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1 Introduction 

The Bank of Finland, in accordance with its regulations, is responsible 
for the stability of the financial markets. The main actors in the 
Finnish financial markets are fourteen authorized foreign,exchange banks. 
The Bank of Finland has therefore set up a risk monitoring system to 
measure the'risk exposures taken by these banks. 

Monitoring by the Bank of Finland covers the main areas of risk in asset 
and liability management in banking. The main areas of risk are liquidity 
risk, interest rate risk ~nd exchange rate r~sk. In this paper 1 will 
'briefly decribe the monitoring of the different types of risks and then 
discuss how the overall risk profile of a bank can be measured. 

'2 Main areas of risk in banking 

The Bank of Finland's risk monitoring system has been dev~lo~ed step-by-
. . 

~tep, st~rting from th~ beginning of 1985 with figures for foreign 
exchange exposures. Appendix 1 shows the frequency and coverage of the 
different types of risk reporting. 

Although credit risk' has been the major source of concern for ~innish 
banks in recent years, the reporting to the Bank.of Finland only covers 
country risk as part of the BIS reporting. The main indicator.for credit 
risk is the degree of diversification of loans by customer and sector 
and also the sufficiency of the collateral for such loans. These figures 
can only be found in banks' books. Since the central bank does not visit 
the banks to inspect their books at the spot, the respos ibi.l ity for 
monitoring this aspect of credit risk lies with the inspectors of the 
Banking Supervision Office. 

Banks are required to report their foreign exchange exposures on a daily 
basis. Foreign exchange risk is the only area of risk that is officially 
limited by the Bank of Finland. A limit is set on a bank's overall open 
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foreign exchange position against the Finnish markka. This limit is set 
as a percentage of the bank's equity capital measured according to the 
recommendations issued by the B15. The same limit is also applied to net 
short or long positions in individual currencies. The first limit is not 
a pure risk limit. Rather it is a limit on capital movements designed to 
en sure the short-term efficiency of the monetary and foreign exchange 
policy conducted by the central bank. The second limit however is a 
risk limit since the e~posures at riskare the positions in individual 

. currencies. 

liquidity risk is measured on,a monthly basis. In measuring liquidity 
risk we analyze the degree of securitization of assets and the degree 
of diversification between different funding instruments on the liability 
side. However, the main emphasis is laid on funding gaps, that is 
mismatches between inflows and outflows in the maturitybreakdown of 
on- ~nd off-balance sheet items. 

The main components of interest rate risk are: economic risk, income 
risk and investment risk. By economic risk we mean the sensitivity of 
the equity capital, or present value of a bank, to changes in interest 
rates. To be'able to measure this kind of risk the duration measure has 
to be used. It is not possible for the central bank to calculate duration 
on the basis of the present value of banks since it cannot require banks 
to report all details of every single item. From the point of view of 
the regulator this is not a major shortcoming as duration is only relevant 
if the bank is in.a crisis and has to be liquidated .. 

,ln measuring interest rate ri~k the Bank of Finland concentrates on 
investment risk and income risk. Income risk is the interest rate 
sensitivity of net interest. income to changes in interest rates. 
Investment risk is the sensitivity of the market values of bonds 
calculated separately for the trading and investment portfolios. 

The interest rate reporting figures also makes it possible to roughly 
calculate the price risk of a hank, that is potential changes in the 
market value of traded stocks in the trading portfolio. 



ln all the reporting systems the banks also have to report their off
balance sheet items. We measure whether these iiems have been used for 
hedging or speculation purposes. 

All these risks have to be dealt with and measured separately but since 
there are correlations and overlapping between different areas of risk 
the interaction between the risks should also be taken into account so 
as to obtain the overall risk profile of a bank. 

There is overlapping between credit risk and liquidity risk and also 
between liquidity risk and in~erest rate risk. ln efficient markets 
funding is always available but the risk is in the price. Thus liquidity 
risk becomes interest rate risk. 

