of how technology is impacting the industry could be cases of Google or Amazon taking 

advantage of their IT-infrastructure and massive datasets to create an insurance company profiting from their 

vast databases.  

3.1.2 Internal analysis  

Through an internal analysis one seeks to determine the internal value drivers of a company and see how the 

company creates value and their competitive advantages. In this paper the value-chain analysis has been chosen. 

The value-chain analysis is a resource-based analysis, which seeks to identify the resources available for the 

company and how these are used to create value. It describes the activities in an organization which creates its 

product regardless of whether it is a physical product, financial product or service.lix Through the analysis, one 

can determine the costs and the value that is created by the functions in the value-chain. The primary activities 

are the activities which are directly involved in the creation of the product and the support activities are activities 

which insures that the primary activities are being executed efficiently. The analysis, illustrated in figure 10, was 

introduced by Porter (1985). 

 

Figure 10. Value-chain analysis lx 

It is evident that the insurance and reinsurance industry is not a production industry and has no industrial 

infrastructure. Rather, it is driven by human capital, IT-infrastructure, balance sheet (rating), service and 

reputation.  
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Primary activities 

The direct activities for a reinsurance company is the human capital whereby each individual plays an imminent 

role in the value creation combined with a high degree of asset / liability management which is done in 

conjunction with an IT-infrastructure. The distribution and sales of reinsurance capacity is often done either 

through intermediaries (brokers) or directly with the insurance companies. The individual risk assessments is 

done by underwriters. An underwriter is a market professional who will evaluate the business provided and 

review a variety of parameters, most importantly the underlying risk but also the corporate strategy dealing with 

a client etc. The deals are often supervised and finally accepted by a risk committee which, equally, consists of 

market professionals. When the risk is accepted, the details need to be archived and it is crucial that the company 

has a strong infrastructure. If a claim occurs it is often evaluated by a number of claims experts. These experts 

are assessing the aspects of the claim and often assist the client in negotiation and offering expert evaluation 

and input in order to mitigate and manage the indemnity spend. Therefore, it is clear that human capital is the 

main activity of the industry.  

Despite the world becoming more and more digitalized the reinsurance industry is still an industry where 

personal relationships are very important. Production from brokers is still one of the large distributors of 

premium in the market. According to data (2013) provided by Statista, the top ten reinsurance brokers placed 

more than US$ 4,350,020,000lxi worth of premium in the global reinsurance market. This further illustrates how 

the human capital is the main factor when making transactions.  

Marketing, sale and service also plays a crucial part of the primary activities. Marketing, sale and services can be 

viewed as one as they link to one another in the sense that the service is the speed of decision making both for 

the direct transaction (acceptance of risk) but also when settling claims and provide input on how to structure a 

coverage that suits the client’s need and optimizing the Solvency ratio and thereby the capital leverage for the 

transaction. This assists in the marketing and branding of the company. The direct marketing is often through 

seminars and education which they are offering clients and to a lesser extend direct marketing. These points 

assists in the creation and maintaining of a strong brand which evidently will support the sale function.  

Supporting activities  

The underwriting, administration and claims handling activities are supported by IT-infrastructure. Reinsurance 

companies often create their own underwriting systems including rating / pricing matrices. This also manage the 

aggregate exposures and consequently assists in the risk management process which is crucial for the 

reinsurance industry. IT-systems are becoming increasingly important as a competitive parameter both on costs, 
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pricing and service. For primary insurance companies many core functions such as creation and issuing of the 

contractual document (policy wording) has now been fully automated and can be issued immediately upon 

acceptance of the transaction online. This gives a leaner organization as cost of staff will be reduced and service 

levels will raise which, again, will have a competitive advantage as consumers are being accustomed to digitalized 

solutions.   

The parameters on which reinsurers compete are price, service (claims handling and market intelligence), 

coverage, costs and balance sheet (rating). The rating, especially after the Solvency II regime, is very important 

for traditional reinsurers as capacity from non-rated entities is considered junk and thus not provide insurers 

with the leverage from their capacity in the Solvency II model. Therefore, rating can be seen as part of the service 

and marketing and reviewed as a supporting activity to marketing and service.  

 

3.2 SWOT 

The macro environment creates a number of threads and opportunities for the reinsurance industry along with 

their ability to compete through their internal strategy.  

Strength: The strengths of the reinsurance companies are the human capital, rating, brand and IT-infrastructure. 

A well-positioned and strong team along with the adequate rating provides a good and strong position in the 

market thus allowing for growth and, all things being equal, attraction of larger clients. This allows the 

reinsurance companies to diversify their portfolio and spread their underlying exposures, making their balance 

sheets less volatile towards single catastrophic events. The global approach and diversification is key to 

maintaining a strong balance sheet and continuously obtain an adequate rating to attract clients globally.  

Weaknesses: The weaknesses of the reinsurance companies are the fact that they are very dependent on a few 

factors. The human capital is as mentioned essential and internal team’s form a crucial part of the value-chain. 

Teams can often de dissolved through competitors taking over individuals or teams, leaving companies 

vulnerable to knowledge drain in areas of expertise as new teams takes time to build. IT-infrastructure needs to 

be adaptable as risk and governance is changing. Therefore, it is important for reinsurers to have a flexible but 

strong infrastructure in order to service their own, but also the clients’ needs in the best possible way. As a 

consequence the evolving market can cause a weakness to the market participants who do not have a fully-

fledged and strong IT platform.  
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Opportunities: The macro-economy has created a wealth of opportunities for the reinsurance industry. The ever 

evolving technologies allow for creation of new product lines, such as cyber insurance and autonomous cars, 

whereby first moves can be an essential part of forming the product to both their clients’ and their own benefit. 

The opportunities are very much linked to the technology whereby InsurTech plays a key part in the ongoing 

development of market trends, consumerism, cost savings etc. An increasing investment in the InsurTech 

industry allows for specialized distribution, administration and claims mitigating / handling solutions which the 

industry can profit from. The new products and the continuous technological development therefore plays an 

imminent part of the development of services and cost savings for the industry and the opportunity for the 

individual company to impact on this, thus creating added value to clients and profiting from a tighter control of 

the life-time of an insurance policy. The continuous growth of emerging markets also provides the industry with 

an opportunity to further grow and diversify their portfolios.  

Threats: The evolving technology creates both opportunities and threats to the industry. As there are stricter 

reporting requirements from the authorities the companies need to adapt and collect big data. Companies like 

Google who has a massive database with very granular information of geographic, demographic and individual 

personal data along with the access to one of the largest distributing channels could compose a real threat to 

the insurance and reinsurance industry. The development of autonomous cars will result in a large loss of 

revenue-stream for the industry, as liability premiums are expected to decrease significantly for such type of 

vehicles. The industry needs to be adaptable and create and offer new products which can compensate for the 

large loss of revenue created through traditional motor policies and therefore first movers will have an 

advantage. The political landscape also forms part of the threats for the industry as tighter regulations and higher 

demands for data handling and reporting forces the industry to invest in stronger human capital and IT-

infrastructure. Many smaller companies struggle to meet these requirements as the cost is too high and it is 

expected that a number of them will cease to exist. The political interference on e.g. discounting rates, as 

described earlier, is also a contributing factor to loss of profit for many companies when these are reviewed and 

changed. Finally, the continuous influx of outside capital provides an increased supply in the market and thus 

pressure on prices. The financial markets and the low interest rate is driving this development and before 

investors can see higher returns on other asset classes the current environment is unlikely to change. 
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3.3 Chapter conclusion 

In the PEST analysis it was discussed how the future will impact the reinsurance industry. Especially in terms of 

technology and government regulations. The continuous influx of outside capital drives prices for reinsurance 

down as supply increases.  

Macro-factors also showed the plentiful opportunities the industry has when facing the modernized and 

digitalized future. The value-chain analysis discussed especially the human capital and the dire need to be flexible 

and have a strong IT-infrastructure in order to create value for the future.  

These two analyses were concluded in SWOT analysis. The finding is that the macro-factors provide difficulties 

but the companies also face a variety of growth potential both in the emerging market as well as in the mature 

western markets. The growth in the overall market is low and as the prices for reinsurance is stagnating or 

declining, this means that the market needs to accept more risk and thus a decline in the future losses is not 

projected.  
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4. Solvency II and actuarial reserving methods  

4.1 Solvency II 

The Solvency II Directive (Directive 2009/138/EC), or simply Solvency II, was adopted in November 2009lxii. The 

rules where, however, not fully implemented until 1 January 2016. Solvency II replaces Solvency I and varies in 

many ways from this. The purpose of Solvency II is to reduce the risk of insolvency among insurance companies, 

by assessing the minimum capital a (re)insurance company most hold in order to absorb and remain solvent in 

catastrophic events. Solvency II has been made mandatory to comply with for (re)insurance companies in 31 

European countries including 24 OECD countrieslxiii. Following the reporting requirements from Solvency II, 

insurance supervisors had to change their IT-systems in order to comply and collect the required data. 

(Re)insurance companies are expected to produce two separate reports under Solvency II. The first being the 

Solvency and Financial Condition Report and the second the Regulatory Supervisory Report. The reports are 

expected to be made annually and reported to the regulators, but some of the reports are being made and 

delivered quarterly.lxiv The standard reporting is compiled and published by EIOPA.  

Solvency II has three pillars which categorizes risks assumed directly or indirectly for a (re)insurance company:  

Pillar 1 – the Financial Requirements  

This pillar seeks to assess and evaluate the capital of the company. This is done through quantitative data e.g. 

the capital of the company, adequacy of assets and technical provisions. Compiling these data provides two 

essential capital requirement key figures, namely the Solvency Capital Requirement (SCR) and Minimum Capital 

Requirement (MCR). There are standardized formulas on how to calculate the SCR however, upon regulatory 

approval companies can develop their own SCR-modellxv.  

Pillar 2 – Governance and Supervision requirements  

This pillar seeks to cover the operational risks of the company. Using qualitative data it addresses governance, 

risk management and supervision. The companies are required to prepare an Own Risk & Solvency Assessment 

report (ORSA) and this has to be submitted to the regulator. The report shall include risks that the company is 

facing and the capital required to manage such risklxvi.  

Pillar 3 – Reporting and Disclosure requirements  

For this pillar the companies are required to produce and deliver two key reports under Solvency II, namely the 

before mentioned Solvency and Financial Condition Report (SFCR) and the Regulatory Supervisory Report 
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(RSR).lxvii These reports also includes Quantitative Reporting Templates (QRTs) and the National Specific 

Templates (NSTs). 

The SFCR has to be made public every year while the RSR report is only for the regulators and is not made public.  

The QRTs are templates and some of them must be reported quarterly and include reporting on a number of 

field’s e.g. technical provisions (claims and IBNR), reinsurance for insurance companies and retrocession for 

reinsurance companies, variation analysis, SCR, MCR, balance sheet, own funds and assetslxviii.  

NSTs form part of the RSR but not the SFCR. They consist of templates of quantitative analysis for the areas which 

are at risk for the business. Below is an overview of how the SCR is composed and as can be seen it highlights 

and evaluates a number of complex problems, both qualitative and quantitative for the companies that has to 

comply with the Solvency II regulation.  

 

Figure 11. The standard formula solvency capital requirementlxix 

For the purpose of this paper the Basic Solvency Capital Requirement (Basic SCR) pillar will be discussed. This is 

due to the fact that the Basic SCR includes a variety of underlying risks including Market risk, which takes the 

interest rate and correlations into account.  

Solvency II has been designed to express the SCR, which essentially is the minimum amount of eligible own funds 

the company must hold in order to sustain and remain solvent in a 200 year eventlxx. A 200 year event is an event 

which should in theory only occur once every 200 years and therefore the 200 year event is used to describe a 

very large and rare catastrophic event. Besides SCR there is MCR. MCR is the Minimum Capital Requirement and 

is usually between 25%-45% of the SCRlxxi. However, there are stricter rules for how own funds can be made 
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available to cover the MCR. MCR has to be covered by what is referred to as Tier 1 unrestricted funds, which is 

ordinary shareholders equity, retained earnings and a so-called reconciliation reserve. The reconciliation reserve 

is the difference between the ordinary shareholder equity and the equity calculated under Solvency IIlxxii.  

Reinsurance is an important tool to reduce the SCR and MCR. During the “old” Solvency regime the benefit of 

reinsurance could maximum be 50%. Under the new regime insurers can have the full benefit of reinsurance, 

however, counterparty credit risk must be taken into account, therefore reducing the full leverage, depending 

on the credit rating of the reinsurer.  

In Denmark, if the Solvency ratio is below 1.25 then the FSA will put the company under a stricter supervisionlxxiii, 

and if the Solvency ratio falls below 1, the company must prepare a recovery plan. If the company cannot meet 

the MCR, then it will ordered to cease writing accepting business immediately and will be placed into 

liquidationlxxiv. The Solvency ratio is the ratio between eligible own funds and the SCR. The rules of what is 

included in the eligible own funds are very complex but there are certain restrictions on e.g. sub-ordinated loans, 

deferred tax assets etc. which cannot partly or fully be included in these fundslxxv.  

When calculating the SCR for the insurance company the Solvency II model is stressing both the assets and the 

liabilities. This means that the assets will be reduced and the liabilities will increase. Broadly speaking, the 

difference between the reduction of assets and the increase in liabilities is the SCR, as illustrated in fig. 12. 

 

Figure 12. Example of SCR after stress test  

The main drivers for the SCR calculation are the provisional reserves and the premium income. Besides these 

factors, the composition of the assets is very important. For the market risk, if the interest rate increases the 

value of the assets, especially bonds, will decrease. Insurance companies are discounting the provisional reserves 

with the risk-free interest rate thus if an increase in the interest rate occurs, the discounting factor will increase 
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and as a consequence the liabilities will decreaselxxvi. If the duration of the claims provision matches the duration 

of the bond portfolio, then these will be (proportionally) 1:1.  

Under Solvency II, claims provisions have to be set using the so-called best estimate approach. This means that 

the claims provisions calculated should reflect the expected future indemnities to claimants. This means that (re) 

insurance companies are not allowed to factor in fluctuation reserves which essentially is creating “an extra layer 

of fat”. In the Solvency II model a risk margin of 6% can be applied to the claims provisions factoring in adverse 

developments of the reserving of the insurance company. The technical provisions are often set by actuaries 

using recognized actuarial models like Chain-Ladder to determine theselxxvii.  

Rating of assets is very important in the SCR calculation. By analyzing three bond types, using SolvencyTool, it is 

clear that rating is crucial. The below portfolio consists of an investment of DKK 100,000,000 of AAA rated 

government bonds, DKK 5,000,000 of BBB bonds and DKK 20,000,000 of corporate covered bonds. As can be 

seen there are no loading to the SCR when investing in AAA or AA government bonds. However, for holding of 

DKK 5,000,000 of BBB bonds, the company’s SCR will increase by DKK 1,875,000 (37.5% loading). This means that 

not only a pure risk management approach has to be applied when constructing an investment portfolio for a 

(re)insurance company but one needs to take the SCR calculation and the impact of the investments into account.  

 

Figure 13. Bond rating in SCR lxxviii 

There are two issues which can be discussed for the Solvency II regime relating to the market risk. When stressing 

the interest rate in the Solvency II model, if the interest rate is negative then the stressed interest rate will remain 

as the current one. Therefore, the Solvency II model assumes that the interest rate cannot be negative, or it 

cannot be lower than a current market interest rate if it is sub-zerolxxix. This is problematic as the model is 

designed to stress a company for a 200 year event. Depending on the composition of the investment portfolio 

an increased negative interest rate would not necessarily mean a worse SCR as companies, like Munich Re, has 

investments in bonds which exceeds its claims provisions. All things being equal, this would mean that the assets 

will increase more than the liabilities and would have a positive increase of the own funds available to the 

Name (bonds and loans) Market value Modified duration Credit quality step Type SCR Spread factor Used duration Intercept Slope

Bond Government 100.000.000 5,00 0 BondsInNonEEASovereign 0 0,000% 5,00 0,00% 0,00%

Bond Bad 5.000.000 5,00 6 BondsNotCovered 1.875.000 37,500% 5,00 0,00% 7,50%

Bond good 20.000.000 5,00 0 CoveredBonds 700.000 3,500% 5,00 0,00% 0,70%

Assets exposed to spread risk Calculation
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company and as a consequence would increase the solvency ratio. However, the model should be able to take a 

negative interest rate factor into account in order to fully analyze the capital needs for a company for better and 

for worse. Therefore, it would be relevant to address the modelling of the stress of interest rate. Especially, in a 

market environment which we are in today, the model should be able to take a further decrease in interest rate 

into account when stressing the market risk of the companies.  

The second factor is the short-term interest rate. When stressing the interest rate downwards it is implied in the 

model that the short-term interest rate should be changed by 75%lxxx. This means a potential massive impact of 

the balance sheet. In an interest rate environment with +10% interest rate, the model would stress the interest 

rate to +2.5% and thus a monetary decrease of 7.5% in the interest rate curve. This is a very significant change 

in the interest rate and therefore the proportions in the stress model may be reconsidered. As the non-life 

insurance can be viewed as short-tailed business (not many life-long annuities) then the short-term discounting 

factor would decrease dramatically, increasing the size of the liabilities. However, for life insurance companies 

who by nature are very driven by investment income and matching of duration on their technical provisions and 

their bonds, this may prove a very difficult situation, because the outcome of the scenario may put the companies 

in an artificial situation where they may struggle to meet the Solvency requirements. Therefore, this problem 

would also be relevant to address and review the stress test to comply better with the relevant market situation 

instead of a more theoretical approach.  

As an example the below portfolio illustrates how the impact of changes in stressed interest would impact the 

equity given the above example i.e. reducing the interest rate by -7.5%. In this example the company has 10% 

higher claims provisions than bonds with an example composition of a bond portfolio. For calculating the impact 

the Dahl theory has been chosen, as this provides a good proxy when movements in the interest rate is more 

than +-1%. The theory will be discussed later in this paper.  
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Figure 14. Example of impact of equity in change of interest rate in the Solvency II model   

From this example it is clear that given the composition of the bond portfolio and the assumption that the 

liabilities are following the value change of the assets this decreases the equity by a factor +2 compared to the 

weight of the liabilities.  

The factors in the model is of course volatile however, if the average yield is increased to 6% then the impact on 

the equity will decrease to 12.70%. If the duration or convexity is increased then the impact will be a further 

increased impact on the equity.  

 

4.2 Actuarial reserving methods – IBNR  

The reserving of claims provisions in a (re)insurance company is usually done by actuaries. By analyzing historical 

data the actuaries seek to predict the development of claims on the business already assumed by the company. 

The difference between the current incurred claims (paid claims and incurred reserved claims) and the ultimate 

projection which the actuaries have calculated is the so-called Incurred But Not Reported (IBNR) claims. The 

incurred reserved claims are claims which is known to the insurance company but have not yet been settled.  

There are many different models used by actuaries to determine the ultimate amount of future indemnity for a 

portfolio. To name a couple there are the Bornhuetter-Ferguson and Chain-Ladder modelslxxxi. These models are 

designed to provide a unified tool to calculate and project the ultimate indemnities thus assisting in setting the 

IBNR’s. The use of these models however, has to be assessed carefully, when applying them to a portfolio. For 

example, the Chain-Ladder model has some basic assumption which is that the development of the portfolio is 

staticlxxxii. For smaller portfolios large losses can have a big impact and therefore, one needs to consider 

alternative solutions or simply manipulating the data set for the use of this model. Therefore, the models can be 

Assets Liability Equity

(k+v) 1.800.000 2.000.000 300.000

Average yield 5,00%

Duration 10,5

Convexity 250

∆ i -7,50%

B: 12,31

A: 0,311921638

∆(k+v) 658.886 732.095 -73.210

∆(k+v) in % 36,605% 36,605%

New equity 226.790

∆ in % -24,40%
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very theoretical and the conclusion of these may prove to be very insufficient compared to the actual indemnities 

which have to be paid.  

The IBNR-figure is very important to an insurance company and when analyzing the balance sheet of Munich Re, 

the IBNR is 41% of the total liabilities. 

  

4.3 Chapter conclusion 

It can be concluded that the Solvency II regime has a large impact on the insurance industry in general. The 

demand for increased, stricter reporting for the insurance companies has caused difficulties. The model is 

correlating macro and internal information in order to provide two crucial key indicating figures SCR and MCR. 

