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Assessing Market Risks and Credit Ri sks of

Long TermInterest Rate and Foreign Currency Products

1. Introduction
The central banks of the major industrialized countries are currently

engaged in a discussion of howto set capital requirenents for comerci al
banks. The purpose of this paper is to develop a nodel of interest rates and
foreign currency to provide a uniformmethod of evaluation capita
requi renents of long termassets and liabilities in interest rates and foreign
currencies.

To put the discussion on a concrete footing, suppose a US comerci al
bank has agreed to a five year swap, paying Sterling ( ) at 10.5% and
recei ving Deutschemarks (DM at 9% w th a counterparty, with the exchange of
principals of 5.21MM agai nst DM 15MM at the end of the 5 years. The question

faced by bank nmanagement and regul ators is: how nuch capital does the bank
need to support potential losses in this transaction?

In this paper, we consider two types of risks: market risk and credit
risk. Market risk refers to the potential |osses from adverse novenents in
exchange rates and interest rates. Credit risk refers to the potential |osses
froma default by a counterparty. Take the case of the five year swap.
Suppose the bank cl oses out this position two years prior to maturity.
Exchange rates and interest rates may have noved in such a way to nmake the
Dol | ar value of Sterling receivables |ess than the Doll ar val ue of
Deut schemar k payables in the remaining two years. The bank can only cl ose out
this position by paying this difference to the counterparty, and nust
therefore suffer a loss. This is what we nean by market risk."®

The bank coul d avoid market risks by holding a matching position with
anot her counterparty. The hypothetical 5 year currency swap (paying and
receiving DM woul d be matched by an opposite currency swap (payi ng DM and
receiving ) with a second counterparty. The market val ues of these swaps

nmove in exactly opposite directions. On net, their conbined market value is
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zero, so the matched swaps have no market risk. But the bank is still exposed
to credit risk. Suppose the second counterparty defaults. The bank is now
back in the original position. |In nost cases, the default occurs when the
defaul ting party has a negative market val ue position vis-a-vis the bank, so
that the bank nust take a loss if it is unable to obtain paynments through
litigation. 1In this case, the anmount of the |oss equals the market val ue of
the position at the tinme of the default. This is what we nean by credit risk.
Thi s discussion points out that the first step to neasure market risk
and credit risk is to determne the distribution of the market value of an
asset at each point in tine over its remaining life. The nethod for
cal cul ati ng market values is discussed in Section 2. 1t is shown to depend on
future interest rates and exchange rates. The distribution of future market
val ues are obtained by simulation using a statistical nodel of interest rates
and exchange rates, which is developed fromhistorical data, as done in
Section 3. The second, and nore controversial, step, is to quantify potenti al
future | osses, based on the sinmulation results. |In Section 4, we provide

several ways to quantify risk exposure.

2. Calcul ating Market Val ues
In this section, we use the discounted cash flow nethod to cal cul ate the

mar ket val ue of a swap. A swap position can be represented by a stream of
cash flows, denoted by {CF , t=1,..,T, i=1,...,1}. The index i is over
currencies, and the index t is over time to maturity, measured in nonths. For

exanpl e, the 5 year swap di scussed in Section 1 can be given as foll ows:

t DM
(mont h) (M (M

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 - 0. 547 +1. 35

7 0 0

8 0 0



9 0 0
10 0 0
11 0 0
12 -0.547 +1. 35
18 -0. 547 +1.35
60 -5.757 +16. 35

where a m nus sign denotes cash outflow and a plus sign inflow for the bank

The market value of this cash flow can be cal cul ated using a di scounting

formula. Let {r;, t=1,..,T} be the discount rates for currency i with tinme to

maturity t, and S the spot exchange rates between currency i and the hone
currency (US$ in this case). The market value of this cash flowis:

V=5 S [s ChJ(1+i )" ].

The distribution of V at any point in the next five years can be obtai ned by
simulating the path of S and r;

Bef ore proceeding to discussing howto build a statistical nodel to
simul ate the path of future exchange rates and interest rates, several remarks
are in order.

One, we have assuned that the cash flows are known and fixed in advance.

This is true for the currency swap in our exanple. |In general, however, cash
flows can be stochastic, as in the case of a floating-fixed interest rate swap
or currency option. In a later section, we will discuss howto deal with
stochastic cash fl ows.