As there is correlation between domestic interest rates and foreign 
interest rates there is also a correlation between the interest rate 
risk ofitems denominated -in the domestic currency and that -of items in 
forelgn currencies. Since movements in interest rates and exchange rates 
are correlated, at least in theoreticaJ international equilibrium 
conditions such as prevail under uncovered interest parity, there should 
also be a correlation between interest -rate risk and exchange-rate risk. 

ln the following this paper describes the-methods applied at the central 
bank of Finland for measuring interest rate risk, exchange rate risk 
and the inter.action between them in the po.rtfolios of the international 
commercial banks which are required to report to the central bank. The 
basic idea is derived from a paper by Grammatikos, Saunders and Swary 
(1986).- The application presented here, is however made more operational, 
especially as far as the measures used for exposures are concerned, so 
as to ensure that the methods match the level of data that the banks 
have to report. 
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3 The two components of risk 

Risk is measured in terms of two components. One is the exposure, 
usually referred to as "dollar at risk" and in our case "markka at risk". 
The other is the variability of the stochastic variable the uncertainty 
of which is .the ultimate source of risk. ln this framework the stochastic 
variables are interest rates and exchange rates. The exposure is then 
multiplied by the variability to obtain the risk measure. A basic solution 
used by banks in measuring their interestincome risk is to assume a one 
percentage point change in all interest rates. This assumption of complete 
correlation between interest rates is in contradiction with market 
behaviour. 1n this study this basic assumption is replaced by volatility 
estimated from historical data. Changes in exchange rates and interest 
rates are impossible to foreca~t accurately and hence the best estimate 
of future developments is the behaviour in the recent pasta 

. 1n the following 1 will first: consider how to mea~ure .the variability 
of the stochastic vari~bles and then how to measure exposures. 

4 The distribution of changes in exchange rates and interest rates 

The risk attaching to an internationa1. banksls portfolio is'a function 
of changes in exchange rates and interest rates; the more.vol~tile rates 
are the bigger the r~sk. This means not only changes in volatility in 
time for one'single rate but also differences in the degree of volatility 
between rates. ln portfolio theory volatility' is measured as the variance 
of changes in returns. Here we measure the volatility of daily changes 
in exchange rates and interest rates. Variance can be calculated for any 
time series without any assumption c.oncerning the distribution of the 
underlying generating proce~s, but to allow probability statements and 
parameter tests the probability function must be known. The assumption 
frequently made is that of normality. 

Several papers show that the distributions of exchange rates differ 
from the theoretical normal distribution in having IIfatter" tails and 
being "peakyll, that is having some degree of leptokurtosis. These 
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features can be explained in two waysj either this is the true empirical 
distribution where big jumps occur more often than in the theoretical 
distribution or the variance of the distribution is not constant but time
dependent. Papers have reported evidence for both hypotheses. 1n a number 
of studies the Autoregressive Conditional Heteroscedastic (ARCH) model 
of Engle (1982) has been used to model the non-constancy of the variance 

. of exchange rates. 1n this model the conditional variance is a function 
of past disturbances. 

Results supporting both theories, constancy and non-constancy, have 
been obtained which can be explained by the fact that exchange rate 
series are characterized by alternating peri09s of stability and 
instability. 1f the estimafion period h~ppens to be selected to cover a 
stable period then support for constancy can be found. By contrast, the 
ARCH model provides a way to model the process over longer sample periods 
in which large changes are follo~ed by large changes and small by small 

. (Die'bold and Nerlove 1986). 

As regards'interest rates, much effort has been made to explain the 
term structure. The assumption of random walk has been applied but 
fitting against the theoretical distribution has received ·less attention. 

Most international studies - though not all - have dealt with dollar 
rates. In this study (and inM. Ahlstedt, 1989) we examine daily 
movements in the markka (FIM) against 12 major currencies. The 3-month 
euro'rates corresponding to the exchange rates and the domestic market 
rate are also included in the study. It was impossible to include all 
short-term rates. Therefore a correlation matrix was calculated for the 
1-month, 3-month, 6-month and 12-month rates. The 3-month rate was tested 
so as to have·the highest correlation with the other short-term rates. 
and was selected to represent the interest rates in the calculations. 

