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Maturity transformstion coupled v,ith opon forcign exchange positions expose financial
intermediaries to unexpectd changes in iaterest &nd exchange rates. This paper proposes lo measurc
the degree ofbank exposure to market risks by taking the variance ofthe total differential ofthe b*nk
nct-\iealth against theso p.icos.
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I.O INTRODUCTION
Mitrrrity trinstoflnitir,'r .n(l opcD forciSn cxchinBc positions consrilulc thc tlvo mnio

pri,ngs ol slrnlcgics llral rrc mcllnr tr) i,rcrcnsc lhc pfl,filnbility of irtcrn:rt;oDitl and do'ncsric
financial intcrnrcdiaries. 'lhcy arc not irnrnunc, hox,cvcr, to sizablc nrarkcl fisks sincc rationally
anticipatcd chanScs in i,rlcrcsl and crchangc r:rlcs rcprcscnt only a snrill fraclknt of thcir lotal
variancc.s. With rhc larsc pricc volatilily plagunrg t<xlny's dorncslic and forcisn capitat markcts, it
rncans that a barrk cnuglrt by uncxncclcd nnrvcrncnls;n intcrcst nnd cxchangC ratcs rnight havc its
nct wcallh totally wipc(l out rvhilc its profit-anrlloss account is srill in thc black.

. Ir this coDtcrl, il is tcmpling for hi rk mnllngcrsnn(l rcgutxtors alikc to kx)k fora g]obal
indicator ablc ro providc an inslnnlancous an.l coinprihcn.ivc Picrurc ,:f rhc bxnk cxposurc to
markct ri-sksr. ln thal pcrspcctivc, lh;s papcr a crnpts io craluarc ihc scns;riviry ofrhc lx'ik frcscnl
nct wcalth lo.irrlcrcn flnd cxrhiinSc rarc vflri;rtions by l kiDB it. r(,til ifcrcl]tial :U:ninst thcrcpriccs.
Ihc variahiliry ol this rncflsurc ot rul erability lji lllc I,c cstrl)lishcd oir rhc hasii of a

!arianccs/c(,!arinnccs rr:ltrix ofch rgcs ill intcrcst an(l cxd)aogc ralcs ar(l povi(lc thc maaagcmc,lt
w,ln an csl,rnil( ol rls rnnrfltnum crposurc.

'Ihc dcfin;lion ofthc bank nct *callh rnd lhc simplificrti()|rs or rvhich it rctics arc
prcscntcd in scclion 2. Socti(nr 3 dc.ls rvith thc various approachcs rvailablc to ,ncasurc thc
prcscnl valuc ol noo-markctablc fixcd ratc nsscts rlcnonrinlrii in Jorncsric currcflcv. Sccli(nr 4
cxlcnds this fr rrcwork to rny currcncy. Ihc prcscnt ct wcirtltr in(l irs cxno.urc roinrrkrt risks
arc dctcrminc(l iccoulingly irr sccli.rn 5. lhc ln.t (ccrir r oflcrs i,r ittu;rrxrii,,r hisc,t on thc
Iq76-1q86 virii[ccs/c,,v:rri .cs nrrtrir,)tr.hnngcs iI;Drcrcsl n,r(l c,(ctr.ngc rjircs.

, In a prrfc(t crfitrl or.rkcl ir is trol ctcar Nt,y ba,,kcrs nrJ rcBtrt^(ors shoL,td havc to worry abour markcr,i.kr. rr'cir s',,fci nn... hoscvcr. Iniv h. i,,i,iti..r i,, [," ;,,, ;.;ir r,, i,i,1i,iiii,.,ii'"]ii'.,,.i.,," r,"p.,.
fcctions: o,r rhxr pi,n,r scc (;UtUit. .r;(t pit t. (trr4).

IN'I'RODTJ(:I'IoN



2.0 DEFINITION OF'I'FIE BANI( NE'I' \,VEAI-'I'H
'I hc ncl \\c llh ot a fin:rncial intcuncrlinq' ciD bc ohlaincd by a(l(ling llp thc nrcscllt

v^luc of its fulnrc cash florvs ad infinilurn or by rncasuring lhc ilnhrlnncc bcl\vccn ils asscts and
liabilities valuc,l al thcir a.lr.l or csr;,nirc.l mrrkct priccs. Ibr rcas)Ds which woul(i appcir clcar
lalcr, the sccond solutnr his bccn rctainc(l. lb implcmcnl it, lcnding anil borrowiDg lrnnsncti rs
arc transfonnc(l ;Dto fixcd ralc ollcraliors undcr thc follo$hg assrrnfli(ms and sirnplificali(,rs r

