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HOW ARE THE KEY FINNISH MARKET INTEREST
RATES DETERMINED?

CHRISTIAN C. STARCK*

Bank of Finland, SF-00101 Helsinki

Finnish money markets have undergone profound changes in recent years. In
particular, the transition to a more market oriented system has changed the
way domestic interest rates are formed. This paper presents and quantifies one
way of describing the structure and main linkages of the current sefting. Key
elements of the model are the dependence of the domestic market interest rates
on the foreign interest rate, an explicit formulation of the dependence of the
domestic short-terim market interest rate on purely domestic factors, and ex-
plicit considerations of various institutional features of the domestic money
market. Empirical evidence on the formation of the domestic short-term and
long-term market interest rates as well as short-term and long-ferm lending rates
is presented, and the results are broadly consistent with the theoretical struc-

ture of the model.

1. Introduction

Along with international money markets
Finnish money markets have undergone pro-
found changes in recent years. The markets
have grown with regard to both depth and
width, and wholly new markets have been in-
itiated. Above all, the international linkages
among markets have increased beyond any-
thing seen before. Also, the behavior of eco-
nomic agents is becoming increasingly for-
ward-looking, and awareness of the effective
costs of different sources of funding is increas-
ing. In Finland the central bank has actively
taken part in this development by gradually
liberalizing the financial system and allowing
increasing room for market forces. Accord-
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ingly, monetary policy is now being conduct-
ed utilizing the laws of demand and supply
through open market interventions.

The transition to a more market oriented
financial system in Finland has altered the role
of interest rates and the way domestic interest
rates are formed in a profound way, Where-
as the main focus was on quantitics during the
period of credit rationing, emphasis has
changed to prices in the unrestricted setting.
Interest rates are no longer set by the authori-
ties through administrative measures, but by
market forces in fairly well-functioning mar-
kets. The aim of this paper is to present and
quantify one way of describing the structure
and main linkages of the new setting. In sec-
tion 2 the structure of the framework is
presented, and the key behavioral equations
are derived in section 3. In section 4 the frame-
work is put to test by contrasting it with Finn-
ish monthly data. Section 5 contains some
concluding comments.
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2. Overview of the model

During the past few years regulations on
capital flows to and from Finland have gradu-
ally been eased to the point where the bulk of
capital moves next to freely over the borders
(see Starck (1988) for a survey of the empiri-
cal evidence). As the Finnish markka is credi-
bly pegged to a currency basket this implies
that the domestic interest rate cannot diverge
from the foreign interest rate more than by
a relatively small premium in the long run.
Nevertheless, in the short run the domestic in-
terest rate can reflect purely domestic factors
(e.g. monetary policy) as well. This theoreti-
cal argument is supported by casual inspection
of the foreign and domestic interest rate over
the period 1983M3—1987M9 (see Figure 1),
as well as by formal analysis of the data."?
A 1 percentage point rise in the foreign interest
rate is estimated to lead to a 0.21 percentage
point rise in the domestic interest rate in the
short run and a 1.01 percentage point rise in
the long run. The premium is estimated to be
2.94 percentage points.

Given an equation describing the domestic
short-term interest rate as a function of the
foreign short term interest rate, factors affect-
ing the domestic short-term interest rate and

a premium, one can proceed to the determi-
nation of domestic lending rates. The markets
tor domestic credit in Finland are not yet per-
fectly competitive, essentially because of the
tax-exemption of the publics’ deposits with
banks. Thus, the lending rate will diverge
from the market rate, and in general the lend-
ing rate will be affected by the interest rate
on deposits and by other factors influencing
the demand for credit, With an equation
describing the determination of lending rates
the link to short-term credits is complete, and
the link to long-term lending rates is complet-
ed when the formation of long market interest
rates is described.

According to the expectations hypothesis of
interest rates long inferest rates are weighted
averages of future short interest rates. How-
ever, the theory has not met with convincing
empirical success lately. One remedy, which
seems particularly relevant to Finnish condi-
tions, is to allow for less than instantaneous
adjustment of the long interest rate to move-
ments in the short interest rate. Armed with
an equation describing the long market rate
the long lending rates can be determined, and
the model is complete. The basic structure
and linkages of the model is summarized in
Chart 1.

