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Motivace

« Potreba urokovych mer:

— diskontovani CF -> vypocet hodnoty zavazku
* bezrizikové urokove miry

— budouci podily na zisku
* nemusi byt bezrizikove

— vstup do ESG

— testovani trzni ceny fixed-income instrumentu
e napr. IR risk v SlI

« Zejména hodnota zavazka v ZP:
— zasadni a soucasne velmi citliva na urok. miry
yopravné“ stanoveni vynosoveé krivky
je velmi dulezité!
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Cil

1. Predstavit nektere metody stanoveni
vynosove krivky

2. Seznamit s analyzou jejich ,vhodnosti*
pro vyuziti v pojistovne
— risk free
— podle pravidel SlI
— vhodnost“ podle nami zvolenych kritérii
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Osnova

1. Zakladni principy stanoveni vynosoveé krivky

2. Metody konstrukce vynosovych krivek:
— Interpolace
— Inter+extrapolace

3. Prakticka Cast
4. Zaver
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Zakladni principy stanoveni
vynosove krivky
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Vychozi situace

« Mame k dispozici trzni data o skupiné (podobnych)
finanCnich instrumentu (napf. IRS, GB apod.)
— YtM nebo MV (trzni cena)

» Chceme vytvorit vynosovou kfivku bezkuponovych
dluhopisu R, pro kazdé t > 0.

*IRS (YtM)
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Obecny postup

* Pro kazdy instrument :

| . = CFe
MV = Zf(1+1frmf,;)"t
. model __ CF¢
MV; o Z‘f(lwt)‘t
=S YtM‘{nadeE
L
—Mame:

o MVia MVimOdBI
« YtM; a YtM["o%!
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Obecny postup (2)

« Postup:
1) Vybrat analytické vyjadreni R, = fce parametru
2) Najit parametry R, tak, aby:
a) MV; ~ My™°%l nebo
b) YtM; ~ YtMmode!
Pro vSechna i (vSechny instrumenty v portfoliu).
3) Optimalizacni kritérium:
— napf. (vazeny) soucet Ctvercu odchylek trznich a
modelovych dat (MV nebo YtM)
— Casto potfeba numerického reseni
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Rozhodnuti

. Jaké bude portfolio instrumentu

. Jaka trzni data budeme ,fitovat”

. Jaké optimalizacni kritérium zvolime

. Jaky bude zdroj trznich dat

. Jake bude analyticke vyjadreni R, (model)

a podle ¢ceho budeme hodnotit ,vhodnost"
volby modelu (kritéria)
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Rozhodnuti dnes
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Jaké bude portfolio instrumentu

= CZK IRS
e motivovano Sli
e doporuceno jako bezrizikovy instrument
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Jaka trzni data budeme _fitovat”

= YiM
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Zdroj dat

YtM pro CZK IRS

Trzni informacni system = Bloomberg
Mid = prumér z ask/bid

Kontributori = dle Bloombergu
Konvence poctu dni = act/360
Okamzik ve dni = konec dne
Likvidita!

=LLP =15 let

—=(0,15) interpolace
=15+ extrapolace
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Kriteria vhodnosti metody

1) Shoda modelové YtM (YtMmmodel )
s trznimi daty (YtM;) => min. optim. krit.

2) Rozumna ekonomicka interpretace
forwardovych urokovych mér — co
nejmene ,hrbu”

3) Co nejmensi volatilita souCasné hodnoty
budoucich cash flow v Case —

vysvetlitelnost dennich/meésicnich zmeén
v PVFCF
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Metody

* Viz nasledujici Cast prednasky
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Metody konstrukce
vynosovych krivek
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UFR

Ultimate Forward Rate

Urokova sazba, ke které konverguiji
forwardove urokové sazby v predem
stanovené maturite

UFR =4,2 % (soucCet oCekavaneé miry
inflace a oCekavaneho vynosu
kratkodobych bezrizikovych dluhopist)

Speed of convergence 40 let
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Metody konstrukce YC

* Interpolace

— Linearni interpolace (zero, par, forwardovych
sazeb)

— Kubickeé spliny (vyhlazovaci funkce)

e Extrapolace + interpolace
— Kubickeé spliny + linearni extrapolace
— Nelson-Siegel
— Svensson
— Smith-Wilson
— Modifikace metod
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Linearni interpolace

t— t,1R+t—tR

t'_hl " t”‘h4 -

R =

t

Oznaceni: Zero, FW, par

Ziskani diskontnich faktoru

— Bootstrapping, geometricky prumér FW
Vyhody

— Jednoducha metoda

Nevyhody

— Skoky ve forwardovych sazbach
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Linearni interpolace
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Kubické spliny (CS)