. Floating mlc irslrumcnls, thc valuc of rvhich is nrpposcd to hc irnpcrvious b i,rtcrcst ftrlc
chaogcs : rrc turncd inlo fixc(l rntc asscts hy convcniclrtly slx)rlcning Ihcir rnlturity. For
cxarnplc, a fivc yc:rr ctr(xlollar loan which is ftnlc(l ovcr cvcry sir monlhs on the b:rsis of thc
,ibor will hc considcrcd as a six monlhs fixcd flrtc lo:in.

. Ilankins otcmlions rccoftlcd ofl-blllxncc stcct irc rcinlcrprctcd in tcrns of loans and dcposits
and includcd in lhc 63li,rcc shccl. Ihr inslnncc, a 6-rnonths fonvard purchasc of tJ.S. dollars
againsl lrrcnch franc rvill bc appcndcrl lo lhc balaocc sl)cct as a comb;D.tim ot a borrorving
in Irrcnch firnc rnd aD invcslrncnt irr tJ.S. dollrr for thc srmc rnaturity. l]y lhc samc lokcrr,
thc purchxs. ol i 3-monlhs iDlcrcsl ratc luturc conlrnct \,orrld lrarrslatc o lhc asscl sidc into
a purch$c ol rn cqui! lcDt sccurily and on lho liabilily si(10 inb a I,nxrnlhs ho )\v;Il8.
Option conlrrcls on ilrlcrcsl or cxchrrgc flttcs rrc first cxp,css l in tcrnrs ofLrn(lcrlying asscts

or li:ibilil;cs accoftl;Dg lo thcir hc(lgc rxt;os. lhcy \rill bc colcrcd in thc bxhncc shccl cithcr
lly usinS lhc sanrc lranslormllk as abovc ft)r ofti(n)s on fulurcs or acconrpanic(l l,y oonsis-
tcnt chftngcs ;n lhc cash posilioo ir thc cnsc ol stots opcrali(nrs.

. NcCol'ablc inslnrmcots nrc mnrkcd ki markct :urd lhc vrlunlion of olhcr cl:tirns :ind dchts c.n
bc oblainc(l by discorxrli,rg thcir futurc cflsh llolvs acco ing to suilrblc firncrions ot inlcrcst
afld cxcbaogc ratcs.

Gilcn thcsc nssompti rs, a 6ank f,rcscnt nct wcahh {W) -includin,r rransacrions in all
.uncrrcics crn hc JcfirrcJ hy rl,c L,ll'wirs hu,Jtct (,'nsrr iDr :

tl) w - Z\\/, - ll^,(rr, ,,, ,c ) , I ,(nj ,ri ,ci)

i=t i=l

ryhcrc thc prcsc,rl vrh'cs.ofasscts l, arr<l liahilitics /., in currcncy i r, r:xprr:sscti irr rlorncstic currcncy,
arc [uncli(r of lhrcc varirbk]s : ,; anrl ,h lhc for(i8r ;rnd (lomcstic iDtcrcsr ratcs rn(l q rhc cxdranlc

- ILring hirl (lowr this cquxti{,n and thc assnrrpli(nrs ol which;r rctics, il is ncccssary
l,, .spc.ily 

'n,,,r 
i(curlrcly I l,c furtrri,'n.,1 t,,r'n of ll,c !rt',rri(,r t(xrcss l,nscrl on r;,, l, c,. 't nis k nri:

objcct ot lhc ncxl lwo sccti{xrs.

Ndc tlinl rIc nss .lrion rlt.r vrri,btc.I"xsscrsstr{rrds( irtrtrisnor.tN Js.or,risrcr,r sirtr crnti.i.rt
cviJ.ir c xs t,.i,'rc,l ."t nr ilrt.ir'(c t,, t{ 1\tASW \AI\ x,,.t s'U\ t) 

^ 

R Iis \i ( t9rr,;

r lVIcn rhc in(lcr undcrlynr8 rlc lxrinl)tc h cqunt ro 0, it rcprcscnts rhc (totrrcnic c r.icy 1!ith .0: l.
a 'lhc cxcl,nnSo mtc k quolc(l ill lcrns ot'onc Unil of for.i8[ cli'l. cy p$ triirs otdnhcslic curcncy.