Chart 1. Basic structure and linkages of the model.
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! All data in this study are taken from the Bank of
Finland data base. The domestic shori-term interest rate is
the HELIBOR 3 months market rate (1987M1 — 1987M9)
continued backwards using the average rate of interest
on new certificates of deposit (1983M2 — 1986M12). The
Joreign short-terin interest rate Is ¢ weighted international
3 months market rate (1986M11 — 1987M9). The interna-
tional rates are weighted in accordance with the Bank of
Finland currency index (twelve currencies). This measure
of the international interest rate is continued backwards
using a weighted international 3 months muarket rate based
on eight interest rates (1983M2 — I1986M10).

2 The impact multiplier and the long run response can
be estimated from the duta using the unrestricted dynamic
muodel

rates

(A1) AQ)r=a+BE)1, +v,

where A(Lj and B(L) are polynomials in the lag opera-
tor, a is the premium arising i.a. from bnperfect sub-
stitutability between domestic and foreign monetary as-
sets and v is white noise. Second order lag polynomials
where found to reduce the error term (o empirical white
noise. The estimation result is

A2) 5:0.344 +0.645r1_1 +0238r£_2 -+
02117, +0.115r, -0.208r,,

yielding the results reported in the main text. The esti-
mated premium seems somewhat high, and one cannot
altogether rule out the possibility that it seill contains a
nonzero »devaluation» part,
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Figure 1. Short-term interest rates.

3. Basic equations

Typically, the Fisher parity would be the
main theoretical construct to start from when
analyzing the determination of the nominal
short-term market interest rate (see e.g. Virén
(1988) who also presents some empirical evi-
dence for Finland). However, the Fisherian
relationship has not met with convincing em-
pirical success, its explanatory power is typi-
cally rather limited, and it does not explicitly
address issues like international interest rate
linkages and monetary policy. One alternative
way of describing the determination of the
domestic short-term market interest rate r is
to decompose it according to

*
1) r,=a+r, +bx,+v
1 1 t {

where a is the premium, r* is the foreign short-
term interest rate, x is the part of the domes-
tic short-term interest rate that can be attribut-
ed solely to domestic factors (including mone-
tary, and to some extent also fiscal, policy)

and v is white noise.’ The coefficient b of the
purely »domestic» part x of the domestic
short-term interest rate is one in the short run
and zero in the long run. Equations of the
form (1) have earlier been estimated i.a. by
Edwards and Khan (1985);, Gupta (1988) and
Oxelheim (1988).

In general, many factors will influence the
purely »domestic» part x of the domestic
short-term interest rate. Specifying a complete
small open economy model from which in-
dependent factors affecting the domestic
short-term interest rate is beyond the scope of
this paper, but the interested reader is referred
to Edwards and Khan (1985) for an attempt

at this. Instead, we note that both the market

3 The purely »domesticn part x of the domestic short-
ternt interest rate can be positive, zero or negative.
Nevertheless, to prevent the domestic nominal short-term
interest rate from becoming negative we require that
x= —(@a+r¥+v, ). The premium a has in Finland fypi-
cally been positive, and for the period covered in this study
it was estimated to be 2.94 percentage points (see foot-
nole 2).
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itself and the monetary authority will pre-
sumably react {o expectations about the ex-
change rate e (which is free to move within
a fluctuation range of 6 percentage points),
gross domestic product y, inflation p, foreign
exchange reserves FER and the current ac-
count CUA, In addition, x will also be in-
fluenced by unexpected events u (including in
particular unexpected monetary policy). These
factors can be summarized in

(2) x=cpe+ ¢y, + b+ ¢ FER +
csCUA, + u,

where X, = —r¥—a, ¢, ¢, ¢; > 0, ¢, & < 0
and u, = w,—v, where w is white noise.

Equation (2) can be interpreted as a pooled
reaction function for the market and the cen-
tral bank. When the central bank conducts
monetary policy strictly according to a wide-
Iy known and fully understood, credible policy
rule the equation describes the market’s ex-
pected interest rate setting behavior. This be-
havior reflects expectations about the econom-
ic development as well as expectations about
the reactions of the central bank to this eco-
nomic development. When the central bank
conducts discretionary policy, and when new
information about the domestic economy ar-
rives, the interest rate setting behavior will be
influenced, in addition, by the error term u.
If the central bank alters its policy rule the
coefficients ¢, —¢; will change. The role of
fiscal policy is analogous to the role of mone-
tary policy, although the effects of fiscal poli-
cy on the money market presumably are less
pronounced than the effects of monetary poli-
¢y. In general, we would have to expect that
the different variables in (2) to some extent
are interdependent {(again, see e.g. Edwards
and Khan (1985)).

