ELINKEINOELAMAN TUTKIMUSLAITOS
ETL A THE RESEARCH INSTITUTE OF THE FINNISH ECONOMY

Loénnrotinkatu 4 B, 00120 Helsinki 12, Finland, tel. 601322

4 - h

Keskusteluaiheita
Discussion papers

Kari Alho

A MODEL FOR THE BANKING SECTOR

IN FINLAND

No. 165 3.10.1984

This series consists of papers with limited circulation,
intended to stimulate discussion. The papers must
not be referred or quoted without the authors’
permission.




Kari Alho

A MODEL FOR THE BANKING SECTOR IN FINLAND

1. Derivation of the equations for the supply of bank loans

The aim of this paper is to present the structure of the banking
sector submodel of the financial market model and its preliminary
est1mat10n.1) The starting point of the model is the following

balance sheet of the banks
(M L, *+ Lg = D+CBD+NFD+0

where Lh = loans to households
L = loans to firms
D = deposits

CBD central bank debt of the banks

NFD = net foreign debt of the banks

0 = other 11abilities, net.

The loans to the firm sector consist of loans denominated in domestic

dom
f

There is a (known) relation between bank deposits and bank lending to

for).

currency (L. ) and loans denominated in foreign currency (Lf

the household sector,

2 D =D(L.), 40 >0
(2) (L) oL, >

1) See the former papers Alho (1983) and Alho (1984) on the flow-of-
funds models of the households and firms.



j.e. deposits are linked to the possibility of raising loans. A part
of the loans to the households is, on the other hand, linked to the

presavings (deposits) of the households, and to loan promises of the
banks to households, 1.e. loans to the households cannot be less than

some fixed "promised" amount,

dL
T h
(3) Lh < Lh’ where Lh = Lh(D), OB > 0.

The net foreign debt of the banks consists of two components, the
foreign finance raised to finance the loans denominated in foreign
currency (L;or) and the net forward position of foreign exchange of
the banks (FP) which is covered by an equivalent amount of foreign
debt to the euromarkets.1) Thus we can write

(4) NFD = L§°r + FP.

The foreign currency loans of the banks to the firms depend on three
main factors: the volume of foreign transactions, the exchange
regulation, and the "mutual willingness" of the firms and the banks to
utilize this channel of finance. The first factor can be quite well
represented by the volume of the foreign transactions, i.e. by the
volume of exports (X) and imports (H). The last factor can be
described by the forward premium (fp) of the Finnish markka against
the foreign currencies. Further, 1t depends on the speculative element
concerning the expected changes in the external value of the Finnish
markka, whether there are some expectations on a devaluation or a

revaluation of the markka. We take this last factor to be determined

1) Instead of foreign currency loans we should have the difference of
these loans and the foreign currency deposits but here we have
included the latter item in other 1iabilities.



outside the banking sector model and it is represented by the symbol
(sp) (spot premium). The second of the above three factors we have to

omit at this phase. So we can write

for for
(5) Lf - Lf (X + H, ry = Tes sp) and
(6) FP = FP(CA, fp, sp)

where CA is the surplus on the current account and r is the
relevant domestic rate of interest to the firms. The cost of the
foreign funds is the (weighted) euromarket interest rate re which 1is

also the loan rate of interest of these loans.

The banks also get some revenues in addition to the interest incomes
from loans to the firms and these are supposed to be represented by a
concave revenue function R(Lf) which 1s defined more closely on page
16. The cost of the central bank finance is supposed to be represented
(each year) well enough by a convex function Fo which has the

marginal properties
(1) rep = Mg * h]CBD. rep =M 20, h0 and h, are constant.

We are now ready to present the profit function of the representative
bank
(8) dom for

T = r(Lh+Lf )+rfL -r

(=T DT (CBD)-r NFD+R(Lc) .

We specify the forward premium of the Finnish markka to be determined

by the covered interest parity,



(9) fp = re = g

dr
We further suppose that Erﬁt.= 1, 1.e. that the domestic short-term
rch
interest rate is determined by the marginal interest rate on the

central bank debt of the banks.