I)rlilNI',r'ION Otl i EANt( Nti.t lytt^r,.t.



3,0 YALUATION OF A NON-MARKBTABLE FIXED
RATE ASSET IN DOMESTIC CURRENCY

'lhc currcnt val c of a fircd ratc assct is dctcflnincd by discounling ils strcam of futurc
cash flows.'lhc dimculty hcrc is that lhcrc arc scvcftrl ways to do it wilh, as,nay bc cxpcctcd,
dircrcnt rcsuhs. 'l hcsc varn)us mcrhods ca'r bc classificd into lhrcc maiD calcgorics :

. 'lhc tradilioral form ofiliscounting bascd on thc assunplion lhat
thc ifltcrcst ratc is similar ovcr thc lvholc ftngc of maturiiics;

. Thc vaiuatbn bascd on thc yickl curvcf

. Thc stochnstic approach proposcd by COX flnd it. (1979,1985).

3.1 THE l'RADITIONAL AIETITOD OT YALUITION
If,4,, is lhc ccnah valuc ofa cnsh flow 1{) bc rcccivcd aftcr n ycars and r lhc cquilibrium

intcrcst ratc, thc prcscnt valuc (V) of lhis claim coosislcnt wilh nrarkct cqLrilihrium shoukl hc such
lhat :

(2:) (l + t)n t'= A"

lf il rvcrc nol lhc casc, arbitragisls would bc in a position to collcct risklcss profits,
which is cxcla(l(l by assumplion in:r pcdcct cllpital markct. Iixtcnding this Iropcrty to an assct
gcncraling a strcam oI paymcnls at rcgulrr intcrvals is straighlfor{,rrd :

(t+r) 4: Ai

(l 

,"'l 
41 vz= lz

(t + i" v,: A,,

Summing up thc ( for ill ,nxturilics :rlb\r,s thc prcscnt valuc of fixcd rxtc nssc! ro bc rvrit{cn as

\- ,r.(l) v=) --.
1)\t+tt
l:1

Whcn this fofinula is npplicd ro x scruriL), rvirh x f:rcc Iitloc of (K) Davins a coDsta,rt
counon (C). ir rarr lrc solrc,l rnrl rvrirrrl, is foth,ws:

(4) v: Q- ., x'-c'.
4t + r)"

wnich shorvs thnl thc prcscnt v:rluc is 
'ncrcly 

lhc ral;o ol rhc coupon k) thc ;ntlrcst rarc rvl)cn n
tcnds toward infinity. 'I his rcsulr shoukl bc kcpr ;n rni,xl whc,, ir i,,rncs t,r valuc l).urk asscrs and
Iiabilitics that hrvc no dcfincrl rcrmirrl nrarr:rir!.'t'hc rrrcscrtatir)n ofcquali(nr (3) confirms also rhc

I For , Scncral nrcsc trtion scc lllllRwn(; (t982).

VALUAIION Or   N0N-MARI(IIIABI,r, litxtit) RAfli ASSDI.IN t)o]\fiisTtc (;IillRttNcy 4



rvcll known charadcristic of a fixcd ratc asscl, lhil is, ils prcscnt viluc is cqual lo its tacc valuc vhcn
thc coupon-ratc (C/K) is i(lcnlical lo thc currcnt iolcrc( ralc.

'lhc simplicity of this ;rpprcach ,nakcs it thc most frcquc,rlly uscd for pricing fixcd
intcrcst ralc irrslrunrcnts. Its conccplion hingcs, horvcvcr, on lhc vcrl, strong and unrcalistic
assumplion that thc intcrcst ralc is thc samc for dl nrflluritics.

3.2 YlLLI,4TION BASED ON TIlE I'I|RAI STRL|CTLIRE OF
INTEREST'RATES

1n oftlcr b providc rcsults morc consistcot wilh crnpirical cvidcncc, rhis sccond nlcthod
subst;1utcs to lhc siDglc hrtcrcst ralc in cqual;on (3) lhc yicl(l curvc rcprcscnlc(lby Ihc vnriablc h(0,1)
rvherc thc Iirsl indcx dcnolcs thc limc -wilh 0 for lhc prcscrrl and thc sc()nd stands for thc
maturity. Iilrdcr lhc sarnc assumplkrns of markct cmcicncy t6an prcviously, thc prcsc[t valuc of a

fixcd intcrcst ftlc ltsscl 6cco,ncs :

y LIJA I ION ()I. A NON-l\IA Xtit Atll li In xEt) ItA. i ASSrt tN D()l\t ES,t.t (] cl [iRtaN(]y

