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Abstract 
The life insurance business is currently going through a lot of changes. 
The turmoil in stock markets during the last years has made regulators re-
alize that there is a greater need for risk management and solvency super-
vision in the business. Denmark was one of the first countries in Europe 
to react to this and in 2001 the Danish FSA implemented a stress test 
called the Traffic Lights System. This is a tool to measure various risks in 
different scenarios for financial institutions. 

The purpose of this thesis is to analyze the effects of imposing a Danish 
style stress test on the Swedish life insurance market. 

In order to analyze the various effects of this stress test a theoretical 
framework consisting of fixed income securities and interest rate theory 
have been applied, since one of the largest risk a life insurer faces is the in-
terest rate risk. 

Due to the fact that the Danish stress test is not fully applicable on the 
Swedish market, the authors created a model based on the Danish test to 
analyze Swedish life insurers. The model estimates the financial risks a life 
insurer faces. Analyzing the results based on the model, the authors found 
that three out of seven life insurers in the sample had solvency problems 
to various extend.  

The authors conclude that a great part of financial risks within life insur-
ers can be reduced by reallocating equity holding to bonds and by dura-
tion matching between assets and liabilities. The authors also conclude 
that Swedish life insurers are in better financial shape today than their 
Danish counterparts were in 2001, which is why less dramatic effect is to 
be expected on the Swedish financial markets as a result of imposing the 
stress test.    
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1 Introduction 
In Sweden today insurance companies hold about 30% of the outstanding govern-
ment debt denominated in SEK. They also hold 10% of the total outstanding equity 
on the Stockholm’s stock exchange. Any big changes in this industry can have huge 
consequences for the Swedish economy. At present date a new solvency regulatory 
framework for insurance companies is being developed in Sweden as well as in the 
rest of the EU. The old system is robust and simple to use, however, it does neither 
reflect the true risks in the company’s liabilities nor does it reflect the financial risk of 
the company’s assets. Especially life insurance companies who have long undertak-
ings and thus the financial risks become salient. The old system in Sweden utilizes a 
static solvency margin to catch this risk, this margin is calculated on the insurer’s 
technical provisions. Hence, this margin fails to catch the true financial risk (Finans-
departementet, 2003). In Denmark a stress test was implemented in 2001 as a supervi-
sory action to monitor the financial risks for life insurers. This had large conse-
quences on the financial markets as a lot of reallocations became necessary (Grosen, 
2004). 

How the liabilities are valuated is the foremost important factor in the old system. 
The valuation is the base on how big technical provisions that has to be made. Thus, 
it decides how big amounts that need to be covered and how much of the assets that 
are concerned by investment regulations. For life insurance companies it also decides 
the size of the capital base, which is directly related to the technical provisions. In the 
old system assets are marked to market, while technical provisions (liabilities) are 
marked at a fixed rate that currently is 60% of the rate of long government bonds. 
This makes it hard for the company to reduce interest rate risk by matching between 
assets and liabilities. Because a change in market rate will directly affect the assets 
valuation while the allocations are only affected when the fixed rate is changed (Fi-
nansdepartementet, 2003). 

The present regulations result in a deliberate over valuation that in turn results in an 
implicit buffer in the technical provisions. This does not only reduce transparency 
and prevent comparisons between companies but it also decreases the possibility to 
question the used methods and underlying assumptions. This kind of system does not 
provide incitements for risk management by the insurer (Finansdepartementet, 2003). 

IAS became the new accounting standard for the EU countries from the start of 2005. 
This standard is aimed to move into a more modern fair value accounting system. 
This has been needed after the recent accounting scandals during the last few years, a 
fair value system is meant, among other things, to increase transparency of com-
pany’s financial risks (IMF, 2004). 

1.1 Solvency II 
The current development of the Solvency II project (initiated in 2001) comes as a re-
sult of new market conditions for insurers in the EU, primarily the lower interest 
rate environment. Criticism has been aimed towards the old system claiming it is not 
sufficiently risk sensitive (Strachan, 2004). Solvency II is somewhat inspired by the 
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Basel II plan which regulates capital requirements for banks. Similar requirements as 
well as other regulations will be imposed on insurers. Enhanced transparency of risks 
as well as quantification of risks is preferable for both policyholders and regulators. 
There is also a need to create further incentives for insurers to monitor their own 
risks. Therefore, major changes will over a few years be imposed by the EU on insur-
ance companies.  

Regulators are developing a framework for the balance sheet structure and risk man-
agement for insurance companies that more resembles that in the US and Japan. 
They use a risk-based regulatory framework for assets, as well as a component related 
to insurance risk. These kinds of regulations encourage risk management by inves-
tors. The US system has six different capital weights for bonds reflecting the credit 
risks (IMF, 2004).   

The EU, have a minimum solvency and currently base the solvency calculations on 
claims, premiums and loss reserves. They set asset limits on large exposures rather 
then using relative weighting or risk assessment to different asset classes. The new 
Solvency II plan by the EU moves toward a more risk-based system and will encour-
age more sophisticated asset-liability management and risk management systems. The 
current approach allows significantly higher holdings in equity due to the zero capital 
charges applied up to a certain threshold or limit (IMF, 2004). 

The approach to hold equity to match longer-duration liabilities is historically pre-
ferred in the EU. However, this approach where capital is not directly linked to in-
vestment risk fails to encourage risk management systems or to adapt to changes in 
the business environment (IMF, 2004). 

1.2 Recent History of the Insurance Business 
The financial health of insurance companies has been a major concern in most of the 
western world the last few years. As a result of the falling stock market and major 
macro events such as the 9/11 terror attack, the solvency of life insurance and pen-
sion fund companies has been under a lot of pressure. National financial authorities 
as well as international regulators are currently working on methods to improve risk 
management as well as the risk transparency of the insurance industry. It has been ar-
gued however that the recent turmoil is only a symptom of more fundamental prob-
lems in the insurance business origining from the early 80´s. The generous guaran-
teed returns offered when interest rate where substantially higher than today has 
caused major problems for most insurance companies. One of the first countries in 
Europe to take action was Denmark (Grosen, 2004). 

Another factor causing problems today are the options embedded in insurance con-
tracts issued years ago. These options make contracts very difficult to analyze, espe-
cially for policy holders. Adding to this problem is the fact that there is limited stan-
dardization in the industry so contract can differ significantly between different in-
surance companies and countries. Since most insurance contracts are packages of 
various derivative contracts, the world wide falling interest rate environment has re-
sulted in some serious disturbance for insurers. This disturbance is as mentioned 
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above primarily a result of the interest rate guarantees usually embedded in policies. 
The degree of interest rate exposure an insurer faces depends on the amount of risk 
the policy holder has to bear. This can be illustrates using the following figure: 

Figure 1-1 Risk exposure 

Policy holder      Insurer  

Fully exposed      Fully exposed 

 

Unit linked Products    Guaranteed Investment Products 

       

 

Naturally, insurers with primarily unit linked contracts where the policy holder car-
ries all the risk have been better off in the crisis while insurers with high minimum 
guarantees are the ones facing most problems (Grosen, 2004).  

1.3  Review of the Danish Insurance Business Crisis 
The Danish market for insurance products has because of various reasons expanded 
dramatically during the last 15 years. The market today is composed of a broad vari-
ety of insurers, both in terms of what products they offer and in terms of their own-
ership structure (Grosen, 2004).  

In 1982 Danish life insurers and pension funds agreed on a common tariff called G82. 
The tariff was the mutual actuarial basis of calculation. The maximum allowed guar-
anteed rate (technical rate) in G82 was 4.5%. Because of this, most contracts issued in 
accordance with G82, had a guaranteed after tax return of 4.5%. At the time of G82, 
4.5% was well below the bond market interest rate, even after tax. When interest 
rates started to fall later in the 80´s, both Danish authorities as well as Financial Ser-
vice Authoritys (FSAs) in other countries were late to react. In 1994, the Danish FSA 
finally lowered the maximum guaranteed rate an insurer could offer from 4.5% to 
2.5%. This rate was cut further in 1999 to 1.5%. It is according to many analysts this 
late reaction that has caused solvency problems for so many insurers (Grosen, 2004).   

In order to fully understand the liability side of insurance companies today it is vital 
to take the development of interest rates and the cuts in maximum guaranteed rates 
into account. After the cut in 1994, most insurers responded by not only lowering 
the maximum rates but also remove some of the option features of their contracts, 
basically changing the contracts from European style to American style. A problem 
arising from this change is that today, policy holders within the same fund can have 
completely different contracts depending on when they where issued. This is clearly 
unfair and has caused the Danish FSA (Finanstilsynet) to take action and force insur-
ers to fully state their decomposition of contracts in their portfolio. This will enable 
the Danish FSA to monitor what maximum guaranteed rates the insurer still has. It is 
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worth mentioning that the majority of  contracts with a guaranteed rate that is still 
held by policy holders are well above the current bond market interest rates. This is 
off course a major problem for life insurers and pension funds (Grosen, 2004).      

It could be assumed that the squeeze between market rates and fixed guaranteed rates 
would have forced insurers and pension fund managers to take action in the 90´s. 
When insurers should have cut guaranteed rates they instead hid the problem in the 
booming equities market. In order to handle the problem with the fixed rates, they 
substantially increased their allocation in equities making their investment portfolio 
more vulnerable to both interest rate changes and downturns in the stock market 
(Grosen, 2004).   