The determination of domestic lending rates
in Finland has previously been studied i.a, by
Lehto (1987} in a theoretical model of dynam-
ic banking duopoly, by Mustonen (1987) using
oligopolistic competition under uncertainty as
the basic framework and by Vihridld (1988)
who compares the empirical validity of differ-
ent lending rate equations resulting from
different objective functions of the banks.
However, for our purposes the approach of
Rantala (1988) looks most promising. Ranta-
la explicitly recognizes the market imperfec-
tions of the Finnish banking industry, and

uses the concept of conjectural variations by
Dixit (1986) to derive an estimating equation
for the lending rate.

Consider a static, deterministic model of the
banking sector with homogenous bank credits
and fixed equity, uncovered foreign net posi-
tion, cash reserves and market shares for
deposits. Let the lending rate r' of the
representative bank i be determined by

3) Pl=—dL+dp+dyr+dgz

where L are bank credits, ¢ is the rate of in-
terest on bank deposits, z is a vector of fac-
tors affecting the demand for bank credits
(c.g. the overall economic outlook y¢, the
Bank of Finland base rate r® and the interest
rate on foreign long-term government bonds
R*) and d,, d,, d;, d, > 0. Bank deposits D
are given by

(4) D= d5L+ ‘DG

where d; > 0 and I, is a constant. The first
term on the rhs of equation (4) describes the
effect of bank lending on bank deposits. The
profit function P! of the representative bank
is

(5) P=¢" L+ - DL

Let L% = I, —L denote the i:th bank’s ex-
pectations of the lending behavior of other
banks, and v (L/, L™" the expected effect of
the i:ith bank’s lending on other bank lendings..
Further let m' = D'/D > 0 be the (constant)
market share of bank i in bank deposits. Then
(see Dixit (1986))

(6) dL%'/dLi=vi(L, L%,

Using expressions (3) —(5) and the facts that
107 = I.—Liand m' = D/D one can rewrite
the profit function (5) as

(7) P=(=dy @+ LY+ dp s (dy— 1) 1+
d@ L+ m' =y ds L+ 1% Y+ Dy).
The banks are assumed to maximize profits
given the reactions (3) and (4) of the public
and the reactions of other banks (6). Using the

profit function (7) the necessary first-order
condition for profit maximization is



(8) dP'/dLis —dyL+dy+ (dy— 1) 1+ dgz—
4 (1+ VYL dgm' (1 4+ v (r=1h=0.

Solving for L, aggregating over all banks
and substituting into (3) yields the estimating
equation for the lending rate

where v is white noise. The coefficients f,, f;
and f, will differ from zero if the market
forms a Cournot oligopoly, a market share
preserving oligopoly or a cartell (see Dixit
(1986) and Rantala (1988) for details).

As a point of departure for the determina-
tion of long market interest rates in Finland
we will take the expectations hypothesis. Ac-
cording to this hypothesis the long market in-
terest rate R is linked to the rationally expected
short market rate r by

(10) Ry=(1-g) % g% sith

where 0 < g < 1 and h is the risk premium.
Tet the deviations of the short-term market
interest rate r, from its long run average T
follow a first-order Markov process, in which
case the rational expectation of the short in-
terest rate k steps ahead according to the
Wiener-Kolmogorov formula is

(1) Ty =P (=D +T

where p is the autoregressive parameter satis-
fying 0 < p < 1. Following Rantala and Pylk-
konen (1988) we assume that the markets ad-
just the long-term interest rate gradually to-
wards the equilibrium R according to

(12} R=R;+qR,-R.p

where the speed of adjustment g satisfies
0 < g=1. Substituting (11) info (10} gives an
expression for R, and substituting this ex-
pression into (12) yields the following estimat-
ing equation for the long-term market interest
rate

(13) Ri=ap+ai+ 3R, (+¢

where e is white noise and a;, a,, a, > Q.
Thus we have completed the model, which
consists of equations (1) and (2) linking the
foreign short-term market interest rate to the
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corresponding domestic interest rate, equa-
tions of the form (9) which provide the link
from the domestic market rates to lending
rates, and equation (13) which is the link be-
tween the short and the long market interest
rate.