I_I
t1) nllrtrt,r,,tlt,,,

E1

,.. ', \ ,,ll
(r/t=,/-;

1) (t + h(o,t))

'lhc lhcorclical advanlaSc oflhis appronch ovcr thc traditi ral rnclhod ofvaluatbn lics
in thc facl lhat ;1 takcs i,nflicilly inlo nccount ihc mli(nrally ,rnlicipalc(l cvolution of intcrcst ratcs.
Indccrl , thc yirl<l curvc shoukl conslilu(c in an cflici(:nt c pitnl 

'nnrkcl 
lvith risk ncu{ral cconomic

agcnls an ullbiasc(l prcdiclor of futurc irlcrcst rntcs in ordcr k) Ircvcnt thc crncrgcncc of risklcss
profils of arbilr:rgc. Ilasically, it mcans that a invc(nrcnt I/^ ovcr n pcrinls:it lhc intcrcst ratc
h(rr,nr y;cl,i;nA , singlc c:r(h ll,,!v,r,, rh:lt is :

(6) (t + h\(t,t h vn=/t,

is cquivalcot, in lcrms ofcxpcctali(ns, lo lhc sarDc iovcstlncrrt rollcd ovcr cvcry ycar (l) itt thc fulurc

ralc i(/,1) during n ]cars, that is :

. . I hc sanrc rcasoni g cnn bc cxtcndc(l to all ,n:rlurilics on thc yickl curvc and juslifics rhc
asscrtim thal tltc cvolulior ofintcrcsl r.rcs is irrrhcddc(l ;n lhcir currc l rcrrr srrucrurc.'i hc prcscnt
valucs stcmrnirls fr(nir.tl,is ap|n;ach arc cqual to rhosc of thc rradiliorrat 

'nclho(l 
for a nil yickt

curvc. thcy arc Iowcr (hiShcr) if thc Jickl lxrrvc is skrping upr|ar(l (hwnward).

3.3 TI'IE COX AND /1L. APPROICII
'l}cir objcctivc is k) lictcrrnhrc horv scvcral randorn shocks attccring thc yictd curvc can

aller thc prcscnt vrluc of n fixc(l rarc rssct. h rhrt pcrspc.ti!c, rhcy hnvc rcDl:{ccrt th;tcrm structurc
hy a stocha\tir (littcrcarinl cqurti,'r EtltcnriIg lh(,inrc;.sr r.rlc, sr;lr ttrit :'

(8) dr= Atu- r)dt +oJrdz

whcrc a is tl( sl.ady sllrc i krcn ,.irc, I t[c .pc(,t ot.Jjusrrn(,rt r,,w^r(l .q,ritihrium, .,rtrc
inst.ntanc,)us\rrii,(.c,,frhci,r(rc\tr.tc.r),t .lz:r(;AIlSS.iVIt,Ntjtt pr(\css. tir rhisI'rncw,,rk,
C()X nnJ :ll. slr,!v Ih l io tl,ci|'rnrlcl, snccific.t i,r (,.,,ti r,nrs rinr(., lhc u.uil rlisc,rrrnt ftcroi/'(r.0=(l tr)'r,,kcson rln. fi,ll,n\i E rorrn :

(9) P(r,t) - 1'\t\ cxp( -ro{t))



whcrc F and (i arc dclincd ns :

^r:I l*
,l' I ctpr42t)

62(cxpkhl)-t)+$l

cxP(dr 0 - I
c(t):

dr( cxp('/,r,) - i) + dr

St:(0+"\2+2,1roj
(P +,! + d,r)

' 2lP
ol:--t

Undcr thc hypothesis ot a conslanl inlcrcst ratc, it is worth nothrg that cquatnnr (9) collnpscs nrlo
/'(r,0 = cxp( -r0 which is nothinS rnorc than lhc usuil discount firctor ofthc lri(litbn{ form of
valualfun cxprcsscd in co tinuous tims.

In ordcr to illuslralc thc dilTcrcnt outcomcs ouc clrn got by usin8 lhosc lhrcc mcthods
ofvduation, thcy wcrc applicd to a fixcd ratc flssct issucd wilh a I0 year malu;ty and a coupon
ratc oI I0% u (lcr lhc :rssumption that thc currcnt intcrcst firlc may movc froln 87o to l0 rn(] l2o/".
Rcsults dctailcd in appcndix indicatc thxl thc prcscnl valuc can vary by nrorc thfln 15% according
to lhc mclhod choscn. Such an unccrlainly shoukl hc n mnllcr of conccrn bccausc it impingcs not
only on thc valualion of thc bank nct rvcalth but also on lhc mcasurc of its vulncrability to jntcrcst

ralc changcs.