Two, the analysis is not restrict to analyzing the market value of a
single transaction. It can be carried out for a portfolio of transactions. A
commer ci al bank tends to deal with one counterparty repeatedly. W can
simul ate the market value of all transactions with that counterparty to obtain
an overall exposure with respect to that particular counterparty. Bank
regul ators may al so want to sinulate the market value of all trades undertaken
by a single bank to ascertain the exposure of the entire bank

Three, we are using a nonthly nodel for exchange rates and interest
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rates. This is done for several reasons. Ildeally we would Iike to find the
di stribution of market values at any tinme during the life of the asset, which
woul d require sinulating on a daily basis. But the smaller the tine step of
our sinmulation, the nore conputing tinme it requires. To bal ance these
factors, a nonthly nodel is selected. Furthernore, there are severe
constraints on the availability of historical data. Qher than the nonthly
data in the International Financial Statistics tapes, we know of no other
source which allows us to construct conparable data for exchange rates and
interest rates across many countries.

Four, we nodel only a 3-nmonth and a 10-year interest rate for each
country to reduce the ampunt of simulation. W assume a linear termstructure
of interest rates and interpolate linearly between themfor interest rates of
other maturities. |In principle, we can nodel the entire term structure of
interest rate in each country, but this would require nuch nore data than are
avai l abl e, and the simulations would take rmuch | onger to do.

We now proceed to discuss the statistical nodel which is used to

simulate future interest rates and exchange rates.

3. Statistical Mdel of Interest Rates and Exchange Rates

Let us first review what is needed in our statistical nodel. For each
country, we need a 3-nmonth interest rate, a long terminterest rate (which is
assuned to be a 10 year rate), and the exchange rate against the US Dol ar
The starting point of our analysis is June 1973. This corresponds roughly to
the start of the floating exchange rate reginme. The end point is Decenber
1990, the last full year of data. This gives 210 observations per series. To
illustrate our nethodol ogy, we obtained data for the United Ki ngdom (BP)
CGermany (DM, Japan (JY), and the United States (US)

The International Financial Statistics (IFS) tapes are the primary
source of our data. The exchange rate is the end of nonth market rate (Line
ag). The long terminterest rate is the "governnent bond yield" (Line 61).

Since the bond yields are averaged over the nmonth, we filtered the rates of
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change through a first order noving average to renpve any induced correl ation
[ See Working (1960).] Qur short terminterest rate is the 3-nonth
Eurocurrency interest rate. For the US, the end-of-nonth 3-nonth Eurodoll ar
data are obtained fromthe Statistics Departnment of Board of Governors of the
Federal Reserve System For the other three countries, the 3-nonth
Eurocurrency interest rates are constructed via the covered interest arbitrage
condition, using the end-of-nonth 3-nonth forward prema in Line 60f of the
| FS tapes and the 3-nmonth Eurodollar interest rate.
Table 1 provides a description of the rates of change of the data,
defined as the logarithm c difference of successive nmonths, multiplied by 100.
None of the neans are statistically different fromzero. The standard
devi ations of the bond yields and exchange rates are simlar, and both are
smal l er than those of the Eurocurrency rates. |In particular, the Eurodollar
has the | argest standard deviation. There is also little evidence of serial
correlation, except for the first lag in the case of the 3-nonth Euro-Yen
interest rate. There is, however, anple evidence of nonnormality. Seven of
the el even series have coefficients of excess kurtosis which are statistically
greater than zero. [Two of these seven al so have evidence of skewness as
wel | .]
Based on this evidence, we decide to conduct our sinulation as follows.
For the purposes of this paper, we start the simulation at the val ues of
i nterest rates and exchange rates at the end of 1990. The bank's initial
val ue of the hypothetical 5 year currency swap is -$0.56MM In other words,
the market value of the receivables is below that of the payables fromthe
bank's point of view Let x(0) = [x;(0)] be the vector of these 11 starting
val ues of interest rates and exchange rates. The value at the end of the next
mont h, x(1), is given conmponent by conponent as follows:
Xi(1) = xi(0) exp(zi),
where the vector of z = [z;] is draw randomy, with replacenent, fromthe 210
vectors of rates of change. This procedure is repeated recursively, so that a

time path of the 11 variables over the next five years are generated. W then
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replicate this 10,000 times.

A few conments regarding this method are in order. First, we draw
randomy (with replacenent) fromthe observed data. This provides the
uncondi tional distribution of the data, which ignores any conditiona
dependence, such as autocorrelation or conditional heteroskedasticity, in the
data. We deemthis to be appropriate for long terminstrunments, since we
bel i eve that rates of change of exchange rates and interest rates are
stationary and ergodic. Second, we draw the entire vector of z. This

preserves the contenporaneous covariance structure between the 11 vari abl es.