The currencies and corresponding 3-month interest rates were USD, ·GBP, 
SEK, NOK, DKK, DEM, NLG, BEC, CHF, FRF, 1TL and JPY. The daily change~ 
in exchange rates were expressed as log differences and those in interest 
rates as differences proportional to the levels: 
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The same features were found in the empirical distribution of markka 
rates as were found in the dollar rates, that is leptokurtosis. In 
figures 1 - 4 the empirical distributions of the FIM/USD and FIM/SEK 
rate are shown. The FIM/USD rate was selected as an example of a freely 
floating rate and the SEK/FIM rate to represent the same kind of currency 
basket index exchange rate as the markka index. The distributions of the 
3-month eurorates for USD and SEK' are shown. As 'can be seen the deviation 
from the theoretical distribution is more apparent for interest rates 
than for exchange rates. 

Since international studies i~dicate that, depending on the sample 
period, there is evidence for both constant and time-dependent parameters 
of the random walk process, both hypotheses were tested. 

A generalized ARCH mod~l (GARCH) after Bollerslev (1986) was tested on 
the data giving the models presented in table 1. 

The estimation period was November 1, 1986 - December 31, 1988. For 
all currencies except ITL a GARCH model of order (1,1) was specified. 
As regards interest rates, GARCH was not applicable for GBP, DEM, NLG, 
BEC, CHF and JPY. 

In addition to the GARCH~model we tried to specify a normal distribution 
with constant variance.·The problem was to select a sample perio~ long. 
enough to ~llow efficient estimation of variance but short enough to 
allow constancy of the parameter. A variety'of sample sizes of daily 
changes was tested, starting with the 50 most recent ex post observa
tions going up to 552, which was the longest available common period of 
data for all rates, including the domestic interest rate. 

Tests showed that 50 was too small a sample to produce a stable estimate 
of the variances and the sample of 140 observations too large to allow 
constancy of the estimates. 
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FIGURE 1: FIM/USD distribution of daily changes. 
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FIGURE 2: FIM/ SEK di stri bution of dai ly chanOges. 
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FIGURE 3: USD 3-month interest rate~ distribution of 
dai ly changes. 
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FIGURE 4: SEK'3-month interest rate; distribution of 
daily changes. 
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The estimates of the means dtd not differ significantly from zero at 
any sample size. This means that the expected change cannot be forecast. 
Changes in both directions around the mean appear with the same 
probability. 

Table 1 

Model specification for exchan"ge rates and 3-month interest rates. 

Estimation period October 1, 1~86 - December 31, 1988, daily changes. 

USD 
GBP 
SEK 
NOK 

. DKK 

DEM' 
NLG 
BEC 
CHF 
FRF 
ITL 
Jpy 

Exchange rates 

GARCH(1,I) 
GARCH(1, 1) 
GARCH(1, 1) 
GARCH(l,l) 
. GARCH (1 ,.1) 
GARCH(1, 1) 
GARCH( 1,1)' 
GARCH(l,l) 
GARCH(1, 1) 
GARCH(I,l) 

GARCH(1, 1) 

Interest rates 

GARCH(l,l) 

GARCH(l,l) 
GARCH(l,l) 
GARCH(l,l.) 

GARCH(1, 1) 
GARCH(l,l) 

The practical use of a GARCH model for exchange and interest rate 
movements involves the use of time-varying variances and confidence 
intervals. In unstable periods the intervals will be large and in stable 
periods smaller. In GARCH modelling the inclusiort of 'correlation between 
rates requires the use of a simultaneous estimation method, and the 
correlation between exchange rates and interest rates is not easily 
captured, if at alle 
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Although the true underlying stochastic process turned out to be a random 
walk with time-dependent variance for mo~t of the exchange rates and 
some of the interest rates, the use of this model was for. the present 
postponed. One reason was its complexity in continuous use. An other 
was that we wanted the assumption of the same generating function for 
all rates. Therefore a constant-parameter normal distribution with a 
moving variance estimated from the 70 most recent ex post observations 
was selected to represent the probability distribution of the changes in 
interest rates and exchange rates. The sample period is short enough to 
allow a constant variance while the use of a moving estimation period 
is reflected in the confidenc~ intervals, which grow with growing 
variance and thus serve as a good enough approximation of the true 
distribution. 