In thc followin8, lhis problcm rvoul<l bc ignorcd nnd lhc rcniniftlcr of lhc papcr lvill focus on thc
lraditional mcthoJ of valuatior

v^t,uAl loN olr A NoN-t\tARXr, t Alll,r, nxnt) RA.t.ti Assli.t, lN txxtDs t,tc cURRtiNcy



4.0 YALUATION OF A FIXED RATE ASSET
DENOMINATDD IN ANY CURITENCY

So far, I havc dcalt only with thc pricing of asscts in donrcslic currcncy. I his approach
can bc cnlargcd to an assct d.rior'rioatcd in forcisn currcircy by lakinS ;nto account lhc changc in
the exchanSc ralc cxpcctcd to malcd:rlizc unlil thc asscl m:rtures. lf lhc forcign cxch.ngc markct is
e{Iicicnt and cconornic agcnts arc risk Dculral, thc nctual varirtion of thc cxchangc ratc happcns to
bc cqual 6, h lcrms of crpcclatioos, to thc discouDt or prcnrium on thc forward cxctangc markct
or idcntically to lhc sprcad bctwccn domcstic and forcisn inlcrcst ratcs.

Iirrmally, this proposal can bc characlcrizcd by thc two folbrving rclalionshils :

f r F.^ lr(r0) /i,=., I r# l:.'& 
{r r-(,-4)

(r) n*,=*
Iiquatn)n (10) spccifics thc intcrcs( ratc parity condition w|ich says rhat rhc foru,nrd

cxchangc ralc (/';,) ofcurrcncy i for ncrinl I is a firnclior of lhc spol rarc (c,J and of rhc intcrcst rarc
Jiftcrcnrinl (r0 -.,). Ii ruarii,n ll l) (lcfin(,.s thc rational cxpcclali()n hypotl;s;s according to rvhich
nclunl changcs flr lhc lirturc sp.'t ratc (a,) can,rot (lillcr on avcragc from thosc irnbcddcd irr thc
Iorwi,rl mir8i,r. (',,mbil;ns (.quitions il0) xnJ { II) irrrl jrrrorine cnor lcrrns Dr,'vi(tc us w;th a
forrnula tor tlrc tulur spot ratc cxprccsc.l in rcnns ,'f thc cur;cr,t spol rnrc anLl thc intcrcsl
ditTcrcnliil,lhil is:

- [ t+." l,\t2l ",=q" I -ir+ I

L ' ', ',' I

. - 
It k norv possihlc to dctcrminc I hc Frcscn I vah,c l,,otafixcd ralc forcign ssct 6y using

cquation (12) lo lranslalc thc valuc of futurc c:rsh flors :rs rpccilicLt in cquiri()n-(l) in rcims <rT

dorncslic currcncy. 'l his ncrv vlttuati(in rcl:itiln)strip rakcs on rlic tolkrvin,r fi)nn :

(t3) 'N Lt +,1

(t4) 1,.: )
1)
)-l

Substituting lo 4,, its cxprcssion irr cqualion (12) yictrls :

on an(l * ro\l

1t + r)2t

. . "nqrxrio,r 
(14) irnli.itcs ll,it thc prcscfll rirtuc otir t(,rcign ns\cl is:r fu|lcri,)n n,,i onty., cuncnl l.,rcrf inlcrcst irrl cxr h^rrE(. rarcs hur rltlcrr,ts akr on ltiL.rlorncsti( iDtc,cd rarc.