When calculating these, the composition of the balance sheet is very important such as rating of the assets, the 

assets classes invested in etc. The actuarial methods determine the future provisions of liabilities towards 

claimants. As a consequence, one needs to be very critical when applying these methods to the data sets and 

determine the provisions. The problems in the models around the interest rate could be redefined to reflect a 

more realistic model which, in the current market condition, would provide a more realistic stress test.  
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5. Case – Münchener Rück   

5.1 The foundation of a world-leading company  

“By its nature, reinsurance needs to be international”lxxxiii was stated by one of the founding members of 

Münchener Rückversicherungs AG (hereon after referred to as Munich Re) – Carl von Thieme – and has from the 

incorporation of Munich Re been the company’s strategy. The founding member believed that in order to survive 

in the reinsurance environment it is crucial to diversify your portfolio thus not only working with domestic 

primary insurance company but entering into the global insurance industry.  

Today Munich Re is one of the largest reinsurers world-wide with more than €267,800,000,000 of assets and an 

equity of €31,785,000,000lxxxiv.  

Munich Re was established in Munich in 1880, and on March 15th the same year it was granted its license by the 

Royal Bavarian State Ministry.lxxxv  

In 1880 there was a considerable hazard risk because the information available to reinsurers and their primary 

insurance clients was not aligned. There was also an inherent latent danger that “bad” risks could be intentionally 

transferred by client to their reinsurers – known as anti-selection. At the time, the reinsurer’s strategy was to 

focus on a selected number of clients with a strong credit rating. But Thieme’s strategy was to build a rapid 

growth and diversifying the clients and territories where Munich Re would write business. At the time Munich 

Re offered a profit sharing scheme with their client in order to align the interest between the client and 

themselves.lxxxvi.  

The first reinsurance treaty was concluded in 1880 between the domestic insurance company Thuringia and 

Munich Re. The same year 32 other treaties were concluded, including the first international treaty with the 

Austrian insurance company Allgemeine Versicherungsgesellschaft Phönix.lxxxvii  

In 1881, business was also concluded with foreign companies in the United Kingdom, Russia, Italy and indirectly 

in America through the Hamburg based Transatlantische Feuer-Versicherungs-Gesellschaftlxxxviii. 

In March 1888, after opening of offices abroad in 1886, Munich Re was listed on the Munich Stock Exchange. 

Shares that were paid in at 400 marks was placed at a price of 710 marks.lxxxix 

In 1890 Carl Thieme and Wilhelm Finck (another founding partner of Munich Re) agreed to set up an independent 

accident and marine insurance company in Berlin, named Allianz. Allianz entered into the Commercial Register 
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at the municipal court of Berlin on the 5th of February the same yearxc Today Allianz is one of the leading world-

wide insurance companies with more than €901,300,000,000 of assets and an equity of €68,602,000,000xci.  

In 1899 the first Natural Catastrophe cover was issued when Kölnische Unfallversicherung offered their 

policyholders to cover indemnities arising from storms. Munich Re covered 50% of the risk.xcii  

In 1906 the first catastrophe claim arose when the city of San Francisco was hit by an earthquake measuring 8.3 

on the Richter scale. More than 3,000 people lost their lives and approximately 28,000 houses were destroyed. 

The insured market loss was around US$ 175,000,000 and Munich Re’s share was 11,000,000 Reichmarks. This 

represented 7% of the gross premium income for the fiscal year 1905-1906, which illustrates the impact a 

catastrophic event can have for (re)insurers.xciii 

By 1913-1914 Munich Re was by far the largest reinsurance company world-wide. In the fiscal year 1913-1914 

Munich Re had a gross premium income of 204,000,000 Reichmarks. In perspective, their closest peers, 

Schweizer Rück (today known as Swiss Re) and Kölnische Rück, had gross premium incomes of 42 and 41,000,000 

German Marks respectively.xciv  

Following the 1. World War and the Great Depression, Munich Re suffered substantial growth decline, and had 

to cease business in many overseas offices, but due to their very conservative investment strategy they survived 

both of these historically events. During the Great Depression, Munich Re’s investment portfolio consisted of 

more than 60% fixed income assets.xcv  

 

5.2 Second World War – the dark era  

During the 1930th Munich Re had strong ties to the National Socialist Party (NSDAP). The Chairman of Munich 

Re’s Board of Management, and the CEO of Allianz, Kurt Schmitt, was appointed as the Reich Minister of 

Economics in June 1933. The same year he was offered by Heinrich Himmler to join the SS with the title and rank 

of Oberführer. He was relieved from his position as Reich Minister of Economics and returns to Allianz in 1935 

as Chairman of its Supervisory Board and to Munich Re’s as a member of the Supervisory Board. In late 1937 he 

was elected the Chairman of Munich Re due to this experience and strong political ties to the NSDAP.xcvi   
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Free trade unions were banned in Germany in 1934 and were replaced by the German Labour Front (DAF). 

Munich Re was very involved in the DAF, and e.g. provided 80% reinsurance for DAF’s life insurer 

Volksfürsorgexcvii.  

In 1935, after a long and difficult period following World War 1 and the Great Depression, Munich Re could again 

claim to be the largest global reinsurer, generating higher premiums than their nearest peer Schweizer Rück. In 

the aftermath of the pogrom on the 9th and 10th November 1938 German Jews began to flee the country. This 

meant that they cancelled their life insurance policies, which lead to a large profit for insurers and reinsurers due 

to the premature cancellation of their contracts. Munich Re posted a profit of up to 600,000 Reichsmarks in the 

fiscal year 1938-1939 alone.xcviii  

Following World War 1, Munich Re through its Swiss subsidiary Union Rück concluded business in a number of 

non-German friendly countries. It was agreed in 1935, that in the event of a war, Union Rück would have 

authority to dispose all of Munich Re’s foreign assets. This came into force 1st of September 1939 when Germany 

invaded Poland. In 1940-1941 Munich Re suffered a drop in their premium income as direct business 

relationships was cancelled as consequence of the war. However, their premium income quickly increased due 

to new business from the newly occupied countries.xcix  

In 1940 Munich Re was heavily involved with the SS, as they indirectly through their reinsurance treaties with 

Allianz insured forced labor camps (concentration camps) e.g. Płaszów and Auschwitz. Munich Re was also 

leading the creation of an association which would insure large industrial risks under one association thus 

forming a cartel with the Italian insurers Generali and Riunione and Schweizer Rück.c  

When the war and the Nazi rule ended on 8th of May 1945 all contracts between Munich Re and its foreign 

partners were broken off entirely. Kurt Schmitt was immediately suspended and taken into custody by the US 

Military Government. Following the demise of the Nazi rule the existence of Munich Re was threatened as the 

company lost all their assets abroad and all their access to foreign markets. The investment strategy remained 

conservative thus Munich Re had placed most of their assets in Reich bonds and Reich treasury bills which 

became worthless after the war was ended which meant a compete devaluation of all the government bonds.ci 
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5.3 Reassuming the old way  

In June 1946 the US military government opened criminal proceedings against all the members of the Board of 

Management in Munich Re. Three members of the Board were sentenced to prison and Munich Re was fined 

4,000,000 Reichmarks. On the 10th of March 1947 the Control Council Law no. 47 prohibited all activity by 

German reinsurers outside Germany.cii 

In 1948 the currency reform passed which converted the Reichmark to Deutschmarks (DM). Munich Re’s 

shareholders’ equity dropped from approximately 40,000,000 Reichmarks to DM 26,000,000. The combination 

of the devaluation of government bonds, the loss of assets abroad and currency reform resulted in a shortfall of 

approximately DM 36,000,000. This shortfall was however, covered by equalization claims against the Bank 

Deutscher Länder.ciii 

In 1949 the Western occupying powers permitted German reinsurers to conclude business with foreign clients 

again, however, the extent of business was limited. The following decades Munich Re opened a number of branch 

offices around the globe including Europe, US, Asia and Africa and restored their former position as one of the 

largest global reinsurance companies. In 1996, Munich Re was listed on the Frankfurt Stock Exchange under DAX 

30, which is the German index listing the 30 largest and highest-turnover companies in Germany. In 1997, 

Hamburg-Mannheimer, DKV and Victoria merged and formed the ERGO Insurance Group, which is a part of the 

Munich Re Group, and today is one of the largest insurance companies in Germany with business written 

globally.civ  

In 2001 on the 11th of September, the World Trade center was the target of an unheard terrorism attack. The 

event caused the largest single loss in the company’s history. The estimated market loss of this event was US$ 

40-60 bn. while the loss of Munich Re was around US$ 2.2bn.  

 

5.4 Chapter conclusion  

As illustrated above, Munich Re has in times of prosperity and adversity manifested themselves as one of the 

world’s leading reinsurance companies and is still today one of the largest reinsurance company measured by 

premium income. Their strategy has meant that from the very beginning Munich Re has ties globally and have 

entered into agreements covering all classes of insurance business from standardized property and motor 

insurance, life insurance and more exotic products like space, credit and bonds etc. thus they have diversified 
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themselves by being involved in all markets and products. Munich Re can therefore be considered to constitute 

a representative of the global insurance market. Therefore, Munich Re has been chosen in this paper to represent 

the entire reinsurance industry and it is the assumption that the market is following the same business and 

investment strategy as Munich Re.  
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6. Bonds  

6.1 Monetary policy and the creation of interest rates  

The interest rate is very affected by the monetary policy of governments. The influences are not only caused by 

government policies, but are also driven by consumer spending. The monetary policy can be enforced by the 

national banks. The national and global banks, who can be viewed as market makers, of bonds can influence the 

rate structure by e.g. selling bonds with a short duration and purchase bonds with a high duration (Bechmann P. 

V., 2010). They can also limit the liquidity in the market by not buying bonds or vice versa.  

Irving Fisher developed a theory of how the interest rate is determined by the consumers in the market. His 

theory was, that the consumers spending is driven by the reward of spending all income on a good today or save 

some of spending to a future period. Thereby, the consumer has to choose if his reward is higher today or if the 

reward can be higher if the consumer’s spending is postponed.cv This is called an intertemporal consumer choice, 

when the consumer has a choice of spending money in period 1 or save some for period 2. Fisher assumed in his 

theory that there is a perfect capital market meaning that: 1. all consumers and investors have the same level of 

information, 2. there are transaction costs, and 3. there are complete competition on the markets. Besides 

perfect capital markets, Fisher also assumed that all interest rates are known. This means, when taking the above 

points into account, that there is a risk-free market. Fisher argued that if these assumptions are fulfilled then the 

consumer can make rationale choices of their spending which is linked to the present and future interest rate. 

As a consequence supply and demand for consumer spending and saving is determined by the interest rate and 

the supply and demand for loanscvi. If the interest is high then consumers will save some of their income and 

accumulating extra value for their savings allowing them to spend more money in the future. If, on the other 

hand, the interest rate is low, then consumers will spend their income on goods today as the incentive for saving 

money and thereby decrease the consumer spending is smaller. The conclusion on his theory is that the real 

interest rate is determined by the optimal consumer spending. Therefore the real interest rate is the 

compensation a consumer receives for not spending all income today but saving it for later use. Therefore, the 

interest rate creates an equilibrium for supply and demand of investments and goods.  

As mentioned the interest rate paid and received for loans and bonds is not the real interest rate but the nominal 

interest rate. The nominal interest rate takes inflation into account. The origin of the theory of how inflation is 

affecting the interest rate is again described by Irwin Fishercvii. The nominal interest rate is the real interest rate 
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including the expected inflation in the society. In short, inflation is the figure which shows how much the prices 

in society has increased or decreased. The nominal interest rate can be calculated as:  

𝑅 = 𝑟 + 𝜋 

Where R is the nominal interest rate, r is the real interest rate and π is the expected inflation. This is also referred 

to as the Fisher-effect.cviii Fisher hereby assumes that a shift in the inflation will have a 1:1 impact on the nominal 

interest rate. Thereby, the supply and demand for loans and investments changes by shifts in both the real 

interest rate and the inflation. An argument of why an impact of 1:1 is not correct is that the expected inflation 

rate and the real inflation rate cannot be determined thus the real inflation rate will fluctuate from the expected. 

This is called the un-systematically inflation ratecix. If the loan taker and loan provider do not react alignment on 

the un-systematic inflation rate then the effect will not be 1:1. Another argument presented known as the 

Mundell-Tobin-effect says that the private sector will react to an expected increase in the inflation rate by saving 

their money instead of investing them, as the inflation rate will devalue their fortunecx thus the demand for loans 

will decrease and therefore the inflation rate will not affect the nominal interest rate by 1:1.  

 

6.2 Monetary policies  

The government is using monetary policies to try and control the interest rate and the money market. Monetary 

policy is playing an essential role in the creation and movement of the interest rates, both domestically and 

internationally. The government uses the monetary policy to decrease or increase the society’s spending by 

reducing or increasing the cash-flow of monies in the market. Therefore, governments plays a central part of the 

creation and movement of interest rates world-wide. The monetary policies are often enforced by the national 

banks and in Denmark the Danish National Bank has the responsibility to exercise the monetary policy.  

The National Bank has several instruments of which they can affect the interest rate in the market. Firstly, they 

have a call rate whereby banks can obtain loans or deposit savings for 7 days. When obtaining a loan there has 

to be a collateral from the bank and when deposit, the banks receive the call rate in order to make a return on 

their liquidity.cxi The purpose is to control the national banks’ loans. If the liquidity is increasing for the banks, 

this will lead to more loans, thus more consumer spending and thereby an increased inflation and interest rate.  

The second instrument which the National Bank uses to exercise the monetary policy is the open-market-

operation (OMO).cxii The OMO refer to the National Bank’s trading of Danish government bonds. By buying or 
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selling bonds, the National Bank can twist the short and long interest curve. When the National Bank is buying 

bonds in the market they float the market with more liquidity thus increasing consumer spending and thereby 

lowering the interest rate. This is called the liquidity-effect. Vice versa, when the National Bank is selling bonds 

in the market they decrease the amount of liquidity and thereby the consumer spending which will increase the 

interest rate. The National Bank can also control the short- and long-term interest rate by e.g. buying short-term 

bonds in the market, which will decrease the short-term interest rate and buy selling long-term bonds which will 

increase the interest rate thus twisting the whole interest curve.  

The theory for expansive monetary policies (liquidity-effect) dictates that it will have an effect on the short-term 

but it will not have an effect on the long-term. The reason being that on the long-term it will increase investments 

and the overall demand in the society due to the increased liquidity in the market. This is called the income-

effect.cxiii The increasing demand for investments and goods in general will create a stronger competition and 

put pressure on prices thus increasing inflation. On that basis, all consumers in society are aware that the 

expansive monetary policy is only increasing the nominal increase in the liquidity and not the supply of goods 

and investments. The real variables such as the real interest rate and the real income will be unaffected by the 

expansive monetary policy in the long-term.cxiv It will merely be the nominal variables such as inflation, which 

will change in the long-term. As discussed Fisher stated that the nominal interest rate would have a 1:1 effect 

with the inflation and therefore it will only be the nominal interest rate that will be affected in the long-term by 

the nominal variables and not the real variables. This will lead to the nominal interest rate increasing 1:1 with 

the inflation thus expansive monetary policies will not have an effect on the real interest rates in the long-term.cxv 

During the depression of the current financial crisis, US Federal Reserve (FED) – through three rounds – bought 

more than US$ 3.7 trillion of treasury bonds and mortgage-backed securitiescxvi. The program was known as 

“quantitative easing” and the purpose was to float the market with liquidity in order to try and increase the 

consumer spending and investment in the market, driving the interest rate down. Today the FED’s balance sheet 

is more than US$ 4.5 trillion. The newly appointed Chairman of the Federal Reserve Jerome Powell said in his 

speech on 6th April 2018 at the Economic Club of Chicago:  

“Over the next few years, the size of our balance sheet is expected to shrink significantly. At our meeting last 

month, the FOMC raised the target range for the federal funds rate by 1/4 percentage point, bringing it to 1-1/2 

to 1-3/4 percent. This decision marked another step in the ongoing process of gradually scaling back monetary 

policy accommodation. The FOMC's patient approach has paid dividends and contributed to the strong economy 

we have today.”cxvii 
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This illustrates how FED will affect the interest rate by not re-investing the principals received on bonds which 

has run to maturity. By not re-investing the principals in the market they will limit the liquidity and thus affect 

the interest rate in the American market.  

 

6.3 Bonds 

A bond can be defined as a standardized proof of debt. The loan-taker issues a series of similar bonds which 

investors purchase in the financial market. Therefore the loan consist of numerous single debts (one for each 

bond issued). The loan provider is an investors who purchases such a bond. The investor can either be 

institutional or private, as bonds are freely traded and are easily accessible on most exchanges in the world. 

Bonds are typically issued by governments, corporates (companies) and Building Societies (Mortgage Bonds). In 

Denmark, the largest issuer of bonds is the government and these bonds are typically non-convertible bonds and 

have one yearly coupon. The building societies are issuing debt with collateral in real-estates thus facilitating the 

debt of private or corporate real estate buyers in the bond market. These type of bonds can usually be converted 

by the issuer before the expiration date.cxviii  

The pay-off pattern for the individual bond is determined by a few factors. The principal, the coupon rate, the 

duration and the type of loan. There are three type of loans which are used for bonds:  

 Standing loan: this type of loan is categorized by the principal is paid-up in full by the end of the duration. 

Thus the loan taker is only paying the interest rate (coupon rate) during the duration of the bond and 

are not paying of the principal during the duration of the bond. 

 Series loan: this type of loan is categorized by the loan taker is repaying the same amount of the principal 

per coupon and the interest rate paid for each period is calculated on the remaining principal for the 

bond. Thus the payment pattern is higher at the beginning of period and small for each coupon there is 

(due to the decrease in size of the principal).    

 Annuity loan: this type of loan is categorized by the loan taker is paying the same amount at each coupon. 

Thus the payment pattern is, that there will be a high interest rate at the beginning of the period, and a 

small payment of the principal. As coupons are paid the principal reduces thus a smaller interest rate 

meaning a higher payment of the principlecxix. 
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The prize of the bond is directly correlated with the interest rate. The price of the bond is equal to the value of 

all future payments. The interest rate that is applied on bonds is referred to as the effective interest rate. This 

differentiates from the interest on a bank loan, because a bond is traded at a price (par). In Denmark bonds are 

traded with a par value of DKK 100. The interest rate received on a bond correlates with the price of that said 

bond. If the bond is sold at a lower price than par (100) the effective interest rate on the bond is including in the 

price a buyer of the bond will receive if the bond is executed and sold. If the effective interest rate is 6.00% and 

the price of the bond is DKK 75 the fixed effective rate the buyer of the bond will receive is 8.00% (0.06/75)cxx. 

The same applies if a money lender (purchaser of a bond) pays more than the par value the effective interest will 

be proportionally smaller. This means that the price for bonds are equilibrated with the interest rate and 

movements in the interest rate are affecting the prices on bonds.  

A bond usually has more than one future payment thus the duration and the number of coupon rates varies from 

bond to bond. Therefore, when accessing a portfolio of bonds and pricing the individual bond, one needs to know 

the structure of the bond i.e. the duration and the coupon rates. The correlation between the duration and the 

rate of a bond is called the interest rate structure.cxxi  

 

6.4 Corporate bonds  

Corporate bonds are bonds issued by corporation with the purpose of raising foreign capital i.e. loans. The 

general principle is the same for both government bonds and corporate bonds however, there are certain factors 

and extra risks inherent in purchasing a corporate. Some corporate bonds has a guarantee to cover the principles 

in the event of a default and in this case there are no credit riskcxxii. However, most bond issuing corporates do 

not have such a guarantee thus there risk profile is somewhat different from a traditional government bond.  

The most important different between a government bond and a corporate bond is the credit risk. The inherent 

credit risk implies that there is a risk that the bond issuer is declared bankrupt and thus cannot meet its 

obligations toward the bond owner. As a consequence of a default the owner will not receive the coupons and 

only partially or the whole of the principle of that bondcxxiii. Another risk of purchasing a corporate bond is the 

illiquidity risk. For certain types of corporate bonds the market is not very liquid and thus there is not a high 

demand from buyers. Therefore, it can be difficult to sell off the corporate bondscxxiv. Finally, there is the currency 

risk. In e.g. Denmark the corporate bond market is less than 10% of the overall bond market and thus investors 
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often have to buy international bonds in order to diversify their portfoliocxxv. As a consequence, the purchaser of 

foreign bonds needs to consider the currency risk in which the coupon and principle is paid out.  

Therefore, corporate bonds are, all things being equal, less volatile and more risky for investors. This means that 

as a rationale investor the returns are higher because of the extra risk. The corporate bonds therefore often pays 

a higher coupon then government to compensate that said risk. As a consequence credit rating is very important 

for the bond issuer, as a higher rating will result in a lower penalty premium on the coupon and thereby the cost 

of the loancxxvi. The corporations therefore, very often, gets a credit rating from one of the credit agencies e.g. 