When the stock market plunged in 2000 the insurance and pension fund companies 
found themselves in deep trouble. A majority of them faced severe solvency problems 
as the average excess reserves dropped from 25% to 8% of the technical reserves. Ag-
gravating the problem further was the fact that the 4.5% guarantees still accounted 
for more than 60% on average of the liability base for insurers and pension funds at 
this time (Grosen, 2004).   

Today, there is a substantial aggregated mismatch between the high fixed rate liabili-
ties and the low interest rate assets. There is both an interest rate and a duration mis-
match adding to the current situation.  

Despite all problems, all Danish life insurance and pension fund companies were sol-
vent. This is mainly due to the following reasons: 

• In 1999, the Danish FSA standardized the interest rate parameters used in dis-
counting future cash flow on liabilities (technical provisions). This caused 
technical provisions to increase if interest rates dropped.  

• In 2001, the Danish FSA introduced the so called “Stress Test”. A supervisory 
tool to measure the financial risk of the life insurers, read more about the 
stress test in section 2.2.  

• The current accounting standards for insurers have lead to an under valuation 
of liabilities. It has been argued that if insurers had fair value standards instead 
of the current book value standard, most of them would have been insolvent 
at the end of 2003. New international accounting standards (IAS) for insurers 
are actually on the way. They will probably force insurers to change to fair 
value accounting. This will be a major challenge (Grosen, 2004).  

The asset allocation of pension companies in Denmark has gone from a large per-
centage of bond holdings in 1996 to a larger percentage equity holding in 2000. In 
2001 a new dynamic share limit was introduced a long with a stress test for control-
ling the risk in pension companies. The impact of this can clearly be seen in 2002, fig-
ure 1.1, there was a drastic sell off in domestic and foreign stock as well as large in-
crease in holdings of foreign and domestic bonds (Danish Central Bank, 2003). 
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Figure 1-2 The Danish allocations 

 

Source: Danish Central Bank, 2003 

1.4 The Case of Sweden 
A new regulatory framework has been proposed by Placeringsutredningen (a com-
mision assigned by the Swedish government) and is said to be in line with the main 
principles of the Solvency II project in the EU. The aim of the proposal is to increase 
the protection for insurance takers interests by improving transparency and provide 
incitements for insurance companies to identify, measure and manage their risks (Fi-
nansdepartementet, 2003). This proposal is currently put on hold until the Solvency 
II project is completed. However, The Swedish FSA (Finansinspektionen) has started 
working on a new supervision method that is more focused on risk management. A 
new stress test called the traffic lights system is currently being developed, the system 
is inspired by the Danish system that was implemented because of the same reasons 
in 2001. The different parameters that will be tested are summarized in table 1.1 (FI, 
2005). 
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Table 1-1 The Swedish Stress Test 

 Red light Yellow light 

Equity risk Price fall 10% Price fall 30% 

Interest rate risk- as-
sets/liabilities 

Rise/Fall of 100 bp* Rise/Fall of 200 bp 

Real estate Increase in Re by 200 bp Increase in Re by 300 bp 

Credit- and Counterpart risk 8% change in market va-
lue 

8% change in market va-
lue 

FX rate 10% exchange rate de-
cline against the SEK for 
all currencies 

15% exchange rate de-
cline against the SEK for 
all currencies 

*basis points 

The method utilizes two scenarios, a yellow and a red, to test the solvency of the in-
surers. 

For now, if there is no surplus of capital in the yellow scenario the FSA will demand 
increased reporting and in the red scenario active supervision measurements will be 
administrated. The exact parameters of the stress test is not definite and is currently 
tested and calibrated on 5 life insurers on the Swedish market and is set to be in use 
by 2007 (FI, 2005). 

1.5 Problem 
New regulation on how liabilities are assessed and investment rules for insurers are 
scheduled to take place in Sweden 2005-2007. This might result in a reduction of 
short-dated holdings for asset mangers in Sweden. Within the next two years inves-
tors may have to mark their liabilities to market instead of the fixed 3.5% rate laid 
out by the supervisory regime. It has been argued that this will make mangers of in-
surance and pension funds eager to increase their exposure in long-maturity bonds 
over short-dated notes. A big problem with this is the lack of domestic-denominated 
long-maturity bonds. So unless the national debt office decides to increase issuance of 
long-maturity bonds, investors will have to look towards Euro-denominated bonds 
or increase their derivative exposure (Credit reports, 2004) 

One of the reasons why portfolio mangers will be keen on increase their duration is 
that mismatching between assets and liabilities becomes more obvious in the new sys-
tem (Credit reports, 2004) and therefore institutions will be more reluctant to take 
equity type risk. While waiting for Solvency II to be finished the Swedish FSA has 
decided to implement a Danish style stress test for insurance companies. This will 
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help to highlight the financial risks and improve risk management in the insurance 
companies. 

Could  implementation of a Danish style stress test in Sweden force life insurers to reallo-
cate their investment portfolios? 

Denmark introduced a new flexible share ceiling as well as a new stress test in 2001 to 
better be able to monitor the risks taken by insurers. The reaction in Denmark could 
give some indications on how Swedish investors might react. There was a 40% in-
crease in bond exposure and a 70% decline in equity exposure (Credit reports, 2004). 
This in turn caused falling stock prices and long term interest rates. 

How much could the total financial risk be reduced by increased duration matching be-
tween asset and liabilities and/or portfolio reallocation? 

Swedish Life insurers together hold about one third of the total outstanding govern-
ment debt, and if they all seek to beef up their duration simultaneously they would 
drain the domestic market quickly. To add up the problems, Dutch regulators are 
moving towards a new solvency regulation at the same time but are still ahead in the 
implementation, and will possess a first mover advantage on the euro-denominated 
long-term bonds. This will aggravate things even more for Swedish investors and 
make it more expensive as well (Credit reports, 2004). 

What could the potential consequences of a reallocation of the asset portfolios of life insur-
ers on the Swedish financial markets be? 

Could they cause effects similar to those observed in the Danish market in 2001? 

1.6 Purpose 
The purpose of this thesis is to analyze the effects of imposing a Danish style stress 
test on the Swedish life insurance market. 
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2 Theoretical Framework 

2.1 Stress Testing 
This section is based on the work by Jones, Hilbers & Slack (2004) this is an IMF 
working paper and one of the few published regarding this topic. 

Financial institutions are vulnerable to all kinds of risks (market risk, default risk, li-
quidity risk and so on). The stress test was originally developed to be  used on portfo-
lio level, to understand how extreme movements in the market affect latent risks in 
the trade book of banks. The term is now widely used by financial institutions to de-
scribe several methods that measure the sensitivity of a portfolio to extreme market 
fluctuations. Stress tests are far from being a precise tool for measuring risk, it merely 
provides a numerical estimate of a certain risk. 

A stress test can be used to test both the asset and liability side of a portfolio. A 
strong side of this test is that it can involve most aspects of changes to a portfolio. 
The prices used for calculating market values is not the only field where stress tests 
are useful, they can be used for the duration, liquidity, and default rates for the port-
folio. To sum it up, stress tests, no matter how complex, still is about one thing: re-
valuing a portfolio under a set of assumptions. 

The process of constructing a stress test involves identifying vulnerabilities, con-
structing scenarios, balance-sheet implications, second-round effects and interpreta-
tion. All of these steps are important as they greatly influence the result of the stress 
test. It is most common that scenarios or multiple scenarios are considered but stress 
test can also just involve one risk. 

Commonly, the first stage in the stress-testing process is to identify the key vulner-
abilities. By narrowing the focus of the test, a more refined analysis is possible, since 
it is unrealistic to test every possible risk factor. The process of isolating the main 
vulnerabilities is iterative, involving quantitative as well as qualitative elements. 

The next step is to construct the scenarios that will form the basis of the test. This 
stage involves an examination of data availability and models to determine what can 
be used to test the vulnerabilities. By using this data, a scenario can be constructed in 
an overall macroeconomic framework or model. According to Jones et al (2004), a 
scenario can be constructed by using text book macro models, supplemented by exist-
ing empirical research or by using already developed models for other countries with 
a similar structure. 

The third step, balance sheet implementation, is to translate the various outputs into 
the balance sheet and/or income statement. Jones et al describes two different ap-
proaches for this: The “bottom-up” approach, here the estimates are based on indi-
vidual portfolios that later are aggregated. The second approach is the “top-down” 
approach, where aggregated macro-level data is used to estimate the impact. Under 
the first approach, by using disaggregated data from individual financial institutions 
the response to these shocks in a scenario can be estimated at portfolio level. This in-
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formation can later be aggregated to measure the sensitivity of an entire sector. This 
approach has the advantage that it makes good use of the individual data of the port-
folios. The down side is that if institutions provide their own estimates, there might 
be some inconsistency in how the different institutions applies the scenarios and pro-
duce its estimates. 

The “top-down” approach measures the responsiveness of a group of institutions to a 
scenario. This is achieved by deriving a common parameter from all institutions in 
the data set to estimate the aggregated impact. This approach is easier to use as it uses 
aggregated data, and is consistent and uniform. The down side is that it is based on 
historical relationships that might not hold in the future. The best result is achieved 
when both methods are used; this can be hard due to data limitations. 