6 a host of stu(lics havc dcrrr wirh irncnrrrion.r pnrily condirions.scc for cxatrrprc GAAB and ar.(r9s6).

v^t,u^'rroN otr   rrrxtit) RA,|,E lssti.l DtiN()t\rrN^.t.t D rN ANy CUIRIiNCI' 7



5,0 BANKS EXPOSURB TO MARKET RISKS AND ITS
VOLATII,ITY

'l hc functionnal fofln ofcquation (l) tbnt has bccn scl up in thc prcvions scctions can
now bc uscd to asscss thc scnsitivity ot thc bank's nct lvcallh to chlngcs in markct priccs.'fo do it,
onc nccds only to calculate thc lolal diffcrcntial of this rclalionship against intcrcsl and cxchangc
ratcs. Assuming that thosc cfiangcs aic indcpcndcnt, thc lolal dircrcntial of a givcn assct should
rcad :

( I 5) dV, - V' ,o7ro * lr' td\ + V' ,nd?io

whcrc the partixl dcrivativcs of 4 vis a vis, rcspcctivcly, 6,4,l?s arc cxprcsscd as :

(16) v',o:ln,,1t + r,1-2t11+ r,,1t-t eis

(r?) v't,: L2'l,ttlt +,.0)tr +.;-2,-rc6
t=1

A
(rR) v'"^- l*lt +,u1'1t.,,\-'z' =fi

MulriplyhlS cquarions (16) and (17), rcspccrivclr, r,, Jla o,,,1 
I 1'' an(t dc,ining

/),/)fls: v, t,

r ter ,.._ ! rol t + rr-r't t + .,t'",
' /, Yt

(20) i\=2bi

cquation (15) can bc rvrillen as follows:

ti.v, ii.v. v.(2r) dv,= tiidh--t r ,, 
dn t;dh)

. (lhL.cki g thal cqunli.)n (21) is rclcvarrr [,)r n,t currc cics, iocludilg thc dorncsric onc,
is straishtfonvarl. In this cnsc, olc scrs thc f(rtkrrvirrg irtcnrirics : ,i - i,,.".. r ,3 if,"r 

"qr"ri,* tZrjcrrlaprcs int,) '

(22) aro- lt)or-i)!)vo 
0,,,= - 

t'nvo 
a,r,l+ro " I+ro

BANl(s tixl'osllRIr, lo M?lttxli.r'Rtsl(s /tND IIS VOr,Al.rr.r.l.y



whcrc Do is thc ususl form of thc

(23) D":r tai,!:*'

MACAUI,A I' duration , cxprcsscd as :

It is worth noting that this mcasurc ot scnsitivity to pricc changcs can bc applicd eithcr
10 non-markclahlc or markctablc inslrumcnts. In 1l)is casc, lhc 

',arkcr 
pricc bcing givcn, cquation

(14) is solvcd for {hc yickl to maturity (,i) whiclr can thcn bc uscd to dclcrminc lhc:rssct scnsitiviry
h cquation (21).

Wc arc now in a position 1o cxtcnd this approach to thc bankt balancc shcst as a
wholc, first by dctcrmining lhc scnsitivity of its flcl position in a givcn currcncy and thcn by
summing up on allcurrcncics. tror 11 givcn €urcncy, lhc vuhrcmbilily ofa bank can bc writlcn as

tD-,/1, - l),l,)\24) dwl: -!, 
-vd4r+

d,1+Qt1-t,)ff
(Dd,i- t)"/)

l+\
whcrc (D,/,D,,, :,!,d (/)r,4) xrc rhc Jurirrions, rcslcctivcly, of asscrs :lnd Iiabilirics irr currcncy i. 't his
rclalionship mcrns lhat lhc scrtsilivily ol'thc bank cxposurc iD 

^ 
givcn currcncy stcnts irom thc

combination otduralion gips hctwccn asscts an(l liabilirics and an opcn forcign cichangc posirion.
It is worlh lx)tin8 that this rcsult is morc gcncral than rhar obraina(l by Cin MMA'aIKOS and
a_!. (1986) wh,, rrc 

-conccrncLlrrrly 
hy torcign cxchangc posirions and cinnor thcrclorc copc with

thc mcasurcmcrl.f glohal nrrrkrt rkks. l.his can t c dirnc hcrc by aggrcgaling cquarnrn (24) on all
currcncics, including thc domcstic onc, rvhich yickls thc toral scnsitivity of rTrc Lank s nct-wcalth
as dcfincd in cquation (l),1hal is:

kkkk
(2s) I,r,,i, - I,,,'.4,,, +Lr,v',,,a,,t n}r",,n",..,ff t

i=l l=l

nftcrsubslitutirrgt,)(40.d4,;)rhcircxpccrcdvatuos,thccx-antcchal]scorrhcbanknerwcatrh
can hc wnllcn rrr mxlrrx lorm il(:

(26) Edv = r7.,

whcrc lhc symbols;rrc spccific(l as folknvs :

. Y is l hc ( l i .'l(k r. l)) vccl,,r ofrlurarion c,rn, r rl f,rrciun cxchrnpc
nosirions $irh k Jcfi,ring thc nurnhcr of rircigrr e,rrrcn, i-c.;

. 
.7,i\ a kn.:1(k r l))mairix.,fis.lrnptcofhisr(,ri...t chingc. in
inlcrcd an(l cx(hinsc ratc. $ilh n, rilrcscrriDg rhc nu,nticr (,r
obscvatio,ri;

. Z is thc mflthcmatical cxpcclathn for Z.