Standard & Poor’s (S&P) or Moody’s. The agencies provides the corporation with a rating from their rating table 

which for loans with a high duration can be seen as per below. The classification is that bonds of BBB or above is 

quality bonds, below that it is high-yield or junk bondscxxvii.  

  

Figure 15. Rating table of corporate bonds cxxviii 

Corporate bonds are also traded on indexes whereby one can invest in a range of corporate bonds within a 

certain category. There are e.g. index for S&P Investment Grade bonds.  

There are three main methods to calculate the credit risk on corporate bonds these are; determination of the 

credit risk using the interest rate curve, determination of the credit risk by options and finally the J.P. Morgan 

CreditMetrixTMcxxix. For the purpose of this paper only the interest rate curve model will be discussed.  

The theory is based upon the Swap-interest rates (swap-rates). The swap-rates are the interest rates which is 

applied when prime banks are lending to each-other. The likelihood of a defaults is measured towards the swap-

rate and the difference between the swap-rate and the yield on the bond is the risk premium that investors gets 

from the investing in corporate bonds – also referred to as yield-spread.cxxx The likelihood of a default (q) can be 

calculated as using the forward rates:  

S&P Moody's Explanation Classificatoin

AAA Aaa Best rating

AA Aa Very high rating

A A Top medium rating 

BBB Baa Low medium rating

BB Ba Low rating, speculation

B B Very speculative

CCC Caa Significan risk 

CC Ca Significan bankruptcy risk

C C Almost bankrupt

D Bankrupt

Investment Grade

Speculative Grade

High-Yield
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𝑞𝑛 = 1 −
(1 + 𝑓𝑡−1,𝑡

𝑆𝑤𝑎𝑝
)

1 + 𝑓𝑡−1,𝑡
𝐴𝐴𝐴  

6.5 Interest rates for bonds  

In bond theory there are three interest rates which are essential. The first one is the zero coupon rate. The zero 

coupon rate shows - based on the assumption that there is no-arbitrage thus the price for a payment is irrelevant 

from where it origins - the interest rate or discounting factor between two payments (t0 ; tn). Or put it in another 

way, it shows the interest rate today on a risk free loan. Essentially, the theory is, that a zero coupon bond 

(standing bond without any interest rate payments) pays one guaranteed coupon of DKK 1, then the price of 

such a zero coupon bond would be the discounting factor dt. The zero coupon interest rate is widely used because 

a cash-flow on a bond can be split into a sum of zero coupon bonds. As such the price of a cash-flow can be 

determined if we know the price of the correlating zero coupon bonds (the discounting factor).cxxxi This means 

that when pricing bonds they are all discounted with the same discounting factor i.e. the zero coupon rate.   

The formula for calculating the value of the cash-flows of a bond (and there by the price) is given by:  

𝑃𝑉 ∗= ∑ 𝑌𝑡

𝑡𝑛

𝑡=𝑡1

∗ 𝑑𝑡 

Where the present value of the cash-flows is the future cash-flows discounted with the zero coupon rate.  

The other important interest rate is the forward rate. The forward rate is the interest rate today on a future loan 

between two future points in time e.g. between t1 and t3. The forward rate combines the zero coupon rates and 

the zero coupon rate can be found as the geometric average of the forward interest ratescxxxii. By bootstrapping 

one can find the forward interest rate and thus determine the zero coupon rate by two given points in the future.  

The final interest rate is the effective interest rate. The effective interest takes into account the interest rate of 

interest rates, and shows the interest rate which is effective for the bond. Thus the effective rate shows investors 

the rate of return which they will have on their investment, since the effective interest rate besides the coupons 

of the bond also takes into account the value regulation.cxxxiii Thus it is compounded by the two measurements. 

If the interest rate or yield on a bond is 5.00% and the price of the bond is 98 then the effective rate is can be 

found by the following formula:   
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𝑖 =
5

98
= 5,10%cxxxiv 

However, this does not take the value regulation of the bond into account. If the duration of the bond is one 

year, and it is converted to par 100, then the above does not take the investors gain into account. The value of 

this value regulated gain can be calculated as  

𝑉𝑎𝑙𝑢𝑒 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =  
100 − 98

98
= 2,04%cxxxv 

The effective rate can now be calculated as  

𝑖 = 5,10% + 2,04% = 7,14% 

If, of course, the purchase price of the bond was above par (100) then the value regulation is negative. The 

effective interest rate does also take into account that the coupon can be reinvested in the marked to the same 

interest rate.  

When analysing the effective interest rate for a portfolio of bonds, one cannot simply take the weighted average 

of the effective interest rates of the bonds, because this does not take the duration of bonds into account. 

Therefore the effective interest rate is not an average interest rate and one cannot compare the effective interest 

rate for the different loan types. The below illustrates how the effective interest rate is calculated for a portfolio 

of bonds.  

 

Figure 16. Portfolio of bonds with key indicators cxxxvi 

The reason for not being able to use an average of the effective interest rate of a portfolio is the duration, thus 

an effective interest rate of 1.96% in 9.30 years has a relatively higher effect than an effective interest rate of 

1.16% in 5.41 years. The effective interest rate for the portfolio can be found as  

𝑖 =
25,260

15,542
= 1.63%. 

 

Listed price (K+v) Effective rate (i) Duration (D) (K+v)*i*D (K+v)*D

4% standing loan 2019 1.202,07 1,16 5,41 7.544 6.503

1,5% standing loan 2023 971,95 1,96 9,30 17.717 9.039

Total 2.174,02 1,63 25.260 15.542
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6.6 Duration and risk of investing in bonds  

There is a variety of risks implied in buying bonds. The most significant risk is (usually) the risk on the interest 

rate. As illustrated, the price of the bond is correlated with the interest rate, because the price of the bond is the 

value of the discounted cash-flow. As a consequence when the interest rate is increasing the discounting factor 

is higher, and the price of the bond will decrease and vice versa. Besides the risk of the future interest rate, there 

is a risk of default. Default risk means that the issuer of the bond is not able to honour the future coupon rates. 

An example is a corporate bond, where the issuer (the company) is bankrupt and the loan provider will not get 

either the principle or future coupons, if the bond is not covered by collateral. There is a risk of conversion of the 

bond. The issuer can, for some bonds, convert the bond i.e. pay the debt before expiry of duration thus the cash-

flow of the bond become uncertain as the buyer is not guaranteed all of the future coupons if the bond is 

converted before expiry. Finally, there is the inflation risk. Inflation risk is the inherent risk investors and loan 

takers has on the interest rate connected to bonds. If inflation increases the coupon and paying-off of the 

principal will increase due to the increased nominal interest rate. The inflation risk on existing bonds are 

regulated by ways of inflation indexes but an increased inflation will have an impact on new nominal debtcxxxvii 

i.e. reinvestments in bonds.   

Duration is a very important key indicator for bonds. Duration shows the change in the value of a bond – in 

percentage – if the interest rate is changed by one percent. The duration is therefore an elasticity and can be 

expressed as  

𝐷 =
𝜕(𝐾 + 𝑉)

𝜕(1 + 𝑖)
∗

(1 + 𝑖)

𝐾 + 𝑉
 

Where D is duration, K+V is the value of the bond and (1+i) is the effective interest rate of the bond. As a starting 

point for calculating the duration is the individual (future) payments of the bond, the duration is also expressing 

the average remaining duration of the bond, because it takes into consideration the timing of all future coupon 

payments of the bond. Duration can alternatively be expressed as  

𝐷 = ∑ 𝑡

𝑁

𝑡

∗ 𝑤𝑡 

Where w is expressing the individual coupon rates value of the total value of the bond. Which can be expressed 

as  
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𝑤𝑡 =
𝑦𝑡 ∗ (1 + 𝑖)−𝑡

∑ 𝑦𝑡 ∗ (1 + 𝑖)−𝑡𝑛
𝑡

 

Duration is considered an essential risk key indicator for bond investors. Another key indicator also widely used 

is named the modified duration. The modified duration shows the percentage change in the value of a bond by 

one percentage point change in the interest rate. Thus the modified duration will show changes in the value of 

the bond, given much smaller movement in the interest rate curve. It can be expressed as  

𝑀𝐷 =
𝐷

(1 + 𝑖)
 

The duration (or modified duration) is very useful when analysing a portfolio of bonds, because the duration of 

different type of bonds (loan types) are comparable, which is not the case for the effective interest rate. 

Therefore, if one knows the approximate value of the portfolio and the duration, the effect interest rate for the 

entire portfolio can be found. The duration of a portfolio can be found by analysing the weights of the duration 

and value for the individual bonds compared with the total value of the portfolio.cxxxviii  

 

Figure 17. Portfolio of bonds and key indicators  

 

The duration for the above portfolio can be found as the weighted average of the duration expressed as  

𝐷 =
1,202.07∗5.41+971.95∗9.30

2,174.02
= 7.14%. 

 

6.7 Convexity and Dahl’s model  

The convexity is another very important key risk indicator when analysing bonds. The convexity shows the 

approximate – in percentage - error in the theoretical pricing of a bond when the interest rate changes and the 

correct change in the price of a bond. This is because the correlation between interest rate increase and decrease 

is not linear to the change in the actual price of the bond. The convexity needs to be taken into consideration 

when calculating the approximate change in value, as this corrects most of the error by only using duration as a 

key indication when calculating the change in the value of a bond or portfolio.  

Listed price (K+v) Effective rate (i) Duration (D) (K+v)*i*D (K+v)*D

4% standing loan 2019 1.202,07 1,16 5,41 7.544 6.503

1,5% standing loan 2023 971,95 1,96 9,30 17.717 9.039

Total 2.174,02 1,63 7,15 25.260 15.542
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Convexity can be calculated as 

𝐶 =
𝜕2(𝐾 + 𝑣)

𝜕(1 + 𝑖)2
∗

(1 + 𝑖)2

(𝐾 + 𝑣)
 

 

 

Which can also be expressed as 

𝐶 = ∑ 𝑡

𝑁

𝑡

∗ (𝑡 + 1) ∗ 𝑤𝑡 

It is important to note that the convexity does not explain the entire error by only using the duration, but it 

provides a very good approximation which is marginally wrong from the correct change in values of bonds.cxxxix 

The Basis Point Value (BPV) shows the nominal change in the value on the bond by changing 1 percentage point 

in the effective interest rate.cxl The BVP is very efficient when measuring changes in the value of bonds by small 

movements in the interest rate. The formula for calculating the BPV is as follows:  

∆(𝑘 + 𝑣) = −
𝐷

(1 + 𝑖)
∗ 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 ∗ (𝑘 + 𝑣) +

1

2
∗

𝐶

(1 + 𝑖)2
∗ (𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒)2 ∗ (𝑘

+ 𝑣) 

Dahl’s model (1994) suggests that due to the fact that a zero coupon’s duration is constant (which equals the 

remaining duration of the bond) no matter the interest rate, this can be exploited. If the change in the interest 

rate curve is larger than 1%, then the Dahl’s model can further illustrate the error of using duration only.  

It can be expressed as  

∆(𝐾 + 𝑣) = (𝐾 + 𝑣) ∗ (𝑒𝐴 − 1) 

where e  is the exponential function of A, and A can be calculated as 

𝐴 = (
𝑉

𝐵
) ∗ ((

1 + 𝑖1

1 + 𝑖0
) −𝐵 − 1) 

and B can be calculated as  
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𝐵 =
𝐶

𝑉
− 𝑉 − 1 

Dahl found that when using the above approximation for changes in the interest rate which are bigger than ± 1% 

this model provided a more accurate approximation of the actual change in the value of a bond than using the 

duration and convexity only.cxli 

 

6.8 Derivatives  

A derivative is a financial instrument linked to an underlying asset. The price of the derivative is therefore also 

linked to the price and price movement of this underlying asset. The underlying assets can be a range of other 

financial instruments e.g. bonds, stocks, indexes and currencies but also commodities in general e.g. fuel, corn, 

gold etc.cxlii. Derivatives are often used for hedging of risks. This is due to the fact that the derivative is linked to 

the underlying asset and that the pay-off pattern of a derivative is linear with the price development of that 

underlying asset. Hedging with derivatives can be in many combinations and one can combine the hedge 

according to need. The underlying asset of a derivative needs to be delivered at a time, defined in the contract, 

at a certain price, if the derivative is not closed before expiry. This means in theory, for example, if a market is 

turbulent, or if the buyer does not want any fluctuation in price of the asset, then the derivate, if shorted, can 

compensate for loss of profits if the value is deteriorating but on the other hand, if prices increase then the buyer 

needs to pay the profit gained on the underlying asset.  

There are two main types of derivatives: Forwards and optionscxliii. These are traded on stock exchanges or as an 

Over-the-counter deal (OTC)cxliv and again these groups can be divided into forward and future contracts. The 

advantage of buying a derivative on the stock-exchange is that it is a standardized product, no credit risk and 

they are liquid. However, there is an inherent basis risk because the product cannot be tailor-made and thus it is 

difficult to make a “perfect” hedge. The standardization means that the underlying assets that are available on 

the market do not necessarily meet the clients’ need and therefore one needs to buy a derivative covering 

another similar asset and whereby creating basis riskcxlv. OTC derivatives are different in the way that these 

contracts are often made between two parties (the counterparty could be e.g. Deutche Bank). These products 

are very flexible and can be tailor-made to the clients need. However, there is an inherent credit risk by doing so 

and these are not very liquidcxlvi.  
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Derivatives are also widely used for interest rates and the most common is the interest rate swap. An interest 

rate swap allows two parties to swap e.g. a variable to a fixed interest rate. One can also hedge the risk of twists 

in the interest rate curve by ways of Forward Rate Agreements (FRAs) whereby the buyer hedges the interest 

rate development.cxlvii 

Derivatives can be very volatile and unlike stocks the loss can technically be infinite. However, as mentioned they 

can also be very useful and corporations can hedge some of their underlying risk by investing in derivatives.  

6.9 Chapter conclusion  

The theory of bonds and interest rates is wide. The interest rate is affected by the societies and consumers in 

general and by the governments and central banks.  

Bonds and interest rates are highly correlated as the interest rate affects the discounting of the cash-flow for a 

bond and thus its valuation. There are different types of bonds e.g. government bonds and corporate bonds and 

different loan types. The value and the key indicators of bonds can be found by a few characteristics and be 

applied on a portfolio level. Through analysis of the portfolio and its values correlation to the interest rate models 

like the Dahl’s model and BPV can be applied. For smaller changes in the interest rate the BPV model is the most 

correct and the Dahl’s model is more correct for large changes in the interest rate curve. Finally, it was concluded 

that FED’s intention is to increase the interest rate in the US by 0.25% per annum.  
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7. Balance sheet and investments 

7.1 Reformulating of profit and loss and balance sheet  

The balance sheet is the consolidated balance sheet for the Munich Re Group, including their subsidiaries. The 

Munich Re Group submits their annual reports applying to International Accounting Standards 8 (IAS 8)  

When analyzing a company’s balance sheet and profit and loss account it is essential to reformulating it. When 

reformulating a balance sheet the analyst seek to identify the sources of revenue stream and the profit creation 

of the company.  

By reformulating the balance sheet one needs to identify and group the assets and liabilities into four separate 

categories. The assets is grouped into two groups: financial assets and operating assets. By doing so, it can be 

determined how the company is investing their equity and financing to create revenue for the company through 

their operation. The liabilities are equally separated into two groups: financial liabilities and operational 

liabilities. This will enable the analyst to see how the company is financing their operations. The difference 

between the total of financial and operational assets – referred to as the net operational assets - and financial 

and operational liabilities – referred to as the net operational liabilities - and minority interests is the company’s 

equity. The reformulated balance sheet for the Munich Re Group can be shown as per below:  
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Figure 18. Reformulated balance sheet  

As can be seen from the reformulated balance sheet it is clear that Munich Re is not a traditional production 

company. Munich Re has a conservative investment strategy. They aim for a stable and secure asset balance 

sheet thus trying to mitigate the risks taken on their assets, as they need to show a strong balance sheet for their 

future beneficiaries. Therefore, their assets are strongly dominated by securities (especially bonds) and loans. 

When looking at the total assets this becomes clear that more than 50% of the total balance sheet is invested in 

securities. More than 75% of the total assets are placed in securities and loans. In nominal figures this amounts 

to a total investments of more than €200,000,000,000.  

Assets

Operational assets 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17

Goodwill 2.625 4.419 4.441 3.135 3.547 3.477 3.376 3.292 3.063 2.790 2.817 2.584

Other intangible assets 843 1.103 1.336 1.142 1.801 1.718 1.564 1.380 1.220 1.171 1.303 1.105

Land&buildings 8.405 9.044 9.848 3.753 3.957 4.086 3.831 3.762 3.732 4.317 4.444 5.121

Inv. Afflilated comp., joint ventures 13.538 12.558 9.601 1.168 1.269 1.001 1.477 1.514 1.559 1.278 1.711 2.216

Securities held for sale 112.756 111.251 106.175 119.034 114.507 115.605 133.196 125.902 143.843 141.543 149.060 143.844

Loans 9.150 11.182 12.644 35.502 40.426 46.622 54.418 55.245 54.550 53.516 53.691 54.702

Deposits retained on assumed R/I 12.010 12.800 12.911 8.206 6.646 6.798 8.967 9.636 8.750 7.253 5.240 5.690

Ceded share of technical provisions 10.166 11.994 10.230 5.626 5.251 4.983 5.730 5.305 5.328 4.327 3.669 4.169

Receivables 9.145 9.713 8.871 9.387 9.314 10.770 12.047 11.977 12.450 12.391 14.542 13.825

Deferred acquisition costs 6.361 7.286 7.451 8.302 8.399 8.528 9.182 9.542 9.476 9.348 9.539 9.428

Deferred tax 1.925 2.320 4.067 4.619 5.708 5.025 6.219 6.995 7.601 206 328 534

Assets held for sale 0 0 0 0 0 0 0 0 0 6.947 0 118

Total operational assets 186.924 193.670 187.575 199.874 200.825 208.613 240.007 234.550 251.572 245.087 246.344 243.336

Operational liabilites

Unearned premiums 5.376 5.812 6.158 5.719 6.421 6.946 8.134 7.994 8.373 8.841 8.984 8.857

Provision for future policy benefits 82.944 89.016 96.088 94.935 98.205 100.862 109.769 111.427 112.648 108.572 108.108 108.956

Provisions for outstanding claims 31.248 39.511 42.792 44.564 45.503 46.846 53.751 53.061 56.342 59.756 61.362 63.965

Other technical provisions 21.541 15.642 7.460 10.536 9.253 10.146 13.960 13.519 18.492 17.413 19.026 19.174

Other provisions 3.061 2.730 3.197 2.793 2.982 3.206 4.318 7.043 4.473 4.145 4.895 4.508

Gross technical provisions for unit-linked life insurance 583 655 698 2.308 2.970 4.117 6.258 3.742 7.837 8.201 8.429 8.971

Deferred tax liabilities 4.780 3.541 4.738 7.095 8.832 8.521 8.799 8.188 9.776 2.343 2.230 1.456

Liabilites related to assets held of sale 48 139 158 0 0 0 0 0 0 6.301 0 65

Deposits retained on ceded business 0 0 0 2.231 2.086 2.176 2.947 2.762 2.673 1.521 828 593

Current tax liabilites 0 0 0 2.634 2.791 3.134 4.038 2.795 2.729 2.018 2.429 2.439

Total operating liabilities 149.581 157.046 161.289 172.815 179.043 185.954 211.974 210.531 223.343 219.111 216.291 218.984

Total net operating assets 37.343 36.624 26.286 27.059 21.782 22.659 28.033 24.019 28.229 25.976 30.053 24.352

Financial assets

Securities not held for sale 1.445 1.392 1.304 1.480 3.265 1.697 3.022 2.305 2.169 2.551 1.455 1.980

Other investments 1.523 3.101 3.092 4.833 1.992 2.340 2.964 3.803 4.324 4.635 3.814 4.009

Insurance related investments 581 666 703 2.178 2.874 4.026 5.958 7.307 8.461 9.163 9.558 9.664

Cash 2.273 1.866 2.735 2.505 2.365 3.082 2.860 2.820 2.912 3.955 3.353 3.625

Other assets 821 1.359 1.032 3.383 4.041 3.654 3.605 3.527 3.541 3.477 3.280 3.107

Total financial assets 6.643 8.384 8.866 14.379 14.537 14.799 18.409 19.762 21.407 23.781 21.460 22.385

1,52% -1,26% -1,90% 0,33% 1,88%

Financial liabilities

Subordinated liabilites 0 0 0 4.877 4.979 4.790 5.504 4.424 4.413 4.416 4.218 2.790

Bonds and notes issued 0 2.474 2.205 341 302 276 259 248 282 314 324 277

Other liabilities 18.030 22.187 18.467 10.762 9.931 10.114 13.240 12.921 14.637 14.061 15.187 15.472

Total financial liabilites 18.030 24.661 20.672 15.980 15.212 15.180 19.003 17.593 19.332 18.791 19.729 18.539

Total net financial assets -11.387 -16.277 -11.806 -1.601 -675 -381 -594 2.169 2.075 4.990 1.731 3.846

Minority interests 2.354 990 532 501 285 229 242 243 271 298 269 186

Total equtiy 25.956 20.347 14.480 25.458 21.107 22.278 27.439 26.188 30.304 30.966 31.784 28.198
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Figure 19. composition of assets  

The total securities and loans are dominated by fixed income securities. In this chapter the focus will be on 

investments held for sale as they account for more than 98% of the total engagement in securities. By segmenting 

Munich Re’s investments it is clear that their conservative investments strategy is followed. Approximately 88% 

of their total investments is government and corporate bond with strong security. This enables Munich Re to 

protect their balance sheet and mitigate the risk from the financial stock market on their assets by purchasing 

less volatile and secure fixed-income assets. This has also another positive effect, which is on their Solvency II 

ratio. The bonds are dominated by European and US governments bonds and corporate bonds. The majority of 

the bonds have an A-rating or higher. In the reformulation of the balance sheet, loans and securities held for sale 

is assumed to be operational assets. Loans and securities in general are a clear part of the overall strategy and 

when analyzing the profit and loss account, if becomes clear that their profitability is reliable on return on their 

investments thus forming an essential part of their overall operation.  
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Figure 20. Composition of investments  

 

 

Figure 21. Composition of rating of bonds 

When assessing the liabilities it is clear that Munich Re is not a highly leveraged company. Their liabilities are 

highly dominated by future provisions for their clients and thereby the policyholders which in effect they provide 

insurance for. The liabilities on an (re)insurance balance sheet are highly effected by the future obligations to 

policyholders. These are calculated by actuaries who – through various actuarial methods – determine the 
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amount of future claims arising from the business already accepted on the (re)insurers balance sheet. The 

industry terminology for these provisions is Incurred But Not Reported (IBNR). These provisions are by its nature 

uncertain and one may experience that they are either too high or low.  