Next, the fourth step is labelled second-round effects; in most stress tests this is the 
change in behaviour of the portfolio or the no realignment of the portfolio structure 
in response to the change in risk factors is assumed. This assumption would not hold 
if the scenarios reach over one year in time, but since most stress tests are applied to 
the balance sheet on a specific point in time this effect could mostly be neglected. 

Finally it is important to remember to view stress testing as a useful tool for identify-
ing latent risk exposures, but not to use them as a precise measure of the magnitude 
of losses as there are typically no probabilities attached to the outcomes of stress tests. 
They are also unlikely to catch the full range of risks and interaction of risk expo-
sures. Stress test results should be complemented by other measures of risk exposures 
such as financial soundness indicators. 

Stress testing for insurance companies is not as developed as for banks. This is partly 
due to history where banks were early proponents of stress testing and also due to 
regulatory hindrance. Insurance companies have different balance sheets structures 
compared to banks. This presents unique challenges for revaluating a portfolio, such 
as the complexity of the contracts underlying the liability side of the balance sheet. 
This may require very detailed data to assess the impact of changes in risk factors, 
even so detailed as valuing contract-by-contract. The asset side, however, is more 
similar to banks and easier to assess. The result of stress testing is usually presented as 
the impact on the solvency margin. The solvency requirement is the minimum level 
of capital and reserves the insurance companies’ needs to meet its obligations on an 
ongoing basis. 

2.2 The Danish Stress Test 
In the process of using fair value accounting and improving the financial stability of 
insurance companies Denmark is way ahead of Sweden. The Danish FSA (Financial 
Supervisory Agency) introduced a stress test system in 2001 called the “yellow and 
red alert system”. It consists of two test scenarios, used to assess the financial 
strengths of life insurance companies. The Red (Yellow) scenario considers a 
12%(30%) drop in stock prices, a change in the interest rate of 70 (100) basis points as 
well as a 8% (12%) decline in real estate prices, see table 2.1 for complete stress test. 
On one hand, if the company in question can not withstand the big change (yellow 
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scenario) the test indicates a yellow light this is generally not a big problem. On the 
other hand if the company fails to pass the red scenario (small change) then the com-
pany need to take action immediately (Grosen, 2004). This increased supervision has 
forced Danish life insurers to hedge its financial risks by a broad range of derivatives 
(Danish Central Bank, 2002). 

Table 2-1 The Danish stress test 

Risk factors Red scenario Yellow scenario 

Interest rate risk –assets 0.7 percentage point 1 percentage point 

Interest rate risk – liabilities 0.7 percentage point 1 percentage point 

Credit- and counterparty risk* 8 percentage 8 percentage 

Equity risk 12 percentage 30 percentage 

Real estate risk 8 percentage 12 percentage 

FX risk 99 percentage  99.5 percentage  

* Risk Weighted Assets 

Interest rate risk 

In more detail the interest rate risk for assets is considered as follows. Bonds are di-
vided into 3 zones: 

Zone 1: Bond positions with a (effective) modified duration of maximum 1 year. 
Zone 2: Bond positions with a (effective) modified duration between 1 and 3.6 years. 
Zone 3: Bond positions with a (effective) modified duration over 3.6 years. 

The impact of the interest rate risk is tested in the different scenarios accordingly: 

In the red scenario: 

Increase or decrease in the short rate by 100 basis points, the mid-term rate by 85 ba-
sis points and in the long rate by 70 basis points. 

In the yellow scenario: 

Increase or decrease in the short rate by 143 basis points, the mid-term rate by 118 
basis points and in the long rate by 100 basis points. 

For the liability side a change of the interest rate with 70 basis points will change the 
discount rate with 59.5 basis points and a change with 100 basis points will change 
the discount rate with 85 basis points (Finanstilsynet, 2004).  

Credit- and counterpart risk: 

The capital demand is 8% of the debt instruments risk weighted value. The credit risk 
is calculated and weighted differently according to a weight scheme depending on 
counterpart and duration. The counterpart risk on for example FRAs, SWAPs and 
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FX contracts are weighted and calculated depending on duration of contract and the 
counterpart (a) (Finanstilsynet, 2004). 

Equity risk 

A drop of 12% and 30% in prices are considered in equity holdings, and the total 
change in value is reported (Finanstilsynet, 2004).  

Real estate risk 

The total market value of Real estate is tested for a fall of 8% and 12% in market 
prices  

FX risk 

FX rate risk is calculated as a VaR, with either on 99% or 99.5% level. All assets in 
foreign denominated currency are included (Finanstilsynet, 2004). 

2.3 Solvency Measurements 
One measurement of solvency used in the supervision of life insurers is the solvency 
quote. It is an indication and how well the life insurer can cover its obligations at any 
time. It is calculated as the capital base over the solvency margin and by law it is not 
allowed to be below 1 (Sveriges Riksdag, 2005). This means that the capital base has 
to be larger than the risk buffer (solvency marginal). A solvency quote of 5 means 
that the capital base is 5 times larger than the solvency margin. 

.rSolvencyMa
eCapitalBasoteSolvencyQu =  

The capital base is basically the technical provisions subtracted from the total assets 
and is allowed to consist of (Sveriges Riksdag, 2005): 

1. Paid equity or paid guaranteed capital. 

2. Other Equity minus dividends. 

3. Untaxed reserves. 

The solvency margin basically consists of four posts (Sveriges Riksdag, 2005), where 
to two first ones are the most important. 

• The first one is simplified 4% of technical provisions.  

• The second one is, 1% of technical provisions, if: 

a) the insurance time exceeds 5 years, and the sum to cover the operating costs is 
decided to be more than 5 years, or 

b) The provisions are a risk for the company that is not insignificant. 

The other two points are generally two small to make an impact on the solvency 
margin. 
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2.4 Debt Securities – the Fundamentals 
A debt security is a claim on a specific periodic stream of income. Debt securities are often 
called fixed income securities because they promise either a fixed stream of income or a 
stream of income that is determined according to a specified formula. 

        Bodie, Kane & Marcus,2002  

A bond is a basic debt security that can be viewed as a loan contract. The borrower 
issues (sells) the bond to a lender in exchange for an amount of cash (price of the 
bond). The borrower then agrees to pay back an amount (face value or par value) at 
some point in the future. In addition to this, the borrower also agrees to pay a per-
centage of the face value periodically throughout the life of the bond (for example 5% 
semi-annually). That percentage is called the coupon and is the pre-determined inter-
est the lender receives. A bond without coupon is called a zero-coupon bond (Bodie 
et al, 2002).  

The basic formula for the price of a bond is: 

( ) ( )T
T

t
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ParValue
r

Couponprice
+

+
+

= ∑
= 111

     (2.1) 

The price of any financial instrument equals the present value of the expected cash 
flows from the instrument. For most bonds, the cash flows are pre determined and 
therefore known. Since the price equals the present value of the bond, an interest rate 
is used for discounting. The interest rate reflects the yield for financial instruments 
with comparable risk. The risk is usually measured by the rating (S&P or Moody’s 
rating) of the issuing company or institution. Thus, treasury bonds issued by sover-
eign states will have a lower discount rate than a risky corporate bond. Conse-
quently, the Treasury bond will have to offer a lower coupon rate than the risky 
corporate bond and still be prices at par (price = par value). Government bonds are 
usually used as benchmark securities and are considered risk free. The excess over the 
required yield on government securities is risk premium offered as incentive to take 
excess risk over risk free securities (Fabozzi, 1993). 

The price of a bond moves inversely with the required yield. A higher (lower) inter-
est rate implies a lower (higher) price (present value). This is an important character-
istic of a bond. It is also true for basic bonds that the price increase as a result of an 
interest rate drop is larger then the price decrease given an equal increase in interest 
rate. This implies that the price – yield relationship for bonds is a convex line i.e. 
bowed inwards. In order to calculate the price change given a change in interest rate, 
the interest rate sensitivity has to be measured. The higher the interest rate sensitivity 
is, the larger the change in price for a change in interest rate. The following character-
istics are true for all basic bonds (Fabozzi, 1993): 

• Longer maturity of the bonds implies higher interest rate sensitivity 
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• Higher coupon rate of the bond implies lower interest rate sensitivity 

2.5 The Concept of Duration 
In order to determine the approximate change in the price of a bond given a change 
in the yield, the first derivative of equation (2.1) with respect to the required yield 
can be computed: 
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Rearranging equation 2.2 we get: 
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Where C is the coupon, r is the yield, n is the number of periods left to maturity and 
M is the par value. The term in brackets in equation 2.3 is the weighted average term 
to maturity of the cash flows from the bond, where the weights are the present value 
of the cash flow. If both sides of the equation are divided by the price we get a meas-
urement called Macaulay Duration. That is: 

Macaulay Duration = 
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The ratio between Macaulay Duration and (1+r) is commonly known as Modified 
Duration. That is: 

Modified Duration = ( )r
rationMacauleyDu

+1
      (2.5) 

For a zero-coupon bond, Macaulay duration is always equal to time to maturity be-
cause the only cash flow from the bond occurs at maturity. For a coupon paying 
bond however, Macaulay duration is always less than time to maturity. This is be-
cause Macaulay duration is the weighed average time of all cash flows from the bond. 
Therefore, the higher (lower) the coupon is, the shorter (longer) the duration of the 
bond is. This implies that bond price volatility (interest rate risk) increases with dura-
tion as can be observed from equation 2.5. In other words, longer duration implies 
larger changes in the price of the bond given a change in the yield. The approximate 
change in the price of the bond can than be calculated using the following equation: 

dyrationModifiedDu
P
dP *−=        (2.6) 

This relationship can be explained further using an example. Consider a 6%, 25 year 
bond selling at 70.3570 to yield 9%. The modified duration for this bond is 10.62. If 
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the yield increases from 9% to 9.10%, the approximate percentage change in price us-
ing equation 2.6 is: 

-10.62*(0.0010) = -0.0106 or 1.06%. 