Po Castech polynomialni funkce 3. radu
DF(t)=a +b, - (t—t)+c - (t—t)?+d - (t—-t)3t<t<t,,
uzlyt,1<i<n-1

Omezujici podminky

Vyhody

— Presngjsi shoda s trznimi daty

Nevyhody

— ,Hrbate* forwardové sazby

— Citlivost na volbu uzlu a na zmény v trznich
datech
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Kubické spliny (CS) — ,hrbatost*

N
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Vyhlazené kubicke spliny (CS_SM)

e Optimalizacni kritérium + penalizacni Cast
LLP 82

| l(t)(ﬁ DF (t, 8))?dt

0

P H Iad I'CI' param etr ichﬂ:engledrieer,sGusba. Exponentials, Polynomials, and
Konstanta 4
icky 0= =
Dynamicky 0= " e

—15000




Metody interpolace +
extrapolace
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Kubicke spliny + linearni
extrapolace

4,5% 4,5%
Zero sazby (CS) Zero sazby (CS_SM)
4,0% — 4,0% —
3,5% RS 3,5%
3,0% 3,0%
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Nelson-Siegel (NS)

R = o+ (B, + ) -[L—exp(=t/ NIt/ y) = B, -exp(-t 1 y)
+ Vyhody PN
— Interpretace parametru
— .Nehrbaté* forwardové sazby
* Nevyhody
— Naroc€nost pfi odhadu parametru

— NedostateCna shoda s trznimi daty
— Korelace mezi komponentami
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Nelson-Siegel (NS)
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Svensson (NSS)

+ By [[L—exp(=t/3,)) It y,) —exp(-t/ )]

* Vyhody terbreting forward interest rates
— Zvysena flexibilita z hlediska tvaru
* Nevyhody

— Narocnost pfi odhadu parametru jako u NS
— Pridani hrbu neposkytuje vyznamnejsi
zlepseni pri shode s trznimi daty CZK IRS
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Smith-Wilson (S-W)

e Znaceni
— m; je cena i-tého fin. Instrumentu (i = 1,.. N)
— C;; Je cash flow instrumentu i v Case y; (j = 1,.. J)
— P(t) je diskontni faktor v Case t
e PO)=1
* P(t) je hladka funkce t
* P(t) je kladna a klesajici funkce
* P(t) pro velké t exponencialné klesa k nule

J

m. = Z'ff-f - P(u;)

j=l
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Smith-Wilson (S-W)

0,30 //\ /\

012
ij / ﬂ u: 0.10 / R
0,15 // \ _3;10 0,08 / \\
0,10 7//--'—---_ \ —u=15 0,06 /
0,05 ?,// \ Ty 0.04 I

— f
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Trznidata, —— W“""JQ{“- min(t,u )~ 0.5+ ™) (@) gt )}
J
UFR, a Kit)=> ¢ -W(tu))
J =
N
P(t) =™ +> ¢ - K, (1)
i=1

m=Cp+(CWC")¢
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Smith-Wilson (S-W)

e Vyhody

— Dva vstupni parametry (a, UFR)

— Zmeéna a, aby speed of convergence = 40 let

— Analytické reseni

— Flexibilni (dokaze presné fitovat trzni hodnoty)
* Nevyhody

— ,Hrbaté* forwardové sazby

— Citlivost na zmeény v trznich datech
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Prakticka cast
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Yield Curve Fitting

Zdroj: www.tools4f.com

sden stranky viorce  Data  Rewre  Zobrazeni o

1,33352715085644%

vieieni =

Selection

General ]NS, NS5, 5-W ] Cubic spline ] Linear interpolation I ] Lineal

Select methods for estimation

W {Unselect al

¥ Melson-Siegel

¥ Swenson

¥ Smith-Wilsan

¥ Cubic spline interpolation

¥ Linear interpolation of spot rates

Zero (Spot) Rates ¥ Linear interpolation of discount factors

: I Linear interpolation of 1-Year forward rates

¥ Linear interpolation of par rates

Selection

General NS, NS5, 5-W ICUbIC spline ] Linear interpolation I ] Linear interpolations I ]

Select methods for estimation and fill parameters

v Melson-Siegel Method

Parameters are fitted to:

Beta 0
¥ Dirty Price
DMP dlean Beta 1
Beta 2
¥ Yield to Mat
¥t clean =
¥ Swenson Method
Parameters are fitted to:
Beta 0
v Dirty Price
DMP dean E==2
Beta 2
¥ Yield to Mat
M clear Beta 3
Gamma 1
Gamma 2

Ultimate forward
Rate {UFR)

Alpha

Smith-Wilson Method
I¥ (fitted to Dirty
Market Price)

Clear

Parameters for fitting to

Dirty Market Price

Parameters for fitting to
Yield To Maturity

| o045 | 0,095
[ 004 [ 004
[ o [ o
[ 2 [ 2

Parameters for fitting to
Dirty Market Price

Parameters for fitting to
Yield To Maturity

[ 0045 [ 00578
| .04 | 0.0379
[0 | 00521
[ o [ 0,022
[ 2 | 20014
[ 1 | 10012
0,1
Calculate

Default
parameters

BetaD = 4,5%

Beta 1 = 4%

Beta2 =0

Gamma =2

Default
parameters

Beta 0 = 4,5%

Beta 1 = 4%
Beta2 =0
Beta3 =0

Gamma 1=2

Gamma 2 =1

UFR. = 4,2%
Alpha = 0,1
Cancel

Calculate | Cancel
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http://www.tools4f.com/

Hodnotici kritéria metod

1) Stabilita forwardovych sazeb (FWR)
- pocCet ,hrbu“ forwardovych sazeb

2) Volatilita soucasné hodnoty budoucich

cash flow (PVFCF)
- budouci 1 CZK v 50 letech

3) Presnost shody s trznimi daty (FIT)
- hodnota optimalizacniho kritéria pro YtM
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1) FWR — Interpolace

0-15 A, S'é’g/— CSS_YZ_M CS CS SM zero par  fw

max 1 2 9 8 4 4 3 6 6 5
prim | 0,25 | 0,28 | 2,66 | 1,12 | 0,4 | 1,42 | 0,45 | 3,52 | 3,47 | 3,02
var 0,19 | 0,23 | 2,92 | 1,16 | 0,55 | 0,56 | 0,53 | 1,05 | 1,49 | 1,10

1 2 9 73 | 3,6 5 33 | 76 | 83 7

NejlepsSi: Nelson—-Siegel, Svensson, kubické spliny
vyhlazené

Nejhorsi: Linearni interpolace, S-W
Mozné vylepSeni metody SW pomoci vyhlazenych
kubickych splinu
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1) FWR - Interpolace
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5500’6 /
- /\/_J
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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1) FWR - Interpolace

/ —SW _CS_SM

2 3 4 5 6 7 8 9 10 11 12 13 14 15
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5,5%

5,0%

4,5%

4,0%

3,5%

1) FWR - Interpolace

_—

"

—SW _CS_SM
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5,5%

5,0%

4,5%

4,0%

3,5%

1) FWR - Interpolace
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2) Volatilita PVFCF (0-50)

29

27

25

——SW CS

23
—5W (S SM
—CS

1 Lo ——CS_SM

19 -

17 T T T T T T
1.1.2007 1.1.2008 1.1.2009 1.1.2010 1.1.2011 1.1.2012 1.1.2013
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2) Volatilita PVFCF (0-50)

NSS S-W S-W_CS S-W_CS_SM CS
max | 1,323 | 1,624 |1,492| 1,851 0,886 2,636 | 2,182
prameér | 0,103 | 0,108 |0,144 | 0,186 0,127 0,265 | 0,181
rozptyl | 0,018 | 0,027 |0,025| 0,043 0,015 0,087 | 0,036
poradi 2 1 4 5 3 7 6
1,75 2,75 3,5 5,5 2 7 5,5

* Nejlepsi: Nelson-Siegel, Smith-Wilson (kubickeé spliny
vyhlazené), Svensson
* Nejhorsi: Kubické spliny s linearni extrapolaci

TOOLS4r
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2) Volatilita PVFCF (0-50)

%
2
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| ¢as

4,8

2) Volatilita PVFCF (dil

ti)
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12,5
0-15 —NS
. AN —nss
115 £ V\%\\' A S-W_CS
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11 y CS
| a%a Vi
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3) Fit (0-15)

0-15 Zero par fw CS CS_SM NS NSS

max |[2,73E-05|3,37E-05|3,84E-05|1,85E-05(1,85E-05 |3,14E-05|3,27E-05
rozptyl |6,56E-12|3,75€E-11|1,81E-11(2,42E-12(2,43E-12|2,75E-11|1,55E-11
prumér |3,08E-06|7,89E-06 |4,88E-06|1,70E-06|1,74E-06 |6,95E-06 | 5,54E-06
poradi 3 7 4 1 2 6 5
vysledek 3 6,75 5 1 2 5,5 4,75