 

Figure 22. Composition of liabilities 

By reformulating the profit and loss account the analysts seeks to identify the revenue streams and the profit 

generations created by a company. By segmenting the income and expenses into two categories being the 

operational (both core and non-core) and financials. By identifying these, one can analyze how and where a 

company is generating its income and profit from its investments. This is done by reformulating the traditional 

profit and loss account into a total income statement. The total income statement is essentially the profit and 

loss account including other total income. These incomes are income which cannot directly be allocated to the 

profit and loss account and they are affecting the company’s equity directly. These posts are referred to as dirty 

surplus. Dirty surplus is important to include when analyzing a company’s historical profitability. If dirty surplus 

is not included then un-realized gains or losses are not taken into account when analyzing the profitability. Dirty 

surplus includes e.g. actuarial corrections and gains and losses caused by derivatives. It is further important to 

separate a company’s core business activities and non-core / unusual gains and losses. By doing so, it can be 

identified how the company’s core business is creating value and profitability for a company as a whole. It is 

further important to differentiate between core and non-core value creation when budgeting the future 

profitability and value creation for a company. When budgeting dirty surplus is accounted for as 0, because of 

the hypotheses of random-walk.  
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When calculating the tax in the total income statement this is found as a residual between the tax on the core 

operation, non-core operation and the financial income. This is due the fact that companies gain a taxation shield 

for payments on interests. Therefore, the tax for the core operation is found by:  

𝑇𝑎𝑥 𝑜𝑛 𝑐𝑜𝑟𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑏𝑜𝑜𝑘𝑒𝑑 𝑡𝑎𝑥 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑝𝑜𝑟𝑡 − 𝑡𝑎𝑥𝑎𝑡𝑖𝑜𝑛 𝑠ℎ𝑖𝑒𝑙𝑑 − 𝑡𝑎𝑥 𝑜𝑛 𝑛𝑜𝑛 −

𝑐𝑜𝑟𝑒 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛  

The tax rate applied for determine the residual tax is 15% which is the German corporate tax in 2018cxlviii  

 

Figure 23. Reformulated income statement 

When analyzing the correlation between the investment portfolio and the interest rates it is clear that Munich 

overall has increasingly invested in fixed-income securities and loans. In the early 00’ Munich Re has a diversified 

portfolio with proximately 50/50 invested in fixed-income and non-fixed income securities. After the collapse of 

the stock market following the financial crisis in 2007 the balance of non-fixed income securities has been scaled 

down significantly. The below table shows the development of the investment portfolio divided in fixed-income 

securities (loans and bonds) and non-fixed incomes and the correlation with the long-term (30-years) nominal 

interest rate development from the years 2000 to 2017:  

 

31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17

EBITDA for core operating activities -3,64% 1,95% -2,47% 0,10%

Net income 28.129 31.680 36.306 35.675 35.724 39.526 50.499 49.172 47.384 48.309 47.118 47.164

Other income 501 892 1.343 2.376 707 688 839 782 747 873 744 778

Net expenses for claims and benefits 29.770 34.162 31.129 30.474 28.716 32.392 40.996 39.916 39.694 38.731 38.498 41.645

Net operating expenses 7.340 7.758 8.933 8.878 9.056 10.181 12.562 12.364 11.951 12.367 12.295 12.186

Other expenses 1.071 1.487 2.383 2.882 741 803 873 922 875 941 938 924

Investment result 12.166 10.420 5.605 9.272 5.916 7.883 8.442 7.657 8.416 7.676 7.893 8.054

EBITDA core activities 2.615 -415 809 5.089 3.834 4.721 5.349 4.409 4.027 4.819 4.024 1.241

Amortization of goodwill 145 230 371 11 175 117 140 29 445 452 28 9

EBIT core activities 2.470 -645 438 5.078 3.659 4.604 5.209 4.380 3.582 4.367 3.996 1.232

Tax on core 399 -1.040 -574 858 1.350 1.206 740 -2 -387 395 697 -470

EAT core activities 2.071 395 1.012 4.220 2.309 3.398 4.469 4.382 3.969 3.972 3.299 1.702

EBITDA for non-core operating activities

Other non-operating costs 0 0 0 0 347 472 830 673 496 532 437 926

EBITDA non-core activities 0 0 0 0 347 472 830 673 496 532 437 926

Tax on non-core activities 0 0 0 0 76 104 183 148 109 117 96 204

EAT non-core activities 0 0 0 0 423 576 1.013 821 605 649 533 1.130

EAT of direct operation 2.071 395 1.012 4.220 1.886 2.822 3.456 3.560 3.364 3.323 2.766 572

Financial income 9,91% -8,79% 2,83% 2,04%

Finance costs 0 0 0 333 361 304 297 257 228 238 219 211

EBITDA financial income 0 0 0 -333 -361 -304 -297 -257 -228 -238 -219 -211

Tax shield 0 0 0 -50 -54 -46 -45 -39 -34 -36 -33 -32

EAT financial income 0 0 0 -283 -307 -258 -252 -218 -194 -202 -186 -179

EAT Munich Re 2.071 395 1.012 3.937 1.579 2.564 3.204 3.342 3.170 3.121 2.580 393

Dirty surplus 0 0 0 1.492 2.866 -371 -1.942 3.106 -3.601 150 -544 1.530

Minority interests 321 145 -69 37 31 50 31 8 40 24 -8 9

Total recognised income and expenses 1.750 250 1.081 2.408 -1.318 2.885 5.115 228 6.731 2.947 3.132 -1.146
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Figure 24. Correlation between movement in interest rate and Munich Re’s investment portfolio cxlixcl 

 

Especially investments in loans has increased significantly during the period but has stagnated during the past 

five years. The overall development in the portfolio is following the interest rate to a certain extend. In periods 

with smaller increases in the interest rate the investments in bonds has been decreasing, but the investments in 

loans has increased. Decreases in the interest rate, following the financial crisis, has meant that the investments 

in shares has been increasing, however very moderate, compared to the overall investments compiled on their 

balance sheet. Overall the trend during the years has been increasingly investing in fixed-income securities and 

downscaling the non-fixed income securities. Overall a small reduction in the total engagement in fixed-income 

securities would be expected in the first years with increasing interest rate, however this would be expected only 

to be temporary as reinvestments in bonds with higher yields would be expected.  

 

7.2 Budgeting  

The chosen budgeting period for Munich Re is five years. In this paper there be discussed budgeting of the profit 

and loss account but not the free cash flow account. The purpose of this paper is not to determine the enterprise 

value of Munich Re but to analyze the potential impact on the balance sheet in a situation with twists in the 
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interest curve. Therefore, it will be discussed how the impact of the annual results, if a twist in the interest rate, 

will affect the assets and liabilities and therefore causing a writing up or down of the value of the assets and 

liabilities.  

In the paper it is assumed that the investment strategy of Munich Re will continue to be conservative thus their 

strategy will continuously be investing, to a high degree, in secure fixed-income securities. It is also assumed that 

Munich Re will not raise any additional capital neither through emissions or sub-ordinated debts etc. Therefore, 

the retained earnings will be allocated directly to the equity thus one can see the impact on the equity in an 

event of twists in the interest rate curve. Finally, it is assumed that Munich Re will not make any purchasing of 

competitors thus the booked Goodwill will be continuously depreciated.  

In the budgeting of assets the most significant part is the securities held for sale and loans. The overall 

engagement in these posts has for the annual accounting years contributed with the most significant posts. 

Approximately these posts account for 75% of the total assets as can be seen below: 

 

Figure 25. Budgeting of fixed-income securities 

  

When analyzing the securities held for sale there has been a trend the past three years that Munich Re has 

invested more in non-fixed income assets, hereunder in the stock-market and various funds. The development 

can be seen below. The most significant changes in the portfolio is for government bonds in both Germany and 

in the US, where there in 2017 has been sold a large amount of these securities. To underline the trend, Munich 

Re has decreased their engagement in bond funds by around 50% in the past two years.  

For the non-fixed income securities there has been an enlargement of the portfolio and especially equity funds 

and shares. Due to the current interest rate environment shares have made very good return on investments for 

investors in general. For the budgeting of 2018 the consideration has been that the investment portfolio will be 

an average of the past three year’s movement in the specific securities.  

31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17

Securities held for sale 51,54% 49,51% 52,69% 52,64% 55,66% 54,13%

Loans 21,06% 21,72% 19,98% 19,90% 20,05% 20,59%

Total engagement 72,60% 71,23% 72,68% 72,55% 75,71% 74,72%
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Figure 26. Budgeting of composition of bonds  

By applying this methodology the total increase in securities held for sale is 0.25%. This is not in line with the 

movement of this post for the three year’s where an average increase of the securities held for sale was 0.71%. 

Therefore, an increase of 0.70% will be applied for the year 2018. The assumption is that the trend for investing 

in securities held for sale will in 2019 follow the investment strategy the past years. However, in a market where 

increasing interest rate applies the financial markets are more inclined to invest in bonds and less so in stocks as 

these become less attractive in a “high” interest rate environment. Thus from 2020 Munich Re will increase they 

purchase of bonds and downscale their engagements in the stock and fund market. The budgeting of each 

movement is shown in the table below. For funds, the investment strategy should follow the Munich Re’s 

strategy for investments in the underlying assets in which the funds are investing. Therefore, equity funds will 

decrease in line with investment in share, bond funds shall increase in line with investments in bonds and real 

estate funds shall increase in line with investments in bonds.  

 

Figure 27. Weighted average of investments in the budgeted period  

  

31.12.13 31.12.14 31.12.15 31.12.16 31.12.17 31.12.18

 -Germany -26,44% 10,61% -4,89% -5,47% -12,51% -7,62%

 -Rest of EU -1,85% 25,44% -3,47% 0,60% -0,42% -1,10%

 -USA -20,39% 37,18% 20,01% 6,47% -13,78% 4,23%

 -Other -8,64% 34,66% -0,42% 8,60% 0,72% 2,97%

Corporate debt securitues-4,15% 0,94% -7,04% 2,64% -7,57% -3,99%

Other -4,53% 10,41% -0,73% 17,35% 3,44% 6,69%

Shares 24,66% 27,09% -4,14% 19,11% 16,46% 10,48%

 -Equity Funds 33,13% 11,19% 32,44% -14,42% 32,97% 17,00%

 -Bond Funds 64,95% -23,33% -12,14% 17,94% -28,99% -7,73%

 -Real Estate Funds 0,75% 3,70% 6,25% -4,87% -46,11% -14,91%

Other 7,20% 7,95% 14,79% 1,53% 12,33% 9,55%

31.12.13 31.12.14 31.12.15 31.12.16 31.12.17 31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

 -Germany -26,44% 10,61% -4,89% -5,47% -12,51% -7,62% -5% 2% 2,50% 2,50%

 -Rest of EU -1,85% 25,44% -3,47% 0,60% -0,42% -1,10% -1,00% 1% 2% 2%

 -USA -20,39% 37,18% 20,01% 6,47% -13,78% 4,23% 5,50% 3% 3% 3%

 -Other -8,64% 34,66% -0,42% 8,60% 0,72% 2,97% 3,50% 2% 2% 2%

Corporate debt securitues-4,15% 0,94% -7,04% 2,64% -7,57% -3,99% -3% 2% 2,50% 2,50%

Other -4,53% 10,41% -0,73% 17,35% 3,44% 6,69% 6% 3% 1% 1%

Shares 24,66% 27,09% -4,14% 19,11% 16,46% 10,48% 12% -5% -4% -4%

 -Equity Funds 33,13% 11,19% 32,44% -14,42% 32,97% 17,00% 15% -5% -4% -4%

 -Bond Funds 64,95% -23,33% -12,14% 17,94% -28,99% -7,73% -5% 3% 3,50% 3,50%

 -Real Estate Funds 0,75% 3,70% 6,25% -4,87% -46,11% -14,91% -15% 4% 2,50% 2,50%

Other 7,20% 7,95% 14,79% 1,53% 12,33% 9,55% 10% -3% -2% -2%

0,25% 1,73% 1,22% 1,51% 1,55%Weighted average of increase in investment portfolio:



Page 62 of 83 
 

As for the rating of the bonds, it has been budgeted below and is a 3 year running average of the portfolio. It is 

expected that the strategy will remain and investments will be made in strong and secure bonds. As can be seen 

there is a very small amount of high-yield and junk bonds in the portfolio. The investment strategy for secure 

securities are also relevant for the company’s Solvency II ratio, as the inherent default risk for less secure 

securities will have a more negative effect in the Solvency II calculations the less secure (rating) these have.   

 

Figure 28. Distribution and budgeting of rating for bonds  

The loans are covering mainly mortgage loans and other loans. These are predominantly compromised by 

covered bonds and government bondscli. Covered bonds are debt instruments where there is full collateral by a 

cover pool of mortgage loans where the properties are the collateral. In the event that the issuer of the bond is 

defaulting the principle on the bond is therefore covered by the security in the properties.clii  

  

Figure 29. Breakdown of loans  

For the past years there has been a very modest change in the loan investment portfolio. The average change in 

the portfolio since 2015 has been a mere 0.10%. The budgeted movement for loans in 2018 is a downscaling of 

0.50%. There budgeting of loans can be seen as per below:  

31.12.13 31.12.14 31.12.15 31.12.16 31.12.17 31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

AAA 35,16% 33,05% 32,75% 32,43% 30,33% 31,84% 31,53% 31,23% 31,54% 31,43%

AA 31,22% 31,15% 32,67% 34,65% 31,86% 33,06% 33,19% 32,70% 32,99% 32,96%

A 13,99% 14,82% 12,82% 12,74% 15,46% 13,67% 13,96% 14,36% 14,00% 14,11%

BBB 16,78% 17,25% 16,98% 16,07% 17,23% 16,76% 16,69% 16,89% 16,78% 16,79%

Lower 2,70% 3,52% 4,20% 3,73% 4,58% 4,17% 4,16% 4,30% 4,21% 4,22%

No rating 0,16% 0,21% 0,58% 0,37% 0,54% 0,50% 0,47% 0,50% 0,49% 0,49%

Breakdown of loans as at 31.12.17

€m

Mortgage loans 5.842

Loans and advance payments on 

insurance policies
266

Other loans 48.595

Total 54.703
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Figure 30. Budgeting of loans  

As for bonds in general the assumption is that the covered bonds and mortgage loans will following the overall 

investment strategy for Munich Re and therefore will reduce the portfolio in line with bonds in the first years 

and there on after gradually increase the engagement.  

On the liabilities there are two main posts which are dominating Munich Re’s liabilities. These are current and 

future provisions for policyholders. These provisions accounts for approximately 67% of the total liabilities on 

the balance sheet.  

The difference between the provisions is that the provision for future policyholders benefit is IBNR’s and thus 

claims that is not yet incurred and provisions for outstanding claims which are claims that has already occurred 

but has not yet been settled. The assumptions is that losses are normally distributed throughout the years and 

thus the IBNR’s will also be made by the applied principle of best estimate. The average change in IBNR for the 

past three years was -1.09% and for outstanding claims 4.33%. The budgeting for these provision has been set 

to a continuous decline on the IBNR’s for 2018 and 2019 and a small increase in the following years. For 

outstanding claims there has been a continuous increase, which is in line with the increase amount of 

policyholders and thereby premium committed by Munich Re. The budget can be seen as per below:  

 

Figure 31. Budgeting in claims  

As for the profit and loss account there are three main points which are driving the profit and loss. The two main 

ones, which are linked to each-other by nature, are the premium assumed for taking on risk and claims paid in 

the accounting year which relates to the assumed risks. The third is the investment income.  

The discounted liabilities are only mentioned in up to 2016 in the balance sheet of the Munich Re Group. The 

discounted liabilities are 42.8% of the overall claims. As the assumption of a normalized distribution of claims 

the budgeted discounted claims can be seen as per below:  

31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

Loans 54.428 54.184 54.725 55.546 56.379

g -0,50% -0,45% 1,00% 1,50% 1,50%

31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

Provision for future policy benefits 107.866 107.327 107.595 108.133 108.674

Provisions for outstanding claims 65.884 67.860 69.557 71.296 73.078

g provision for future policy benefits -1,00% -0,50% 0,25% 0,50% 0,50%

g provision for outstanding claims 3,00% 3,00% 2,50% 2,50% 2,50%
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Figure 32. Budgeting of discounted claims  

The premium in the balance sheet is referred to as Net income. Net income means all the premium received by 

clients but deducted the retrocession premium Munich Re pays their retrocessionaires. According to the OECD 

the real expected annual growth in the society for 2019 is 2.10%cliii. The nominal growth is expected to be 4.5%. 

In the previous years the net premium has varied a bit. The most obvious explanation to this is that as discussed 

in the market analysis there has been put pressure on premiums for reinsurers due to the increase competition 

in the market. Another explanation could be an increased amount of ceded premiums to retrocessionaires. When 

looking at the financial reports the ceded share of premium to retrocessionaires is stable.  

The average three years has shown a modest decline of -0.14% in the net premium. As discussed in the market 

analysis there has been an influx of capital from institutional investors who are seeking higher returns in the 

reinsurance market and are driving the supply of capacity up and thus the price down. This influx will decrease if 

and when the interest rate is increased as investors are likely to seek returns on less volatile assets than Cat-

bonds etc.  

The budgeting of the net premium is therefore stable in the first year but will increase during the next years and 

in line with the expected real GDP growth in the market. The budget for net premium can be seen in the below 

table:  

 

Figure 33. Budgeting of premium 

In line with the budgeting of IBNR and outstanding claims, the paid claims in the calendar year is expected to 

have a normalized distribution. The claims ratio has for the past years been quite stable around 81%. 2017 was 

a catastrophic dominated year and thus claims ratio will increase as claims are paid out. In the aftermath of the 

catastrophic events of 2017 and due to the increased supply in the market, it is assumed that there will be an 

increase in the claims ratio for 2018 to 84% and a claims ratio of 82% in 2019. For the remaining period the claims 

ratio will be stable at 81%.  

In € m 2017 2018 2019 2020 2021 2022

Discounted claims 87.935 88.573 89.482 90.627 91.918 93.240

31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

Net premium 47.400 48.111 49.073 50.054 51.056

g 0,50% 1,50% 2,00% 2,00% 2,00%
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When analyzing the investment results they are driven by fixed-income, loans and non-fixed income as would be 

expected from the balance sheet. For the past three years there has been a very moderate change in the results 

from investments of 1.50%. For the budgeting, a moderate growth has been applied. This is due to the fact that 

coupon rates will increase in an environment with higher interest rates. Since the investment results on the 

assets classes fixed-income and loans are the vast majority of the overall investment result it is assumed that 

these will increase thus the overall investment result will increase. Since the investment strategy applied for this 

analysis has shown a downscaling of fixed-income securities the effect will be small the first years. For 2018 a 

growth of 1% has been applied. For 2019 1.5% and for the remaining budgeting years a 2% growth in investment 

results has been applied.  