., _lhca\crigc scrrsirivity r)tllrcl)ank Dct wc:ilrlr s,) r)t,tiitlcd is Iot .uffi(ic t. howcvcr, lo
apprccrarc rc tdlcnlrnt flsk unJcrqlIx.hy thc haflk. O,rc nccds ilso l(, lnkc into iccounr. rtrc

' VAC^-IJl.A1'tl0J8) fiBr J,r.l)orcit to Jcrcrmi,,c rtrc x!c,iSc lirc,,f i firrJ rirc <c(uriry hv u.itshil8 rlcdir.( orirr fi,,,,.. (.st, flos< I,y rt,.,n,in,,rrhcsc.i"t, fl,,,.i," r,,. n,;;;;;;;i;; Jri;;,.";i,,i,y.
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variabilitv of inlcrcst and cxch^nsc ratcs. lhis can bc achicvcd by cstimating thc variancc ofthq
scnsitivit; of thc hank's nct wciltir which takcs lhc followins rn:rlrix form :

(27t Ldttt) =+(Y(Z - 7.1(z - z)Y')

,Nhctc 0-2f0,-Z\ is lhc varianccs/covariartccs rnatrir ofchangcs in itlcrcst and cxchangc ra-

rcs. Nitc thai itris cqriation wou,d bc rchllv consislcni with our irririal assurnPti()n that chanScs

in nriccs arc in<lcpcndcrrt only ifcovarianccs wcrc nutl. l his issuc thal .irr hc scttlcd al lhc cmPirical

lcv;l is raiscd i'i lhc lasl scction.
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6.0 SIMULATION OF A BANK'S EXPOSURE TO
MARKET RISKS (PERIOD 1976-1986)

To illustratc the impact of changes in market priccs on thc bank nct wcalth, supPosc

that a French finnncial ;ntermediary has a balance shect
-already adiuslcd according lc' lhe asiumptions of scciion 2- made up oI assets and liabilities

denominated in five currencics : lhe French franc, thc lJ.S. dollar, tte German mark,the.lapanese
yen and thc pound sterling dcnotcd, respectively, as f4 trsd, dem, jPy and gbP. Moreover, assume

itrat the bank practices a significant lransformation in Frcnch franc and a morc modcst one in

foreign currencics whilc it caries out long exchange positions in matk and yen, short ones in
U.S. dotlar and pound slerling with a global nct cxposurc on a1l currcncics slightly in favor ofthe
French franc. Such an hypothetical balarcc sheet may lakc on the Iolbwing structure :

ASSETS LIABI LITI ES

currency amount maturity cash flow I amount maturlty cash flov
(nns frf) (year) frequency I(mns frf) (year) frequency

frf 1000 5 5 I 800 O.2a 1

usd 20O 0.5 1 I 300 0.25 1

dem 150 2 2 I 100 0.5 1

jpy 150 2 2 I 100 0.5 1

cbp 100 1 1 I 200 0.5 1

I
I 100 ( equl ty capjtal)
I ------
I1600

exchange
rate s (/frf)

i 600

Starling frorn this framcwork and assuming lhat thcsc opcHlions wcrc initiatcd on the
02/19/88 undcr thc following conclitions :

currency interest
rates

frf
usd
dem
jpy
qbp

7.4375 %

6.75
3. 4375
3.75
8.875

1.0
5.77
3.38
0.004436

10. 084

tlte sensitivily ot thc nc1 p{}siti(,l in each currcncy rvas measurcd accord;ng to equarion (24). 'lo
obtain thc risk imbcddcd in thc bank exposure thc lasr stcp consisted in cstimaiing the
variancevcovariances matrix of inlcrcst and cx(harrgc ratc5. I his matrix was sct urr on lhe ba-sis of
quarterly data originating from lhe LM.F dara bnsi for the ncriod I9i6 t9fl6. n dislinction was
made also bctlveen lwo intcrmediate pcriods : 1976-1980 and 1980-1986. Iwo kinds ofcalculation
were implemenlcd. 'l-hc first rclied on the tolal var;anccs/covarianccs marrjx whitc the second
assumed that covarianccs werc null.'Ihc rcsulls obraincd are frcsenrc{l in the lablc below :
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Vari ance and
of the bank's
(mns frf)

