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We propose a family of random variables apt to deal with heavy tails and
skewness in the financial data.
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rates, spreads, FX return

Additionally, a module for equity- and FX-forward contracts and a delta
term for all other financial instruments.
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on

Stochastic one-year change of continuous risk free interest rate in
currency f for tenor t, og

Stochastic one-year change of logarithmic conversion rate from currency
f to CHF, ¢ (for f = CHF, we have (r =0 a.s.)

Stochastic one-year log return of equity-like index i denominated in
currency f, rg

Stochastic one-year change of spread of rating class p in currency f, sz,
(assumed to be constant for all tenors).
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SICer = P f

where the terms
Ki = 1/E[e], Kpye = 1/E[e™(ertsn)t+r],

guarantee a kind of stationarity.

» Omitted are the equity and currency forwards and the Delta term.
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correlation for monthly returns of RF).
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Aktien Schweiz (MSCI CH), Empiric and normal distribution
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Data source: Bloomberg
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where W ~ x2 and Z, W independent.
Density of X:

2 v+l

. X \=5
f,(x)=C, (1+V) , X €R,

with the normalizing constant
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— tuwith deg. of freedom v: 5.3
— twith deg. of freedom v: 2.0
— normal with std: 1.11

t-distributed variables X have to be
scaled: For s > 0 the density of sX
is

) = )
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lower and the upper branch of the t-distribution separately to obtain an
asymmetric variable:

Sl'Z | + 52'2 |
" 1Z<0 " 1Z>0,
\/l/l/l'Wl S \/1/V2-W2 -

where Z ~ N'(0,1), W; ~ x7,, and W, Z independent (j = 1,2).

By tinkering near zero, it can be made absolutely continuous.
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Z:=(Z,...,Z,) ~N(0,X), with pos. def. correlation matrix ¥.

Wi ~ x,%ﬁ comonotonic for i=1,...,n,j=1,2 and
(Wll; ey Wiy, Woy, .. WQ,,) and Z independent.

The parameters sj;, vj; and X have to be estimated from the data.
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Shift data so that the median is zero

MML and LS estimation of sj;, vji: Lower and upper branch can be
treated separately.

Currently, ¥ is estimated by Spearman’s p and normalized.
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EURCHF, Two-branched t-distribution

=T

Kumulativ Kreditkrise 08/09
Survival Kreditkrise 08/09

+ Kumulativ Covid 19
+ Survival Covid 19

.+ Kumulati

+ Survival

Kumulativ seit a. 2022
Survival seit Ja. 2022
— tdistr cumulative

== tdistr survival
upperv: 5.3
lower v 166
upper scaling: 1.03E-02
lower scaling: 7.93-03
KS-Test for t: 55.6%
Monthly vola: 1.76 %
KSTest for n: 1.3%
normal distr. cumulative
normal distr. survival

-0.15 -0.10 -0.05 0.00 0.05

LS-estimators Data source: Bloomberg
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Aktien Schweiz (MSCI CH), Two-branched t-distribution

Kumulatiy Kreditkrise 08/09
Survival Kreditirise 08/09
Kumulatiy Covid 19
Surival Cavid 19
Kumulatiy

Survival

Kumulatiy seit Ja. 2022
Survival selt Ja. 2022

— tdistr cumulative
== tdistr survival

uopervi 1789
lower v: 135
upper scaling: 2.78E-02
lower scaling: 4 33602
KSTest for t: 98.5%
Monthly vola: 3.87 %
KSTest for n: 77.29%

—— normal distr. cumulative
=~ normal distr. survival

w1
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LS-estimators Data source: Bloomberg
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MSCI EMU, Two-branched t-distribution

e ——

Kumulativ Kreditirise 08/09

Survival Kreditkrise 08/09

+ Kumulathy Covid 19

+ Survival Covid 19

-« Kumulatiy

+ survival

+ Kumulat selt ja. 2022
Survival seit Ja. 2022

— tdistr cumulative

- Udistr survival
upperv:  6.98
lower v 479
upper scaling: 3.28E-02
lower scaling: 5.026-02
KSTest for L: 99.9%
Monthly vola: 5.16 %
KSTest for n: 77.9%

—— normal distr. cumulative

-~ normal dist.. survival

LS-estimators Data source: Bloomberg
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Private Equity, Two-branched t-distribution

Kumulativ Kreditkrise 08/09
Survival Kreditkrise 08/09
« Kumulativ Covid 19
+ Survival Covid 19
« Kumulativ

Kumulativ seit Ja. 2022
Survival seit Ja. 2022

— tdistr cumulative

== tadistr survival
upperv: 338
lower v: 228
upper scaling: 2.90E-02
lower scaling: 4.36€-02
KS-Test for t: 69.6%
Monthly vola: 6.41 %
KS-Test for n: 2.1%

— normal distr. cumulative

=~ normal distr. survival

70‘,4 -0.3 -0.2 fl;,l 0.0 0.1
LS-estimators Data source: Bloomberg
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Cl/l’ if Vij2 > 1

EX] = %450, -s;7%

1/1—1
EX? = 3l(s1)*5%5 e (52)? =25 2], if viyp > 2
E[X3] = 255’(1/2_11;WC,,2 — 25%@;%61,1, if V]_/z > 3.