By derivativing (8) with respect to Lh we get as the first condition

for the optimum of the bank

drcp(CBD)
10 dm_ _ p _ ppby, - ZFebi®BY) _ o,
(e dLp =h aLp

Here the expression r;b 1s quite complicated because the marginal
interest rate on the central bank debt depends on the volume of the
central bank debt which, further, depends on the net forward position
of the banks which, further, depends on the forward premium of the
markka which depends on the marginal discount rate, and so on. We get

a "series expansion" of the derivative r;b:

. 3CBD _ D _ OFP
(1) B, (CBD)/BL, = r T, (hg+h,CBD) (1D, SI;) and
further N
]
9Fp _ 3Fp %fp 3ch 9CBD _ p_ . 3CBD . Fp. h.(1-D, -h 3CBD
= = 9CBD . -0, -h,Fp,_ 2CBD)
oo 3 f 19 f b
3y 3fp gr! 9CBD AL P T oL, PRI e VR AL
= FP, h (1-D, -h_FP, (1-D ) + h2Fp2 2CBD)
fp Lh 1 fp L 1 fp aLh
= ... = FP._h (1-D, )(1-h,FP. +hZFP2 _ .. .)
fp 1 Lh 1 "fp 1 fp o

FPephy(1-D
1B ! Lp) supposing that |h FP
T+ hFPe 1

| < 1.

fp

Now we can insert this into (10) and solve for the optimal central

bank debt



- r-rpD 1+h1FP
(12)  CBD = 1_ (= h, + _r=ro0Lp) (1+MFPep),
h 0 1-0D
1 Lh
The second optimum condition is
(13) 91 r + R'(Lg) - Feb(CBD) _ 4
dom dom
de aLf

Analogously with that above we can write the last term here as

prph1(]—DLdom)
- (h0+h1CBD)(1-DLg°m o f ).

1+h1Fpr

arcb(CBD)

dom
BLf

(14)

We may now use the optimal central bank debt from (12) and the optimal
marginal interest rate réb to solve for the optimal level of the
domestic currency loans to firms from (13). From (6) we can next solve
for the net forward position of the banks and then solve for the loans
to the household sector from the balance sheet (1). Then we have

solved all the items in the balance sheet of the banking sector.

In the 1970's Bank of Finland participated in the forward market for
foreign exchange by setting the forward rates and taking the net
forward position on its own risk. This phase lasted up to the end of
March 1980, after which Bank of Finland participated only in the
forward exchange market of the roub]e.]) This phase ended in spring
1983. The phase after 1980 can be described by the above model. In the

former phase we can write (11) simply as

1) See Suvanto (1982), chapter 4 more closely on this.



(1) T . (h0+h]CBD)(1—DLh)

and continue analogously as above.

So far we have not taken the constraint (3) into account. Letu be the
Lagrangian multiplier related to this constraint (u > 0), which we
should add to the left hand side of (10). In the solution (12) this
would cause an increase in the optimal central bank debt of the banks

compared to the previous nonconstrained case.])

From the above profit maximization we can derive the optimal central

bank debt to be

L’ Pepr -
(-) (=) (D)) (+) (+)  (+)

(15) CBD = CBD(hO, h], rs Tps D FP

The optimal stocks of loans to firms and households are then as follows

/\d A
(16)  LE"T f(hg, hy, CBD, FP,  don
D e o w @

R'(Lf), r) and

(17) L, =D+ CBD + 0 + FP - Iﬂom.

So we have derived the optimal values for all the different items in

the balance sheet (1) of the banks.

1) In the following estimations we have not so far tried to capture
this effect with some kindofa proxy variable.



2. Estimation of the optimal central bank debt of the banks

2414 The equation for the net forward exchange position of the banks

In order to derive the optimal central bank debt of the banks we need
to know the parameters included in (12). First we estimate the

equation for the net forward exchange position for the banks.

A simple equation which does not try to take into account the

variabi1ity in the spot premium of the Finnish markka is the following

2

(17) FP = 1138.8 + 0.471CA + 157.6fd + 0.335FP_], RC = 0.742,
(350.1) (.172) (42.5) (.197) D-W = 1.952
where FP = net forward position of the banks, mill.marks
CA = surplus in current account, mill.marks
fd = 3 month forward discount of the Finnish markka against

the dollar p.a., quarterly average.