The standard deviation from this distribution was used as a volatility 
'measure in calculating the exchange and interest rate risks in a oanks·s 
intern~tional portfolio. For a n6rmal distribution with zer~ mean and 
variance s2 approximately 64 % of the observations lie within the 
interval +/- sand 95 % within the interval +/- 2s. Since the 
calculations were based on the assumption of normality we can make 
probability ~tatements using these intervals. 

5 Interest rate risk expo sure 

Interest rate risk means basically that changes in interest rates affect 
the value of assets differently than the value of liabilities. Since 
the difference between assets and liabilities is shareholders· equity, 
changes in interest rates also affect tne value of equity capital. This 
is called the lIeconomic riskII. 

The effect of changes in interest rates can also be measured as lIincome 
risk ll and lIinvestment riskII. Income risk is the risk of running losses 
in net interest income when repricing dates of assets and liabilities 
are not perfectly synchronized. Investment risk is the risk of changes 
in the market values of fixed rate bonds. A rise in interest rates will 
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immediately cause losses in respect of bonds in the trading portfolio, 
which are traded daily at market prices. Investment risk will not be 
realized in the investment portfolio unless the bonds are sold before 
maturity. For fixed rate bonds in the investment portfolio there is, 
however, the aspect of losing an opportunity to invest funds at higher 
rates. 

Appendix II shows the interest rate risk reporting form. Banks have to 
report the maturity breakdown of both on-balance sheet items and interest 
rate risk affecting off-balance ~heet items. 

From the mismatches between assets and liabilities in the seven 
maturities, we form two kinds of gaps. One consists of the maturity 
gaps between asset and liabili~ies on the balance sheet, gap 1. The 
other, gap 2, consists of overall gaps, that is mismatches between assets 
and liabilities covering both on-balance sh~et and off-balance sheet 

_ items. If gap 2 turns out to be bigger than gap 1, then the-bank has 
tised its off-balance sheet instruments for speculation. 

If gap 2 is smaller than gap 1 then the bank has used its off-blance 
sheet items for hedging the interest rate exposures of balance sheet 
items. 1n this way it can be determined whether the item-by-item hedging 
carried on by a bank also decreases the risk as regards the b~nkls _ 
activity as a-whole._ It is possible that this kind of micro hedging 
aGtually increases the total interest rate risk. This may happen if an 
off-balance sheet instrument is used to hedge- an item for which there 
is alredy an offsetting item on the bankls books. 

Table 2 gives the figures for the m~turity breakdown of assets and 
liabilities, gaps, for a hypothetical bank. The figures are given 
separately for every currency, including the domestic currency, in which 
the bank has an exposure. The net positions cover the spot exposure, the 
forward exposure and the off-balance sheet items. This kind of maturity 
breakdown serves as the basis for all- calculations of interest rate 
risk. Different approaches differ from each other in how the se gaps are 
used to calculate exposures. 
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5.1 Duration 

The exposure to economic risk is measured by duration (see for ex. 
Macaulay, 1938, Bierwag & Kaufman & Toevs, 1983). Duration is expressed 
as a single figure, indicating the interest rate sensitivity of the 
present value of a bank. This measure covers both income risk and 
investment risk, though these can be measured separately as well . 

. To calculate duration ga~s are discounted at a market rate to arrive at 
the net present value of the bank. The first derivative of this figure 
will then give the sensitivity of the present value of a bank to small 
changes in interest rates. This is the Macaulay onefactor duration 
which is based on very stong assumptions about the behaviour of the term 
structure of interest rates. Duration is an interesting concept and 
useful in many senses. It is, however, very sensitive to the assumptions 
mad~ and also to the data. Correct application of duration as a tool for 
i"nterest rate.management requires sepatåte data for every single item 
and also a much finer maturity breakdown than the one presented in table 
2. 

