T he lmpactofaD nmftanV &R

A nkell iese
L -Bak Karkrue

W e asidera..nendal market where basic risk fectars are gvan by a mulidmensiaal
gaometric B ronnian matian. In all atte Carbo franenark we empirically investicgate the
prdolEm whether there are substantial dic erencss alulatingV &R wWhen assumiing thatt
the retums of the risk fatars have a zaro mean arwhen sing the estimated mean. T he
partolics under ingpectian axsist af several assets induding puts and k. W e see that
thare are signi. ant div erancss.

1 Intoductan

T he requiremant ofmessuning risk thattis due 1o dangss in the econanic\vale of
a partiolo of traded assets Is rasing with the groning Vot ity in ..nendal mar

kets and the inasssing amplexdty of..nendal products. 0 ne sudh widely usad risk
messureisVale atR isk (V&R ).t Vale atR iskis that bss due 1o deaessss in the
martet\al.e ofa gven partioio oera gped..ed time harizan thaetwi ll notbe ex

aaded with agven prdosbi ity seeP icaule(1998). T heuseofV &R is notrestricted
o guentify sk arintemal purpasss. [tcan abobe goplied in the assessmatofreg

ubtary pital ofmarket sk W hen using intermal macek 1 guentify market risk

regubtiaoy Gpital is - under certain restricias gven by regulatias - progporiaal
OteVaR, alubied with the intermal model

D imerentmackek ToralultingV R are passibEe. 0 ne anagotis the methodology
Riskl etric develped by JP. Il agn. InRiskl etrics (199 G itis basically as

sumed that retums of the basic risk atars are aoditiaally namallly distributec?

with zeromeen. | ovaxsidera partioio aasisting ofexactly ae ass=t; the retum
ohnhidh is namally distributed withmeaen . 1 is aris notegal tozero. Calulating
Vak uderasiceration ofr will resultinasmallerVeaR ie 1 > (.

INn the presat pgper e eanire the questian Wwhether thare are dic erancass in the
vabes TorV &R formare general patioics whenV R is alulated atherunder the
assumption that the returs ofthe Hsk Bdors have a z2ro mean arwhen tsing the

I detaEdwakanV &R is Trirstance the manogrephy of Jaian (199 7). A shortinroductian
is gven by Smittson and il yriton (199 6.

2SeeRiskl etrics (199 6.

3T hey are namally distributed ateadh pdntin time.
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estimated meen . W e eamine partiolics axsisting ofseveral assets including puts
and calk* T he basic risk ators are gvaen by amultidimasianal ggometricll iener
proess® W ith the heb ofil ate Carbbsimulatian, we simulate the develppmattof
nsk s and calubie anrespading dangss in the marketvalles of the assets
and cematines. | ew ll see thatthere are remarkeb e dic erencss in calulatingV &R
induding an estimated, nonzzromean 1. W e will abo see thatitis dgpendaitan
the partioiovwnetherthe incdlsian ofanan zero® will resultinahigherarasmalier
VaR .

T he pgperis aganized as Ollons. N Sectian 2 we briety recall the basic aonagpt
uderhingV aR . In Sedtian 3 the simulatian procedure and the tsstwe have used
el ekhtest acinttoduced. W epresantthebasicrisk ectas and tha rparametars
in the assumed Ioghamal madel T he resulis are disaussad in Sectian 34.

2 TheCaxaptbaurdVa wenuU singSimulka
tan

Faragwven patioliq Vak messuress that Ioss thatis due o dangss in the prics
of the patiolio’s assets oeragpad..ed tme harizan T . U suallly, basic nsk fectars
are sebcted Whidh determine the valle of the partiolio. D enote the risk ctors by
X1z X", n 21, ad the vale of the partiolio by (V9ep 11- Eadh assetis a
nction F;(X %5 §= 1; ::1;n) ofthese risk ctars. T he patioioV - can therefore be
wiitten as asum of functias ofX ;22 X ":

P -
V = WifiX 5 3= 1;::25n);

where w ; danoies the partioio waght of tre i th asset, and the sum is Bkan oer
the number ofassets in the partfolio. D it erentdosenatias TrX 1 -:2; X " attime
T will gaeraie dic eratvales oftre partioliq say V1 (1), ! den fran the statie
soae- . U sing the enmpircal distribution functian

- 1 P
FOO= 35 !11—”JV;—VQ(!)-xg

4T o compare diz erant aonagpts TV albe akR isk imits, B eadketal (1999) axsiderpartolics
axsisting ofae stodk distingishing betinean a naon zero and azero drift, too.