The reason why this only approximates the change is due to the convex relationship 
between price and yield of a bond. This approximating however, gives a good indica-
tion of the price change as long as the change in yield is small. For any large changes 
in the yield, the convexity has to be calculated in order to calculate the change in 
price. Since calculations of convexity are considered to be beyond the scope of this 
thesis, the authors refer to any text book on fixed income securities for additional 
theory. It is also worth mentioning that the equations used in this section for calcu-
lating duration can only be applied on bonds without embedded options and where 
the yield curve is flat (i.e. all cash flows are discounted at the same rate) (Fabozzi, 
1993). 

2.6 Interest Rate Analysis 
Changes in interest rates determining the value of fixed income securities are impor-
tant to consider when analyzing risks. There are many risks associated with bonds 
but the by far most important one is the interest rate risk (also called market risk). As 
discussed in section 2.4 there are several factors such as the coupon rate and time to 
maturity that determines the interest rate sensitivity of a bond to changes in the un-
derlying interest rate (Fabozzi, 1993). 

In general, an asset or liability is normally classified as rate sensitive within a time in-
terval if: 

• It matures. 

• It represents an interim, or partial, principal payment. 

• The interest rate applied to outstanding principal changes contractually during 
the interval. 

• The outstanding principal can be repriced when some base rate or index 
changes and management expect the base rate / index to change during the in-
terval. 

(Koch & MacDonald, 2003) 

An asset or liability is in other words risky if there is an expected cash flow in the fu-
ture that has to be reinvested at an unknown interest rate.  

There are several ways to estimate the total interest rate risk a financial institution 
carries at one point in time. The most fundamental method is the static Gap analysis. 
The static Gap basically measures the rate sensitive asset (RSA) minus the rate sensi-
tive liabilities (RSL) at one point in time. 

GAP = RSA – RSL         (2.7) 
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Here, a small (larger) Gap implies a lower (higher) degree of interest rate risk. A fi-
nancial institution can intentionally run a positive or negative Gap if it fits their in-
terest rate forecast. For example, a positive Gap means that the financial institution 
has more interest rate sensitive assets than liabilities. This is preferable if the man-
agement forecasts rising interest rates in the future. This is because a larger part of the 
assets than the liabilities then can be reinvested at a higher interest rate.  

It is important to recognize that all changes in interest rate are not risky. The risky 
ness is determined by the deviation from the expected change (i.e. the interest rate 
forecast).  By calculating a Gap a financial institution can estimate the consequences 
of a certain change in the interest rate. 

The static Gap has many shortcomings and cannot be the only tool for estimating in-
terest rate risk. Therefore, most banks and insurance companies use duration Gap 
(DGap) as well. Where static Gap focuses on rate sensitivity (frequency of repricing), 
duration Gap focuses on price sensitivity. With duration Gap, the interest rate risk of 
financial institutions is estimated by comparing the weighted average duration of as-
sets (DA) with the weighted average duration of liabilities (DL). If DA and DL are 
unequal, there is a duration mismatch. Doing this, management can estimate how 
changes in the market value of assets (MVA) and liabilities (MVL) affect equity (sol-
vency). 

Duration Gap can be defined with the following formula: 

DGAP = DA – (MVL/MVA) * DL      (2.8) 

And 

∆MVE = -DGAP [∆y/(1 + y)]MVA      (2.9) 

Here, MVE is the market value of equity and y is the average yield on assets. The 
change in equity given a change in interest rate at a specific DGap can be summarized 
with the following table 2-2: 

Table 2-2 Duration gap table 

DGAP ∆ in interest rate Assets  Liabilities Equity 

Positive + - > - - 

Positive - + > + + 

Negative + - < - + 

Negative - + < + - 

Zero + - = - 0 

Zero - + = + 0 
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For example, if an insurance institution has an average asset duration of 5 years and 
an average liability duration of 12 years, an increase in interest rate will have positive 
effect on equity (solvency) because MVL will decrease more than MVA (Koch & 
MacDonald, 2003). 

An insurance company share a lot of similarities with a bank, especially on the asset 
side of the balance sheet. On the liability side on the other hand there are differences. 
The insurance company sells insurance in return for some premium. The proceeds 
are invested and end up on the asset side. Costs for the insurance company are more 
or less unknown both in terms of magnitude and when the payment occurs. The li-
ability side can because of this be thought of as a number of written put options 
where the primary objective is to provide asset value guarantee. Viewing insurance 
contracts as options make them more similar to the liabilities of a bank (Briys & de 
Varenne, 1995). 

2.7 Interest Rate Term Structure 
Yields on securities issued by states are almost always considered risk free. Because of 
this, government securities can be used as benchmark for determining the yield on 
risky securities. Naturally then, all market participants are interested in the relation-
ship between yield and maturity on risk free securities.  

The difference between a standard yield curve and term structure of interest rates is 
that while the first is based on observed yields and maturities, the latter is based on 
zero-coupon government securities and their maturities. Any non-callable security 
can be considered a package of zero-coupon securities. That is because each coupon 
can be viewed as a zero coupon bond with maturity equal to the coupon date and 
principal equal to the size of the coupon. This equality has to hold in order to pre-
vent arbitrage opportunities. In order to value each zero coupon security, it can be 
compared with the government security corresponding to that maturity. Doing this, 
a so-called spot rate curve is created. The spot rate curve is an important tool for valu-
ing all kinds of securities. When discounting a risky cash flow, the interest rate can be 
found by using the yield on the government zero-coupon security with the same ma-
turity as the cash flow plus a spread reflecting the credit risk (Fabozzi, 1993). 

The shape of the yield curve reflects market expectations of the development of the 
interest rate. It also reflects supply and demand at time 0 of a security with a specific 
maturity. The yield curve is normally upward sloping because an investor should re-
ceive a higher interest rate the longer period of time he or she is willing to invest. It 
could however be flat or downward sloping if the market expects a downturn or re-
cession in the economy or because the market has been drained on a specific matur-
ity. Apart from these explanations there are many other theories trying to explain 
the shape of the yield curve. A number of these can be found in Fabozzi (2003) p. 
204-209.  
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2.8 Asset – Liability Management 
Asset and Liability Management (ALM) consists of strategic planning and implemen-
tation and control processes that decide the volume, mix, maturity, interest rate sen-
sitivity, quality and liquidity of an institutions assets and liabilities. The main focus of 
ALM is to establish a high-quality, stable, large and growing flow of net interest in-
come. This is achieved by composing the optimal mix and level of assets, liabilities 
and financial risk (Gruening, 1999). 

According to Unsworth (2000), the lack of proper Asset – Liability matching has led 
to financial problems such as insolvency. This is partly due to the fact that many life 
insurers have issued guaranteed rate contracts without hedging them. This has caused 
several insurers to go bankrupt when bond yields have dropped. ALM cannot only 
help insurers to operate more soundly but also more profitable. Operating in an 
ALM mind frame helps insurers to make the right decisions when it comes to risk 
taking and portfolio allocation (Unsworth, 2000). 

2.9 The International Capital Market  
A company, institution or state that faces limited demand for bonds domestically can 
issue bonds internationally. In the 60´s and 70´s, the so-called foreign bond domi-
nated. A foreign bond is a bond denominated in US dollar and issued in the U.S. but 
issued by a non-US. citizen (“Yankee” bond) or a bond denominated in Sterling and 
issued in the U.K. but issued by a non-British citizen (“Bulldog” bond) and so on. 
The shortcoming of these instruments is that a foreign investor buying a foreign 
bond still has to comply with financial regulations of the country in which currency 
the bond is issued. In order to solve this problem the market for Eurobonds emerged 
in the 80´s and quickly became a popular alternative to domestic bonds. Originally, 
the Eurobond was a dollar denominated bond issued by a company or government 
outside the U.S. They were issued outside the U.S. so they did not have to be regis-
tered with the SEC (Securities and Exchange Commission). The purpose of the 
Eurobond was that they did not have to be registered with any national securities au-
thority. The only problem was that a US dollar denominated Eurobond could not be 
sold in the United States or to a U.S. citizen (Smith & Walter, 2003).  