Standard-devi ati on

net weal th sensjtivlty

per iods 1-total varlcovar matrix
vari ance st-devlation

2- nul I covariances
vari ance st-deviation

1-1976
4-1986

t-1,976
4-1980

1-1980
4-1986

2137 .8

1643.2

2211.9

45.2

40.5

47 .0

11323.3

8621 .8

11628.2

106. 4

92.9

107.8

CONCI-USION

In this paper, a gencral framework was laid dorvn to measurc lhc scnsitiviry of the
hank's net wealth to changcs in markct Friccs. lt sccms that il mighr bc of intercsr for bankcrs and
reguhk)rs as w(ll w}o arc l,,oking for inslrumeots dcsigncd to etaluate thc probability oI a bank
failurc. Morcovcr, if banks are not allolved 10 invcsr significanr amounts in cquit;es, our approach
docs not lcnd ilsclf to the critic addrcsscd to rhe (;RAMMAT'IKOS (j986t papc' accoiri;ng ro
which the mcan/variancc analysis cannol bc apply merninsfully to a fraclion oir-hc-bank podof;lio.

'lheir pcrusal suggests the following rcmarks :

The choice of different periods 10 estimatc the
variances/covarianccs matrix has no sizablc influencc on the mcasure of
thc slafldard dcvialion ofthc scnsilivity. Of coursc, it does not mean
that the malrix is stablc- lt mcans only that ,all in all, impxcts on lhc
sensilivity of changcs that affcctcd thc varianccs/covarianccs of
interest and exchange rates tcnded 1o ofset cach other. 'Ihat such a

rcsult car be reproduccd io the luture is not war.anlcd. 'l herefixe, to
implemenl lhis approach in rhe rcal world it would scem advisable kr
updatc thc matrix on a regular basis.

If one takes into account the lotal varianccs/covariances matrix,
it appears thflt thc existencc ofrhe bank would not hc jcopardi?ed even

in the face an extrcme siluation, which can be charactcrizcd hcrc by a
varialion of lhe sensitivily by 2 standard-deviations, snrcc such a

varialion lvoukl not mop up all ihc initial nct $,cnlth.

This is not so, if onc ncglrcts thc covarianccs. lt scems

important, thcrefore, to take thcm inlo account c!,en if thcy arc
unstablc othcnvisc thc bank mishl lcnd io ov.r-cstimntc its actuaj
degree ofcxposure.

M, GAI,Y
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APPENDIX
COMPARISON OF VAI,I,I 'I'IoN MF,' IODS

ASSUMPTIONS

. The security has been issued with a l0 year maturity and a annual couPon ratc of 10%;

. The current interest rate may take on three v^l'lres | 8o/o, lov.' l2o/"1

. Three vield curves with Dositive slotes are associaled with those ifltcrest rates. Thcv have been

Benerat;d hy a function ;fthe fouoi,ing form :l + 4 - exP(ar + i,? +./' I d) and ih.ir value'

ire ranging. respeclively, from 8to 9.9%, l0 lo ll9% and 12lo 139";

. For thc COX method, the parameters are scl at the following levels :

f - 0.6c2 ,, - 0.08 0.ln 0.12 ' - 0.i)l 
"1= 

n.0004 \ote hcre lhat lhc cocfficient f iq the

bne esrimatcd in COX and al. (lq7c) for U.S. trcasury bills ovcr the period 1967'1975.

RDSUI,IS OII TIIRIiE METHODS OF VAII,IAIION

yleld tol
maturi ty1 8% 10%

--------I------------------I--------------------I-----
(-) I nac f-w cox I mac f-w cox I mac f-w cox

I----- ----- ----I ----- ----- -----I
present I I I
value I113,4 102,4 103,3 I100 90,8 88,91 88,7 81.5 16.9
Duratlonl 6,97 6,73 3,88 I 6,76 6,52 3,601 6,55 6,31 3,53

(*) mac : Tradltlonal form of valuation and I,4ACAULAY duration.
(") f-w r Valuat'ion accounting for the yleld curve and

a FISHER-I{EIL stochastl c process.
(*) cox: Co)( and al. valuatlon and stochastic duration.
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