The estimation is based on quarterly data from 1980 second quarter to
1984 second quarter. Next we try to take into account the fact that
there has been quite marked variations in the expected spot rate of
the markka. Especially there have been two occasions when this has
happened. In September 1982 there was a heavy run on the markka when
expectations were spread about its devaluation which then was put into
effect in October 1982. This caused the forward position of the banks
to diminish rapidiy. In the spring of 1984, on the other hand, the
short domestic interest rates in Finland were kept much higher than
what the uncovered interest parity would have predicted because the
slowdown in inflation did not any more give rise to expected
devaluation of the markka in a near future, and a huge inflow of

foreign capital occurred.



We have tried to capture these two phases by simply adding a dummy
variable to the model which we call a devaluation dummy, sd, and which
gets the value 1 in the third quarter of 1982 and the value -1 in the
second quarter of 1984. This model gives the following estimation
result by the Cochrane-Orcutt method:

2

(18) FP = 1540.8 + 0.444CA + 157.1fd - 804.9sd, R 0.772,

[{]

(173.7) (.112) (35.7) (308.2) R 0.283

;
This model is somewhat better than the above model but the effect of
the forward discount is very much the same in these two models.
According to these estimates the value of Fpr would be 160

1)

mill.marks.

2.2. The dependancy of deposits on loans to households

The next parameter we want to estimate is DL , 1.e. how the deposits
h
depend on the volume of bank lending to households. We use the

following procedure. Let there be n banks in the banking market. An
increase in the lending of bank 1, dL1, is channelled to increased
deposits dDi, y =1,...,n of all banks in the market, and a part of
i1t leaks out of the banking system, which is denoted by dV1. So we

have

1) The models (17) and (18) do not pay any attention to the inter-
vention of the Bank of Finland in the forward market. Empirically,
however, this intervention has been active only in this year when
the forward position of the Bank of Finland has risen from 2 to 13
billion marks at the end of June. In empirical estimation the inter-
vention variable did not get a meaningful coefficient.



(19) dL

We further denote by coefficient a1J the reaction of deposits of

bank j with respect to loans of bank 1. So

(20) dL1 = aHdL1 +; aijdL

J

+ dVv

i L

and further by dividing both sides by dL1:

(21) 1 = % a1j + Vs

We can now analyse the change in the deposits of the bank i1, dD,, to

1'
be totally the following

(22) dD, = a,,dL, + Z a,.dL,.

i i1 j#i )

So, the total increase in the volume of deposits is

(23) dD

[}

Ol !
(=9
o

pry
1}

ra,,dL, + I T a,.,dL
i T T A

"

Ta,,dL, + X T a,.dL
; 119 3877 305

Tag,dL, + Z (1-v,)dL,.
j i £ 37703

We next utilize the following aggregation result

(24) LXeyy = X Lyg neov(x,y)
i i
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With the aid of this we get the following result
(25) dd = (1+a11-v1)dL +n cov(a11,dL1) +n cov(v1,dL1).

The covariance terms are here naturally unobservable but this does not
very much bother us if we can suppose them to have been constant over

time, something we are also bound to do here.

By estimating a linear relationship between real changes in deposits
and bank loans to households we get the following result by the
Cochrane-Orcutt method

(26)  dD = 254.357 + 1.0048dL, R® = 0.724, R, = 0.410.

1
(241.338) (.154)

In order to be able to derive the coefficient %%—: 511 we have to
get an idea of the average leakage coefficient Vi. For this purpose
we have estimated a regression equation between total capital exports
of the firm sector and flow of bank credits to househo]ds.1) This
equation is, however, very poor and the coefficient of the bank loan
variable does not differ significantly from zero. So on the basis of
this evidence and equations (25) and (26) we should just set the

dD

parameter —— to be zero.
dLh

1) The direct foreign capital transactions of the households are not
allowed by the exchange regulation and because of this we have
estimated an indirect relationship.



"
2.3. Estimates of the optimal central bank debt

Next, the parameters of the 1inear approximation Fo = h0 + h1CBD

have been estimated as yearly averages of the various interest rate
penalty schemes adopted by the Bank of Finland. Of invaluable help in
this task has been the document written by Saarinen (1983) without
which the task would have been much more d1ff1cu1t.1) Figures 1 and

2 present estimates of the parameters h0 and h1. As can be seen,

the schedules have been varied a lot during the period covered in our
study. One central feature is the remarkable shift towards a more
fixed marginal interest rate on central bank debt, i.e. a marked
decrease in the value of the parameter h]. As can be seen from the
equation (12) if h1 is zero profit maximization becomes impossible
and we have to formulate the optimization problem of the bank in a new

way.