The Eurobond market boomed in the 80´s and soon included a variety of securities 
with a wide range of maturities, currency denominations and grades. The Eurobond 
market gained popularity as the US dollar became very volatile in the 80´s, which 
encouraged investors to bet on exchange rate profits. The biggest advantage with 
Eurobond however was the price. Eurobonds offered yields far superior of domestic 
counterparts due to the absence of domestic taxes. In the early 80´s it was occasion-
ally even possible for European companies to borrow cheaper than the US Treasury.  

Today, the market for Eurobonds is the world’s only unregulated capital market. It is 
however subject to self imposed standard and practice. In order to make trade easier, 
most Eurobonds are listed on the London or Luxembourg stock exchange (Smith & 
Walter, 2003).  
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3 Methodology 

3.1 Choice of Methodology 
Considering the purpose of this thesis together with the fact that there are a relatively 
small number of actors on the Swedish life insurance market, it is hard to decide if to 
use a quantitative or qualitative approach. The argument for using a quantitative ap-
proach is that the authors use almost the entire Swedish market of life insurers for 
analysis and also that the analysis and data collection is solely based on numbers and 
calculations. On the other hand, the thesis is qualitative in the sense that no actual 
statistical methods are used to test for significance and also that the aim of the thesis 
is deep understanding of the consequences of the stress test primarily in regard for 
risk management. Considering that the deeper understanding of the implications of 
the stress test is the main part of the study this would be  qualitative according to 
Williamson (2000) 

Furthermore, the thesis is of exploratory nature since the words like how are used in 
the research questions (Williamson, 2000). But also as the authors explain and analyse 
various consequences and effects of imposing the Danish style stress test on the Swed-
ish market. The results are analysed both on each life insurer and on the Swedish life 
insurance market as a whole. There is also a discussion on the potential effects on the 
Swedish credit market.  

3.2 Data Collection and Analysis 
The analysis is solely based on secondary data where information from the 2004 an-
nual reports is being used as input in the stress test model. The seven biggest life inur-
ers were chosen because they represent the majority of the market. In addition to this 
the authors have been in contact with the Swedish FSA in order to gain knowledge of 
the various ratios used in the thesis. The stress tests is analysed using existing and 
conventional theory in the field of risk management, portfolio theory and financial 
securities. It would naturally be preferable to possess even more thorough informa-
tion about the holdings of the life insurers but unfortunately for the authors, officials 
at the insurance companies refers only to the annual reports. The authors are well 
aware that the accuracy of the thesis might be questionable due to the lack of infor-
mation about derivatives holdings. It is on the other hand stated in several annual re-
ports that life insurers only hedge FX risk leaving other exposures risky.   

3.3 The Stress Test Model 
The stress test consists of two scenarios, red and yellow, the test indicates a red light 
if the company cannot with stand a small change in the market and a yellow light for 
a bigger change. The interest rate risk for assets is calculated as follows:  

NewValueeMarketValuDy =∆ **  
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Where y∆  is -0,007 for the red scenario and -0,01 for the yellow scenario. The modi-
fied duration is assumed to be 5 for the whole bond portfolio, and only the risk of 
falling interest rates are calculated as that results in the worst possible scenario. 

The equity risk is calculated as the market value times the drop in prices. The 
red/yellow scenario simulates a drop of 12%/30%. The duration assumption is the 
same as the Danish Central Bank (2003) made for the Danish market. 

Next is the calculation of the real estate risk, which is simply calculated as the market 
value times the drop in prices. For the red/yellow scenario the drop simulated is 
8%/12%. 

The credit risk is a bit difficult to estimate because of the limited information in the 
annual reports. We had to assume that the bonds that are not considered to have zero 
credit risk in the test (government bonds) are equally divided between corporate and 
institutional issuers. The weighting scheme for corporate bonds is that they are taken 
up to 100% of their value, while institutional bonds are weighted by 20%. According 
to the annual reports the average duration for all classes is more than 2 years that is 
why the 20% weighting is used,  a shorter duration implies a lower risk. The total 
credit risk is then summarized and taken times 0,08 before taken in to the test.  

For the foreign exchange risk a different approach than the Danish is used. The VaR 
model used in the Danish stress test is not fully applicable on the Swedish market, ac-
cording to Maria Westerberg on the Swedish FSA. We have therefore used the model 
that is currently under development by the Swedish FSA. This model assumes a 10% 
(15%) drop in the all net exposures in foreign currency. The drawback with this 
model is that it does not take the correlation between currencies into account.  

Now to the liabilities, they are calculated in the same way as the bond portfolio. The 
difference is a few assumptions, the modified duration is assumed to be 12 for the li-
abilities and the y∆  is -0,00595 for the red and -0,0085 for the yellow scenario accord-
ing to the Danish stress test. This is because a change in interest rate will not be fully 
reflected in the change of the discount rate used to valuate the liabilities. The dura-
tion assumption is the same as the Danish Central Bank (2003) made for the Danish 
market. 

In the test, the capital base, solvency margin and solvency quote is used as well. The 
capital base is calculated as technical provisions subtracted from total assets. The sol-
vency margin is then calculated as 4% of the technical provisions, the other parts of 
the solvency margin can not be calculated from information in the annual report. 
This is not a big issue as the other parts are so small they do not make an impact on 
the result of the thesis. 

The solvency quote was then calculated as the capital base over the solvency margin. 
To get the new capital base, the total risk of the assets was added/subtracted from the 
total assets and the risk in liabilities was added/subtracted from technical provisions. 
Then the new solvency quote was calculated by using the new solvency margin (4% 
of the new technical provisions) and the new capital base. 
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If the solvency quote in the red scenario went below 1 the test indicated a red light 
and a yellow light if it went below 1 in that scenario. If the solvency quote stayed 
above 1 in both scenarios the test indicated a green light. The stress test model can be 
found in appendix 1.  

3.4 The Duration Gap Model 
In order to estimate how much the duration on assets has to be increased to reduce 
interest rate risk to zero, the theory on duration GAP has been applied on the sample 
of life insurers. The first step is calculating the actual duration GAP using equation 
2.8. Because all insurers have a negative GAP (at the current asset duration), a fall in 
interest rates is the disadvantageous scenario. Using equation 2.9, where y is 3% and 
the hypothetical change in y is a fall of 1%, the change in market value of equity is 
generated.  Subsequent to this, the equations have been solved with respect to DA 
which generates a change in MVE of 0. Since the stress test assumes that liabilities are 
less elastic than assets (15% less to be exact) the new DA has been multiplied by 0.85. 
Doing this the value of interest rate risk for assets and liabilities are exactly the same. 
After this matching in asset duration, the portfolio is risk neutralized with respect to 
interest rate risk.  

3.5 Validity 
The authors are aware that an exact analysis of the Swedish life insurers demands in-
clusion of the Swedish corporate tax system as well as legal aspects. Both these aspects 
are to a great extend disregarded due to the scope of the thesis. The main focus is in-
stead on financial risk and financial instruments. The validity of the thesis is still con-
sidered to be high since the actual Danish stress test is being used, with some altera-
tions to fit the Swedish market. The authors were in contact with the Swedish FSA 
who is right in the process of developing a Swedish stress test and therefore no in-
formation is yet publicly available. Because of these reasons there were no formal in-
terviews conducted with the life insurers, nor the Swedish FSA. 
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4 Empirical Findings and Analysis 

4.1 The Swedish Market 
By the end of 2004 the market value for assets for all insurance companies in Sweden 
was more than 1 930 billion SEK. The majority of the assets are invested in bonds 
and equity.  

The following section includes general financial key figures and ratios for the seven 
largest Swedish life insurers. It also states the portfolio allocation as of December 31st 
2004 as well as the result of the stress test. 

4.1.1 AMF Pension 
AMF Pension is one of the largest life insurers on the Swedish market with 223 807m 
SEK in assets. It is owned by equal shares by the Swedish Employers Association 
(SAF) and the central labour union organisation (LO). At the end of 2004, AMF Pen-
sion had technical provisions of 140 115m SEK and a capital base of 83 290m SEK. 
The total profit for 2004 was 17bn SEK with a solvency margin of 4023. The net ex-
posure in foreign currency was 29 453m SEK (AMF, 2005). The numbers used are ad-
justed for the recent decisions for increased bonuses and the new solvency quote be-
came 14.95. 

At the end of 2004, the asset portfolio of AMF Pension was composed as follows: 

• 96 239m SEK or 44% in quoted and unquoted equity (23% Swedish, 21% for-
eign) 

• 102 720m SEK or 47% in bonds (25% Swedish, 22% foreign). 
• 11 544m SEK or 5.5% in real estate. 
• 7 497m SEK or 3.5% in other financial assets.  
 

The bond portfolio was at the end of 2004 composed as follows: 

• 46 969m SEK in Swedish government bonds.  
• 4 053m SEK in Swedish real estate bonds. 
• 26 909m SEK in foreign government bonds. 
• 498m SEK in other Swedish quoted bonds. 
• 21 080m SEK in other foreign bonds. 
• 3 321m SEK in bank loans. 
• Average duration on bond portfolio was 6.48 years. 
 