  

Figure 34. Investment results 

The final part of the budgeting which will be discussed, is the budgeting of maturity for the fixed-income 

securities. For the years up to 2015 maturity has been declared in the financial report. From 2016 onwards 

Munich Re has not included a detailed overview of these figures. Therefore, the budgeting of majority will 

differentiate from the budgeting period because this will be from 2016 and forth. The split in maturities for fixed-

income securities can be seen as per below in percentage of the total engagement in fixed-income securities:  

Investment result (€m) 31.12.17

Land & buildings 324

Investments in affiliated companies -40

Investments in associates and JV 146

Loans 2.825

Fixed-income 3.636

Non-fixed income 1.392

Derivatives -364

Deposits retained on assumed reinsurance, and 

other investments
247

Expenses for management of investments -554

Result from investments for unit-linked life 

insurance
479

Results from other insurance-related 

investments
-36

Total 8.055
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Figure 35. Distribution of duration of bonds 

The majority is placed in fixed-income securities with durations for five years or more which represent 

approximately 60% of the total engagement. The remaining engagement is split more or less equally in fixed-

income securities with a short(er) maturity.  

For the budgeting of the maturities the following has been chosen for the entire budgeting period:  

 

Figure 36. Budgeting of distribution for bonds  

For corporate bonds “other” and “loans” has been included as this is a mix of covered bonds and loans and thus 

will, all things being equal, be rated and in line with the characteristics of the corporate bonds. The budgeted 

distribution of corporate bonds (including “other”) in terms of rating is as follows per 31.12.17:  

€m 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15

Up to one year 8,54% 7,05% 8,92% 11,55% 17,32% 8,24% 9,33% 7,75% 6,65% 8,91%

Over one year and up to two years 11,35% 11,54% 11,83% 11,20% 9,60% 8,74% 7,08% 8,89% 8,00% 7,62%

Over two years and up to three years 11,35% 11,54% 11,83% 9,35% 7,83% 9,18% 8,79% 9,87% 8,82% 8,50%

Over three years and up to four years 11,35% 11,54% 11,83% 6,98% 7,66% 8,72% 8,58% 9,28% 7,61% 7,66%

Over four years and up to five years 11,35% 11,54% 11,83% 8,92% 7,98% 9,83% 8,65% 8,60% 8,91% 8,94%

Over five years and up to ten years 35,28% 33,01% 30,45% 28,83% 28,82% 31,80% 27,65% 28,78% 29,71% 27,49%

Over ten years 10,78% 13,79% 13,29% 23,17% 20,78% 23,49% 29,92% 26,83% 30,29% 30,89%

2016-2022

Up to one year 8,00%

Over one year and up to two years 7,50%

Over two years and up to three years 8,50%

Over three years and up to four years 7,50%

Over four years and up to five years 9,00%

Over five years and up to ten years 28,50%

Over ten years 31,00%
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Figure 37. Budgeting of ratings for corporate bonds  

7.3 Chapter conclusion  

Through the reformulation of the income statement and balance sheet it was found that Munich Re on their core 

reinsurance business does not make a return for their investors. They are highly dependent on the return on 

investments. The balance sheet consist of approximately 75% investments in fixed-income securities on the asset 

side and approximately 78% of provisions to policyholders on the liabilities. The balance sheet has during the 

years 2000-2017 been increasingly dominated by loans and fixed-income securities and to a lesser degree non-

fixed income securities. The discounted amount of claims is 42.8% of the total claims and these claims will be 

used when analyzing the balance sheet impact. Therefore Munich Re does not comply with the assumption that 

they hold more bonds than claims provisions. However, they do hold more bonds than the value of claims that 

has to be discounted. Through an analysis of the notes, the distribution of maturity and rating has been found. 

The budgeting of the investments and future provisions has been made to analyze the projected impact on the 

balance sheet given a longer period of changes in the interest rate. The analysis of the above data will be the 

basis of the analysis in the next chapter of this paper.  

  

AAA 34.628.746.136

AA 36.373.496.984

a 17.647.888.556

BBB 19.673.352.034

lower 5.227.934.253

No rating 615.582.037

Total 114.167.000.000
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8. Analysis of bonds and interest rate 

8.1 Key performing indicators and theory  

As already discussed in this paper, the Basis Point Value is a very good indicator when monitoring the financial 

impact on the value of a bond with smaller changes in the interest rate curve. If the interest rate environment 

was different, one could argue that it would be appropriate also to include the Dahl’s model as this provides a 

more correct valuation of bonds for changes in the interest rate higher than +- 1%. As a consequence of the 

current market environment and for this analysis the BPV model has been chosen to analyze the impact of 

changes in the interest rate to the balance sheet. As illustrated, the balance sheet of Munich Re contain a number 

of government bonds and corporate bonds. For each bond the individual characteristics as per 31.12.17 has been 

chosen and each bond, besides the corporate bonds as these are index averages, has been individually priced to 

find the duration and convexity. Below is an example of a calculation of a bond’s price based on a ten-year US 

bond. The prices are in US$ but are through the budgeting allocated and assumed in EUR according to the booked 

values in the balance sheet. Each bond has been calculated in the same way by calculating the Present Value, 

Duration and Convexity described in the theoretical chapter:  

  

Figure 38. Example pricing of a bond 

By applying this methodology for the bonds, the sum of the value of the portfolio the total duration and convexity 

for the bond portfolio can be found as follows:  

Period Coupon i PV w D C

0,99726 2,75 2,40% 2,685721 0,026053 0,025982 0,051893

1,99726 2,75 2,40% 2,622775 0,025443 0,050816 0,152307

2,99726 2,75 2,40% 2,561304 0,024846 0,074471 0,29768

3,99726 2,75 2,40% 2,501273 0,024264 0,096989 0,484682

4,99726 2,75 2,40% 2,442649 0,023695 0,118412 0,710145

5,99726 2,75 2,40% 2,3854 0,02314 0,138776 0,971054

6,99726 2,75 2,40% 2,329492 0,022598 0,158121 1,264537

7,99726 2,75 2,40% 2,274894 0,022068 0,176483 1,587866

8,99726 2,75 2,40% 2,221577 0,021551 0,193898 1,938446

9,99726 102,75 2,40% 81,06072 0,786342 7,861268 86,45241

103,0858 1,000 8,895216 93,91102
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Figure 39. Total government bond portfolio with key indicating figures  

The duration and convexity are weighted averages of the total investment of the portfolio.  

8.2 Sensitivity analysis of the portfolio  

When analyzing the impact on the balance sheet, a sensitivity analysis has been chosen. The analysis has been 

chosen in order to not only analyze a single switch in the interest rate curve, thus allowing a more diversified 

analysis whereby the magnitude of several changes in the interest rate is reviewed. For the purpose of this paper 

each and every bond category has been individually modelled in order to see the individual contribution to the 

balance sheet. The interest rate interval which has been chosen in this paper is a range between +1% and -1% 

with 0.25% interval in between. The changes in the interest rate has been applied to the effective interest rate 

for each individual bond. To illustrate how the sensitivity analysis has been compiled the example below is the 

changes in the 30 year, ten year, five year, two year, one year and six months US government bonds:  

 

Figure 40. Sensitivity analysis of U.S government bond portfolio 

Total government bond portfolio Investment Duration Convexity

6 months government bond 5.361.600.000 0,0399 0,0598

1 year governement bond 5.026.500.000 0,0748 0,1493

2 year governement bond 8.712.600.000 0,2579 0,7711

3 year governement bond 8.042.400.000 0,3555 1,4153

5 year governement bond 9.550.350.000 0,6990 4,1663

10 year governement bond 9.550.350.000 1,3498 14,5759

30 year governement bond 20.776.200.000 7,4558 213,7152

Total 67.020.000.000 10,2325 234,8529

US - 30 year US - 10 year US - 5 year US - 3 year US 2 - year US 1 - year US 6 months

K+v 5.051.760.000 2.322.180.000 2.322.180.000 1.955.520.000 2.118.480.000 1.222.200.000 1.303.680.000

i 2,74% 2,40% 2,20% 1,98% 1,89% 1,76% 1%

D: 20,46142952 8,895215865 4,761170315 2,928627919 1,975331159 0,997260274 0,498630137

C: 547,4708483 93,91101822 28,0875483 11,61546432 5,898712578 1,991788328 0,74726215

∆(K+v) +1% -875.088.274 -191.322.822 -105.060.597 -55.065.936 -40.468.908 -11.860.163 -6.388.430

∆(K+v) +0.75% -680.880.023 -145.441.888 -79.380.883 -41.504.210 -30.464.528 -8.917.162 -4.800.275

∆(K+v) +0,5% -470.295.894 -98.261.107 -53.310.879 -27.805.978 -20.384.917 -5.959.468 -3.206.152

∆(K+v) +0.25% -243.335.886 -49.780.477 -26.850.585 -13.971.242 -10.230.074 -2.987.080 -1.606.061

∆(K+v) 0% 0 0 0 0 0 0 0

∆(K+v) -0.25% 259.711.764 51.080.325 27.240.875 14.107.747 10.305.305 3.001.773 1.612.029

∆(K+v) -0,5% 535.799.407 103.460.498 54.872.041 28.351.999 20.685.842 6.018.240 3.230.027

∆(K+v) -0,75% 828.262.928 157.140.519 82.893.498 42.732.755 31.141.609 9.049.399 4.853.994

∆(K+v) -1% 1.137.102.327 212.120.388 111.305.244 57.250.017 41.672.609 12.095.252 6.483.929
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In line with the theory there is not a 1:1 correlation between the switch in interest rate curve and the valuation 

of the bond. As such a negative move in the interest rate will create more benefit for the reinsurers than a 

positive switch in the interest rate will cause deterioration of value. For the corporate bonds the below 

magnitude of the switch in the interest rate can be seen:  

 

Figure 41. Sensitivity analysis of corporate bond portfolio 

A comparison of the overall changes in the portfolio the overall impact can be seen below. As a consequence of 

one 1-percentage-point switch in the interest rate curve the overall impact on the balance sheet of Munich Re is 

EUR -14,494,819,470. Which correlates to 51% of the company’s booked equity and 5.45% change in the overall 

assets. However this figure does not take the change of an increased discounting rate for the claims provision 

and thus the adjusted liabilities into account.  

 

Figure 42. Sensitivity analysis of the total investment portfolio 

When applying the change in provisions on the liability side it can be calculated as followed:  

Corporate bonds AAA Corporate bonds AA Corporate bonds A Corporate bonds BBB Corporate bonds lower Corporate bonds no rating

34.628.746.136 36.373.496.984 17.647.888.556 19.673.352.034 5.227.934.253 615.582.037

3,35% 3,25% 3,60% 3,95% 4,25% 5%

9,06 7,16 7,14 7,12 6,89 6,73

1,42 1,08 1,03 0,96 0,92 0,89

-3.033.367.638 -2.520.523.042 -1.215.426.601 -1.346.641.873 -345.298.790 -39.431.031

-2.275.457.322 -1.890.737.744 -911.728.726 -1.010.145.265 -259.015.582 -29.577.932

-1.517.259.278 -1.260.722.137 -607.925.000 -673.539.416 -172.704.714 -19.721.727

-758.773.503 -630.476.222 -304.015.425 -336.824.328 -86.366.187 -9.862.416

0 0 0 0 0 0

759.061.233 630.706.530 304.121.275 336.933.568 86.393.847 9.865.522

1.518.410.195 1.261.643.368 608.348.400 673.976.375 172.815.353 19.734.150

2.278.046.887 1.892.810.514 912.681.375 1.011.128.422 259.264.519 29.605.884

3.037.971.307 2.524.207.968 1.217.120.200 1.348.389.709 345.741.344 39.480.724

Total ∆(K+v) PV inv. value PV corr. for i Total ∆(K+v) in % Gov. bonds Corp. bonds ∆ in assets % of equity

∆(K+v) +1% -14.494.819.470 181.187.000.000 166.692.180.530 -7,9999% -3,3083% -4,6917% -5,45% -51,4037%

∆(K+v) +0.75% -11.015.197.040 170.171.802.960 -6,0795% -2,5601% -3,5194% -4,15% -39,0638%

∆(K+v) +0,5% -7.439.519.651 173.747.480.349 -4,1060% -1,7593% -2,3467% -2,80% -26,3831%

∆(K+v) +0.25% -3.767.787.305 177.419.212.695 -2,0795% -0,9060% -1,1735% -1,42% -13,3619%

∆(K+v) 0% 0 181.187.000.000 0,0000% 0,0000% 0,0000% 0,00% 0,0000%

∆(K+v) -0.25% 3.863.842.263 185.050.842.263 2,1325% 0,9585% 1,1740% 1,45% 13,7025%

∆(K+v) -0,5% 7.823.739.484 189.010.739.484 4,3180% 1,9697% 2,3484% 2,94% 27,7457%

∆(K+v) -0,75% 11.879.691.663 193.066.691.663 6,5566% 3,0334% 3,5232% 4,47% 42,1296%

∆(K+v) -1% 16.031.698.801 197.218.698.801 8,8482% 4,1497% 4,6984% 6,03% 56,8540%
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Figure 43. Sensitivity analysis of total discounted liabilities  

As can be seen the number of discounted claims are significant lower than the value of the investments in fixed-

income securities. Therefore the impact on the balance sheet can be viewed as follows:  

 

Figure 44. Sensitivity analysis for balance sheet  

It is clear that the overall impact of a positive switch in the interest rate will impact the balance sheet of Munich 

Re very negatively. The 1-percentage-point switch in the interest rate will mean a decrease in the booked equity 

of EUR -7,460,105,056 or a decrease of 26.45%. Contrary if the interest rate is decreasing by 1-percentage-point 

the impact on the equity will be EUR 8,251,096,713 or a positive gain on the equity of 29.26%. However, the over 

impact on the size of the balance sheet is smaller but still significant. A positive change of 1-percentage-point in 

the interest rate curve means a deterioration in the size of the balance sheet of 2.81% while a negative change 

of 1-percentage-point in interest rate curve means an enlargement of 3.11% in the size of the balance sheet.  

 

8.3 Budget analysis  

In addition to the above sensibility analysis the budgeted impact on the balance sheet will be modelled. For this 

modelling a change of both 0.25% and -0.25% in the average annual interest rate has been applied to the budget 

numbers. This change has been in accordance with the FED’s announcement of their intension of increasing the 

Total ∆liab. in % PV booked liab. PV corr. for i Total ∆liab.

∆(K+v) +1% -7,9999% 87.934.782.707 -7.034.714.414 80.900.068.294

∆(K+v) +0.75% -6,0795% -5.345.962.780 82.588.819.928

∆(K+v) +0,5% -4,1060% -3.610.593.166 84.324.189.541

∆(K+v) +0.25% -2,0795% -1.828.605.573 86.106.177.134

∆(K+v) 0% 0,0000% 0 87.934.782.707

∆(K+v) -0.25% 2,1325% 1.875.223.553 89.810.006.260

∆(K+v) -0,5% 4,3180% 3.797.065.085 91.731.847.792

∆(K+v) -0,75% 6,5566% 5.765.524.596 93.700.307.304

∆(K+v) -1% 8,8482% 7.780.602.088 95.715.384.795

Total ∆ assets Total ∆ liabilities Total ∆ equity Total ∆ balance sheet in % Total ∆ equity in %

∆(K+v) +1% -14.494.819.470 -7.034.714.414 -7.460.105.056 -2,81% -26,4552%

∆(K+v) +0.75% -11.015.197.040 -5.345.962.780 -5.669.234.260 -2,13% -20,1044%

∆(K+v) +0,5% -7.439.519.651 -3.610.593.166 -3.828.926.485 -1,44% -13,5782%

∆(K+v) +0.25% -3.767.787.305 -1.828.605.573 -1.939.181.732 -0,73% -6,8768%

∆(K+v) 0% 0 0 0 0,00% 0,0000%

∆(K+v) -0.25% 3.863.842.263 1.875.223.553 1.988.618.710 0,75% 7,0521%

∆(K+v) -0,5% 7.823.739.484 3.797.065.085 4.026.674.399 1,52% 14,2795%

∆(K+v) -0,75% 11.879.691.663 5.765.524.596 6.114.167.067 2,30% 21,6822%

∆(K+v) -1% 16.031.698.801 7.780.602.088 8.251.096.713 3,11% 29,2602%

PV total assets: 265.722.000.000

PV total laibilities 237.523.000.000

PV booked equity 28.199.000.000
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interest rate in the US by 0.25% annually. The purpose is to analyze how the impact, based on the current balance 

sheet and budgeted, will be in an environment of increasing interest rates. It is assumed that the bonds are 

reinvested following the same characteristic as the bonds per 31.12.17 thus there has not been made an 

individual budgeting of coupon, yields, duration and convexity for each bond for each year. The budgeting figures 

follows the findings in chapter 7.2 and the used key figures are the total budgeted investments for fixed-income 

securities, the budgeted retained earnings i.e. the total income statement and the budgeted provisional 

liabilities. When analyzing the changes it is clear that the interest rate will have an impact on the budgeted 

balance sheet. The changes in values are calculated using the BPV model of the running total based on the 2017 

figures.  

The below table shows the budgeted impact on the size of the balance sheet and the equity given a positive 

change in the interest rate of 0.25% annually. As expected the result is that the size of the balance sheet and the 

equity is negatively impacted by the changes in the interest rate. The overall impact on the equity for changes in 

the interest rate varies from -5.96% to -8.01%. When taking the retained earnings into account this will be 

mitigated and the expected impact will be between 0.85% and -6.44%.  

 

Figure 45. Change in five year budgeted balance sheet given annual change in interest rate of 0.25% 

As for the overall size of the balance sheet the impact is moderate. The change in the budgeted size of the balance 

sheet varies between -0.69% to -0.67%.  

The below shows, in line with the above, the impact on the size of the balance sheet and equity given a decrease 

in the interest rate of 0.25% annually. Equally, as expected this has a positive impact on the size of the balance 

sheet and the equity. The changes in equity is between 6.65% and 5.82%, which is higher than a positive change 

+0.25% ∆ in total inv. ∆ in % Budget inv. ∆ in budget inv. ∆ in budget liab. Total ∆ equity

Budget retained 

earnings

Total budgeted 

equity

Budget size of 

balance sheet

∆ in balance sheet 

before retained 

earnings in %

∆ in equity  

before retained 

earnings in %

30.966.000.000 265.722.000.000

Total ∆ value 2018 -3.541.782.942 -1,99% 181.147.707.000 177.536.093.531 86.807.166.881 -1.845.696.878 2.107.504.020 31.227.807.142 267.685.318.000 -0,69% -5,96%

Total ∆ value 2019 -3.435.645.972 -1,97% 181.550.559.835 177.970.139.737 87.717.130.861 -1.815.718.566 2.961.461.504 30.266.046.061 271.190.026.430 -0,67% -6,24%

Total ∆ value 2020 -3.333.903.629 -1,95% 184.721.384.646 181.117.341.404 88.859.031.295 -1.835.842.645 3.490.726.584 28.959.468.495 274.718.734.295 -0,67% -6,72%

Total ∆ value 2021 -3.236.332.359 -1,93% 188.396.063.532 184.759.015.721 90.143.084.016 -1.862.548.715 3.622.823.372 27.229.016.569 279.006.187.233 -0,67% -7,31%

Total ∆ value 2021 -3.142.721.139 -1,91% 192.150.262.553 188.479.216.217 91.458.328.561 -1.889.694.691 3.758.268.715 25.474.767.221 283.433.604.265 -0,67% -8,01%

Total investments 181.187.000.000

Budget liabilities 87.934.782.707

Total equity 30.966.000.000
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in the interest rate which is also in line with the theory. The impact on the equity including the retained earnings 

is between 13.46% and 5.64%. The overall impact on the balance sheet is between 0.77% and 0.81%.  

However, the retained earnings are quite volatile. Should the budgeted loss ratio increase by 4% to 84% then the 

retained earnings would by close to zero.  