SW e made the assumptian of aonstant parametars as we do not Toas an the conrespading
dyramical prcdblem.



with aonrespanding prdoabi ity messure P, the patarttial reltine bss in T vwhidh
wi il not be exassded by a gven an.dance bvel aan be determinedt 6 ivenp > 0
determire &2 R sudh that

PE -qg-1igp:

iV aoistheV &R ofthe partiolia®

U sirghl ate Caro Simulation for CalaulatingV &R

Inthe ollboningwe Toas anll ate Carbosimulatian an the assumption thatmarket
ctars are lghamally distributed, awidely usaed assumptian in sk manegamant
I evartteless the Olloning steps goply simi by 1o ather distributias. Calaulating
VaR inall ate Carbfranenak aasists ofthe Olloning steps:

=2Choose rrbantmarket edars.

=Spadty the paametars of trar jant distributian. 0 n the assumptiaon of kg
namally distriibuted maket Bctars n drifis and "C12 aoneltias have ©
be estimated.

2T ranstam indgpendattnamally distributed random \varieblkes intobassquaae
of anelted random \ariables acoading 1o the parameters estimated in the
previas step.

=Simulaie vales of the market fectors at the ed of the haldingperiad T In
accadance 1o the gped.. ad distribution and evalate the newpartioio valLe.

2Chozeaan.daxe bel

2CalublkeV &R foragven an.dene belp by using the anpirncal distributian
Tunction ofthese simulatied partiolO's \alLes.

See Brirstance Jarian (199 6.
"} detai d desaription ofcalubltingV &R byl atte Carbosimulatian is gveninP icoule(199 8).



3 Thelmpactor aD nft

31 ThkheSimullatian

In aur simultion we aasider dic erat seaunties incuding put and Gl gotias.
B asic sk fectars are dosan vhidh are assumed tobe jantly loghamallly distributed
with parameter

Cesel 1= (A1) and @marance malnixs :

Cae?2 1 = (| and @wariance matrixs :

T hatis, the logarittim of the risk Bdor X ' is gven by the stodnestic dic erattial
eqatian

i KX D= 1€ %dBY i= 1;::2;n;

where B1; :::;B ") danotes an n-dmeasianal conelated W iener process with aor
reltias acoading 1O the coariance matnix § ; and %% = § 5 is the irstantaneas
\ariance of X 9. T he dyrnamics of the risk BctorX ' are gven by the stodhestic
dis eratial equatian

(X = @5+ %X Y& %X WBE = 1;:zn:

Itisvary mmman o rekr og; = 1+ 1% as thediiftofthe risk ctorX .0 nthe
ather hand the parameter ; is the drifé of the logarittmic process X 9. W hen
wsing the terms zeyo driftand nan zero dirftwve will in the olloning alnays reer to
1 -

In the sacod Gee under asideratian, * is assumed 1o be zera T herefore the
ariance matrix dic ers fran the coariance matnix in Cese 1, fomally ae shaud
wite§ (1)) Inthe Dlloning wewill reerttrekss wite§ and ¥ forshat

By varying the partiolio wadts of the underiving assets we ganaraie dic erant
portiolics. V 1th the hebp ofll ate Carbo smulatian, we investiceie hovVaR of
each partioiodr as in Case 1 fran Case 2.

) de.nition ofthe driftproasss can be urd ind Mol (19 73).
T his is analbgaLs 1o the estimatorin R iskl etrics (199 6.
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FaorahlulatingV &k , we mest the Tolloning stendards acoading to the B sk an
vattias'?, seeP icoule(1998):

=2V cHtifties and aneltias are derived by asampE periad of ae year:
=2\ edwoseaan.daxe bel o % .

2T he partioliois stalic

=T hetmehaizan T bsts 10 days.