4. Estimation results

The model consisting of equations (1), (2}
and (13) and equations of the form (%) was
estimated using ordinary least squares from
Finnish monthly data covering, at the most,
the period 1981M2—1987M9 (equations
(9a--d) and (13) were estimated from data
from the period 1985M3 — 1987M9). Thus, the
maximum number of observations is 80 (and
the minimum 31). To capture the extraordi-
nary interest rates observed in connection with
the speculative attack on the Finnish markka
in 1986M8 — 1986M9 two dummy variables,
DEME and D¥MO were introduced into equa-
tion (2).* The key equations (1) and (2} were
estimated in first differences to alleviate the
spurious regression problem. Leads and lags
on the rhs variables where chosen on the ba-
sis of overall goodness of fit of the models.
Equation (9) was estimated for the interest
rate on deposit banks’ FIM-denominated new
cheque account overdrafts 1*, new bills of ex-
change r%, total new credits R° and new
bonds R®. A dummy variable D¢ to capture
the deregulation of the lending rate was ad-
ded to equation (9), In addition, ad hoc equa-
tions denoted (14a) and (¥4b) were estimated
for the interest rate on short-term R® (4 -3
years to maturity} and long-term R# (9—10
years to maturity) government tax-exempt,
non-indexed bonds.’ The estimation results
are presented in Table 1.

4 Potentially, the specification of expectations of the
shori-term interest rate — and the exchange rate — as-
sociuted with the speculative attack might be crucial, For-
mulating and estimating a model of these expectations
is, however, well beyvond the scope of this paper, For at-
templs al quantifying expectations of the timing and mag-
nitude of devaluations see Blanco and Garber (1986), for
the estimation of devaluation probabilities Cumby and
van Wijnbergen (1987) and Pikkarainen (1988}, and for
expectations of the magnitude of devaluations Himarios
(1987). As it happens, the use of dummy variables in the
present study did not matier for the overall flavor of the
results (see footnote 7).

5 The dunmmy variabie D9 takes on the value I from
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Turning first to the pooled reaction function
(2), one notes the remarkable fit of the model.
All estimated coefficients display the expected
signs, and the coefficients on the expected
cyclical situation y and the inflation rate p
differ significantly from zero. On the other
hand, the coefficients on ¢, FER and CUA do
not differ significantly from zero (but the
coefficient on e is important economically).
The explanatory power is high {the equation
is estimated in first differences) and there are
no signs of antocorrelation in the error term.
However, clear signs of parameter instability
can be detected. This may be interpreted as
a structural change and/or as a change in the
weights of the central bank’s policy rule.%’

1987M 1 onwards and it is zero otherwise. Other varia-
bles of the model were constructed in the following man-
ner: e is the growth rate of the Banlk of Finland currency
index, y is the grozwth rate of trend deviations of an indi-
cator of gross domestic product {Central Statistical Of-
fice of Fintand), p is the growih rate of consumer prices,
FER is the groweh rate of foreign exchange reserves rela-
tive to average reserves (FIM 12.8 billion), CUR is changes
in the current account relative to the average current ge-
connt deficit (FIM 345 million), y© is the growth rate of
o share price index, F = [3.1 percentage points and
R*is a weighted international long-term government bond
rate with the following weights: Germuany 0.67, USA 0.24
and UK 0.09.

b As one might suspect that the pooled reaction func-
tion (2} suffers from simultaneity, OLS may nol give relia-
ble results. To investigate this possibility, equation (2) was
estimated wsing instrumental variables (V) methods.
Using three lags of all riis variables as instruments one
obtains

(3) x =3le,,, +124y,, +162p +02SIFER

(139)  @o0) @.77) @36
~00S0CUA, ,, +5.150°%.3.5101
@23) @63)  (6.36)

with R? = 0.802, SEE = 0.510 and DW = 1.7]. The
TV result is very similur to the OLS result (one might want
1o hote the now significant impact of the cirrent aceount
on monetary policy).

7 To further document the robustness af the estima-
fion result, equation (2) was estimated in first differences
without dummy variables. The estimation result is

(M) x =900, , +245y,,, +3.59,
@2%88) @i} 2.70)

~Q463FER,_ -0 015CUA, ,,
053) (042
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According to the estimation result the
domestic short-term market interest rate rises,
given the foreign interest rate, most clearly
when the Finnish markka is expected to
depreciate. A strenghiening of the cyclical
outlook and a rise in the inflation rate also
affect the domestic interest rate positively.
Increases in the foreign exchange reserves
and expectations about improvements in the
current account deficit tend to lower the
domestic interest rate. Our results are in line
with the results of Edwards and Khan (1985),
Gupta (1988) and Oxelheim (1988). Parame-
ter estimates vary over a broad range, but the
over all fit of the models is satisfactory (our
specification clearly outperforms the model of
Gupta (1988)).