The standard way of calculating one faetor duration is not necessarily 
an adequate measure. ln most cases a two factor model would be more 
appropriate. Two factor duration could be calculated for the items in 
foreign'currencies because ·the term structure of eurorates can be 
estimated. For the domestic items, however, the estimation causes 
difficulties. Duration is also developed purely to cope with the interest 
rate risk of fixed rate items. The calculation of duration for floating 
.rate instruments i s more comp.l icated and the current way of us ing the 
repricing date as maturity is only approximative. The value of duration 
for options and futures is rather high and can thus easily alter the 
duration of the whole portfolio. It is therefore important that the 
calculations are correct and based on sufficient information. The banks 
themselves have all the necessary information at their disposal and 
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. TABlE 2. HATURITY BREAKDOWN or NETASSET AND BET LIAOILITr EXPOSURES rOR A HYPOTHETICAL DANK: 
T = TIHE TO HATURITY DR REPRICING, HONTHS. 

T < 1 1 s T < 3 3 s T < 6 6 s T < 12 12 s T < 24 24 s T s 60 T > 60 

USD -170 -560 -70 -10 0 0 0 

GBP 1 210 410 500 800 210 200 30 

SEK -130 -120 -60 0 10 0 0 

DEM -30 20 140 130 80 80 80 

CHF 230 -60 -150 -240 0 0 0 

Jpy -70 -40 -80 -40 . -40 -40 -'20 

FIM 320 180 . -90 70 2 050 1 900 700 



20 

should therefore use duration. The main use of duration would be partial 
analysis for hedging purposes. Continuous hedging of the trading 
portfolio, for example with futures, is possible only through duration 
calculations. Duration is thus a method that banks need for their active 
interest rate management as a complementary method to maturity gap 
analysis. 

The present value of a bank is, from an operational and supervisory 
point of view, useful only if. the bank is in a crisis and has to 
liquidate all its assets to cover its liabilities. In normal 

·circumstances the income risk and the investment risk calculated 
separately are more important. Because of the shortcomings and 
difficulties in duration analysis and the lack of sufficient data, 
interest rate exposure is calc~lated at the central bank in order to 
capture the income risk. The lack of sufficient, that is detailed, data 
prevents the central bank from using durati~n analysis properly. We have 
chosen to apply duration.onl~ to.calculate the inyestment rlsk of bonds 
in the trading and investment portfolios. This calculation is based on 
estimates of the average maturity for the portfolio given separately by 
the banks. To calculate the investment risk inherent in securities in 
the trading and the investment portfolios a measure of the average 
maturity given separately by the banks is used as a proxy for duration. 
The average maturity for bonds turned out to be 5 years and the average 
maturity for short-term money market instruments 3 months. Thus the 
i~terest rate sensitivity of the market values of bonds was 5 times the 
change in interest rates and the'sensitivity af the short-term instruments 
0.25 times the change in interest rates. 1n this calculation we have to 
assume that the bonds are zero-cupon bonds and that the figures are very 
sensitive to the accuracy of the es~imate of average maturity. 

Banks also have to report the market value of the traded shares in their 
trading portfolios. To measure the price risk of these shares we have to 
assume that the portfolio is well diversified having a beta-value equal 
to one. That means that there is a one-to-one linear dependency between 
the market value of the portfolio of shares and the change in the stock 
market index. 
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5.2 Income risk exposure 

Calculations of income risk are based on the net asset or net liability 
exposures, gaps, in the maturity breakdown. In the income risk context 
a net liability exposure is sensitive to a rise in interest rates. A net 
asset exposure is sensitive to a fall in interest rates. 

The exposure to income risk is calculated from the gaps by weighting 
them with the time over which a net liability exposure has to be funded 
or a net asset exposure has to be invested. 

Only the gaps for items up to one year are included. Gaps in longer 
matur~ties are irrelevant in this kind of exposure since it is not 
realistic to assume that a.change in rates will remain the same for 
more than one year. Calcu1ations for longer maturities have to be made 
in the form of partial analyses. 

