
Introductory note to STK4540.

Erik Bølviken
University of Oslo

August 15, 2017

1



1 Introduction
The first thing you must learn about insurance is that premia clients pay to have their losses
completely or partially covered in case of accidents immediately join company assets and are
invested in a way the company sees fit. But receiving these payments also creates liabilities
for the company who must provide compensation for clients (the policy holders) if incidents
included in the contract (known as the policy) occur. Insurance is about the prices (or premia)
companies charge for carrying such risks on behalf of clients and about the relationship between
assets and liabilities. The former must be sufficient to cover the latter with high probability, and
this issue of control (or solvency) is central to public confidence in the insurance industry; money
must be there when needed. In Europe such solvency control is since January 2016 carried out
through rules laid out by EIOPA (Eurpean Insurance and Pension Authority) with headquarter
in Frankfurt an Main in Germany. It is known as the Solvency II regulatory regime. The way
balance sheets of companies comply with its clauses are introduced below wheras the solvency
control part, although mentioned at the end of this note, will be introduced later in the STK4540
course.

Let A be the value of all company assets and L the value of its liabilities. Assets consist of
bank accounts, investments in equity, bonds, and property as well as many other financial instru-
ments. Their value can at any point in time be taken from market prices or Solvency II assumes
that they can and prescribes that all valuation should be carried out that way. That makes
quantification of the assets easy in principle; simply add market values together. The liabilities
are more difficult since they belong to the future, and what they will eventually cost isn’t known.
What do they consist of? A lions share (75 − 80% and more) are claims from customers for in-
juries and damages following insurance incidents, but there are also overhead expenses to run the
company and some other things. The total value, say X must be a random variable since so much
of what generates it is accidental due to adverse chance. A crucial distinction in Solvency II is be-
tween the expectation L = E(X) and the uncertainty X−L around it. The mean L goes into the
balance sheet of the company which we embark on in the next section whereas X−L, a zero-mean
random variable, defines insurance risk. Indeed, when we come to Solvency II later during this
Autumn term it will emerge that the entire solvency control in Solvency II is built up from such
zero-mean variables after the expected has been taken out. Financial risk is not overlooked, and
the uncertainty in how the value A of the assets evolves is also taken into account. However, at
this stage of STK4540 the priority is insurance accounting which is dealt with in the next section.

2 The balance sheet
The top level of the Solvency II balance sheet is shown in Figure 1. On the left there are the
assets A. Some of it are held in cash in a bank account earning interest with the rest invested, as
mentioned above, in bonds, equity, property and other financial instruments. Market prices are
envisaged for everything which yield values which can be added for the so-called fair (or market)
value of the entire asset portfolio. It is important to stress (therefore repeated!) that all income
a company receives goes into the assets at once, in particular premia from policy holders. Those
typically come early in the life of a contract (so that it is the insurer who will own the customers
money) and creates liabilities for the company. Their valuation is a much more complex task
since many of these obligations belong to the future and are unknown. When there are no inci-
dents, they won’t materialize at all while it isn’t known how costly those that do appear will turn
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Figure 1 The Solvency II balance sheet of an insurance company with assets (left)
and liabilities (right).

out to be. The picture is made still more complicated by the time element. Some claims are not
settled until many years later, and payments may extend decades into the future. Valuation of
such liabilities also the time value of money; more on that concept below.

This complexity is reflected on the right in Figure 1 where the liabilities have been broken down
on three different components the way it is done in Solvency II. The largest of them in practice
is the so-called Best Estimates (BE) at the bottom right which is the expected values of all
future cash flows out of and into accounts for existing contracts. ‘Expected’ should be interpreted
in a mathematical sense, and is in principle an expectation under some underlying stochastic
model. Much of STK4540 is about such models and how they are constructed. Future premia
are included in BE as are reinsurance compensations (things you will learn in STK4540), and
both are subtracted the amounts needed to liquidate claims and cover expenses so that that BE
is an expected, net obligation. It makes use of the market riks-free interest rate curve for
discounting which means that future fluctuations in A on the left in Figure 1 are not independent
from those in BE.

What is the market risk-free interest rate curve exactly? Imagine that you buy a so-called zero-
coupon bond maturing in k years which mean that you receive a prescribed sum Fk (known as
the face of the bond) at that time. The price Pk you have paid now for such a right is a loan to
the seller of the bond, and of course there is a relationship between Fk and Pk. Indeed,

Pk =
Fk

(1 + rk)k

where rk is a rate of interest. It can be read off daily from public deals in the bond market.
Note that Pk must depend on the solidity of the seller of the bond. If there is a risk that he/she
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can’t pay Fk back as promised, surely the original price Pk must drop which means that the rate
of interest rk goes up. That may be the case when the bond seller is a corporation, and it was
exactly what happened to government bonds for several countries in the euro zone a few years
back; investors feared that these countries would not honour their debts1. Such default risk is
seen as negligible for an economically strong country like Germany an also countries like the US,
United Kingdom (Norway too) with control of their own currency (they can always print more
money if they have too). For them the rate of interest rk is regarded as risk-free and used to
express the time value of money. This means that if BEk is the Best Estimate of the net obligation
of an insurance company k years ahead for k = 1, . . . ,K, then BE1, . . . ,BEK are aggregated to a
total Best Estimate through

BE =
K∑
k=1

BEk

(1 + rk)k

where rk is the risk-free rate. How the sequence of BE1, . . . ,BEK is calculated, is one of the things
you shall learn in STK4540.

Then there is the so-called Risk margin (denoted RM). It is in Solvency II defined as the
extra another insurance company would have to be paid to take over responsibility for all obliga-
tions under BE. Note that BE itself would be a break-even price (since it is an expectation), and
the new company would charge more. It follows that RM exceeds 0, but by how much? There
isn’t really a market answer to this, yet Solvency II has invented one which is introduced later in
STK4540. The vision is that BE+RM is the market value of all net liabilities.

An insurance company has liabilities beyond those in BE, for example tax obligations that are
pending, debt securities and other loan arrangements, employee and share holder benefits or other
amounts that have to be paid. These are in Solvency II lumped into other liabilities (or OL)
as in Cadoni (2014), but we disregard them here, and they have not been included in Figure 1.
With this simplification total liabilities become

TP = BE + RM

which is known as the Technical Provisions (hence the abreviation TP). It should be smaller
than the value A of the assets; otherwise the company is bankrupt. The difference

BOF = A− TP

is the Basic Own Funds (or BOF for short), and negative BOF must be avoided at all cost
which is a principal aim of the Solvency II regulation.

3 Solvency control
BOF is the value today and it will have changed to say BOF1 one year from now. The financial
authorities in Europe requiers that a company should have enough assets and arrange its business
so that

Pr(BOF1 > 0) = 1 − ε where ε = 0.5%.

1Investors (large European banks and other international loan institutions) had to take so-called ‘haircut’
on their loans to certain countries which means that they accepted losses on them.
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The danger of a company running out of money would then be very slim indeed.

However, the equation must be a difficult one to solve, above all in terms of setting up a proper
model which must contain a huge number of components and many parameters that are not easy
to find, yet it is the vision of the Solvency II regulatory system to arrive at a solution. You will
later in STK4540 be presented with a simplified procedure as part of the Oblig.
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