T he samp ke underiving the mean and coarance estimatars aasists of dally mid
price data oeraperiod ofae year: D enote by r L the i ly retum of the i th market
corattime t thatis

F X
re= NS,

where ¢ tis the frection ofaday in ayear; and danoie by N the rumber of retums
per asset Far eedh market oo the meen estimatar is gven by the olloaing
fomubl

P

Ceee 1l B=1a¢ , rk
Case?2 b 0,
and the coarianee estimator in both Gases by

P M M - —
Bi= i ¢ o libE i) = 10

32 TheW ekdhTest

DadebyVaR. tevaleatnskin Casel (* under casiceratian) ad by VaR
tevale atriskinCae2 (¢ ~ 0):W e waud like to sole the gusstion Whether
Vak: >VaR ; arvice\versa

FaoralulatingV/ &R forthe partiols underaasideratian, we use arumberofl,000
triab eedh. Inboth ess 1 and 2 we gaerate asanpe ofV &2 alultias eedh of
size ae hundired. D eote these realizatias by

10T he B aske aonvattias are disaussed by Jdhaming (199 6.
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Vi) v ();
resp. yi0):iiw, 0);

and the conrespading randaom \ariebks by
Ya(); 2z Yn, ()

rep. Y1(0);::2;Y0,0):
T he randam \ariabEs Y;(1) ad Y;(0) are goprodimately namally distributed!
withmeenVeaR . axdVaR, respectively. Equality of the \varianass is not gven.!?
W e thereiore use the W eldh test. vWnidh is surtebe o test the Signi.. canae of the
din erencz in the mears ofFtno nomallly distributed samp ks with diz erentvariancss.
T otsstthe hypothesis

Ho : V&R, -Va&R: (1)
arst
H1:V6R0>V6R1; (2)

the stafistic

Wep@i’e) po 3

S TS®isO

is el where (G = 21, Vi@ad S (= Ay E,0KE i (9 U

n ngijl Fl
VaR. =VaR; W is gopradmately tdistributed with k degress of fresdon, where k
isgven by

L. 0 iDSE)+ SOT .
S®+sSO

Faagvenan.daxe bel j 0 dose” sud tat

1T heempiricalquanti kis gpprodmately nomally distributed, seeSerting(1980) torthepredse
statemant
12 Mhaugh the empirical varianass are very dose in aursamplkes.
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1iw()=0;

where 1. daatss the distribution Tonction ofa Edistributed random variebke. T he
null hypothesis is Iggected iIfW isgeateraeqalto” . TheaseVaR: >VaR, is
‘treated analogosly.

33 ThePotolics

T he partioics under aasideratian axrsist of the Dlloning assets.

The P otolics A ssets

¢ emmanD ax

Eurcsto<< 50

6 eman(t oemmaitB axd matunng 2008
¢ emant oemmaitB axd matunng 2004
D awwJanes Industrial Index

3l atts Callan D ax

3l aths P utan Eurcstock 50

T he ampasitian ofthese assets is \varied todotain dis erantpartiolics. T he pasitias
are all hed until the end ofthe periad, acocoading o the regulation.

T he Tolloning saaurties sere as nsk Becars

R iskFectors

USD/DBI Cumaxy

¢ emanDA X

BEurcsto<< 50

6 emant oemmentB a3, matLring 2008
¢ eman(t oemmaitB axd matunng 2004
D awwJanes Industrial Index

3 atts Euribor

VDA X

131N general nonstatic partiolics, in wWhidh a greatt \arity of bads hes 1o be valbed, interest
rates themsebhes shauld be taken as risk Botars. |n aur static partiolics, the govermmeant bands
are.>&d and oy tharpatioioweadghts are dhangad. T herefare itis mae natural toaasider the
bads as nsk ctars in aurcee.



P artiolio dengs Tor alulatingV ek are dotained by simulating the risk fectars
acoading 1o the assumed distributiaon (Gee 1 or2). P utand call ptias are ana
Mically \alLed a the B dkSdolks fomulh whare the parameters are gven by
smulation. T he volti ity of the EurGstoxx put is not gven by a risk dor;, we
assume itto be aastantand equal 1 25% 14

34 ThheR eults

T he results are notsuprising W hetherVaR . < VaR ;, arvice versa dearly depands
o the partioio ad the sigh and size of the drift parametars ®

W ith theW eldh test; see Sectian 32, e hypothesisH, :VaR, - VaR: iIs tested
agrirstt | Y&k, > VR ::Intte earse g tehypathesisH 2 :VaR, _ VaR: is
tested agpirstH P V&R < VaR:. R emamber; the statisticW  is goprodmately €
distributed writh k degress offfresdon, where Kis dgpendingan the stendard envars of
thesampks. Farall partiolas aasidered bebvy Kis mudh lrgerthen 100 . T herefore
forall partiolics, the null hypothesis is Iggedted atthe ) peraattan. daxe bel it
thestatisicW _ 2 33:

T he parametars are estimated by a sampk axsisting of daily mid price dataoer
aperiad ofae year: T he .. ristsampke atairs the dally retunms fram 18 Septem
ber1998 ©©17 Segpotamber1999 . T his lack 1O the Tolloning anrualized mean and
\ohti ity and the ollbning coneltia s

Cael
1 3/4 DWW /% DA X STOX X 9Y-Bd DJ 5Y-Bd 31 -EUR VDAX
DEN /USD 0.110 0.097 1
DA X 0.188 0.271 0.219 1
STOX X 0.353 0.246 0.246 0.883 1
9Y-BON D -0.088 0.056 -0.127 0.083 0.055 1
DJ 0.311 0.171 0.271 0.380 0.439 0.0a 1
5Y-BON D -0.052 0.035 -0.106 0.0 0.041 0.941 0.075 1
3l -EUR -0.258 0.116 -0.016 -0.048 -0.040 -0.113 -0.046 -0.130 1
VDA X -0914 0.773 -0.247 -0.865 0.8 -0.09 6 -0.342 -0.091 0.007 1

14T his assumptian is macke Torsimplidty. A lematively, ane shauld uese historicalimplied volati b
ity cata

15T his is essy 1O see a5 alleedy mantianed in Sectian 1 ifa partiolio is axrsiderad aasisting of
eactly ae lbhghamally distributed asset InthisGseVeaR 2 <Vak) e 1> 0.
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Cae?2

1 % DI /$ DA X STOXX 9y -Bd DJ 5Y-Bd 31 -EUR VDA X
D EN /USD 0 0.097 1
DA X 0 0.271 0.222 1
STOXX 0 0.246 0.251 0.882 1
9Y-BON D 0 0.056 | -0.133 0.078 0.046 1
DJ 0 0.171 0.276 0.382 0.445 0.057 1
5Y-BON D 0 0.035 -0.112 0.055 0.032 0.9 42 0.0 1
3 -EUR 0 0.116 | -0.025 -0.053 -0.051 -0.098 -0.0& -0.115 1
VDA X 0 0.773 -0.251 -0.e3 -0.65 -0.088 -0.348 -0.084 0.017 1

Far these parametars the nulll hypothesis is Iggected at the 99 parcaitan. dance
bl forall patiolics, se= belon T he Tolloning b E Bists sane resuls Torextiame
Gess, apartioio asisting anly ofputs, ae aasisting anly ofcalk and aevnidh
hes ebaut equal investmeants in the bads ad eqity indicss!© T he st partioio
Turthermare antairs shatalk antheD A X in the same number as the underbing
and g puts an the Bursstoxx in the same number as the underiing.

Tabk1l
waditsofassets in%  av relVa: avs relVaRy W Dio.in%
Cdem) Cdem)
(0,0,0,0,0,0,0,0,0,100) 08430 08026 17.34 rgjectH 2 + 5%
0.0155 0.0175
(0,0,0,0,0,0,0,0,0,-100) 15247 1774 175 rgectH -14%
0.0958 0.1056
(0,0,0,0,0,0,0,0,100,0) 0.612 0.854 510 rgectH -2%
0.0213 0.0178
(0,0,0,0,0,0,0,0,-100,0) l7eéx 1.612 720 rgjectH 00 + 7%
0.1197 00991
(0,19,20,20,19,215,0,0,-1,0.5) 0033 0.036 158 rgectH -10%
0.0017 0.0017

Heae a vadxr (Xi;::1; X,) daoles the patioio wadits of the asssevectar
usb/DBEI, DA X, Bussto Y -Bad D ovJaes 5Y-Bad 3l -BJR, VDA X,
DA X -Calll Eurcstoo<P ut). Fareample the patiolo(0,0,0,0,0,0,0,0,0,100) aasists
at ae hundred paraant of put gotias an the Burcstoc T he necatlive sign indk-
s asatpaton. Thevalbess av. rel VaR: ad av. rel V&R are dotained by
Edng the anrtmeticaerage ofae hundredV ek calulatias eedn, epressed as a

165 gne Baars have zarowdadhtin the partolio as they justsene as risk Boars.




propartian ofthe partiolios valbe. W is the resulitofthe V' eldh test R enamberthe
aiticalpantis” = ? 33:T he bstabLmn indicates hovmud the aerage estimated
Vak . reldtively doas fran the asrage estimatedV aR -