* Nejlepsi: SW, Cubic spline, pfipadné shlazené
* Nejhorsi: Linearni interpolace par sazeb

TOOLS4r
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3) Fit (0-15)
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3) Fit — dilCi intervaly

1,0E'D5 1 1 T 1 1,0E'06 [T | 1 [ m T rT B T
| | : ) ! i) iy : by 0 5:” |
I o) 0-5 AN T W 5-10
b Hl Il J\I\: 'I': ‘::‘: | :l\; '||”l”::=l“ :,ll, g \ I;r Lo \"1‘:
8,0E-08 A N LI 8.0E-07 i
B il 2 Sl Tk
1 1 i ] 1 n
|II T li.'\ 1 H:Il:il: :‘L.L:Il :III:IE:; I: III 'lh |"” 1
i (B 1 Fingy pl' | I Iy 1 i
6,0E-06 8 1 B H.J;'i'.s' (- 6,0E-07 bl AT R Y N
1 ]y i‘"ﬂlli‘ Iy o Wi ) ik I | 1 J')’
X 1 \," | tl'“l"i “l “I ) ﬂ’ | "::": ‘|l|||li :1 |=|I :I ! :I l'hln":l :
f n [N L LE ! v tyl il ',u J'I
I W Ay KW A ) (IR |
4,0E'06 |"‘1 B l :I:.; | :‘ '; y “:Hu’u”ll “,1;1; 4,0E'07 ! ’|: : r: X T :|I 1]"|‘|
A il ::ﬂ ,'; , J:'Ln rlllrlrll 3:. iy ".JII N \ i | y " \
ITERTE N AN SR R ALY Ve | '. i
2,0E-06 - = it I 2,0E-07 -
i A N *,;\}{‘w WA AL ) ! A
b £~ ) » 1 Ny |
bY : DRy A ."'/ A L) \ "
\ i
¥
0,0E+00 T T \ 0,0E+00 T .
1.1.2007 1.1.2009 1.1.2011 1.1.2013 1.1.2007 1.1.2009 1.1.2011 1.1.2013
1 2E'06 T L T T il 1 A) T ™ T T T L T
’ | I p1on I I L | “iIHIlﬁ" | I w!
R TRINTREEE - 10-15
| (1] L] I
IR U AT Y L
B IO SIS | M | THE N TR SRR T T
1
VRS | T t.';r. [ T i:;’.::i{h A oo spot
8,0E-07 AN, RN | N | S T T A L
’ RREERAT (| Y | IR S R Y Bk ——par
] 1
SRR [ R | B T TR R (P A piy
I:” | ]|' "\ ‘II: ”tln‘ '::“' Ty I: Y : |“1'th' I|' ": ' P! II ! T fW
6,0E'07 :",I: i I: ‘I :i It I‘\: L :I| , II"I""“' ‘ :r* ;l.uual ) I|' wlr T
b | |
HiER b o o —cs
_ o, VRN | |G ! ST I Y
4,0E-07 ir:::{‘“lu ) v —CS Sm
by ! ) —_—
I,\rl 1y \
20E-07 %! ! I oons
] I )
I I
el U ‘ ~---nss
0,0E+00 - - v W W

1.1.2007  1.1.2008 1.1.2009 1.1.2010  1.1.2011 1.1.2012  1.1.2013

TOOLS4r 46




3) Fit — porovnani kandidatu
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3) Fit — porovnani kandidatu

L 2
4.7% X
X
4.5% ¢
X
L 4
&
4.3% X " A XIRS CZ
x & *CS_SM
% B NSS
4,1% ‘ ANS
%
x
3,9% ex 5 L
A ®
. X
A
3,7% T T T T T T 1
o 1 2 5 7 8 9 10 11 12 13 14 15
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Hodnoceni

Interpolace + extrapolace

,Hrbatost” Volatilita FIT na trzni

forwardovych sazeb PVFCF data
NS ANO ANO NE
NSS ANO ANO NE
SW NE ANO ANO
S-W_CS NE NE ANO
S-W_CS_SM ANO ANO ANO
CS + lin. extrap. NE NE ANO
CS_SM + lin. extrap. ANO NE ANO

Interpolace — CS_SM, S-W_CS_SM

TOOLS4r
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S-W_CS_SM
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Dekujeme za pozornost
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QIS 5 Risk-free interest rates — Extrapolation method.
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