4. Simulating the Distribution of Mrket Val ues

The sinul ation generates a |lot of nunbers. |In each of the 60 nonths of
the currency swap, there are 10,000 sinul ated val ues of the market val ue.
These nust be summarized in a useful way. W have selected three sets of
nunbers which convey the nost information about the exposure of the bank

First, we present the market risk of the hypothetical swap position in
the formof the distribution of the "maxi numdrawdown.” Here, we assune that
the position is actually marked-to-nmarket at the end of each nonth, exactly
anal ogous to a futures position. Specifically, we conpare the market val ue of
the position at the beginning and the end of the nmonth. |If the value of the
bank's position increased (which neans that of the counterparty has decreased
by the identical anobunt), the counterparty pay the bank the difference. |If
the value of the bank's position decreased (which neans that of the
counterparty has increased by the identical amount), the bank pays the
counterparty the difference. The maxi num drawdown, fromthe point of view of
t he bank, is the maxi mum cunul ative loss during the life of the position

Even t hough the positions are not actually marked-to-market, the maxi mum
drawdown is a useful concept in determ ning market risk. Suppose the bank
decides to liquidate the position, for any nunber of reasons. The bank will
recei ve the market value of the position at |iquidation. The maxi mum dr awdown

is the upper bound of the Ioss incurred by the bank at the |iquidation of the
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swap position.

For the 10,000 replications, we report the quantiles of the maxi mum

drawdowns in Table 2, using the 1% 5% 10% 25% 50% 75% 90% 95% and 99%

According to the sinmulations, there is a 1% chance that the maxi mum dr awdown
will exceed $5.85MM i.e., 99% of the tinme, the maxi num drawdown is less than
$5.85MM There is a 5% chance that the maxi num drawdown w || exceed $4. 28MM
There is a 10% chance that the maxi mum drawdown will exceed $3.52MM  There
is a 25% chance that the nmaxi mum drawdown wi |l exceed $2.50MM There is a 50%
chance that the maxi mum drawdown will not exceed $1.54MM The anount of bank
capital set aside for absorbing |l osses fromthe hypothetical 5 year currency
swap nmust be related to this distribution. The nore conservative the
approach, the higher the capital required. Wthout further specifying a
theory of risk taking for the firm we are unable to determ ne which is the
"optimal" level of risk and the associated capital needs.

Second, we present the credit risk of the hypothetical swap position in
the formof the distribution of the "maxi mumrepl acenment cost". Suppose the
counterparty decl ares bankruptcy prior to the maturity of the hypothetical 5
year currency swap. The cost to the bank is to replace this counterparty wth
another. |If the counterparty's position has a negative narket value, then no
other party would be willing to assunme this position, unless the market val ue
is reset to zero. |In other words, the cost of replacing the counterparty to
the bank is the |oss of the bank's positive market val ue.

In the sinulations, we calculate the maxi num val ue of the bank's
position during the 5 years. W call this the "maxi numrepl acement cost".

Its distribution is also given in Table 2. This is how we interpret the
results. There is a 1%chance that the bank will have to pay nore than

$10. 61MM to induce a second party to replace the original counterparty, should
the counterparty defaults, i.e., 99%of the time, the replacenent cost will be
| ess than $10.61MM There is a 5% chance that the replacenent cost wll
exceed $8.2MM There is a 10%chance that it will exceed $7.03MM There is a
25%that it will exceed $5.19MM And there is a 50% chance that it wll
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exceed $3.48MM

It is useful to discuss the rel evance of these sinmulations. Suppose the
bank wi shes to provide a loss reserve for the market risks of these swap
positions. |n our exanple, a reserve of $5.85 MM woul d cover the nmaxi mum
market | oss 99% of the tinme, while a reserve of $1.54 MM woul d cover the
maxi mum mar ket | oss 50% of the tine, given that the [ oss nust be realized,
i.e., that the swap position nmust be closed out. Wen the |loss is not
realized, of course, the reserve would not actually be used. The actua
amount of reserves, therefore, would be | ess than this amount, since the
probability that the | oss nust be realized at the point of maxi mum drawdown is
| ess than one. It is, however, outside the framework of our analysis to
determ ne the latter probability.

The bank may also wish to provide a reserve against credit risks of the
swap position. |In this case, a reserve of $10.61 MMV would cover the nmaxi mum
credit loss 99% of the time, while $3.48 MM woul d cover the maxi num credit
| oss 50% of the tine, given that the counterparty defaults. Again, the actua
amount of reserve, however, would be snaller than these anmounts, since the
probability that the counterparty defaulting is |ess than one.

VWile there appears to be a conflict in these two sets of nunbers, this
is really not so. The "maxi num drawdown" criterion is designed to neasure
market risk or financial risk. But the "maxi mumreplacenment cost" criterion
is designed to neasure credit risk, although it is inconmplete, the reason
bei ng that we do not have default probabilities of the counterparty. The
nunbers in Table 2 under "repl acenent cost" are conditional on a default.

