INTEREST RATE RISK: DURATION

1.What are the two different general interpretations of the concept of duration, and
what is the technical definition of this term? How does duration differ from
maturity?

Duration measures the weighted-average life of an asset or liability in economic terms. As such,
duration has economic meaning as the interest rate sensitivity (or interest elasticity) of an asset’s
value to changes in the interest rate. Duration differs from maturity as a measure of interest rate
sensitivity because duration takes into account the time of arrival and the rate of reinvestment of
all cash flows during the assets life. Technically, duration is the weighted-average time to
maturity using the relative present values of the cash flows as the weights.

2. Consider the case in which an investor holds a bond for a period of time longer than
the duration of the bond, that is, longer than the original investment horizon.

a. Ifinterest rates rise, will the return that is earned exceed or fall short of the
original required rate of return? Explain.

In this case the actual return earned would exceed the yield expected at the time of purchase. The
benefits from a higher reinvestment rate would exceed the price reduction effect if the investor
holds the bond for a sufficient length of time.

b. What will happen to the realized return if interest rates decrease? Explain.

If interest rates decrease, the realized yield on the bond will be less than the expected yield
because the decrease in reinvestment earnings will be greater than the gain in bond value.
3. If an FI uses only duration to immunize its portfolio, what three factors affect

changes in the net worth of the FI when interest rates change?

The change in net worth for a given change in interest rates is given by the following equation:

AE:—[DA —DLk]*A*lAR where k:£

Thus, three factors are important in determining AE.

1) [Dy4 - D j k] orthe leveraged adjusted duration gap. The larger this gap, the more

exposed is the FI to changes in interest rates.

2) A, or the size of the FI. The larger is A4, the larger is the exposure to interest rate
changes.

3) AR/(1 + R), or the interest rate shock. The larger is the shock, the larger is the interest
rate risk exposure.



4. Identify and discuss three criticisms of using the duration gap model to immunize the
portfolio of a financial institution.

The three criticisms are:

a Immunization is a dynamic problem because duration changes over time. Thus, it is
necessary to rebalance the portfolio as the duration of the assets and liabilities change
over time.

b Duration matching can be costly because it is not easy to restructure the balance sheet
periodically, especially for large FIs.

¢ Duration is not an appropriate tool for immunizing portfolios when the expected
interest rate changes are large because of the existence of convexity. Convexity exists
because the relationship between security price changes and interest rate changes is not
linear, which is assumed in the estimation of duration. Using convexity to immunize a
portfolio will reduce the problem.

5. In general, what changes have occurred in the financial markets that would allow
financial institutions to restructure their balance sheets more rapidly and efficiently
to meet desired goals? Why is it critical for an FI manager who has a portfolio
immunized to match a desired investment horizon to rebalance the portfolio
periodically? What is convexity? Why is convexity a desirable feature to capture in
a portfolio of assets?

The growth of purchased funds markets, asset securitization, and loan sales markets have
considerably increased the speed of major balance sheet restructurings. Further, as these markets
have developed, the cost of the necessary transactions has also decreased. Finally, the growth
and development of the derivative securities markets provides significant alternatives to
managing the risk of interest rate movements only with on-balance-sheet adjustments.

Assets approach maturity at different rates of speed than the duration of the same assets
approaches zero. Thus, after a period of time, a portfolio of asset that was immunized against
interest rate risk will no longer be immunized. In fact, portfolio duration will exceed the
remaining time in the investment or target horizon, and changes in interest rates could prove
costly to the institution.

Convexity is a property of fixed-rate assets that reflects nonlinearity in the reflection of price-
yield relationships. This characteristic is similar to buying insurance to cover part of the interest
rate risk faced by the FI. The more convex is a given asset, the more insurance against interest
rate changes is purchased.



6. 'Eva Xl €xelL Tov KaATwWTtEPwW lIoOAOYLOHO GE TPEXOVOEG Agieg:

Evepyntiko (dig. Eupw) Yrnoxpewoeig kat KO (dig. Evpw)
AwaBsoa 10 | KataB¢oelg 45
OpuoAoya 20
Advewa ctabepol 40 | OpoAoylako daveilo 45
ETLTOKIOVL
Advela KUJALVOUEVOU 30 |'1dwa kedparawa (kabapn 10
ETLTOK{OVL 0€on)