 

Figure 46. Change in five year budgeted balance sheet given annual change in interest rate of -0.25% 

 

  

-0.25% ∆ in total inv. ∆ in % Budget inv. ∆ in budget inv. ∆ in budget liab. Total ∆ equity

Budget retained 

earnings

Total budgeted 

equity

Budget size of 

balance sheet

∆ in balance sheet 

before retained 

earnings in %

∆ in equity  

before retained 

earnings in %

30.966.000.000 265.722.000.000

Total ∆ value 2018 4.122.118.076 2,22% 181.147.707.000 185.177.256.357 90.543.351.920 2.059.280.909 2.107.504.020 35.132.784.929 267.685.318.000 0,77% 6,65%

Total ∆ value 2019 4.260.484.633 2,25% 181.550.559.835 185.630.820.379 91.492.893.061 2.069.199.876 2.961.461.504 38.055.942.289 271.190.026.430 0,76% 6,27%

Total ∆ value 2020 4.394.852.837 2,27% 184.721.384.646 188.906.807.687 92.680.666.611 2.131.988.323 3.490.726.584 40.717.195.691 274.718.734.295 0,78% 6,07%

Total ∆ value 2021 4.557.124.493 2,30% 188.396.063.532 192.720.753.650 94.027.579.764 2.214.693.466 3.622.823.372 43.063.985.945 279.006.187.233 0,79% 5,95%

Total ∆ value 2021 4.716.159.539 2,32% 192.150.262.553 196.609.135.672 95.403.319.736 2.295.233.589 3.758.268.715 45.494.664.878 283.433.604.265 0,81% 5,82%

Total investments 181.187.000.000

Budget liabilities 87.934.782.707

Total equity 30.966.000.000
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9. Conclusion 

The world changes, so does the insurance industry. The industry is inherently tied to the development of 

the society and thus the financial markets. Profitability of the industry is dependent on flexibility and 

creation of new products in order to follow the ever evolving technological development. Investments in 

InsurTech products will assist the industry in cost savings and more control / interaction with the 

consumers and claimants. The industry is facing increasing demands from governmental bodies to handle 

personal data, reporting of internal and external data, and factors affecting the individual company’s 

business. The latter is enforced under the new Solvency II rules. The rules means that the companies need 

to prepare and present their RSR and SFCR reports to the regulators on an annual basis in which they state 

whether or not they can meet their SCR and MCR. The rules play an important factor when compiling the 

investment portfolio because rating of assets are an important parameter in the SCR and MCR calculation. 

As discussed, there are problems with regards to the handling of the interest rate which can be addressed, 

such as the stressing of interest rates. The model assumes that the interest rate cannot be negative and 

thus in this environment does not stress the interest rate further downwards.  

Balance sheets and ratings are crucial to thrive in the reinsurance industry and consequently the 

companies seek to protect and match their assets to limit the losses on their liabilities. Thereby, the 

companies invests heavily in bonds both in the life and non-life sector. As a consequence, the industry is 

volatile towards changes in the interest rate. 

In the analysis of Munich Re’s balance sheets, their proxy investment portfolio in fixed-income securities 

could be found using the characteristics from the bonds available in the market as per the 31.12.17.  

By analyzing the findings and budgeted portfolio’s using the Basis Point Value model, the impact on the 

balance sheet could be found given changes in the interest curve. An uplift in the interest rate curve of 1-

percentage-point would mean a decrease of the total valuation of the assets of -EUR 14.494.819.470, with 

a net impact on the equity of -EUR 7.460.105.056. This means an impact of the size of the balance sheet 

of -2.81% and an impact on the equity of -26.46%.  

A deterioration of 1-percentage-point in the interest rate curve would mean an increase in the valuation 

of the assets of EUR 16.031.698.801, with a net impact on the equity of EUR 8.251.096.713. This again 

means a change in the size of the balance sheet of 3.11% and an impact on the equity of 29.26%.  

When analyzing the budgeted impact on the balance sheet given a change of +/- 0.25% in the interest rate 

annually following a five years period the changes in the equity given an increase of 0.25% is between -
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5.96% to -8.01% per annum, this does not take retained earnings into account. The changes in the equity 

given a decrease of -0.25% is between 6.65% and 5.82% per annum. Consequently, the impact on the size 

of the balance is between -0.69% to -0.67% per annum given an uplift in the interest rate and 0.77% to 

0.81% given a deterioration in the interest rate.  

In conclusion, changes in the interest rate curve affects the reinsurance industry directly. A deterioration 

in the interest rate will have a positive impact on the industry’s balance sheet since the industry holds 

more investments in fixed-income securities than they have discounted liabilities on their balance sheet. 

Vice versa, an increase in the interest rate curve will have a negative impact on the industry’s balance 

sheet, both in terms of size and equity. The extent to which changes in the interest rate curve affects 

balance sheet and equity in the reinsurance industry is evident from the calculations above. 
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Appendix 1. Consolidated balance sheet - Assets 

 

Consolidated balance sheet
Assets 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17
Intangible assets 3.468 5.522 5.777 4.277 5.348 5.195 4.940 4.672 4.283 3.961 4.120 3.689
Goodwill 2.625 4.419 4.441 3.135 3.547 3.477 3.376 3.292 3.063 2.790 2.817 2.584
Other intangible assets 843 1.103 1.336 1.142 1.801 1.718 1.564 1.380 1.220 1.171 1.303 1.105
Total non-insurance related investments 158.827 161.328 155.575 173.976 172.062 178.149 207.875 202.167 218.927 215.093 219.416 217.563
Land&buildings 8.405 9.044 9.848 3.753 3.957 4.086 3.831 3.762 3.732 4.317 4.444 5.121
Inv. Afflilated comp., joint ventures 13.538 12.558 9.601 1.168 1.269 1.001 1.477 1.514 1.559 1.278 1.711 2.216
Loans 9.150 11.182 12.644 35.502 40.426 46.622 54.418 55.245 54.550 53.516 53.691 54.702
Other securities 114.201 112.643 107.479 120.514 117.772 117.302 136.218 128.207 146.012 144.094 150.515 145.824
Deposits retained on assumed R/I 12.010 12.800 12.911 8.206 6.646 6.798 8.967 9.636 8.750 7.253 5.240 5.690
Other investments 1.523 3.101 3.092 4.833 1.992 2.340 2.964 3.803 4.324 4.635 3.814 4.009
Insurance related investments 581 666 703 2.178 2.874 4.026 5.958 7.307 8.461 9.163 9.558 9.664
Ceded share of technical provisions 10.166 11.994 10.230 5.626 5.251 4.983 5.730 5.305 5.328 4.327 3.669 4.169
Receivables 9.145 9.713 8.871 9.387 9.314 10.770 12.047 11.977 12.450 12.391 14.542 13.825
Cash 2.273 1.866 2.735 2.505 2.365 3.082 2.860 2.820 2.912 3.955 3.353 3.625

Deferred acquisition costs 6.361 7.286 7.451 8.302 8.399 8.528 9.182 9.542 9.476 9.348 9.539 9.428

Deferred tax 1.925 2.320 4.067 4.619 5.708 5.025 6.219 6.995 7.601 206 328 534
Other assets 821 1.359 1.032 3.383 4.041 3.654 3.605 3.527 3.541 3.477 3.280 3.107
Assets held for sale 0 0 0 0 0 0 0 0 0 6.947 0 118
Total assets 193.567 202.054 196.441 214.253 215.362 223.412 258.416 254.312 272.979 268.868 267.805 265.722
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Appendix 2. Consolidated balance sheet – Liabilities  

 

Liabilities
Equity 25.956 20.347 14.480 25.458 21.107 22.278 27.439 26.188 30.304 30.966 31.785 28.199
Issued capital and capital reserve 3.165 3.167 3.447 7.388 7.388 7.388 7.421 7.426 7.417 7.418 7.417 7.418
Retained earnings 9.174 11.522 10.008 9.781 10.843 10.667 10.938 12.841 13.005 14.110 14.890 15.036
Other reserves 9.513 4.418 -588 3.934 1.036 1.473 5.650 2.374 6.458 6.032 6.628 5.183
Consolidated results 1.750 250 1.081 3.854 1.555 2.521 3.188 3.304 3.153 3.107 2.580 375
Non-controlling interests 2.354 990 532 501 285 229 242 243 271 298 269 186
Subordinated liabilites 0 0 0 4.877 4.979 4.790 5.504 4.424 4.413 4.416 4.218 2.790
Gross technical provisions 141.109 149.981 152.498 155.754 159.382 164.800 185.614 186.001 195.855 194.582 197.480 200.952
Unearned premiums 5.376 5.812 6.158 5.719 6.421 6.946 8.134 7.994 8.373 8.841 8.984 8.857
Provision for future policy benefits 82.944 89.016 96.088 94.935 98.205 100.862 109.769 111.427 112.648 108.572 108.108 108.956

Provisions for outstanding claims 31.248 39.511 42.792 44.564 45.503 46.846 53.751 53.061 56.342 59.756 61.362 63.965
Other technical provisions 21.541 15.642 7.460 10.536 9.253 10.146 13.960 13.519 18.492 17.413 19.026 19.174
Other provisions 3.061 2.730 3.197 2.793 2.982 3.206 4.318 7.043 4.473 4.145 4.895 4.508
Gross technical provisions for unit-linked life insurance 583 655 698 2.308 2.970 4.117 6.258 3.742 7.837 8.201 8.429 8.971
Liabilites 18.030 24.661 20.672 15.968 15.110 15.700 20.484 18.726 20.321 17.914 18.768 18.781
Bonds and notes issued 2.474 2.205 341 302 276 259 248 282 314 324 277

Deposits retained on ceded business 2.231 2.086 2.176 2.947 2.762 2.673 1.521 828 593

Current tax liabilites 2.634 2.791 3.134 4.038 2.795 2.729 2.018 2.429 2.439

Other liabilities 18.030 22.187 18.467 10.762 9.931 10.114 13.240 12.921 14.637 14.061 15.187 15.472

Deferred tax liabilities 4.780 3.541 4.738 7.095 8.832 8.521 8.799 8.188 9.776 2.343 2.230 1.456

Liabilites related to assets held of sale 48 139 158 0 0 0 0 6.301 0 65

Total liabilites 193.567 202.054 196.441 214.253 215.362 223.412 258.416 254.312 272.979 268.868 267.805 265.722
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Appendix 3. Consolidated Profit and Loss account, including recognised income and expenses 

 

  

Consolidated profit & loss 
Income 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17
Gross premium written 31.113 36.123 40.014 37.262 37.829 41.423 51.969 51.060 48.848 50.374 48.851 49.115
Net earned premiums 28.129 31.680 36.306 35.675 35.724 39.526 50.499 49.172 47.384 48.309 47.118 47.164
Investment result 12.166 10.420 5.605 9.272 5.916 7.883 8.442 7.657 8.416 7.676 7.893 8.054
Other income 501 892 1.343 2.376 707 688 839 782 747 873 744 778
Total income 40.796 42.992 43.254 47.323 42.347 48.097 59.780 57.611 56.547 56.858 55.755 55.996

Net expenses for claims and benefits 29.770 34.162 31.129 30.474 28.716 32.392 40.996 39.916 39.694 38.731 38.498 41.645
Net operating expenses 7.340 7.758 8.933 8.878 9.056 10.181 12.562 12.364 11.951 12.367 12.295 12.186
Other expenses 1.071 1.487 2.383 2.882 741 803 873 922 875 941 938 924
Total expenses 38.181 43.407 42.445 42.234 38.513 43.376 54.431 53.202 52.520 52.039 51.731 54.755

Restult before amortization of goodwill 2.615 -415 809 5.089 3.834 4.721 5.349 4.409 4.027 4.819 4.024 1.241
Amortization of goodwill 145 230 371 11 175 117 140 29 445 452 28 9
Operating result before tax 2.470 -645 438 5.078 3.659 4.604 5.209 4.380 3.582 4.367 3.996 1.232
Other non-operating costs 0 0 0 0 347 472 830 673 496 532 437 926
Tax 399 -1.040 -574 808 1.372 1.264 878 108 -312 476 760 -298
Finance costs 0 0 0 333 361 304 297 257 228 238 219 211
Profit for the year 2.071 395 1.012 3.937 1.579 2.564 3.204 3.342 3.170 3.121 2.580 393
Minority interests in earnings 321 145 -69 83 24 43 16 29 18 15 1 17
Profit for the year af minority interest 1.750 250 1.081 3.854 1.555 2.521 3.188 3.313 3.152 3.106 2.579 376
Dirty Surplus 1.492 2.866 -371 -1.942 3.106 -3.601 150 -544 1.530

Minority interests 321 145 -69 37 31 50 31 8 40 24 -8 9

Total recognised income and expenses 1.750 250 1.081 2.408 -1.318 2.885 5.115 228 6.731 2.947 3.132 -1.146



88 
 

Appendix 4. Investment portfolio  

 

Appendix 5. Rating of bonds 

 

  

€m
Fixed-interest securities 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17
Government Bonds 20.726 20.109 26.333 43.432 50.787 48.626 59.452 52.326 66.839 68.359 70.589 67.020
 -Germany 5.168 5.174 7.358 10.292 12.826 7.501 10.682 7.858 8.692 8.267 7.815 6.837
 -Rest of EU 9.279 9.367 10.667 18.099 21.688 23.782 22.162 21.751 27.285 26.337 26.495 26.384
 -USA 3.430 2.255 4.189 9.829 8.838 9.481 13.546 10.784 14.793 17.753 18.901 16.296
 -Other 2.849 3.313 4.119 5.212 7.435 7.862 13.062 11.933 16.069 16.002 17.378 17.503
Corporate debt securitues 38.473 33.564 34.805 38.657 45.839 50.018 52.501 50.322 50.796 47.220 48.467 44.799
Other 12.850 23.761 25.538 12.496 11.182 10.922 11.546 11.023 12.171 12.082 14.178 14.666
Total fixed-income securities 72.049 77.434 86.676 94.585 107.808 109.566 123.499 113.671 129.806 127.661 133.234 126.485

Non-fixed-interest securities
Shares 34.326 31.045 16.788 22.071 4.300 3.471 6.177 7.700 9.786 9.381 11.174 13.013
Investment funds 2.189 2.315 1.939 1.768 1.542 1.835 2.089 2.997 2.595 2.600 2.722 2.178
 -Equity Funds 1.304 1.288 856 823 404 557 329 438 487 645 552 734
 -Bond Funds 600 710 726 413 553 731 1.224 2.019 1.548 1.360 1.604 1.139

 -Real Estate Funds 285 317 357 532 585 547 536 540 560 595 566 305

Other 4.192 457 772 610 857 733 1.431 1.534 1.656 1.901 1.930 2.168
Total non-fixed income securities 40.707 33.817 19.499 24.449 6.699 6.039 9.697 12.231 14.037 13.882 15.826 17.359
Total investments 112.756 111.251 106.175 119.034 114.507 115.605 133.196 125.902 143.843 141.543 149.060 143.844

Rating of fixed-interest securities according to fair value

€m 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15 31.12.16 31.12.17
AAA 47.684 45.478 54.279 66.763 75.550 66.086 54.883 39.968 42.905 41.808 43.211 38.365
AA 14.178 17.792 20.362 14.187 13.374 17.987 32.735 35.486 40.440 41.706 46.169 40.298
A 5.400 6.736 7.023 9.832 13.083 14.381 17.935 15.897 19.234 16.369 16.980 19.552
BBB 627 2.523 3.183 2.767 4.885 9.596 15.576 19.071 22.394 21.677 21.413 21.796
Lower 160 255 254 683 606 1.089 2.229 3.064 4.563 5.361 4.968 5.792
No rating 4.000 4.650 1.575 353 310 427 141 185 270 740 494 682
Total 72.049 77.434 86.676 94.585 107.808 109.566 123.499 113.671 129.806 127.661 133.235 126.485
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Appendix 6. Majority of bonds  

 

 

Appendix 7. Budgeted operation assets 

 

  

Contractual period to maturity of fixed-interest securities

€m 31.12.2000 31.12.01 31.12.02 31.12.07 31.12.08 31.12.09 31.12.12 31.12.13 31.12.14 31.12.15

Up to one year 6.155 5.457 7.734 10.927 18.674 9.026 11.526 8.812 8.634 11.374

Over one year and up to two years 8.178 8.934 10.258 10.595 10.353 9.576 8.747 10.109 10.384 9.728

Over two years and up to three years 12.267 12.645 13.307 11.477 12.308 12.955 13.478 13.451 13.120 13.066

Over four years and up to five years 12.267 12.645 13.307 11.477 12.308 12.955 13.478 13.451 13.120 13.066

Over five years and up to ten years 25.416 25.558 26.396 27.271 31.074 34.847 34.145 32.712 38.566 35.094

Over ten years 7.766 10.682 11.515 21.911 22.406 25.735 36.945 30.493 39.318 39.429

Total 72.049 75.922 82.517 93.658 107.123 105.094 118.318 109.028 123.142 121.756

Assets

Operational assets 31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

Goodwill 2.334 2.084 1.834 1.584 1.334

Other intangible assets 1.250 1.250 1.250 1.250 1.250

Land&buildings 5.249 5.380 5.515 5.653 5.794

Inv. Afflilated comp., joint ventures 2.271 2.328 2.386 2.446 2.507

Securities held for sale 144.851 147.350 149.155 151.407 153.752

Loans 54.428 54.184 54.725 55.546 56.379

Deposits retained on assumed R/I 5.861 5.993 6.067 6.143 6.220

Ceded share of technical provisions 4.294 4.391 4.446 4.501 4.557

Receivables 14.171 14.525 14.888 15.260 15.642

Deferred acquisition costs 9.664 9.905 10.153 10.407 10.667

Deferred tax 450 450 450 450 450

Assets held for sale 0 0 0 0 0

Total operational assets 244.823 247.840 250.870 254.647 258.553
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Appendix 8. Budgeted operational liabilities 

 

Appendix 9. Budgeted financial assets, liabilities and equity  

 

  

Operational liabilites

Unearned premiums 9.078 9.305 9.538 9.776 10.021

Provision for future policy benefits 107.866 107.327 107.595 108.133 108.674

Provisions for outstanding claims 65.884 67.860 69.557 71.296 73.078

Other technical provisions 19.366 19.559 19.755 19.953 20.152

Other provisions 4.531 4.553 4.576 4.599 4.622

Gross technical provisions for unit-linked life insurance 9.420 9.891 10.385 10.904 11.450

Deferred tax liabilities 1.725 1.725 1.725 1.725 1.725

Liabilites related to assets held of sale 0 0 0 0 0

Deposits retained on ceded business 500 500 500 500 500

Current tax liabilites 2.100 2.100 2.100 2.100 2.100

Total operating liabilities 220.470 222.821 225.731 228.986 232.322

Total net operating assets 24.353 25.019 25.138 25.661 26.232

Financial assets

Securities not held for sale 2.049 2.121 2.195 2.272 2.352

Other investments 4.089 4.171 4.254 4.339 4.426

Insurance related investments 9.857 10.054 10.256 10.461 10.670

Cash 3.698 3.771 3.847 3.924 4.002

Other assets 3.169 3.233 3.297 3.363 3.430

Total financial assets 22.862 23.350 23.849 24.359 24.880

-0,50% -0,45% 1,0% 1,5% 1,5%

Financial liabilities

Subordinated liabilites 2.818 2.846 2.875 2.903 2.932

Bonds and notes issued 280 283 285 288 291

Other liabilities 15.781 16.097 16.419 16.747 17.082

Total financial liabilites 18.879 19.226 19.579 19.939 20.306

Total net financial assets 3.983 4.125 4.270 4.420 4.575

Minority interests 200 200 200 200 200

Total equtiy 28.337 29.143 29.408 30.081 30.806
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Appendix 10. Budgeted total income statement  

 

  

31.12.18 31.12.19 31.12.20 31.12.21 31.12.22

EBITDA for core operating activities 0,50% 1,5% 2% 2% 2%

Net income 47.400 48.111 49.073 50.054 51.056

Other income 794 809 826 842 859

Net expenses for claims and benefits 39.816 39.451 39.749 40.544 41.355

Net operating expenses 12.369 12.554 12.743 12.934 13.128

Other expenses 947 971 995 1.020 1.045

Investment result 8.135 8.257 8.422 8.590 8.762

EBITDA core activities 3.196 4.201 4.834 4.989 5.148

Amortization of goodwill 15 15 15 15 15

EBIT core activities 3.181 4.186 4.819 4.974 5.133

Tax on core 311 461 556 580 603

EAT core activities 2.871 3.724 4.262 4.394 4.530

84% 82% 81% 81% 81%

EBITDA for non-core operating activities

Other non-operating costs 450 450 450 450 450

EBITDA non-core activities 450 450 450 450 450

Tax on non-core activities 99 99 99 99 99

EAT non-core activities 549 549 549 549 549

EAT of direct operation 2.322 3.175 3.713 3.845 3.981

Financial income 1,00% 1,50% 2% 2% 2%

Finance costs 240 240 250 250 250

EBITDA financial income -240 -240 -250 -250 -250

Tax shield -36 -36 -38 -38 -38

EAT financial income -204 -204 -213 -213 -213

EAT Munich Re 2.118 2.971 3.501 3.633 3.768

Dirty surplus 0 0 0 0 0

Minority interests 10 10 10 10 10

Total recognised income and expenses 2.108 2.961 3.491 3.623 3.758
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Appendix 11. Pricing of US 30 year bond  