The stress test performed on this portfolio gave the following empirical results (see 
table 4-1): 
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Table 4-1 Stress test AMF 

Stress test   AMF 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  3595 5136
Equity Risk  -11549 -28872
Real Estate Risk  -924 -1385
FX Risk  -2945 -4418
Credit & counterpart risk   -1791 -1791
Total risk- Assets  -13613 -31330
Interest rate risk - Liabilities  10004 14292
Net total risk   -23618 -45622
Capital Base  60074 38070
Solvency margin  6005 6176
Solvency quote   10.00 6.16
  

Status Green Light 
 

The stress test indicates that AMF will withstand both the yellow and the red sce-
nario. Worth to note is that the equity risk is by far the biggest risk and the solvency 
quote decreases after the yellow scenario to 6.16, that is a 69% drop. The net interest 
rate risk is 9 156m SEK. 

4.1.2 Skandia Liv 
Skandia had at the end of 2004 an asset portfolio valued to 253 818 m SEK. The tech-
nical provisions and capital base was 176 410m SEK and 81 260m SEK respectively. 
The profit for 2004 was 15,5bn SEK with a solvency margin of 7292m SEK. The net 
exposure in foreign currency was 2 520m SEK (Skandia, 2005). Skandia is a publicly 
held company. 

The asset portfolio at the end of 2004 had the following composition: 

• 92 681m SEK or 36.5% in quoted and unquoted equity (13% Swedish, 24% 
foreign). 

• 129 168m SEK or 51% in bonds (25% Swedish nominal bonds, 9% foreign 
nominal bonds, 17% other bonds). 

• 29 865m SEK or 12% in real estate. 
• 2 104m SEK or 0.5% in other financial assets. 
 

At the end of 2004, the bond portfolio of Skandia had the following composition: 

• 70 623m SEK in Swedish government bonds. 
• 26 630m SEK in Swedish real estate bonds. 
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• 1 665m SEK in other Swedish bonds. 
• 13 302m SEK in foreign government bonds. 
• 16 948m SEK in other foreign bonds. 
 

The stress test on the portfolio provided the following result (see table 4.2): 

Table 4-2 Stress test Skandia 

Stress Test   Skandia 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  4521 6458
Equity Risk  -11122 -27804
Real Estate Risk  -2389 -3584
FX Risk  -252 -378
Credit   -488 -488
Total risk- Assets  -9729 -25795
Interest rate risk - Liabilities  12596 17994
Net total risk   -22325 -43789
Capital Base  55083 33619
Solvency margin  7749 7971
Solvency quote   7.11 4.22
  

Status Green Light 
 

Skandia seems to have good finances after the stress test they still indicate a green 
light. The solvency quote drops from 10.62 to 4.22 in the yellow scenario which is a 
big drop. The biggest risk Scandia has is the equity risk, and the net interest rate risk 
caused by a mismatch is 11 535m SEK. 

4.1.3 SEB Trygg Liv 
SEB Trygg Liv is part of the multinational banking enterprise SEB with over half a 
million clients and 1200 employees. SEB had a capital base of 52 186m SEK a sol-
vency margin of 4 067m SEK and 156 771m SEK in portfolio assets. Technical provi-
sions were 104 585m SEK. The net expose to foreign currency was 5 630m SEK and 
the solvency quote was 12,83 (SEB Trygg Liv, 2004). 

At the end of 2003, SEB Trygg Liv had the following composition of asset: 

• 45 519m SEK or 29.04% equity (42% Swedish, 58% foreign). 
• 90 59 m SEK or 57.79% bonds. 
• 10 78 m SEK or 6.88% real estate. 
• 9 871m SEK or 6.29% in other financial assets. 
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The bond portfolio of SEB Trygg Liv was made up of the following at the end of 
2003: 

• 23 387m SEK in Swedish Government bonds. 
• 23 839m SEK in Swedish real estate bond. 
• 7 231m SEK in other Swedish bonds. 
• 24 939m SEK in foreign government bonds. 
• 11 201m SEK in other foreign bonds. 

The stress test indicates the following (see table 4-3): 

Table 4-3 Stress test SEB Trygg liv 

Stress Test  SEB Trygg Liv 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  3171 4529
Equity Risk  -5462 -13656
Real Estate Risk  -863 -1294
FX Risk  -563 -845
Credit & counterpart risk   -1856 -1856
Total risk- Assets  -5573 -13120
Interest rate risk - Liabilities  7467 10668
Net total risk   -13040 -23788
Capital Base  39146 28398
Solvency margin  4482 4610
Solvency quote   8.73 6.16
  

Status Green Light 
 

For SEB the test gives a green light in both scenarios. The net interest rate risk is 
6 138m SEK and the solvency quote drops to 6.16 in the yellow scenario, that is more 
than 50%. 

4.1.4 Folksam Liv 
Folksam Liv is a mutually policy holder owned life insurer with a full range of life 
insurance products. At the end of 2004, Folksam Liv managed 54 713m SEK in port-
folio assets and had technical provision of 44 249m SEK. The profit for 2004 was 
2.6bn SEK and the solvency margin at the same time was 2194m SEK. The capital 
base was 10 316bn SEK and the solvency quote was 4.78. The net exposure in foreign 
currency was 8 123m SEK (Folksam, 2005).  

The composition of the asset portfolio was at the end of 2004 as follows: 

• 12 143m SEK or 24% in equity. 
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• 34 366m SEK or 67.8% in bonds. 
• 3 799m SEK or 7.5% in real estate. 
• 4 405m SEK or 0.7% in other financial assets. 
 

The bond portfolio of Folksam Liv included the following at the end of 2004: 

• 8 299m SEK in Swedish government bonds. 
• 11 804m SEK in Swedish real estate bonds. 
• 585m SEK in Swedish credit mutual funds. 
• 1 774m SEK in other Swedish bonds. 
• 6 168m SEK in foreign government bonds. 
• 2 833m SEK in other foreign bonds. 
 

The stress test on the portfolio provided this empirical information (see table 4-4): 

Table 4-4 Stress test Folksam 

Stress Test   Folksam 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  1203 1718
Equity Risk  -1457 -3643
Real Estate Risk  -304 -456
FX Risk  -812 -1218
Credit & counterpart risk   -488 -488
Total risk- Assets  -1858 -4086
Interest rate risk - Liabilities  3159 4513
Net total risk   -5018 -8599
Capital Base  5446 1864
Solvency margin  2370 2438
Solvency quote   2.29 0.76
  

Status Yellow Light 
 

For Folksam the stress test indicates a yellow light, which means that they can not 
withstand the toughest scenario. The solvency quote drops to 0.76 from 4.78 and the 
net interest rate risk is 2 795m SEK. 

4.1.5 Alecta 
Alecta is the largest pension fund manager in Sweden with an asset portfolio valued 
to 345 301m SEK (total assets 353 301m SEK) at the end of 2004. It has over 1,6 mil-
lion policy holders spread over 27000 companies. Alecta has technical provisions of 
256 410m SEK and a solvency margin of 10 667m SEK. The capital base at the end of 
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2004 was 96 829m SEK and the profit was 28 433m SEK. The net exposure in foreign 
currency was 58 980m SEK and the solvency quote was 9.1. It is mutually owned by 
the policy holders and the employees of the company (Alecta, 2005).  

The asset portfolio included the following at the end of 2004: 

• 49 138m SEK or 14.2% in Swedish quoted and unquoted equity.  
• 59 01 m SEK or 17.1% in foreign quoted and unquoted equity. 
• 214 655m SEK or 62.2% in bonds (49.1% Swedish, 13.1% foreign). 
• 21 983m SEK or 6.4% in real estate (2.9% Swedish, 3.5% foreign). 
 

The portfolio of bonds for Alecta included the following at the end of 2004: 

• 120 495m SEK in Swedish government bonds. 
• 32 141m SEK in Swedish real estate bonds. 
• 14 698m SEK in other Swedish bonds. 
• 41 14 m SEK in foreign government bonds. 
• 1 877m SEK in other foreign bonds.  
 

The stress test implied the following result on the portfolio (see table 4-5): 

Table 4-5 Stress test Alecta 

Conclusion   Alecta 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  7513 10733
Equity Risk  -12979 -32447
Real Estate Risk  -1759 -2638
FX Risk  -5898 -8847
Credit & counterpart risk   -1840 -1840
Total risk- Assets  -14963 -35039
Interest rate risk - Liabilities  18308 26154
Net total risk   -33270 -61193
Capital Base  63621 35698
Solvency margin  10989 11303
Solvency quote   5.79 3.16
  

Status Green Light 
 

For Alecta the stress test indicates a green light, which means that they have healthy 
financials. The solvency quote drops from 9.08 to 3.16 in the yellow scenario which 
is a drop by 65%. The net interest rate risk for Alecta is 15 421m SEK. 
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4.1.6 Länsförsäkringar Liv 
Länsförsäkringar Liv is a large life insurer with about 3.1 million policy holders 
spread over 24 regional life insurance companies in Sweden.  The capital base was at 
the end of 2003, 15 293m SEK, the technical provisions was 75 886m SEK. The net 
exposure in foreign currency was 18 205m SEK. Länsförsäkringar Liv had a market 
value of the portfolio assets of 91 809m SEK and a solvency margin of 3 330m SEK 
(Länsförsäkringar, 2005).  

The asset portfolio included the following at the end of 2004: 

• 35 017m SEK or 38.14% in equity. 
• 41 768m SEK or 45.49% in bonds. 
• 4 567m SEK or 4.98% in real estate. 
• 10 457m SEK or 11.39% in other financial assets.  
 