Z0volo 100 | ZUvoAo 100
e OulotaBuiopéveg duapkeleg (duration) evepynTtikou Kat mTadnTikou £XOLV WG
e&ng:

e Opoloya evepyntikoU €xouv duration 4 €tn.
e Taddavela otabepou emitokiov, duration 12 €tn.
e Taddvela KUPALVOHEVOU ETTOKIOU £XOUV AVATTPOCGAPHOYH EMLTOKIOU o€ 1 £€T0G.
e OulopoAoyieg mou £xel ekdwoel to Xl eival zero coupon kat Ayouv o€ 7 £€1n.
e OukataBéoelg €xouv duration 2 €tn.
Epwtnua1°
Mooo eival to duration gap tou XI;

Epwtnua 2°
Moon 6a eival n entintwon otnv KO tou Xl av ta emtéokia avénbouv opolopopda kata
0,5% amno To TPEXOV eNIMESO EMITOKIOU 2%);

Epwtnua 3°

Av 1o XI XpnOHOTOLGEL TOV HNXAVIOHO TiTAoToinong Kat petadpEpel to 40% tTwyv
daveiwv otafepol EMTOKIOU EKTOG LOOAOYLOHOU, TIPLV TNV AVENCN TWV ETILTOKIWY,
Téon Oa gival n enintwon otnv KO ano tnv aténon tTwv emtokiwyv kata 0,5%;

Epwinua4°

Meta tnv tithonoinon, 1o Xl emBupei va avriotadpicel AP WG ToV Kivduvo EMLTOKIOU
XPNolhomolwvTag éva cUHBOAalo avtaAlAayng eMLTtokiov, To omnoio €xel duration
KUPAWVOHeVNG Tapelakng pong 0,5 £tn katw duration porg otaBepov emitokiov =4,5 £1n.
Mowo Ba sival To vonto moood tng avtaAAayng Kat n avtiotolxn 6€on otnv avtaAiayn;

Epwtnua5°

Metd tnv titAonoinon, avti yia e§wxpnpatiotnplakd cupgfoAaita avrtaAiayng to Xl
emAéyeL va xpnowponotwnoetl ZME (futures) oe opoAoya. H tiun tou cupBoAaiou sival 95
gupw ava 100 ovopacTikng agiag kat n ovopactikni agia tov cuppoAaiou eivat
1.000.000 svpw. H duration Tou umtokeipevou titAou tou cupBoAaiouv (implied
duration) eivar 2 £tn. Méca cupBoAaia Ba xpelaotei Kat towa n avriotolxn 0£on;



Mpaé&eig yia tig AVoelg

Aoknon1

Epwtnua1

D(assets)=0,1x0+ 0,2x4+0,4x12+0,3x1=5,9yrs
D(liab.)=0,5 x 2 +0,5x7=4,5 yrs
Dgap=5,9-0,9x4,5=+1,85 yrs

Epwtnua2
AE=-(+1,85)x 100 bn x +0,005 /1,02=-0,9bn

Epwtnua3

0,4 x 40=16bn ota dtaBeoipa, 24 d1¢c ota davela otabBepov ETUTOKIOU
D(assets)= 0,2x4+0,24x 12 + 0,3x1=3,98 yrs

Dgap= 3,98 -0,9x 4,5=-0,07 yrs

AE= - (-0,07) x 100 bn x +0,005 /1,02= +0,034bn

Epwtnua4

To Xl €xelL apvnTIKO avolypa kat avtiotadpuidel bavn peiwon
ETUTOKIWYV Apa aipvel B€on mMwANTA otnv avtaAiayn
F=0.07x100/(4,5-0,5)=1,75 bn

Epwtnpab

To Xl €xeL apvnTiko avolypa katl avtiotadpidel mbavn peiwon
ETITOKIWY dpa Ttaipvel B€on ayopaotn ota XME

N(ZME) =-Dgap x A/ Pex N =0.07 x 100bn / (0,00095 di1¢x 2) =
14.737 cupBoAaia



Aoxnon 1

‘Eotw 011 ayopdoate anpiepa opoAoyo e koumovia amodoans otn Anén 4,5%, diapkeiag 10
£tn kat duration 8 £tn. 'Eotw 011 eUBUG pETA TV ayopd TOU OLOAOYOU TU ETIITOKLK
av&nBnkav o 1810 yra 0Aeg Tig Anéeg.

A. Av SlaKpaTNOETE Kt TNV CLVEXELX TIOUANCETE TO OpOA0Yo SV0 €Tn Tpwv Tt Anén Tov, 1)
amodoon mov Ba mpaypatomomoete Ba etval : 4,5%, Atyotepo amo 4,5%, meploaoTEPO ATO
4,5%; Etnyelote

B. Av S1aKpaTHOETE Kl GTNV GUVEXELX TTOVANGETE TO OOAOYO €va £TOC TPV TN ANén Tou, 1)
amodoan mov Oa mpaypatomomoete Ba elvat:

4,5%, Ayotepo amo 4,5%, meplocodtepo anod 4,5%; Egnyelote.