They should be multiplied by the default probability to nmake them

uncondi ti onal "replacenment cost,"” which would nmake them rmuch snall er

5. The Treatnment of OQther Instrunents
In this section, we briefly discuss how we can nodify this nodel to
anal yze other types of instrunments which are traded in the interest rate and

forei gn exchange market.



5.1. Foreign Currency Forward Contract

In a forward contract, there are only two fixed cash flows, which occur
at the maturity of the forward contract. Qur nethod is trivially extended to
cover these contracts. |In fact, we can think of the 5 year fixed rate swap as

a series of forward transactions.

5.2. Floating-Fixed Interest Rate Swaps
Suppose the hypothetical position is a 5 year swap, paying on floating
6 nmonth LIBOR, and receiving DM at 9% Since the DM cash flows are known, we

can val ue themas before. But the —cash flows are random However, we know
that the value of the position is exactly par after each interest rate
reset. 1In between these resets, the value of the side equals the discounted

val ue of a fixed sumof interest and principal, payable at the next time the

rate i s reset.

Otentines, the floating rate side includes a spread above (or bel ow)
the LIBOR rate. For exanple, the 5 year swap may require paying on floating
6 nmonth LIBOR plus 1% and receiving DMat 9% In this case, we can treat

this as a portfolio consisting of two interest rate swaps: (a) paying on
floating 6 nonth LIBOR and receiving DM at 9% and (b) paying at a fixed

rate of 1% and receiving at a fixed rate of 0%

5.3. Floating-Floating Interest Rate Swaps
Suppose the hypothetical position is a 5 year swap, paying on floating

6 nmonth LIBOR, and receiving DM also on floating 6 nonth LIBOR W can val ue

the two sides of the transaction as follows. Each tine when the interest
rates are reset, the values of the and DM positions are exactly par. In
bet ween resets, the value of the each side equals the discounted value of a
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fixed sumof interest and principal, payable at the next reset date.

VWhen the floating rates include a spread above (or bel ow) LIBOR we can
treat them as conbi nations of three swaps. For exanple, suppose the
hypot heti cal position is a 5 year swap, paying on floating 6 nmonth LI BOR

plus 1% and receiving DM also on floating 6 nonth LIBOR plus 1.5% This is

the sane as the portfolio of three swaps: (a) paying on floating 6 nonth
LI BOR, and receiving DM also on floating 6 nmonth LIBOR, (b) paying on a

fixed rate of 1% and receiving at a fixed rate of 0% (c) receiving DM on a

fixed rate of 1.5% and paying DMon a fixed rate of 0%

5.3. Foreign Currency Options
Suppose the hypothetical position is the right to buy DMand pay in 5

years. W need to sinulate the value of the option price over the 5 years.
This requires an option pricing nodel. W use the Garman and Kohl hagen (1983)
nodel , al t hough any other nodel will suffice. 1In each nonth during the 5
years, we use the sinulated data to in the option pricing nodel, including the
"historical volatility" paraneter.

If we have an American-style option, then we to calculate the early
exerci se value. W can use the Baroni-Adesi and Wal ey (1987) approxi mate

solution to the American option in place of the Garman- Kohl hagen nodel .

5.4. Interest Rate Options

Interest rate options, such as caps and floors, can be treated in a
manner simlar to currency options. These options typically require the term
structure of forward interest rates. As we have discussed earlier, we have
built a termstructure into our nodel, so we can use this to evaluate interest

rate options.

5.5. Portfolios

W have nentioned before, and we enphasi ze here, that we can treat a
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portfolio of the above instruments as a totality. This can be done to
evaluate the market risk and credit risk in relation to all transactions

agai nst the sane counterparty, or for the bank as a whole.

6. Concl usion

In this paper, we have provided the mnimal statistical nodel which can
be used to analyze the market risk and credit risk of long terminterest rate
and exchange rate instruments. W show howto do this in the context of a
fixed-fixed interest rate swap in detail. W also nention briefly how to dea
with other types of position, e.g., fixed-floating and floating-floating
interest rate swaps, currency forward contracts, currency options, and
interest rate options. Furthernore, a portfolio can be forned to assess the
market risk and credit risk in relation to all transactions vis-a-vis a single

counterparty, or the transactions of the entire bank
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Not es:

1. Currently, swap positions are off bal ance sheet itens, and are not
marked to market. |If the swap position nmust be marked-to-market, then
t he bank woul d face market risk at each valuation date, regardl ess of
whet her the position is actually closed out or not.
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