The weights used for the gaps are (1/12, 2/12, 3/12, 6/12). These are 
the lengtns of the funding period. If we look .at the figures for the 
dollar gaps presented in the table the net liability position in the 
shortest maturity has to be funded for one· month·. The exposure in the 
next maturity range has to be funded for 2 months and so on. 

6 Risk measures 

So far the volatility of interest rates and the exposures have been 
calculated showing the amounts exposed to changes in interest rates. To 
obtain the risk the time-weighted gaps should be multiplied by the 
expected change in interestrates. For the expected change, estimated 
values of varia~ces of the daily changes in interest rates are used. 
For the shortest maturity gap, we assume that there is an immediate 
change in interest rates. The time-weighted maturity gap is therefore 
multiplied by the standard deviation of daily changes. The second time
weighted gap is multiplied by the standard deviation of daily Ghanges 
times the square root of 22, the third by the standard deviation of 
daily changes times the square root of 66 andso on. The vector of 

·weights for the maturities up to one year is 
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(s, sv22, sv66, sv132) 

where s is the standard deviation of daily changes. The simplifying 
assumption behind this method is that the annual volatility is 264 times 
the volatility of daily observations. It is found empirically that rates 
follow a mean reverting process, but this is not taken into account in 
this reasoning. The approximation used here leads to overestimation of 
expected changes in rates. 

7 Foreign exchange risk exposure 

One aspect which is usually neglected in standard calculations of foreign 
exchange exposures is that the maturity structure is as important as in 
calculating the interest rate exposure. An item which falls due after one 
month is riskier, measured in terms of the volatility of the exchange 
rate, than an overnight item. Thus we end up measuring the foreign 

. exchange exposure using .t~e same maturity mismatch gaps. for the 
individual 'currencies as are used to measure the interest rate exposure. 
Consequently, daily standard deviations were used as weights for the 
shortest maturity gap, ~onthly for the next, three months for the 
following and so on. 

8 Profits or losses from exch~nge ra~e movements 

So far, we have described how to calculate the variability af rates and 
the exposures from the maturity gaps. Now the exposures must be 
multiplied by the variability to give the expected profit or loss from 
on- and off-balance sheet structure. We look first at the profit or 
loss generated from exchange ra~e movements. 

First, the covariance matrix of daily changes in the 12 major foreign 
exchange rates is calculated. The matrix consists of variances of and 
covariances between the exchange rates. To obtain the covariance matrix 
we first form a matrix X of order (12 x 70) consisting of 70 observations 
on daily changes of 12 exchange rates. Then we construct through 
multipication the covariance matrix 
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EXCOV = ( X x XI)/ 70 

where XI is the transpose of matrix X. The matrix EXCOV is of order 
(12 x 12). 

Then the vector of interest rate exposures calculated from the maturity 
breakdown per currency is formed and stored as a vector V of order 
(1 x 12). 

The next step is to mu1tip1y the covariance matrix of the 12 foreign 
currencies EXCOV by the vector of foreign exchange exposures 

v x EXCOV X VI 

The square root of this 'product of matrices gives the figure of .221.5. 
Since the figures in the expo sure vector were given in mi11ions of FIM 
·this figure is a1so in mil1ion~ of FIM. The resu1t shows that if exchange 
rates move in the near future in the same way as they did in the near 

. past the exchange rate profit or 10ss on the bank's assets and 
1iabilities wi1l, with a probability of 64 %, be in the interval 
+/- FIM 221.5 mi1lion. Profits and 10sses arise with the'same probabi1ity 

, 

since the mean öf the distribution was estimated to be zero (M. Ah1stedt, 
1989). If we want to use the probabi1ity of 95 % the range for the risk 
wou1d be 2s that is +/- FIM 443 mi11ion. 

In this calcu1ation not only the expected changes in the different 
exchange rates are used but also the covariances. between the rates. 