If the v's are high enough, convergence to normal law is fairly good.
However, if they are close to 2 - or less - convergence can be bad.
See the next slides.
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10-°

CHF 10Y, Two-branched t-distribution

— tdistr cumulative

tdistr survival
—— nomal distr. cumulative
nomal distr. survi
upper v

lower v:

a7.68
368
upper scaling: 1.64E-03

lower scaling: 1.10€-03
Std normal: 5.52

T T T
-0.08 -0.06 -0.04 -0.02

Data source: SNB
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10-

EUR 10Y, Two-branched t-distribution

— tdistr cumulative
--- tdistr survival

—— nomal distr. cumulative
-~ nomal distr. survival
upper v 12.45
lower v 5.02
upper scaling: 1.836-03
lower scaling: 1.56€-03
Std normal: 6.84E-03

T
—0.04 -0.02

T
0.00

T
0.02

Data source: Bloomberg
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EUR Spread AA, Two-branched t-distribution

— tdistr cumulative

tedistr survival

—— normal distr. cumulative

== nomal distr. survival
upperv. 266
lower v: 306
upper scaling: 7.06€-04
lower scaling: 7.66E-04
Std normal: 4.36€-03

Data source: Bloomberg
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Corp Spread, Two-branched t-distribution

— tdistr cumulative
== tdistr survival
— normal distr. cumulative
=== normal distr. survival
upper v 7
lower v: 324
upper scaling: 7.53-04
lower scaling: 5.43€-04
Std normal: 3.36€-03

Data source: SNB
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MSCI EMU, Two-branched t-distribution

— taistr cumulative
telstr sunvival

narmal distr. cumulative
=== nomaldistr. survival

upperv: 717
lower v 481
upper scaling: 331602
lower scaling: 5.01E-02
Std nomat 1.78E-01

Data source: Bloomberg
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Aktien Schweiz (MSCI CH), Two-branched t-distribution

— tdistr cumulative

tdistr survival

— nomal distr. cumulative

-~ nomal distr. survival
upperv:  17.89
lower v: 1135
upper scaling: 2.78E-02
lower scaling: 4.33-02
Std normal: 1.34E-01

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Data source: Bloomberg
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10-°

— tdistr cumulative
- tdistr survival

—— normal distr, cumulative
- normal distr. survival

Private Equity, Two-branched t-distribution

upperv: 338
lower v: 228
upper scaling: 2.90E-02

lower scaling: 4.36E-02
Std normal: 2.226-01

T
-10

Data source:

Bloomberg
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EURCHF, Two-branched t-distribution

— tdistr cumulative

== tdistr survival
normal distr. cumulative
normal distr. survival
upperv: 536
lowerv: 166
upper scaling: 1.03€-02
lower scaling: 7.93-03
Std normal: 6.10E-02

-50 -40 -30 -20 -10 0

Data source: Bloomberg
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Hedge Funds, Two-branched t-distribution

— tdistr cumulative
== tdistr survival
normal distr. cumulative
normal distr. survival
uppervi 1219
lowerv: 2.0
upper scaling: 1.26€-02
lower scaling: 1.06€-02
Std normal: 6.04E-02

10°°

-14 -12 -10 -8 -6

Data source: Bloomberg
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Estimated parameters from a bootstrap simulation can show considerable
variation.

Bayesian Modeling for parameters to be estimated, apriori assumptions
suggest s; ~ N (sjo,02),v; ~ T(ay, B, ;)
gg 7 J07UJ » Uy CIJ, )iy 1j

Use MCMC to get the posterior distributions.
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currency

Exposure in
Mio. CHF

CHF
CHF
EUR
uso
GBP
JPY

CHF
EUR
uso
GBP
JPY

CHF
EUR
uso
GBP
JPY

CHF

2032
38.0
2449
17
676
55.0
01

A EUR 25
BEB EUR 1241
Total assets 62496
Total Insu. Liabilities 5'112.0
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stand alone risk |

t-distr (250k Sim) | n-distr (250k Sim) _|rel. Diff t:n) |
All Risk Factors 907.3 730.1 24%
Zinsen CHF 629.5 553.8 14%
Zinsen EUR 11.6 111 4%
Spreads 188.1 170.0 11%
FX Risk 200.2 154.9
Aktien 219.5 201.7
Immo 139.6 123.9
Hedge Fund Risk 13.1 14.7
Private Equity Risk 128.7 86.3
Andere 381 39.6 -4%

HF-Risk: In SST, estimated vola is doubled.

FX-Risk is important on a stand-alone basis, however it diversifies well.
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tail events also on a yearly basis.

Try various estimators MML has good asymptotic properties; LS is apt
to accurately estimate tails.

Inform investment committees on risk factors that are particularly
heavy tailed (e.g. Private Equity), or difficult to model.

Think about dependency modeling
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ARTE

Then the Maximum-Likelihood estimator (MML) of (v},s;),j = 1,2, is
given by the solution of the optimization problems

3 . q Ny .
Jj =1, lower branch: argmin, ; —> .2 Infi(v1,s1;x),

; . N
J =2, upper branch: argmin,, , —> 2y . Inf(v2, 5 x).
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Jj =1, lower branch: argmin, g 2?21[51 ~q(v1, i/ No) — x]?,

J =2, upper branch: argmin,, Z,{EN1+1[52 - q(va, i/ No) — x;]2.

Least square optimization taking place on the x-axis (rather than on the
y-axis).
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