T he bgputpartiolohes asigi..catly hiderV R 1 ; the shartputportioiohes a
sigi.cantly smalkerV &R« thenV &R - T his is due o the pasitive drift of the under
hMginarce!’ The maseis tiue orthe g call patioliq as the underbing
hes apasitive driftin aurcese?, 1o, T he stpatioiq Whidh is mare ecually in
vested hes asigi. cantly smallerV &R - - In this ee the avarage estimated V &R <
is10 % smallerten theaarape estimatedV &R -

T hevariabi ity ofthe diiftshould be taken intoacoount. T he olloning Bb ke presants
e mearns ad standard deviatias basad an the periad fran 22 Septamberd8
21 Septamber’:

DN /$ DAX STOXX 9Y-Bd DJ 5Y-Bd 3l -BJR VDAX
10109 0.109 0275 -0081 0.255 -0.04 -02&  -0.85
% 0098 026 0243 0055 0.170 0.03%% 0.115 0.771

U sing these parametars we have the olloning results”’ :

Tabk 2

wadits ofassets in®%  azrelVa: az relVaR, W Dia.in%
Cdem Cdem

(0,0,0,0,0,0,0,0,0,100) 0833 07981 143 rgectH 0 + 59
0.0182 0.0204

(0,0,0,0,0,0,0,0,0,-100) 15721 17842 134 rgeckH -12%
0106 0.1153

(0,0,0,0,0,0,0,0,100,0) 0643 0ee& 084 notsign. 0%
0.0182 0.0204

(0,0,0,0,0,0,0,0,-100,0) 1.6871 1a5 433 rgetH +
01197 00991

(0,19,20,20,19,215,0,0,-1,0.5) 00338 00370 1418 rgectH -9%
0.0017 0.0014

T he reverse resulit is dotained by replading the retum r of the underling Eurcstox by jr
kegping the other parameter arstant R enmembearthata putis daaessing in the underiving.

18R ememberthatacall is inaessing in the underling

T o acanpare the results at dic eratpdnts in time the starting \ales of all risk £ctars are
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In aaomparison with the resuls presantied in Tabke 1, the diveranas betnean the
agrarV R . adtteaaarV R, aecsnaller; ad the teststatisticW  hes smaller
vabes. In the case ofthe long Calll the null hypothesis cannotbe rgected.

W hen regarding the partioics ebove ad the diz eranass betneen thar estimated
VaRk: andV &R, numbars animpactofthednftanV &R isinmostcesss presait T he
datarequired Torestimating? areabousad Torestimating\varianass and conrelatians.
T harefare itis Itk extravwak toestimate 1 - T he loghomal distributian we used
is knoan not o ... texttame \ales of ..nendal data vary acourately”’ B utatime

depaedant voHti ity ean essily be incapaated by wsing expaatially wadited
estimators. H onever; 1tis notdoviass howv o ilvole a time depaxdattmeen. W e
usd the aritimeticaerage, because itis relainely stiebE intime A nepaatially
wadted estimatorw llin ganeral bring in mae varisbi ity of the mean.

H istorical simulation ToralulatingV & would ovseraome the prdolem ofiganiing
the drift B utitis stragly path dgpadatt, so that prdosbi istic results require a
ke anantofhistrical datg wWhidh mightnotbe aaBbke in all Gses.

Simi lar results are abo dotainebe Tora ae day hodingperiad. T heVaR rnumbears
aresmallerthen in the aee ofa ta day hadingperiad. T hestatisicW  hes smaller
vabes thatis tosay the hypothesis H ¢ is rgjected ata smalker sigi..cance bel

R é&sume T he dic erencss in thevalle ak risk rumbars, Wwhen alulated underan
sideration of an estimated driftand an the assumption ofa zaro drift, respectinely,
are aasiderably in a 10-day holding periad. A ssumptias posed an the valbe ad
tpe ofthe drift parameters shaud thareiore be handied with caxe. T he vaxiabi ity
ofthe drftforces a regulr reedjustinant of the estimated parametars.

A daonkedgment Faruselul disassias | ke 1 thaenk B emhard K, H ober
Krnoptel CludiaP rutsder; andKirstenSpker: Spedal thenks alregven ol hanas
Kellervwho in addition panted aut this prdolem tome.
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