On the basis of these estimates we can derive the estimates for the
optimal central bank debt of the banks. These are presented together
with the actual debt in figure 3. The ratio between these has on the
average been 53 per cent in years 1966-82. So, the actual debt has
clearly been above the profit maximizing level of the central bank
debt. There are two possible explanations to this.z) First, the
banks’ decision making may be influenced by other factors than profit

maximization, most notably the market share goal may drive them to

1) Oksanen (1977) has done a similar effort on an earlier period.

2) There is a third possibility in addition to the two considered
below, namely that the parameter dD/DL, is (clearly) positive which
would raise the optimal central bank debt of the banks.
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take more central bank debt than is optimal on profit maximization
goals solely. This would give us the following situation where the
objective function of the bank would be

(27) U=U(mL).

We can illustrate this situation by the following diagram.

U(T,L)=U(T,a+bCBD)=U

™

D CBD

0
W —————

The second explanation is the possibility of a (very) slow adjustment

towards the optimum. This could be rationalized by the fact that i1t is

generally quite difficult for the banking sector as a whole to change

the central bank debt rapidly in large amounts.1) By estimating a
simple partial adjustment model for the central bank debt we cannot
even get an estimate for the speed of adjustment that would differ

from zero.

1) This can be best understood in the context of a closed economy,

where the central bank debt is identically the same as the stock of
cash in the hands of (the banks and) the private sector. In an open
economy we should naturally allow the possibility of rapid adjust-
ment through foreign capital flows but there are also essential
1imits to this channel in the case of Finland.
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This implies that there i1s a need to reformulate the optimization
problem of the bank and allow also for the market share goal. Next, we
estimate an equation that i1s based on the idea that the profit
maximizing level of the central bank debt i1s exceeded each year in a
fixed proportion because of the market share goal. Excluding the early
1960's from the estimation because of the fairly unreliable estimates
of the profit maximizing level of the central bank debt CBD in those

years we get the following result

2

(28) CBD = 0.595CBD + 0.786CBD _ RC =

1’ 0.758, D-W = 1.160.

(.344) (.192)

According to this result the speed of adjustment towards optimum is
anyway very slow. Because of the market share goal the banks would
have a debt which is 40 per cent higher than the profit maximizing

Tevel.

3. The loan supply equations of the banks

Let us now turn to the condition for the optimal volume of bank loans
to the firms, the equation (13). In order to solve this equation we
need to specify the function R'(Lf). We assume that there is simply

a fixed revenue factor denoted by R related to each loan of the bank
to the firms, a factor which depends i1.a. on bank guarantees on loans,
on revenues from the T1imits of the cheque account credits and the
provisions on loan promises. In addition to this we suppose that there
is a diminishing marginal revenue related to the quality of the

clients. So we simply specify
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(29) R'(Lf) =a+b-——, where a>0and b <0.

Replacing the optimal central bank debt from (12) into (13) and taking
into account (29) we can derive as the optimal loan supply to the firm

sector

] FDLdom + a 1
~dom = om
(30) Lf = = Lf_1

In empirical estimation of this equation we allow partial adjustment
with respect to two variables. First, as discussed above, the actual

central bank debt adjusts slowly towards the optimum,

(31)  CBD = BCBD + YCBD_,

and, secondly, we allow partial adjustment in the loan supply equation

itself, i.e. we have

AL2om Egom
(32) L = af - 1)
f_1 Lf

-1
Combining these two partial adjustment schemes we get as the the final

equation to be estimated

dom

ALf
= = Og *+O4r + 62h0 + ®3h1CBD_1

(33)

=1

where
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a
@0——5"'(1
-1+B(1—DL )
Oy = h
1 b
(1-8)(1-D, )
0, = h
2 b
Y(1-D, )
By el
3 b

We should also pay attention to other factors which certainly in
practice influence the bank’s loan supply policy. One such factor is
variation in the risks related to the projects which the bank is
financing. In an earlier paper (Alho (1984)) we showed how a risk
neutral bank is willing to extend credit to a firm strictly
complementary with the own capital of the firm. We add this factor to
the above equation by including in it a variable which presents the
profitability of the firms.

