Risk and Management: Goals and
Perspective

Etymology: Risicare

Risk (Oxford English Dictionary): (Exposure to) the possibility of
loss, injury, or other adverse or unwelcome circumstance; a chance or
situation involving such a possibility.

Finance: The possibility that an actual return on an investment will
be lower than the expected return.

Risk management: is the identification, assessment, and prioritiza-
tion of risks followed by coordinated and economical application of
resources to minimize, monitor, and control the probability and/or
impact of unfortunate events or to maximize the realization of oppor-
tunities.

Risk management’s objective is to assure uncertainty does not deflect
the endeavor from the business goals.



Risk and Management: Goals and
Perspective

Subject of risk managment:
e Identification of risk sources (determination of exposure)
e Assessment of risk dependencies
e Measurement of risk
e Handling with risk
e Control and supervision of risk
e Monitoring and early detection of risk

e Development of a well structured risk management system



Risk and Management: Goals and
Perspective

Main questions addressed by strategic risk managment:
e \Which are the strategic risks?
e \Which risks should be carried by the company?
e \Which instruments should be used to control risk?
e \What resources are needed to cover for risk?

e \What are the risk adjucted measures of success used as steering
mechanisms?



Example 1 Start capital Vo = 100
Game: lose or gain 50<€ with probability 1/2, respectively.

150 with prob. 1/2

Capital after the game Vi = { 50 with prob 1/2

Let X :=V; — Vo be the gain and let L := 1V — V7 be the loss.

The distribution function of the random variable X (L) is called gain
distribution (GD) ( loss distribution (LD)).

L >0 = Risk!

Many people would prefer no gain and no loss with cerrtainty rather
than either gain or loss with a probability of 1/2, respectively! Those
people are risk averse. Risk aversion!

T he decision to play or not the game depends on the loss distribution
which is generally not known.

Even if the loss distribution is known the player would prefer to have
a number telling her/him how risky is the game!

Definition 1 A risk measure p is a mapping from the random va-
riables (r.v.) to the reals which assigns each r.v. L a real number
p(L) eR .

Examples: standard devation, quantile of the loss distribution, . ..
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Types of risk

For an organization risk arises through events or activities which could
prevent the organization from fulfilling its goals and executing its
strategies.

Financial risk:
e Market risk
e Credit risk
e Operational risk
e Liquidity risk, legal (judicial) risk, reputational risk

The goal is to estimate these risks as good as possible, ideally based
on the loss distribution (LD).



Regulation and supervision

1974: Establishment of Basel Committee on Banking Supervision
(BCBS).

Risk capital depending on GD/LD.

Suggestions and guidelines on the requirements and methods used to
compute the risk capital. Aims at internationally accepted standards
for the computation of the risk capital and statutory dispositions
based on those standards.

Control by the supervision agency.

1988 Basel I. International minimum capital requirements especially
with respect to (w.r.t.) credit risk.

1996 Standardised models are formulated for the assessment of market
risk with an option to use value at risk (VaR) models in larger
banks

2007 Basel II: minimum capital requirements w.r.t. credit risk, mar-
ket risk and operational risk, procedure of control by supervision
agencies, market discipline*.

2010 BASEL III - Improvement and further development of BASEL II
w.r.t. applicability, operational riskr und liquidity risk

*see http://www.bis.org



Assessment of the loss function

Loss operators

V(t) - Value of portfolio at time ¢

Time unit At

Loss in time interval [t,t + At]: Lyipng = —(V(IE+ AL) — V(1))

Discretisation of time: t, :==nAt, n=0,1,2,...

Lypy1: =Ly, 4,1 = —(Vat1 — Va), where V,, ;= V(nAt)

Example 2 An asset portfolio

The portfolio consists of «; units of asset A;, 1 =1,2,...,d.

Sni price of asset ¢ at time n.

Vi = Z?:l Qi S, i

Let Z,; :=1InSh;, Xnt1:;:=INSpy1:—1INSh;

Let wp,; = aiSni/Vh, i =1,2,...,d, be the relative portfolio weights.
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Loss operator of an asset portfolio (cont.)