9 Profits and losses from changes in interest rates 

The same kind of calculation in which the exposure is multiplied bythe 
variabi1ity of rates is then performed to measure the profit or 10ss 
arising from interest rate movements~ 70 observations of daily changes 
in 12 3-month eurorates and the domestic 3-month interest rate form the 
matrix Y of order (13 x 70). This matrix was multiplied by its transpose 
YI 
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RCOV = (Y x YI )/70 

giVing the covariance matrix of the interest rates. Then the vector W 
of the interest rate exposures was formed. The matrix operation 

W x RCOV X WI 

was ca1cu1ated. The square root of this product gave FIM 41.4 mi11ion 
as a resu1t. This figure te11s us that the expected profit or 10ss 
arising from interest rate movements will be, in the interval +/- FIM 
41.2 mi11ion if the variances ,and covariances between interest'rates 
will be the same in the near future as they were during the estimation 
perio~ of the covariance matrix. 

10 Interaction between,e~change rates and interest rates 

According to the ~isher hypothes.is there is correlation between diffe
rences in leve1s of interest rates andexpected changes in exchange 
rates. Thi.s hypothesis was empirical1y tested .in the study by forming a 
covarince matrix EXRCOV of order (25 x 25) 

EXRCOV = (Z x Z')/70 

where Z is the ~atrix of 70 observations on daily changes in 12 ~xchange 
rates, 12 eurorates and the domestic interest rate. The matrices X and 
Y are partioned matrices of the matrix Z. 

The exposures to these 25.stochastic varia~les were stored in a vector 
U (consisting of the vectors V and W). 

The square root of the matrix product 

U x EXRCOV X UI 

givesthe figure of FIM 233.5 million. This is the amount which the 
bank can lose or gain if interest rate and exchange rate behavioural 
'pattern is the same. ex ante as ex post. 
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The figures show that inclusion of covariances is relevant for the 
estimation of the expected profit or loss. The sum of the separately 
calculated confidence intervals for the exchange rates and the interest 
rates is bigger than the jointly calculated figure. Thus there is 
typically a negative correlation of some degree between interest rates 
and exchange rates giving support to Fisherls uncovered interest rate 
parity theorem. 

11 Relative limits for risk exposures 

After obtaining the figures of expected 10s5 (only the potential loss 
is relevant for the supervisor) we need a statement as to what is a big 
loss and what is a small one. Losses have to be valued in the context 
of earnings. 

·The earnings from interest rate sensitive business are the net inferest 
income~ Net interest income includes the. realized interest räte margin 
plus losses or profits from interest rate exposures. Borrowing and 
lending at a big margin will still be profitable even though there may 
be a 10ss from exposure in the future. The impact of changes in interest 
rates should be compared to·the net interest income of the present year. 
Banks can do this because they know their budgeted figure but since the 
central bank does not we use the net interest income of the previous 
year. If a c1ear trend is desc~rnible in net interest income for some 
years backwards, then net interest income is corrected with this trend 
in the ratio. 

This way of making the pot~ntial loss proportional to earnings rather 
than to equity capital allows banks which have managed to make profit 

·to take more risks than banks with les~ profi~. 

Consequently, the figure for the potential loss from the joint impact 
of changes in interest rates and exchange rates is calculated in 
proportion ta the sum of net interest income and income from foreign 
exchange dealing. 
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An alternative way of limiting risk exposure would be for the central 
bank to set an overall risk limit. The banks themselves could then 
allocate their limit between different areas of' risk. If a bank wants 
to increase its foreign exchange risk expo sure it has to reduce its 
interest rate exposure for example. This way would be less conservative, 
allowing banks to shift their activity f~om one field ~o another. 

12 Conclusions 

The method used at the central bank of Finland for measuring interest 
rate risk and foreign exchang~'risk takes into account the fact that 
volatility differs between rates and that exposures'to rates with great 
volatility are riskier than exposures to more stable rates. It also 
takes account of the correlation between risks. We have to start by 
examining different risks one at a time, but then they. are .. dealt with. 
within an overall framework. It turns out that there' is a ,negative 
dependente between tnterest'rates and exchange,rates, which 'means that . 
the 'total of interes't rate risk and foreign exchange risk in the exposure 
is less than the sum of both risks calculated separately. 
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