We have estimated the following equation])

dom
AL 1
(34) f - - 39.414 + 4.649r - 0.131h.CBD_, + 0.247 +
Lgom (13.795) (1.133) (.088)' ~ (.099)L2°m
-1 K

I 2
0.157 =L, RC = 0.645, D-W = 1.983
(.137) dom
f

where is the gross profit (net profit and the depreciation
allowances) of the nonfinancial firm sector. The variable h0 does

not get a coefficient of the right sign so we have deleted it from

equation (34).

1) A11 variables are here multiplied by one hundred except the constant
and CBD_,.
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So far we have only considered the allocation of the desired stock
quantities. In empirical analysis we should also take into account the
flow aspect of the allocation process. In the case of banks the flow
to be allocated i1s, first, the increase in the deposits D during the
year considered and, second, the change in the residual item 0, other
Tiabilities, net. Next we add these variables to the right hand side
of equations (28) and (34).

In the case of the central bank debt we, however, were not able to get
effects from the flow variables which would have been significant and
of the right sign. In the case of the supply of loans to firms the

result is the following equation

dom
AL i
(35) f - _13.882 + 1.641r - 0.187h,CBD  + 0.158
Lgom (10.282) (1.060) (.060) (.087) Lgom
-1 -1

+ 0.435 ADep 4 0.456 A0 | RE - 0.732, D-W = 2.560
(.197) dom  (.140) [dom
f f 1

where Dep refers to time deposits at banks. Change in the other
component of the deposits, the demand deposits, did not get a
coefficient significantly different from zero. According to this
result almost half of the increase in time deposits and other
11abil1ities 1s channelled to loans to the firm sector. This equation
differs from equation (34) in that the coefficient of the interest
rate variable and the profitablity variable are now markedly smaller

than in (34). The fit of the equation is presented in figure 4.
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The last behavioural equation of the banking sector model is the
equation for the foreign net debt (NFD) of the banks less the foreign
currency loans (Lior) of the banks to the firms. The variables
explaining this item have already been discussed above. We got the

following equation in est1mat10n:1)

(36)  NFD-LFO" - 16.884 hy - 30.786 40+ 0.823 (NFD-LEOT)
(6.475) ~ (13.851) Lgor (.087) =
<
R? = 0.781, D-W = 1.480

c

According to this result there is a significant shift, although quite
small, from the central bank debt of the banks to use foreign sources
of finance when the cost of the central bank debt, 1.e. hO’ rises.
There i1s also some substitution between other 1iabilities, net, and
foreign finance. The last term again shows the slow adjustment towards

bank optimum which has existed in the period which the estimation

covers (1962-80).

We can now derive the last item in the balance sheet of the banks, the
loans to the household sector. This has been calculated from the
balance sheet by replacing the loans to the firm sector, the central
bank debt and the net foreign debt less foreign currency loans by
their fit from the corresponding equations. The deposits and other
11abilities, net, of the banks have been set to their historical
values. The fit of this "equation" transformed in rate of growth form
is presented in figure 5. The fit is fairly accurate except the last
year, 1980, when the prediction 1s quite much lower than the

realization.

1) The foreign interest rate variable did not work properly in the
equation.
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4, Some concluding remarks

Above we have derived and estimated a fairly simple model for the
banking sector in Finland based on profit maximization and, because of
empirical evidence, modified to take into account also the market
share goal. The model resembles in some respects that of Oksanen
(1977) but also covers the foreign items in the balance sheet of the
banks as endogeneous and presents the partition of the loan supply to
the firms and households which we need in our sectoral flow-of-funds

model.

The equations of the bank loans were taken to be supply determined
with no attention paid to the demand for loans. The supply equations
seemed, however, to work quite well, even though there seems to years
when the demand for loans is 1ikely to determine the solution of the
lToan market. We intend to study this more closely in a later phase
with the aid of the recently developed tests for this purpose, see
e.g. Davidson and MacKinnon (1981). We should also consider more
closely the 1inks between the allocations of the various items in the
balance sheet of the banks because here we considered them more on an

item by item basis.

The next phase of our work is to combine the flow-of-funds models for
the households, firms and banks and the budget constraint of the
government sector to work together as a full model for the financial

markets of Finland.
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