The following holds:

d d
Lypy1:=— Zaisn,i<eXp{Xn—|—l,i}_l) = _Vnzwn,i<eXp{Xn—|—l,i}_l) = Ip(Xn+1)

1=1 =1
Linearization e =1+ 2+ o(z?) ~ 1+«
d
Ly = _Vnzwn,an—l—l,i =1 12 (Xng1).
i=1

where L2 is the loss function and [2 is the loss operator.



The general case

Let V,, = f(tn, Zn) and Z, = (Zna,...,Znaq), Where Z, is a vector of
risk factors

Risk factor changes: X, 41 := Z,4+1 — 2,

L1 = —(f(th, T 4+ Xpi1) — f(t, zn)) —: 1,(X,41), Where

In(x) := —(f(tn+1,Zn +x) — f(tn,Zn)) is the loss operator.

The linearized loss:
Lﬁ—l - - (ft(tm Zn)At + Zle fzi(tna Zn)Xn+1,7;) ,

where f; and f. are the partial derivatives of f.

The linearized loss operator:

18(@) = = (filtn, Zo) D+ iy (b, Zo)i )
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Financial derivatives are financial products or contracts, which are
based on a fundamental basic product (zB. asset, asset index, interest
rate, commodity) and are derived from it

Definition 2 A European call option (ECO) on a certain asset S
grants its holder the right but not the obligation to buy asset S at
a specified day T (execution day) and at a specified price K (strike
price). The option is bought by the owner at a certain price at day O.

Value of ECO at time t: C(t) = max{S(t) — K, 0},
where S(t) is the market price of asset S at time t.

Definition 3 Eine zero-coupon bond (ZCB) with maturity T is a
contract, which gives the holder of the contract 1€ at time T. The
price of the contract at time t is denoted by B(t,T). By definition
B(T,T) = 1.

Definition 4 A currency forward or an FX forward (FXF) is a con-
trcat between two parties to buy/sell an amount V of foreign currency
at a future time T for a specified exchange rate e. The party who is
going to buy the foreign currency is said to hold a long position and
the party who will sell holds a short position.
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Example 3 A bond portfolio

Let B(t,T) be the price of the zero-coupon bond with maturity T at
time t < T.

The continuously compounded yield, y(t,T) := —ﬁ In B(¢,T), would
represent the continuous interest rate which was dealt with at time ¢
as being constant for the whole interval [¢,T].

There are different yields for different maturities.
The yield curve for fixed t is a function T — y(¢,T).

Consider a portfolio consisting of «; units of ZCB ¢ with maturity 7;
and price B(t,T;), i=1,2,...,d.

Portfolio value:
Vi =30 aiB(ta, T;) = S0, csexp{—(T; — tn) Zn;} = f(tn, Zn)

where Z,; := y(t,,T;) are the risk factors.
Let X411, := Znt1,: — Zns e the risk factor changes.
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d
Iy (@) = =Y iB(tn, Tv) (exp{Zni At — (Ti — tpi1)zi} — 1)
i=1

Ly, = Za@B(tn,T) (ZniDt — (T; — tpg1) Xnt1,)

Example 4 A currency forward portfolio

The party who buys the foreign currency holds a long position. The
party who sells holds a short position.

Long position over (V) units of a FX forward with maturity T

<=

Long position over V units of a foreign zero-coupon bond (ZCB) with
maturity T

and

a short position over eV units of a domestic zero-coupon bond with
maturity 7.
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Assumptions:

Euro investor holds a long position of a USD/EUR forward over V
UsSD.

Let B/(¢t,T) (B%t,T)) be the price of a USD based (EUR-based)
ZCB.

Let e(t) be the spot exchange rate for USD/EUR.

Value of the long position of the FX forward at time T : Vpr = V(e(T)—
e).

The short position of the domestic ZCB can be handled as in Example
(3). The long losition in the foreign ZCB:

Risk factors: Z, = (Ine(ty), y/ (tn, T))T

Value of the long position (in Euro): V,, = Vexp{Z,1 — (T — t,) Zn2}

The linearized loss: LL ; = —Vo(Zn2At + Xpq11 — (T — tng1) Xng1,2)

where X, 111 = Ine(tp+1)—Ine(ty) und Xoq12 1= y/ (tpy1, T)—y/ (¢4, T)

14