The composition of bonds was as follows: 

• 12 116m SEK in Swedish government bonds. 
• 9 008m SEK in Swedish real estate bonds. 
• 1 523m SEK in other Swedish bonds. 
• 7 411m SEK in foreign government bonds. 
• 11 660m SEK in other foreign bonds.  

Below are the results for the stress test (see table 4-6). 

Table 4-6 Stress test Länsförsäkringar Liv 

Stress Test Länsförsäkringar Liv 
M SEK   
    Red Yellow 
Worst scenario Fall Fall 
Interest rate risk- Assets 1462 2088
Equity Risk -4202 -10505
Real Estate Risk -365 -548
FX Risk -1821 -2731
Credit & counterpart risk -1199 -1199
Total risk- Assets -6125 -12894
Interest rate risk - Liabilities 5418 9106
Net total risk -11543 -22001
Capital Base 4380 -6078
Solvency margin 3252 3399
Solvency quote 1.35 -1.79
  

Status Yellow Light 
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The test indicates that Länsförsäkringar Liv can not withstand the stress caused by 
the yellow scenario and has a negative capital base after the test. The Solvency quote 
drops from 4.78 to -1.79 and the net interest rate risk is 7 018m SEK. 

4.1.7 SPP  
The market value of the asset portfolio at SPP was at the end of 2004, 79 369 m SEK. 
The technical provision was at the same time 74 790 m SEK and the capital base 4 366 
m SEK. The solvency margin was 3 097m SEK and the net exposure in foreign cur-
rency was 80 m SEK. SPP had a solvency quote of 1.49. SPP Liv is currently going 
through a transformation from being mutually owned by its policy holder to a 
shareholder owned company (SPP, 2005).  

The composition of portfolio asset at the end of 2004 was as follows: 

• 13 563 m SEK or 17.1% in equity (5.4% Swedish, 11.7% foreign). 
• 63 679 m SEK or 80.2% in bonds (77.8% Swedish, 2.4 foreign). 
• 155 m SEK or 0.2% in real estate. 
• 1 972 m SEK or 2.5% in other financial assets. 
 

SPP had the following composition of bonds at the end of 2004: 

• 34 356 m SEK in Swedish government bonds. 
• 19 357 m SEK in Swedish real estate bonds. 
• 2 528 m SEK in other Swedish bonds. 
• 96 m SEK in foreign government bonds. 
• 940 m SEK in other foreign bonds. 
• 149 m SEK in Swedish credit mutual funds. 
 

The stress test has the following affects on the portfolio (see table 4-7): 
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Table 4-7 Stress test SPP 

Stress Test   SPP 
M SEK    
    Red Yellow 
Worst scenario  Fall Fall 
Interest rate risk- Assets  2229 3184
Equity Risk  -1628 -4069
Real Estate Risk  -12 -18
FX Risk  -8 -12
Credit & counterpart risk   -602 -602
Total risk- Assets  -21 -1518
Interest rate risk - Liabilities  5340 7629
Net total risk   -5361 -9146
Capital Base  -782 -4567
Solvency margin  3205 3297
Solvency quote   -0.24 -1.39
  

Status Red Light 
  

The stress test performed on SPP indicates a red light, this is bad as SPP can not with-
stand the small change in the red scenario. The solvency quote drops from 1.49 to -
0.24 in the red scenario and the net interest rate risk is 4 444 m SEK. 

4.1.8 The Accumulated Swedish Market  
If accumulating the life insurers above, the following analyis can be made. The com-
bined assets of the insurers have a market value of close to 1122 billion SEK, this is 
approximately 60% of the total insurance sector (Statistics Sweden, 2005). The aver-
age solvency quote is 9.65. And their combined technical provisions were 875 298m 
SEK. 

A stress test performed on all the life insurers above gave the following result (see ta-
ble 4-8): 
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Table 4-8 Stress test accumulated Swedish market 

Stress Test  Total Sweden 
M SEK    
     Red Yellow 
 Worst scenario  Fall Fall 
 Interest rate risk- Assets  23745 33922
 Equity Risk  -48996 -122489
 Real Estate Risk  -6606 -9909
 FX Risk  -12464 -18696
 Credit & counterpart risk   -10175 -10175
 Total risk- Assets  -54495 -127347
 Interest rate risk - Liabilities  62496 89280
 Net total risk   -116991 -216627
 Capital Base  217782 118146
 Solvency margin  37512 38583
 Solvency quote   5.81 3.06
   
 
 Status Green Light 
 

The test shows that the average portfolio of the seven biggest life insurers in Sweden 
can withstand both scenarios. The solvency quote drops from 9.65 to 3.06 which is a 
substantial drop. The total net interest rate risk is 55 358m SEK for a 100bp drop in 
interest rate and the net financial total risk for the yellow scenario is 216 627m SEK. 

4.2 Duration Gap Analysis 
Below is the spreadsheet on the duration GAP analysis. Here the duration GAP for 
each life insurer as well as for the total market can be observed. The optimal asset du-
ration is stated in the yellow field. As can be noticed, the optimal durations are sub-
stantially higher than the current asset duration (estimated at 5). The bonds to TP ra-
tio (explained in figure 4-1) as well as the estimated change in MVE is stated in the 
lower right corner of the spreadsheet.  

It can be observed from the spreadsheet that there is a negative relationship between 
the bonds to technical provisions ratio and the optimal asset duration. In other 
words, a lower asset duration is necessary the larger extend the technical provisions 
are covered by bonds. That is why SPP with otherwise relatively poor finances have 
a DA of only 14,2 while Länsförsäkringar has a DA of 21,9. 

Furthermore, it can be observed that even though AMF Pension has one of the high-
est duration Gaps and optimal duration on assets, a one percent drop in interest rates 
would have a relatively small impact on their capital base. A potential one percent 
fall in the interest rate would approximately reduce the capital base of AMF Pension 
with 20% while the same drop would imply an approximate reduction of 54% and 
162% respectively for Folksam and SPP. These major differences are due to the dif-
ference in solvency between the insurers. 
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In Sweden right now, the government bond with the longest duration matures in 
2020 (SO 1047 has a duration of 12,45), with a fixed coupon of 5% (RGK, 2005). As 
can be seen in eq 2.3, a higher coupon will result in shorter duration, a zero-coupon 
bond will provide the highest duration given the same maturity. At the present there 
are no domestic government bonds that can satisfy the demand for higher duration in 
the assets portfolio (Opt. DA for all insurers portfolio is 13,16). 

Figur 4-1 Duration GAP analysis 

Duration GAP Analysis

Bonds MVA - Bonds TP MVE DGAP ∆ MVE New MVE Otp DA Opt. DA * 0,85
AMF 102 720 121 087 140 115 118 290 -11,3686 -24 703 93 587 16,36857 13,9132845
Skandia 129 168 124 650 176 410 81 260 -11,3889 -28 065 53 195 16,388 13,9298
Alecta 214 655 130 646 256 410 96 829 -9,33426 -31 293 65 536 14,33426 12,184121
SPP 63 379 15 986 74 999 4 366 -9,2001 -7 089 -2 723 14,2001 12,070085
Folksam 34 366 20 347 44 249 10 316 -10,451 -5 551 4 765 15,45 13,1325
Länsförsäkringar 43 240 53 052 78 739 17 553 -16,8517 -15 754 1 799 21,85171 18,5739535
SEB Liv 90 597 66 174 104 585 52 186 -8,85278 -13 474 38 712 13,85278 11,774863
Total 678435 531636 875 298 334 773 -10,4821 -123 146 211 627 15,48207 13,1597595

DA 5 SEB as of 2003
DL 12
Av. Y 3%
∆ i -1%

MVA = Market value of assets
TP = Technical provisions
MVE = Market value of equity
DGAP = Duration gap Bonds / TP ∆ MVE / MVE
DA = Asset duration AMF 73,31% -20,88%
DL = Liability duration Skandia 73,22% -34,54%
Y = Average yield on assets Alecta 83,72% -32,32%

SPP 84,51% -162,37%
Folksam 77,67% -53,81%
Länsförsäkringar 54,92% -89,75%
SEB Liv 86,63% -25,82%
Total 77,51% -36,78%  

 

4.3 Reallocations 
After performing the Duration GAP analysis it is obvious that the optimal duration 
needed for the current allocation of assets is too high to be satisfied by the domestic 
supply of bonds. In order to better match the duration between assets and liabilities 
reallocations are needed. Since the biggest risk is the 30% equity drop, the realloca-
tion should be from equity to bonds. This is also what happened in the Danish mar-
ket where there was a drop by 70% in equity exposure (Credit report, 2005).  

Three scenarios are considered, reallocations of 15%, 30% and 45% from equity to 
bonds. The reduction of financial risk for the yellow scenario can be seen in table 5.1. 
The pre reallocation numbers can be found in table 4-9. 

Table 4-9 Financial risk after reallocation excluding FX risk 

M SEK 15% 30% 45%
Net IR Risk 52335 49234 46171
Equity risk 104116 85743 67369
Total risk 195192 173756 152320
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Even though these reallocations reduce the total financial risk considerably, the net 
interest rate risk is still large. This implies that we need to combine reallocation and 
duration matching. 