 

Effektive renter US bonds per 31.12.17

1 år 2 år 3 år 5 år 7 år 10 år 30 år

1,76% 1,89% 1,98% 2,20% 2,33% 2,40% 2,74%

30 year government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,997260274 3,00 2,74% 2,920208471 0,027737665 0,027661672 0,055247558

1,997260274 3,00 2,74% 2,842328666 0,026997922 0,053921878 0,161617902

2,997260274 3,00 2,74% 2,766525858 0,026277908 0,078761729 0,314831129

3,997260274 3,00 2,74% 2,692744654 0,025577095 0,102238307 0,510911428

4,997260274 3,00 2,74% 2,620931141 0,024894973 0,124406659 0,746099116

5,997260274 3,00 2,74% 2,551032841 0,024231042 0,145319868 1,016840939

6,997260274 3,00 2,74% 2,482998677 0,023584818 0,165029113 1,319780766

7,997260274 3,00 2,74% 2,416778934 0,022955829 0,183583737 1,65175066

8,997260274 3,00 2,74% 2,352325223 0,022343614 0,201031307 2,009762304

9,997260274 3,00 2,74% 2,289590445 0,021747726 0,217417677 2,390998779

10,99726027 3,00 2,74% 2,228528757 0,02116773 0,232787038 2,792806681

11,99726027 3,00 2,74% 2,169095539 0,020603202 0,247181982 3,212688551

12,99726027 3,00 2,74% 2,111247362 0,02005373 0,260643551 3,648295619

13,99726027 3,00 2,74% 2,054941952 0,019518912 0,273211292 4,09742085

14,99726027 3,00 2,74% 2,000138166 0,018998357 0,284923305 4,557992269

15,99726027 3,00 2,74% 1,946795957 0,018491685 0,295816296 5,028066569

16,99726027 3,00 2,74% 1,894876345 0,017998525 0,305925618 5,50582298

17,99726027 3,00 2,74% 1,844341391 0,017518518 0,315285326 5,989557395

18,99726027 3,00 2,74% 1,795154167 0,017051312 0,323928211 6,47767674

19,99726027 3,00 2,74% 1,74727873 0,016596566 0,33188585 6,968693581

20,99726027 3,00 2,74% 1,700680095 0,016153948 0,339188647 7,46122096

21,99726027 3,00 2,74% 1,655324212 0,015723134 0,34586587 7,953967442

22,99726027 3,00 2,74% 1,611177936 0,01530381 0,351945692 8,445732384

23,99726027 3,00 2,74% 1,568209009 0,014895668 0,357455229 8,93540139

24,99726027 3,00 2,74% 1,526386032 0,014498412 0,362420573 9,421941974

25,99726027 3,00 2,74% 1,485678443 0,01411175 0,366866834 9,904399401

26,99726027 3,00 2,74% 1,446056495 0,0137354 0,370818166 10,38189271

27,99726027 3,00 2,74% 1,407491235 0,013369087 0,374297806 10,8536109

28,99726027 3,00 2,74% 1,369954482 0,013012543 0,377328103 11,31880931

29,99726027 103,00 2,74% 45,78071237 0,434849118 13,04428219 404,33701

Price 105,2795336 1,0000 547,4708

Duration 20,46142952

Modificeret duration 
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Appendix 12. Pricing of US five, three, two, one and six month year bond

 

5 year government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726027 2,5 2,20% 2,4463298 0,024123 0,024057 0,048047325

1,99726027 2,5 2,20% 2,3936691 0,023603 0,047142 0,141297428

2,99726027 2,5 2,20% 2,342142 0,023095 0,069223 0,276701252

3,99726027 2,5 2,20% 2,291724 0,022598 0,090331 0,451406429

4,99726027 102,5 2,20% 91,938048 0,90658 4,530418 27,17009587

Price 101,41191 1

Duration 4,76117 28,0875483

3 year government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726027 2,375 1,98% 2,3290131 0,023026 0,022963 0,045863865

1,99726027 2,375 1,98% 2,283794 0,022579 0,045097 0,135167283

2,99726027 102,375 1,98% 96,532204 0,954394 2,860568 11,43443317

Price 101,14501 1

Duration 2,928628 11,61546432

2 year government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726027 2,25 1,89% 2,2083771 0,021929 0,021869 0,043678154

1,99726027 102,25 1,89% 98,496879 0,978071 1,953462 5,855034423

Price 100,70526 1

Duration 1,975331 5,898712578

1 year government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726027 100 1,76% 98,27514 1 0,99726 1,991788328

6 month

t Coupon Yield NV wt dur wt*t dur

0,49863014 100 1,53% 99,24573 1 0,49863 0,74726215
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Appendix 13. Pricing German 30 year bond 

 

  

30 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,99726 1,25 1,27% 1,234428 0,01239 0,012356 0,024678

1,99726 1,25 1,27% 1,219007 0,012235 0,024437 0,073244

2,99726 1,25 1,27% 1,203779 0,012082 0,036214 0,144757

3,99726 1,25 1,27% 1,188742 0,011931 0,047693 0,238335

4,99726 1,25 1,27% 1,173892 0,011782 0,05888 0,353117

5,99726 1,25 1,27% 1,159228 0,011635 0,069779 0,488265

6,99726 1,25 1,27% 1,144747 0,01149 0,080398 0,642961

7,99726 1,25 1,27% 1,130447 0,011346 0,09074 0,816408

8,99726 1,25 1,27% 1,116325 0,011205 0,100811 1,007831

9,99726 1,25 1,27% 1,10238 0,011065 0,110616 1,216474

10,99726 1,25 1,27% 1,088609 0,010926 0,120161 1,441599

11,99726 1,25 1,27% 1,07501 0,01079 0,12945 1,68249

12,99726 1,25 1,27% 1,061581 0,010655 0,138488 1,938447

13,99726 1,25 1,27% 1,04832 0,010522 0,14728 2,208792

14,99726 1,25 1,27% 1,035224 0,010391 0,15583 2,49286

15,99726 1,25 1,27% 1,022292 0,010261 0,164145 2,790009

16,99726 1,25 1,27% 1,009522 0,010133 0,172227 3,09961

17,99726 1,25 1,27% 0,996911 0,010006 0,180081 3,421052

18,99726 1,25 1,27% 0,984458 0,009881 0,187713 3,753742

19,99726 1,25 1,27% 0,97216 0,009758 0,195126 4,097101

20,99726 1,25 1,27% 0,960016 0,009636 0,202324 4,450568

21,99726 1,25 1,27% 0,948023 0,009515 0,209312 4,813595

22,99726 1,25 1,27% 0,93618 0,009396 0,216093 5,18565

23,99726 1,25 1,27% 0,924486 0,009279 0,222673 5,566217

24,99726 1,25 1,27% 0,912937 0,009163 0,229055 5,954794

25,99726 1,25 1,27% 0,901533 0,009049 0,235242 6,350891

26,99726 1,25 1,27% 0,890271 0,008936 0,241239 6,754034

27,99726 1,25 1,27% 0,879149 0,008824 0,24705 7,163762

28,99726 1,25 1,27% 0,868167 0,008714 0,252677 7,579627

29,99726 101,25 1,27% 69,44308 0,697003 20,90819 648,0967

99,6309 1,0000

Duration 25,18628 733,8476
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Appendix 14. Pricing German ten year and five year bond  

 

  

10 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,99726 0,50 0,43% 0,497885 0,004943 0,00493 0,009846

1,99726 0,50 0,43% 0,495773 0,004922 0,009831 0,029465

2,99726 0,50 0,43% 0,49367 0,004901 0,01469 0,058721

3,99726 0,50 0,43% 0,491576 0,00488 0,019508 0,097488

4,99726 0,50 0,43% 0,48949 0,00486 0,024285 0,145645

5,99726 0,50 0,43% 0,487414 0,004839 0,029021 0,20307

6,99726 0,50 0,43% 0,485347 0,004819 0,033717 0,269642

7,99726 0,50 0,43% 0,483288 0,004798 0,038372 0,345242

8,99726 0,50 0,43% 0,481238 0,004778 0,042987 0,429751

9,99726 100,50 0,43% 96,31845 0,95626 9,559979 105,1336

Price 100,7241 1

Duration 9,77732 106,7225

5 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,25 0,192% 0,249522 0,002488 0,002481 0,004956

1,99726 0,25 0,192% 0,249044 0,002483 0,00496 0,014866

2,99726 0,25 0,192% 0,248567 0,002479 0,007429 0,029695

3,99726 0,25 0,192% 0,24809 0,002474 0,009888 0,049414

4,99726 100,25 0,192% 99,29364 0,990076 4,94767 29,67246

Price 100,2889 1

Duration 4,972428 29,77139
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Appendix 15. Pricing of US three, two, one and six month year bond 

 

  

3 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur Convexity

0,99726 0,175 -0,490% 0,175859 0,001724 0,001719 0,003433616

1,99726 0,175 -0,490% 0,176725 0,001732 0,00346 0,010370529

2,99726 100,175 -0,490% 101,6608 0,996544 2,986901 11,93942056

Price 102,0133 1

Duration 2,99208 11,9532247

2 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur Convexity

0,99726 0,125 -0,581% 0,483288 0,004748 0,004735 0,009457689

1,99726 100,125 -0,581% 101,2971 0,995252 1,987777 5,957883844

Price 101,7803 1

Duration 1,992512 5,967341533

1 år GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur Convexity

0,99726 100 -0,701% 100,704 1 0,99726 1,991788328

6 mdr GE government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur Convexity

0,49863 100 -0,84% 100,4215 1 0,49863 0,74726215
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Appendix 16. Pricing 30 year UK bond 

 

30 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,99726 1,50 1,76% 1,474185 0,015671 0,015628 0,031212

1,99726 1,50 1,76% 1,448745 0,0154 0,030758 0,09219

2,99726 1,50 1,76% 1,423744 0,015134 0,045361 0,181322

3,99726 1,50 1,76% 1,399174 0,014873 0,059452 0,297096

4,99726 1,50 1,76% 1,375029 0,014616 0,073042 0,438054

5,99726 1,50 1,76% 1,3513 0,014364 0,086146 0,602787

6,99726 1,50 1,76% 1,327981 0,014116 0,098776 0,789936

7,99726 1,50 1,76% 1,305064 0,013873 0,110944 0,998192

8,99726 1,50 1,76% 1,282542 0,013633 0,122663 1,226292

9,99726 1,50 1,76% 1,26041 0,013398 0,133944 1,473018

10,99726 1,50 1,76% 1,238659 0,013167 0,1448 1,737198

11,99726 1,50 1,76% 1,217283 0,01294 0,15524 2,0177

12,99726 1,50 1,76% 1,196277 0,012716 0,165278 2,313436

13,99726 1,50 1,76% 1,175633 0,012497 0,174922 2,623358

14,99726 1,50 1,76% 1,155345 0,012281 0,184185 2,946457

15,99726 1,50 1,76% 1,135407 0,012069 0,193076 3,281762

16,99726 1,50 1,76% 1,115813 0,011861 0,201605 3,628338

17,99726 1,50 1,76% 1,096558 0,011656 0,209782 3,985289

18,99726 1,50 1,76% 1,077634 0,011455 0,217617 4,35175

19,99726 1,50 1,76% 1,059038 0,011258 0,225119 4,72689

20,99726 1,50 1,76% 1,040762 0,011063 0,232298 5,109914

21,99726 1,50 1,76% 1,022802 0,010872 0,239161 5,500055

22,99726 1,50 1,76% 1,005151 0,010685 0,245719 5,896578

23,99726 1,50 1,76% 0,987805 0,0105 0,251979 6,298779

24,99726 1,50 1,76% 0,970759 0,010319 0,257949 6,70598

25,99726 1,50 1,76% 0,954006 0,010141 0,263639 7,117533

26,99726 1,50 1,76% 0,937543 0,009966 0,269056 7,532817

27,99726 1,50 1,76% 0,921364 0,009794 0,274206 7,951237

28,99726 1,50 1,76% 0,905464 0,009625 0,2791 8,372221

29,99726 101,50 1,76% 60,2124 0,640054 19,19988 595,1437

94,07388 1,0000

Duration 24,16133 693,371
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Appendix 17. Pricing ten and five year UK bond 

 

  

10 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,99726 1,25 1,206% 1,235145 0,0123 0,012267 0,0245

1,99726 1,25 1,206% 1,220427 0,012154 0,024274 0,072756

2,99726 1,25 1,206% 1,205884 0,012009 0,035994 0,143877

3,99726 1,25 1,206% 1,191514 0,011866 0,047431 0,237024

4,99726 1,25 1,206% 1,177316 0,011724 0,05859 0,35138

5,99726 1,25 1,206% 1,163287 0,011585 0,069477 0,486146

6,99726 1,25 1,206% 1,149425 0,011447 0,080095 0,640544

7,99726 1,25 1,206% 1,135728 0,01131 0,090451 0,813814

8,99726 1,25 1,206% 1,122194 0,011176 0,100549 1,005214

9,99726 101,25 1,206% 89,81455 0,894429 8,941844 98,33578

100,4155 1

Duration 9,460972 102,111

5 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,75 0,983% 0,742719 0,007512 0,007491 0,014962

1,99726 0,75 0,983% 0,735489 0,007439 0,014857 0,044531

2,99726 0,75 0,983% 0,72833 0,007366 0,022079 0,088256

3,99726 0,75 0,983% 0,72124 0,007295 0,029159 0,145715

4,99726 100,75 0,983% 95,94345 0,970388 4,849281 29,0824

98,87123 1

Duration 4,922868 29,37587
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Appendix 18. Pricing three, two, one and six months UK bond  

 

  

3 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 1,5 0,492% 1,492676 0,014493 0,014453 0,028866

1,99726 1,5 0,492% 1,485368 0,014422 0,028804 0,086332

2,99726 101,5 0,492% 100,0178 0,971086 2,910597 11,63441

Price 102,9959 1

Duration 2,953853 11,74961

2 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 2 0,446% 1,991144 0,019315 0,019262 0,038471

1,99726 102 0,446% 101,0974 0,980685 1,958683 5,870684

Price 103,0886 1

Duration 1,977945 5,909155

1 år UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 101,75 0,368% 101,378 1 0,99726 1,991788

Price 101,378

Duration 0,99726 1,991788

6 mdr UK government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,49863 100 0,405% 99,79867 1 0,49863 0,747262

Duration 0,49863 0,747262
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Appendix 19. Pricing 30 year Japanese bond 

 

  

30 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur convecity

0,99726 0,80 0,81% 0,793597 0,007955 0,007933 0,015844

1,99726 0,80 0,81% 0,787229 0,007891 0,01576 0,047238

2,99726 0,80 0,81% 0,780911 0,007828 0,023461 0,093782

3,99726 0,80 0,81% 0,774644 0,007765 0,031038 0,155105

4,99726 0,80 0,81% 0,768428 0,007703 0,038491 0,230843

5,99726 0,80 0,81% 0,762261 0,007641 0,045823 0,320637

6,99726 0,80 0,81% 0,756144 0,007579 0,053035 0,424134

7,99726 0,80 0,81% 0,750076 0,007519 0,060128 0,540986

8,99726 0,80 0,81% 0,744056 0,007458 0,067104 0,670851

9,99726 0,80 0,81% 0,738085 0,007398 0,073963 0,813394

10,99726 0,80 0,81% 0,732162 0,007339 0,080709 0,968284

11,99726 0,80 0,81% 0,726286 0,00728 0,087341 1,135196

12,99726 0,80 0,81% 0,720458 0,007222 0,093862 1,31381

13,99726 0,80 0,81% 0,714676 0,007164 0,100272 1,503811

14,99726 0,80 0,81% 0,708941 0,007106 0,106574 1,704891

15,99726 0,80 0,81% 0,703252 0,007049 0,112768 1,916745

16,99726 0,80 0,81% 0,697608 0,006993 0,118856 2,139074

17,99726 0,80 0,81% 0,692009 0,006937 0,124838 2,371584

18,99726 0,80 0,81% 0,686456 0,006881 0,130717 2,613986

19,99726 0,80 0,81% 0,680947 0,006826 0,136494 2,865997

20,99726 0,80 0,81% 0,675483 0,006771 0,142169 3,127335

21,99726 0,80 0,81% 0,670062 0,006717 0,147745 3,397728

22,99726 0,80 0,81% 0,664684 0,006663 0,153222 3,676905

23,99726 0,80 0,81% 0,65935 0,006609 0,158601 3,9646

24,99726 0,80 0,81% 0,654059 0,006556 0,163885 4,260553

25,99726 0,80 0,81% 0,64881 0,006503 0,169073 4,564508

26,99726 0,80 0,81% 0,643603 0,006451 0,174167 4,876212

27,99726 0,80 0,81% 0,638438 0,0064 0,179169 5,195419

28,99726 0,80 0,81% 0,633315 0,006348 0,18408 5,521885

29,99726 100,80 0,81% 79,15729 0,793451 23,80135 737,7767

99,76332 1,0000

Duration 26,78263 798,208
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Appendix 20. Pricing ten and five year Japanese bond  

 

  

10 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,20 0,40% 0,199205 0,002032 0,002026 0,004047

1,99726 0,20 0,40% 0,198412 0,002024 0,004042 0,012114

2,99726 0,20 0,40% 0,197621 0,002016 0,006041 0,024149

3,99726 0,20 0,40% 0,196834 0,002008 0,008025 0,040103

4,99726 0,20 0,40% 0,19605 0,002 0,009993 0,059928

5,99726 0,20 0,40% 0,195269 0,001992 0,011944 0,083578

6,99726 0,20 0,40% 0,194491 0,001984 0,01388 0,111006

7,99726 0,20 0,40% 0,193716 0,001976 0,015801 0,142165

8,99726 0,20 0,40% 0,192944 0,001968 0,017706 0,177011

9,99726 100,20 0,40% 96,27984 0,982003 9,817336 107,9638

Pris 98,04438 0,98277

Duration 9,906794 108,6179

5 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,1 -0,100% 0,1001 0,000991 0,000988 0,001974

1,99726 0,1 -0,100% 0,1002 0,000992 0,001981 0,005939

2,99726 0,1 -0,100% 0,1003 0,000993 0,002976 0,011898

3,99726 0,1 -0,100% 0,100401 0,000994 0,003973 0,019856

4,99726 100,1 -0,100% 100,6017 0,99603 4,97742 29,85088

101,0027 1

Duration 4,98734 29,89055
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Appendix 21. Pricing three, two, one and six month Japanese bond 

 

  

3 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,1 -0,107% 0,100107 0,000995 0,000992 0,001982

1,99726 0,1 -0,107% 0,100214 0,000996 0,001989 0,005962

2,99726 100,1 -0,107% 100,4217 0,998009 2,991293 11,95698

100,622 1

Duration 2,994275 11,96492

2 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 0,1 -0,133% 0,100133 0,000998 0,000995 0,001987

1,99726 100,1 -0,133% 100,3664 0,999003 1,99527 5,980342

Pris 100,4666 1,000001

1,996265 5,98233

1 år Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,99726 100,1 -0,105% 100,2049 0,998391 0,995656 1,988583

6 mdr Japan government bond - 31.12.17

t Coupon Yield NV wt dur wt*t dur

0,49863 100 -0,101% 100,0504 1 0,49863 0,747262
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Appendix 22. Characteristics corporate bonds  

 

  

AAA - S&P Corporate Bonds

Characteristics

Weighted coupon 3,49%

Modified duration 9,06

Yield 3,35%

Convexity 1,42

Par weighted price 102,43

AA - S&P Corporate Bonds

Weighted coupon 2,99%

Modified duration 7,16

Yield 3,25%

Convexity 1,08%

Par weighted price 100,13

BBB - S&P Corporate Bonds

Weighted coupon 4,15%

Modified duration 7,12

Yield 3,95%

Convexity 0,96

Par weighted price 101,55
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Appendix 23. BVP model for German bonds  

 

Appendix 24. BVP model for European bonds 

 

 

 

GE - 30 year GE - 10 year GE - 5 year GE - 3 year GE 2 - year GE 1 - year GE 6 months

K+v 2.119.470.000 974.272.500 974.272.500 820.440.000 888.810.000 512.775.000 546.960.000

i 1,76% 1,21% 0,98% 0,49% 0,45% 0,37% 0,41%

D: 25,18628046 9,777320414 4,972427554 2,992080128 1,992511934 0,997260274 0,498630137

C: 733,8476168 106,7224523 29,77139244 11,9532247 5,967341533 1,991788328 0,74726215

∆(K+v) +1% -449.496.152 -89.046.951 -46.551.241 -23.942.481 -17.368.169 -5.044.259 -2.696.035