Having estimated equation (2) we can use
the fitted value & as a measure of the part of
the domestic short-term market interest rate
that can be attributed solely to domestic fac-
tors. We also know the foreign short-term in-
terest rate, and we have an estimate of the
premium. Thus, we can construct a prediction
of the domestic short-term market interest rate
according to the decomposition (1). The
resulting series is compared to the observed
short-term interest rate in Figure 2.

The prediction of the model consisting of
equations {1) and (2) tracks the actual out-
come fairly well, especially if one focuses on
the period from 1985 onwards when capital
movements have been largely unregulated.
The slight overprediction towards the end of
the period considered is mainly due to the ex
post strong GDP growth and the widening of
the current account deficit. Both factors were
more or less unexpected to most observers in
Finland at the time. To further evaluate the
appropriateness of the model Table 1 contains
a direct estimate of equation (1) utilizing the
consiructed variable X. As expected, the for-
eign interest rate plays only a negligeable role
whereas the »domestic» part of the domestic
interest rate emerges with a weight statistical-
ly indistinguishable from unity.

Equations (9a) and (9b) show that the short-
term lending rates depend significantly on the
short-term market interest rate. In addition,

other factors such as the rate of interest on

with B2 = 0.235, SEE = 0.942 and DW = 2,45, This
result gives essenfially the same picture as the result dis-
played in Table 1.
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Domestic short-term interest rate

Predicted domestic short-term interest rate
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Figure 2. Estimation resuits.

1984

bank deposits influence the lending rates. This
points to the existence of oligopolistic com-
petition or a cartell in the Finnish banking in-
dustry. The gradual deregulation of lending
rates show up clearly in the stability tests. QOur
results are in line with the findings of Ranta-
la (1988} and they reinforce the evidence on
imperfect competition in the Finnish banking
industry,

The link between the short-term and the
long-term market interest rate as estimated in
equation (I13) seems to work fairly well (in
fact, even better than in Rantala and Pylkké-
nen (1988)). The short-term interest rate af-
fect the long-term interest rate with a weight
of 0.217, and some sluggishness in the adjust-
ment of the long-term interest rate seems to
exist. The parameters are precisely estimated,
the standard error of estimate is small and the
relationship is stable.

Equations {9¢) and (9d) give the estimation
results for the long-term lending rates. The in-
terest rate on new credits depends significantly
on the long-term market interest rate and on

1985 1986 1587

the deposit rate, Changes in the Bank of Fin-
land base rate do not seem to affect the in-
terest rate on total new credits to any consider-
able extent, but this may in part reflect the
relatively short time period from which the .
relationship is estimated; The estimation result - -
for the interest rate on new bonds is similar
to the result for new credits, although the role
of the long-term market interest rate is
smaller. Both equations have high explanatory
power, Jow standard errors of estimate and
clean residuals. Again, however, the deregu-
lation of lending rates show up as instability
in the estimated relationships.

Equations for the interest rate on long-term
government bonds are given in (ida) and
(14b}. The estimation results conform to what
one is lead to expect on a priori grounds.
These interest rates are characterized by a high
degree of inertia and a low contemporaneous
dependence on the domestic long-term mar-
ket interest rate. As financing from abroad is
an alternative to financing using the domes-
tic market the interest rate on government



bonds also depend on the corresponding for-
eign interest rate.

5. Concluding comments

The transition to a more market orientated
financial system in Finland has altered the way
domestic interest rates are formed in a pro-
found way. This paper has presented and
quantified one way of describing the structure
and main linkages of the current setting. Key
elements of the model are the dependence of
the domestic market inferest rates on the for-
eign interest rate, an explicit formulation of
the dependence of the domestic short-term
market interest rate on purely domestic fac-
tors, and explicit considerations of various in-
stitutional features of the domestic money
market. While not lacking rigorous theoreti-
cal underpinnings the model should neverthe-
less be considered mainly as a conceptual
framework and a descriptive device. The
framework is broadly consistent with the em-
pirical evidence.
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