A big problem with the reallocation is the supply of bonds with long duration on the 
Swedish market. In order not to increase the credit risks or foreign exchange risk, in-
surers need to use domestic government bonds.  

RGK (Riksgäldskontoret), the authority that issues government securities, has clari-
fied that they will not issue any long term bonds to supply the demand from insurers 
when to new regulation shift takes place (RGK, 2005). This leaves the insurers no 
other choice but to look abroad to boost their duration, this would in turn beef up 
their foreign currency exposure which will in turn increase the financial risk.  

If all of the reallocations (the 45% scenario) from equity to bonds would be denomi-
nated in foreign currency this would, on one hand, boost the FX risk from 18 696m 
SEK to 46 256m SEK. On the other hand it would reduce the total financial risk from 
216 627m SEK to 179 880m SEK (see table 5.2). 

Table 4-1 Risks after reallocations including FX risk 

  15% 30% 45%
Net IR Risk 52335 49234 46171
Equity risk 104116 85743 67369
FX risk 27882 37069 46256
Total risk 204378 192129 179880
 

A new duration gap analysis on these new allocations provides a new optimal dura-
tion which is 10,355 and this would remove the interest rate risk. This would also 
bring down the total financial risk to 133 709m SEK.  
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5 Conclusions and Final Discussion 

5.1 Conclusions 
The following conclusions, reflecting the research questions, are drawn as a result of 
the analysis.   

Could implementation of a Danish style stress test in Sweden force life insurers to reallo-
cate their investment portfolios? 

The results for this question is ambiguous, the majority of our sample is able to with-
stand the stress test. However, there are life insurers that would need to reallocate to 
pass the stress test and stay solvent. For one of the life insurers the stress test indicates 
a red light, implying poor financial strength. The test on the overall market does not 
imply that any reallocations are needed, even though the yellow scenario significantly 
reduces the overall solvency. 

How much could the total financial risk be reduced by increased duration matching be-
tween asset and liabilities and/or portfolio reallocation? 

For the total portfolio, the total financial risk could be reduced to 133 709m SEK 
from 216 627m SEK in the yellow scenario. This is the risk reduction given a reallo-
cation by moving 45% of total value of equity holdings to bonds. Subsequent to this, 
a new optimal asset duration is estimated to be 10,355, this eliminates the interest rate 
risk and reduces the total financial risk by 38%.  

What are the potential consequences of a reallocation on the Swedish financial markets? 

Even though the stress test on the overall sample does not imply financial distress of 
any eminent nature, a potential sell off of equity holdings similar to our 45% scenario 
would have a large impact on the domestic equities market. The approximate sell off 
of 183 735m SEK of equity would only fully be realized if the life insurers chose to 
fully match the interest rate risk.  

The excess demand on bonds with long maturity, would force down the long term 
yields. This could have impacts on the real estate market and potentially on private 
borrowing by bringing down the long-term interest rates. Considering the low sup-
ply of domestic bonds it is also likely that demand for foreign bonds will increase.   

Could they cause effects similar to those observed in the Danish market in 2001? 

When comparing the effects occurring on the Danish market after implementation of 
the stress test and the potential effects on the Swedish market, one has to consider the 
following aspects. Firstly, the overall economic environment was seriously damaged 
by the World Trade Center terror attack and the bursting IT-bubble, causing stock 
markets to collapse. Secondly, as a result Danish life insurers were in worse financial 
shape than that of their Swedish counterparts at present date. Consequently, imple-
menting a Danish style stress test in Sweden would not, in the authors’ opinion, have 
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as severe effects as in Denmark. Consequences would however be noticeable on the 
financial markets. 

5.2 Final Discussion 
Below follows some general comments and remark from the authors. 

Firstly, it must be mentioned that all life insurers could reduce their financial risks 
quite a lot if they wanted (potentially reducing it down to almost nothing). This 
could be done by solely using risk free government bonds in their asset portfolio and 
ALM. The challenge is however to find the proper level of risk given a certain ex-
pected return. Financial theory discusses the trade off between risk and return mean-
ing that no return is risk free (except for government bonds). This implies that life in-
surers will take risks both in order to attract policy holders and also because equity 
on average yields higher returns than bonds in the long run. Because of this, the au-
thors have not taken a risk free scenario into consideration simply because it is not in 
the interest of life insurers.    

Secondly, some criticism might be aimed towards the fact that little emphasis has 
been put on valuing the liability side in this thesis. The authors where hoping for a 
better result in that field but the market is too untransparant for any proper analysis. 
That is why the assumptions regarding liability duration and elasticity had to be 
made. 

Thirdly, the authors were quite surprised when reading the annual reports that stated 
that Swedish life insurers primarily use derivatives for hedging FX risk. It is off 
course possible to use derivatives to hedge almost all kinds of risks. This is also in line 
with the Danish development where the use for all kinds of derivatives has increased 
substantially during the last three years.  

Fourthly, this thesis only takes the stress testing, as a supervisory tool, into consid-
eration. As mentioned in the background, a new regulatory framework is being de-
veloped called Solvency II. This will affect the life insurance business to a greater ex-
tend than just improved supervision. 

The authors wonder whether investments in real estate will play a larger role in the 
future because of the stress test and the increased solvency requirements or not. Real 
estate investments resembles bonds in some aspects. They usually have long maturi-
ties and the yield could be compared to the coupon payments of bonds. Because of 
this, real estate investments could be a powerful tool for diversification when the 
supply of domestic bonds is limited. In addition to this the UK is currently working 
on a framework that will enable life insurers to better match real estate investments 
to their liabilities (Finansdepartementet, 2003).  

It would be interesting to study further why real estate only makes up a relatively 
small part of asset portfolios of life insurers. As mentioned above, real estate invest-
ments can be a powerful tool for diversification and locking in high yields over long 
maturities. What are the reasons for not using real estate to a greater extend? What 
are the benefits and drawbacks of such a strategy?  
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Another area that would be interesting to study given the implementation of the 
stress test is the market for corporate bonds. This market is currently underdevel-
oped in Sweden leaving companies few choices for financing and investing. Corporate 
bonds could be an alternative for life insurers invest in. They could further diversify 
the portfolio as well as locking in higher yields than risk free investments can offer. 
Could the low supply of long maturity government bonds together with the changes 
in the life insurance business be the trigger needed to start off a larger domestic mar-
ket for corporate debt?    

Considering empirical evidence from the Danish market it is apparent that the use of 
derivatives has increased substantially after the implementation of the new regulatory 
framework. In the innovative world of finance there are derivatives for almost any 
needs, these can be a cheap way of hedging life insurers financial risks. The authors 
would find it interesting to see further research in this area in order to analyze the ef-
fects of an increased use of derivatives in Sweden for life insurers, policy holders and 
for the market as a whole.  
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Appendix 1 The stress test model 
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Equity risk

Market value Red Yellow
Equity 0 0

Total 0 0

Real Estate Risk

Market value Red Yellow
Real Estate 0 0

Total 0 0

Interest rate risk Assets

Market Value Red Yellow
Bonds 0,00 0,00

Total 0 0

Technical Provisions (Liabilities)

Market value Msek Red Yellow
Liabilities 0 0

Total 0 0

FX Risk
Market value Red Yellow

Exposure 0 0

Total 0 0
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Duration bonds

D= 5
Market Rate= 3,00%

Duration liabilities

D= 12
Market value provisions 

Red Yellow
New technical provision 0 0
New total assets 0 0

New solvency margin' 0 0
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Kredit- og modpartsrisiko RG 08

Kreditrisiko
1.000 kr.

Uvægtet beløb Vægt Vægtet beløb
1. Statsobligationer 0,0 0

Realkreditobligationer
2.    Restløbetid under 6 mdr. 0,01563 0
3.    Restløbetid mellem 6 mdr. og 2 år 0,0625 0
4.    Restløbetid over 2 år 0,1 0

Andre gældsinstrumenter udstedt af kreditinstitutter mv.
5.    Restløbetid under 6 mdr. 0,03125 0
6.    Restløbetid mellem 6 mdr. og 2 år 0,125 0
7.    Restløbetid over 2 år 0,2 0
8. Øvrige gældsinstrumenter mv. 1,0 0

9. Total 0

10.
Total kreditrisiko (vægtet beløb total 
multipliceret med 0,08) 0

Modpartsrisiko
Uvægtet beløb Vægt Vægtet beløb

11. Positiv markedsværdi af indgåede kontrakter 0,2 ·a

Underliggende hovedstol: Rentekontrakter
12.    Restløbetid under 1 år 0
13.    Restløbetid mellem 1 og 5 år 0,001 ·a
14.    Restløbetid over 5 år 0,003 ·a

Valutakurskontrakter
15.    Restløbetid under 1 år 0,002 ·a
16.    Restløbetid mellem 1 og 5 år 0,01 ·a
17.    Restløbetid over 5 år 0,015 ·a

Aktiekontrakter
18.    Restløbetid under 1 år 0,012 ·a
19.    Restløbetid mellem 1 og 5 år 0,016 ·a
20.    Restløbetid over 5 år 0,02 ·a

21. Total 0

22. Total modpartsrisiko (vægtet total beløb multipliceret med 0,08) 0

 

 

 

 