∆(K+v) +0.75% -351.204.764 -67.736.902 -35.180.088 -18.047.902 -13.075.410 -3.792.699 -2.025.827

∆(K+v) +0,5% -243.524.943 -45.792.394 -23.631.164 -12.092.629 -8.749.795 -2.534.803 -1.353.085

∆(K+v) +0.25% -126.456.688 -23.213.427 -11.904.468 -6.076.662 -4.391.325 -1.270.570 -677.810

∆(K+v) 0% 0 0 0 0 0 0 0

∆(K+v) -0.25% 135.845.121 23.847.886 12.082.240 6.137.356 4.424.180 1.276.906 680.344

∆(K+v) -0,5% 281.078.676 48.330.231 24.342.252 12.335.407 8.881.216 2.560.149 1.363.221

∆(K+v) -0,75% 435.700.664 73.447.036 36.780.035 18.594.152 13.371.107 3.849.729 2.048.633

∆(K+v) -1% 599.711.085 99.198.299 49.395.591 24.913.592 17.893.853 5.145.645 2.736.578

EU - 30 year EU - 10 year EU - 5 year EU - 3 year EU 2 - year EU 1 - year EU 6 months

K+v 8.179.040.000 3.759.720.000 3.759.720.000 3.166.080.000 3.429.920.000 1.978.800.000 2.110.720.000

i 0,01756 0,01206 0,00983 0,00492 0,00446 0,00368 0,00405

D: 24,16132528 9,460971952 4,922868117 2,95385348 1,977945392 0,997260274 0,498630137

C: 693,3710453 102,1110393 29,37586645 11,74961167 5,909155184 1,991788328 0,74726215

∆(K+v) +1% -1.668.208.549 -332.726.664 -177.869.108 -91.221.650 -66.536.296 -19.465.807 -10.404.005

∆(K+v) +0.75% -1.302.503.906 -253.058.878 -134.417.193 -68.761.583 -50.090.550 -14.636.035 -7.817.671

∆(K+v) +0,5% -902.567.601 -171.048.506 -90.288.370 -46.071.285 -33.519.252 -9.781.810 -5.221.559

∆(K+v) +0.25% -468.399.632 -86.695.546 -45.482.639 -23.150.758 -16.822.402 -4.903.131 -2.615.669

∆(K+v) 0% 0 0 0 0 0 0 0

∆(K+v) -0.25% 502.631.295 89.038.133 46.159.547 23.380.988 16.947.954 4.927.585 2.625.448

∆(K+v) -0,5% 1.039.494.253 180.418.853 92.996.002 46.992.206 34.021.461 9.879.622 5.260.674

∆(K+v) -0,75% 1.610.588.873 274.142.159 140.509.365 70.833.655 51.220.519 14.856.113 7.905.678

∆(K+v) -1% 2.215.915.157 370.208.053 188.699.636 94.905.334 68.545.130 19.857.057 10.560.461
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Appendix 25. BVP model for other bonds 

 

 

Appendix 26. BVP model for corporate bonds 

 

  

Other - 30 year Other - 10 year Other - 5 year Other - 3 year Other 2 - year Other 1 - year Other 6 months

K+v 5.425.930.000 2.494.177.500 2.494.177.500 2.100.360.000 2.275.390.000 1.312.725.000 1.400.240.000

i 0,00809 0,004 -0,001 -0,00107 -0,00133 -0,00105 -0,00101

D: 26,78263047 9,906794457 4,987339743 2,994274569 1,996264588 0,995655528 0,498630137

C: 798,2080078 108,6178981 29,8905507 11,96492131 5,982329606 1,988583232 0,74726215

∆(K+v) +1% -1.228.455.377 -232.670.706 -120.782.540 -61.698.685 -44.800.877 -12.953.160 -6.936.654

∆(K+v) +0.75% -961.295.778 -177.022.635 -91.287.233 -46.510.118 -33.728.612 -9.739.394 -5.212.320

∆(K+v) +0,5% -667.500.016 -119.694.828 -61.325.041 -31.164.149 -22.571.044 -6.509.279 -3.481.433

∆(K+v) +0.25% -347.068.090 -60.687.282 -30.895.963 -15.660.776 -11.328.173 -3.262.814 -1.743.993

∆(K+v) 0% 0 0 0 0 0 0 0

∆(K+v) -0.25% 373.704.253 62.367.020 31.362.849 15.818.179 11.413.476 3.279.164 1.750.546

∆(K+v) -0,5% 774.044.669 126.413.776 63.192.583 31.793.762 22.912.254 6.574.678 3.507.645

∆(K+v) -0,75% 1.201.021.249 192.140.270 95.489.202 47.926.747 34.496.335 9.886.542 5.271.296

∆(K+v) -1% 1.654.633.992 259.546.502 128.252.707 64.217.136 46.165.718 13.214.755 7.041.501

Corporate bonds AAA Corporate bonds AA Corporate bonds A Corporate bonds BBB Corporate bonds lower Corporate bonds no rating

K+v 34.628.746.136 36.373.496.984 17.647.888.556 19.673.352.034 5.227.934.253 615.582.037

i 3,35% 3,25% 3,60% 3,95% 4,25% 5%

D: 9,06 7,16 7,14 7,12 6,89 6,73

C: 1,42 1,08 1,03 0,96 0,92 0,89

∆(K+v) +1% -3.033.367.638 -2.520.523.042 -1.215.426.601 -1.346.641.873 -345.298.790 -39.431.031

∆(K+v) +0.75% -2.275.457.322 -1.890.737.744 -911.728.726 -1.010.145.265 -259.015.582 -29.577.932

∆(K+v) +0,5% -1.517.259.278 -1.260.722.137 -607.925.000 -673.539.416 -172.704.714 -19.721.727

∆(K+v) +0.25% -758.773.503 -630.476.222 -304.015.425 -336.824.328 -86.366.187 -9.862.416

∆(K+v) 0% 0 0 0 0 0 0

∆(K+v) -0.25% 759.061.233 630.706.530 304.121.275 336.933.568 86.393.847 9.865.522

∆(K+v) -0,5% 1.518.410.195 1.261.643.368 608.348.400 673.976.375 172.815.353 19.734.150

∆(K+v) -0,75% 2.278.046.887 1.892.810.514 912.681.375 1.011.128.422 259.264.519 29.605.884

∆(K+v) -1% 3.037.971.307 2.524.207.968 1.217.120.200 1.348.389.709 345.741.344 39.480.724
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Appendix 27. Rolling five year valuation of US bonds  

 

  

US - 30 year US - 10 year US - 5 year US - 3 year US 2 - year US 1 - year US 6 months

+0.25%

Value in 2018 4.581.464.106 2.223.918.893 2.268.869.121 1.927.714.022 2.098.095.083 1.216.240.532 1.300.473.848

-220.682.421 -47.674.058 -26.234.169 -13.772.581 -10.131.636 -2.972.515 -1.602.111

Value in 2019 4.360.781.685 2.176.244.835 2.242.634.951 1.913.941.440 2.087.963.448 1.213.268.017 1.298.871.737

-210.052.472 -46.652.071 -25.930.832 -13.674.183 -10.082.710 -2.965.250 -1.600.137

Value in 2020 4.150.729.213 2.129.592.764 2.216.704.119 1.900.267.257 2.077.880.737 1.210.302.767 1.297.271.600

-199.934.552 -45.651.993 -25.631.003 -13.576.488 -10.034.021 -2.958.003 -1.598.166

Value in 2021 3.950.794.662 2.083.940.771 2.191.073.116 1.886.690.770 2.067.846.716 1.207.344.763 1.295.673.434

-190.303.997 -44.673.353 -25.334.640 -13.479.490 -9.985.567 -2.950.774 -1.596.197

Value in 2022 3.760.490.665 2.039.267.418 2.165.738.476 1.873.211.280 2.057.861.149 1.204.393.990 1.294.077.237

-181.137.332 -43.715.692 -25.041.704 -13.383.186 -9.937.347 -2.943.562 -1.594.230

Ultimo 2022 3.579.353.333 1.995.551.726 2.140.696.772 1.859.828.094 2.047.923.801 1.201.450.427 1.292.483.007

-0.25%

Value in 2018 5.587.559.407 2.425.640.498 2.377.052.041 1.983.871.999 2.139.165.842 1.228.218.240 1.306.910.027

287.257.295 53.356.116 27.884.565 14.312.287 10.405.931 3.016.554 1.616.023

Value in 2019 5.874.816.702 2.478.996.614 2.404.936.606 1.998.184.286 2.149.571.773 1.231.234.794 1.308.526.050

302.025.237 54.529.775 28.211.671 14.415.541 10.456.551 3.023.963 1.618.022

Value in 2020 6.176.841.939 2.533.526.390 2.433.148.277 2.012.599.826 2.160.028.323 1.234.258.757 1.310.144.072

317.552.401 55.729.251 28.542.615 14.519.539 10.507.416 3.031.390 1.620.022

Value in 2021 6.494.394.340 2.589.255.641 2.461.690.892 2.027.119.365 2.170.535.740 1.237.290.148 1.311.764.094

333.877.819 56.955.111 28.877.441 14.624.287 10.558.529 3.038.835 1.622.025

Value in 2022 6.828.272.159 2.646.210.752 2.490.568.332 2.041.743.653 2.181.094.269 1.240.328.983 1.313.386.120

351.042.530 58.207.936 29.216.194 14.729.792 10.609.891 3.046.299 1.624.031
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Appendix 28. Rolling five year valuation of German bonds  

 

  

GE - 30 year GE - 10 year GE - 5 year GE - 3 year GE 2 - year GE 1 - year GE 6 months

+0.25%

Value in 2018 1.875.945.057 928.480.106 950.641.336 808.347.371 880.060.205 510.240.197 545.606.915

-111.926.943 -22.122.358 -11.615.723 -5.987.097 -4.348.095 -1.264.289 -676.133

Value in 2019 1.764.018.114 906.357.748 939.025.613 802.360.274 875.712.110 508.975.908 544.930.782

-105.248.901 -21.595.261 -11.473.792 -5.942.753 -4.326.613 -1.261.156 -675.295

Value in 2020 1.658.769.213 884.762.487 927.551.821 796.417.521 871.385.497 507.714.752 544.255.487

-98.969.299 -21.080.723 -11.333.596 -5.898.737 -4.305.236 -1.258.031 -674.458

Value in 2021 1.559.799.913 863.681.764 916.218.225 790.518.784 867.080.261 506.456.721 543.581.029

-93.064.366 -20.578.445 -11.195.113 -5.855.048 -4.283.965 -1.254.914 -673.622

Value in 2022 1.466.735.548 843.103.318 905.023.112 784.663.736 862.796.295 505.201.807 542.907.407

-87.511.746 -20.088.135 -11.058.322 -5.811.682 -4.262.800 -1.251.805 -672.788

Ultimo 2022 1.379.223.802 823.015.184 893.964.790 778.852.055 858.533.496 503.950.002 542.234.619

-0.25%

Value in 2018 2.400.548.676 1.022.602.731 998.614.752 832.775.407 897.691.216 515.335.149 548.323.221

153.860.553 25.030.896 12.384.115 6.229.632 4.468.388 1.283.282 682.039

Value in 2019 2.554.409.229 1.047.633.627 1.010.998.867 839.005.039 902.159.604 516.618.431 549.005.260

163.722.078 25.643.593 12.537.694 6.276.233 4.490.630 1.286.477 682.888

Value in 2020 2.718.131.307 1.073.277.219 1.023.536.561 845.281.272 906.650.234 517.904.908 549.688.148

174.215.666 26.271.287 12.693.178 6.323.183 4.512.983 1.289.681 683.737

Value in 2021 2.892.346.972 1.099.548.507 1.036.229.739 851.604.456 911.163.217 519.194.589 550.371.885

185.381.829 26.914.346 12.850.590 6.370.484 4.535.447 1.292.892 684.587

Value in 2022 3.077.728.802 1.126.462.853 1.049.080.329 857.974.940 915.698.663 520.487.481 551.056.472

197.263.676 27.573.146 13.009.954 6.418.139 4.558.023 1.296.112 685.439
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Appendix 29. Rolling five year valuation of European bonds  

 

  

EU - 30 year EU - 10 year EU - 5 year EU - 3 year EU 2 - year EU 1 - year EU 6 months

+0.25%

Value in 2018 7.276.472.399 3.588.671.494 3.669.431.630 3.120.008.715 3.396.400.748 1.969.018.190 2.105.498.441

-416.711.129 -82.751.331 -44.390.389 -22.813.879 -16.658.003 -4.878.894 -2.609.198

Value in 2019 6.859.761.270 3.505.920.163 3.625.041.241 3.097.194.836 3.379.742.744 1.964.139.296 2.102.889.242

-392.846.795 -80.843.165 -43.853.383 -22.647.061 -16.576.303 -4.866.805 -2.605.965

Value in 2020 6.466.914.475 3.425.076.998 3.581.187.858 3.074.547.774 3.363.166.442 1.959.272.492 2.100.283.277

-370.349.131 -78.978.999 -43.322.874 -22.481.463 -16.495.002 -4.854.746 -2.602.735

Value in 2021 6.096.565.344 3.346.098.000 3.537.864.984 3.052.066.311 3.346.671.439 1.954.417.746 2.097.680.542

-349.139.870 -77.157.819 -42.798.782 -22.317.076 -16.414.101 -4.842.716 -2.599.510

Value in 2022 5.747.425.474 3.268.940.181 3.495.066.203 3.029.749.235 3.330.257.338 1.949.575.030 2.095.081.032

-329.145.227 -75.378.633 -42.281.030 -22.153.891 -16.333.596 -4.830.717 -2.596.289

Ultimo 2022 5.418.280.247 3.193.561.548 3.452.785.173 3.007.595.344 3.313.923.742 1.944.744.313 2.092.484.743

-0.25%

Value in 2018 9.218.534.253 3.940.138.853 3.852.716.002 3.213.072.206 3.463.941.461 1.988.679.622 2.115.980.674

566.511.939 93.310.834 47.301.295 23.728.018 17.116.061 4.952.187 2.631.991

Value in 2019 9.785.046.191 4.033.449.686 3.900.017.297 3.236.800.224 3.481.057.522 1.993.631.809 2.118.612.665

601.326.126 95.520.632 47.882.032 23.903.246 17.200.636 4.964.519 2.635.265

Value in 2020 10.386.372.317 4.128.970.318 3.947.899.329 3.260.703.470 3.498.258.158 1.998.596.328 2.121.247.929

638.279.769 97.782.763 48.469.898 24.079.767 17.285.627 4.976.881 2.638.543

Value in 2021 11.024.652.087 4.226.753.081 3.996.369.226 3.284.783.237 3.515.543.785 2.003.573.209 2.123.886.472

677.504.347 100.098.466 49.064.982 24.257.592 17.371.039 4.989.275 2.641.825

Value in 2022 11.702.156.433 4.326.851.546 4.045.434.208 3.309.040.829 3.532.914.825 2.008.562.484 2.126.528.297

719.139.415 102.469.009 49.667.372 24.436.731 17.456.873 5.001.699 2.645.111
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Appendix 30. Rolling five year valuation of other bonds 

   

Other - 30 year Other - 10 year Other - 5 year Other - 3 year Other 2 - year Other 1 - year Other 6 months

4.758.429.984 2.374.482.672 2.432.852.459 2.069.195.851 2.252.818.956 1.306.215.721 1.396.758.567

-304.371.638 -57.774.918 -30.136.315 -15.428.409 -11.215.802 -3.246.635 -1.739.657

4.454.058.346 2.316.707.755 2.402.716.144 2.053.767.442 2.241.603.155 1.302.969.085 1.395.018.910

-284.902.592 -56.369.163 -29.763.010 -15.313.371 -11.159.963 -3.238.566 -1.737.490

4.169.155.754 2.260.338.592 2.372.953.134 2.038.454.071 2.230.443.191 1.299.730.520 1.393.281.420

-266.678.878 -54.997.612 -29.394.328 -15.199.191 -11.104.403 -3.230.516 -1.735.326

3.902.476.876 2.205.340.980 2.343.558.806 2.023.254.881 2.219.338.789 1.296.500.003 1.391.546.094

-249.620.838 -53.659.433 -29.030.214 -15.085.862 -11.049.119 -3.222.487 -1.733.165

3.652.856.038 2.151.681.547 2.314.528.592 2.008.169.018 2.208.289.670 1.293.277.516 1.389.812.929

-233.653.911 -52.353.814 -28.670.610 -14.973.378 -10.994.110 -3.214.477 -1.731.006

3.419.202.127 2.099.327.732 2.285.857.982 1.993.195.640 2.197.295.560 1.290.063.039 1.388.081.923

6.199.974.669 2.620.591.276 2.557.370.083 2.132.153.762 2.298.302.254 1.319.299.678 1.403.747.645

427.015.627 65.528.002 32.157.459 16.057.624 11.528.405 3.295.588 1.754.931

6.626.990.297 2.686.119.278 2.589.527.541 2.148.211.385 2.309.830.659 1.322.595.266 1.405.502.576

456.425.803 67.166.532 32.561.821 16.178.556 11.586.232 3.303.820 1.757.125

7.083.416.100 2.753.285.810 2.622.089.362 2.164.389.941 2.321.416.891 1.325.899.085 1.407.259.701

487.861.569 68.846.034 32.971.267 16.300.400 11.644.349 3.312.073 1.759.322

7.571.277.669 2.822.131.845 2.655.060.629 2.180.690.341 2.333.061.240 1.329.211.158 1.409.019.022

521.462.434 70.567.533 33.385.861 16.423.161 11.702.758 3.320.346 1.761.521

8.092.740.103 2.892.699.377 2.688.446.490 2.197.113.502 2.344.763.997 1.332.531.505 1.410.780.543

557.377.518 72.332.077 33.805.669 16.546.847 11.761.459 3.328.640 1.763.723
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Appendix 31. Rolling five year valuation of corporate bonds 

 

 

Corporate bonds AAA Corporate bonds AA Corporate bonds A Corporate bonds BBB Corporate bonds lower Corporate bonds no rating

+0.25%

Value in 2018 33.111.486.858 35.112.774.847 17.039.963.556 18.999.812.618 5.055.229.539 595.860.310

-725.527.826 -608.623.626 -293.542.865 -325.292.767 -83.513.082 -9.546.449

Value in 2019 32.385.959.033 34.504.151.220 16.746.420.691 18.674.519.851 4.971.716.457 586.313.861

-709.630.303 -598.074.112 -288.486.081 -319.723.481 -82.133.434 -9.393.503

Value in 2020 31.676.328.730 33.906.077.108 16.457.934.610 18.354.796.370 4.889.583.023 576.920.359

-694.081.121 -587.707.457 -283.516.409 -314.249.546 -80.776.579 -9.243.007

Value in 2021 30.982.247.609 33.318.369.651 16.174.418.201 18.040.546.824 4.808.806.445 567.677.352

-678.872.647 -577.520.491 -278.632.348 -308.869.330 -79.442.138 -9.094.922

Value in 2022 30.303.374.962 32.740.849.160 15.895.785.853 17.731.677.494 4.729.364.306 558.582.431

-663.997.417 -567.510.100 -273.832.424 -303.581.227 -78.129.743 -8.949.209

Ultimo 2022 29.639.377.545 32.173.339.061 15.621.953.429 17.428.096.266 4.651.234.563 549.633.221

-0.25%

Value in 2018 36.147.156.331 37.635.140.352 18.256.236.956 20.347.328.409 5.400.749.606 635.316.188

792.344.746 652.583.083 314.604.778 348.476.352 89.249.694 10.181.788

Value in 2019 36.939.501.076 38.287.723.435 18.570.841.734 20.695.804.761 5.489.999.300 645.497.976

809.712.922 663.898.695 320.026.277 354.444.495 90.724.583 10.344.965

Value in 2020 37.749.213.999 38.951.622.130 18.890.868.011 21.050.249.256 5.580.723.883 655.842.941

827.461.809 675.410.518 325.541.203 360.514.851 92.223.846 10.510.757

Value in 2021 38.576.675.808 39.627.032.648 19.216.409.214 21.410.764.108 5.672.947.729 666.353.698

845.599.751 687.121.952 331.151.166 366.689.170 93.747.884 10.679.206

Value in 2022 39.422.275.558 40.314.154.600 19.547.560.380 21.777.453.278 5.766.695.614 677.032.904

864.135.276 699.036.460 336.857.804 372.969.233 95.297.108 10.850.354