I. Av Siakpatiaete To opdAoyo ugypL t Anén tov, n amdédoan mov Ba TPAYUATOTOGETE
Ba etvat: 4,5%, Avyotepo amo 4,5%, mepiocotepo amo 4,5%; Eényelote.

A. Av §1aKpATOETE KAl GTNV GUVEYELX TIOVANGETE TO OpOA0YO Ge Vo €11, 1] amddoan Tov
Ba mpaypatomomoete Ba etvat : 4,5%, Atyotepo amo 4,5%, meplocotepo amo 4,5%;
Efnyeiorte.

E. Av to opoAoyo ntav teAikng amodoong (zero coupon) mwg Ba aAAade n amavtnon oag

Andavrtnon

A. Me v umt6Beon g epdamag aiinong emitokiov mov Tapapével atabepo ag OAn TV
SLapKeI PEYPL TNV TWANGN TNG OpoAoYiaS (TTAPAAANAN HETATOTILON TNG KAUTTUANG
amodocewv), eflowvovtag Ty Tepiodo diakpatnang pe v duration g opoloyiag

efao@alifovpe v veaynuevy amodoon (YTM) 4,5%

B. Ta movw oKL TToL TTPoEPXOVTAL ATt THV aIENON TOV EMITOKIOU VTTEPKAAVTTOUY THV
netwon ™ tipng otav H>D. Amoédoon >4,5%

I". IoyvelL 6TL oTO B.
A. Emeidn D>H n amodoon Siaxpatnong Ba eivart pikpotepn amo 4,5%

E. H dwakpdtnon zero coupon opoAdyov péypt v ANén e€acearilel v anddoon (YTM) 4,5%
Av 10 opoLoyo ANl vopitepa n amddoon Ba eivar Aryotepn amo 4,5%



H C-BANK gxet Tov katwbi 1o00Aoylopo oe TpExovoes agles (exat. evpw):

Evepyntiko Ymoypewoelg
MeTpnta oto Taueio 100 | Katabéoeig 200
LteyaoTika Savela 500 | Advewa Siatpamelikng 200
Emiyeipnuartika davela 400 | Opoloylaxo Savelo 500
Touat keaAaia (kabapn 100
Bcon)
ZUvoAo 1.000 | Zvoro 1.000

e Tuaoteyaotika davelx etvat 10etovg Antew pe emtokio 4% eTNolws KAl ETNOLES
TOKOXPEWAVTIKEG TANPWLES

o Taemyelpnuatika davela eival kKupawopevou emitokiov (Euribor tpyumvou +
300bps) diapkelag 5 eTwv [e Tpiunviaio emavakaboplopod (o mpoaexns kaboplopog
EMTOKI(OL O€ 3 UNVEG)

¢  Oukatabéoeig xouv igon didpkela kat duration 3 £t

o Tadwtpamelika Savela eivarn 3unviaiag Siapkrelag

e Toopodoylaxo Saveto €xet didpkela 10 £t emiToKL0 €THOLOL TOKOUEPLSIOL 5% Kart
TpExovoa amodoan 6%

3.1 ITooo elvat To Duration Gap ¢ C-BANK;

3.2 llowax petafBoin Tov emtokiov elvat avtiéon ywtnv C-BANK;

3.3 Av ta emitokia petwBovv katda 50 povadeg faong amo to emimedo Tov 2%, moia Ha eivan
n enimtwon oty KaBapn O¢on tov [6pvpatog;

3.4 Av urtobéoovpie otL to Il mpofAémel pelwon Twv EMTOKIWY KAl EYEL oAV 1OV ETIAOYN
VO QVTIKATACTHOEL TI§ OPOAOYIEG TIOU €xel ekdWOEL e i vEa €kdoar. Av €xel emAoyn
avaueoa o opoAoya e duration 5, 3 kat 2 etwv, mola ékdoon Ba eméAeye kal ola Ba nTav
N emimTwon ™G petaoAng autng otnv kabapn BEan, av OVTWG Ta ETTOKIA 0TI CLUVEXELX
netwBovv 6Twg atnv 3.3;



Anavinon:

Bpiokom mpodTa v duration tov 6teyasTika@Y daveimv, M=10, smtokio=4%. O tHmoc ™mc
duration yia ypovikn pon (pdvta) dtvet:

D 1+7r MM =5,17 £€1n
1+7)" —1
2ZUVETIWG, nduration Tou evepyntikoL £ivaL:

7

Da=100/1000 x 0 + 500/1000 x 5,17 + 400/1000 x 0,25= 2,6 £1n

(n duration Twy eTXEPNHATIKWY daveiwy givat 0,25 £tn - 1tpipnvo)
H duration Twv opoAdywv eivat (M=10, ¢c=0,05, r=0,06):

l+r M(c—r)+1+r

r (1+r)Mc—(c—r)
Emiong n duration twyv katabgoswy eival 3 £1n kal Twv daveiwv dwatpanedikng 0,25, dpa:

D OpoAoyiog: D= = 8,02 ¢1n

Di=200/900 x 3 + 200/900 x 0,25 + 500/900 x 8 = 5,18 £1n

Dgap= 2,68 -900/1000 x 5,18=-1,97

Avtifon peTaBoAn yia tnv tpaneda n peiwon Twy ETUTOKIWY

AE=-(-) 1,97 x 1.000.000.000 x (-0,005)/ 1,02 =-9,7 ekart. Evpw

@&AovTag va LELWCEL TNV £KBECH OTOV KivOUVO ETUTOKIOL N Tpdmneda Ba mpooTtabhosLva
pewoeLtnv D

Me Baon tig emAoyeg TNE Ba dlareEsl opdAoya pe duration 2 omtote to DL = 1,83 €1n).

D.-200/900 x 3 +200 /900 x 0,25 + 500/900 x 2= 1,83 £1n)

To veo Dgap= 1 kai cuvenwc AE=5 ekat. supw



Acknon 4

H D-Bank eivai swap dealer jie spread 20 bps. AvtaAldooel otaBepo évavr Euribor pe
Stapkela 1 €T0G [E TPIUNVIALES TTANPWHES.

[ H onueptvy kaumvin amodooewv tov Euribor Exet we eéng:
3 unvec 6%, 6 unvec=6%, 9 unvec=6%, 12 unvec =6%). Ta emitokia avapépovtal os eTHoLA
pdon ue etijolo avatokiouo |

4.1 Ioto elvai To swap rate yla To avwTEpw swap;

H C-BANK emiBupel va avtiotaBpiosl pepikwg Tov Kivouvo emitokiov amd to Duration
Gap e To mpoiov plain vanilla ¢ D-Bank avti va mpofel ae véa éxdoan optoAdywv Kat
ATOCLPOT TWV TTOAAULWV.

4.2 T1 B¢on mpemet va mdapet  C-BANK oto swap;

‘Eotw 0tuin C-BANK cvvamtet avtaAdayn yix avtiotaduion touv Kivduvou emToKiou TG L
vonto moso6 1000 ekar.
4.3 oo Ba etvat To kEpdog 1 i TG 3 unveg™ mpv v ANgn tov swap);

Av Kot J1o eTTEOT KOUTVAN 0T000GEMVY VOl GLUPOTN pe swap rate 160 pe 6%, UTopovLE Vo,
emoinBevcovpie 0Tt To swap rate etvar 6% aEoL TPOTO CVUTPOGUPUOGOVE TO EMTOKIO GE
Tpipvou avatokiopov (1+ 0.06/4)*-1=6.1%

100= C(1.061)%35 + C(1,061)°5 +C (1.061)%75+ (C+100)(1.061)"!

Swap rate = (4x C) /100 = 6% xon bid=5,9% ask=6.1%

H C —-Bank 60 mdpet 6eon mwinm évavtt g Dealer bank, yo vo avtictabuicet o mbovn
TTMOGY TOL ETTOKIOV.

Yno0zon epyaciog: *[ n kaumuAn arodogewy tou Euribor oto xpoviko auto onuelo eivat
emtimedn oto 5%]

Tpetc pnveg pwv ) Acn oo SWAP 1 afia g Kopovopevng mAnpounc eivat ion Ue To vonTto
1060 1.000 exat. Evpd. Mmropeite va 1o emtainBebGeTe 0pol T0 EMTOKIO TG 0yopas etvar 5%
KOl GUVETMS KUl 1] TANPOLI TOL TOANTH KOl 1] TPOEEOQANGT TG TEAELTOIOS TANPOUNG Bd Yivel
ue 5% yia éva. tpipnvo. Aniaon Va=1.012. 500.000/ (1+0,05/4)=1.000.000.000

H mopovaco aic g TeAELTOI0C TANPOUNAS TOL GYOPUCTI EIVOL

V= 1.014.750.000 / (1+0,05/4)=1.002.222 222



H teievtato «minpouny stvol 1e to 5.9% mov etvar to bid (via Eva tpiunvo

T 2.222.222 etvar 1o k€pdog Tov Twinty (C Bank)



