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Abstract

At the macro level, the time-series of the amounts of loans granted by (a flow)
and repaid (a flow) to the banking system in each period are not available.
However, one can get the information concerning the structure of loans (a stock
variable) regarding their duration. Every month the loans are being granted for
different terms: from overnight ones to those lasting several years. The
preferences of the credit takers are reflected in the term distribution of the
outstanding loans. In order to estimate these ‘flows, the model has been
developed aimed at linking the above-mentioned preferences, the levels of
loans and flows. In the approach proposed, the amount of credit outstanding is a
resultant of the rate of the new loan flow but also of the average duration of

these loans. The evaluation results are presented.

1. Introduction

At the central bank level there is no data available concemning the rate of flow of loans granted by
the whole banking sector in each time-period. This is so because the conventional methods developed
for analysis preceding decision-making in the monetary policy do not require such information. If the
conventional methods are good enough, then what is the purpose of the intended analysis? One can

enumerate many reasons, the most important of which are discussed below.

The investment of enterprises is usually financed by bank loans; in the analysis of the impact of
the bank loans (flow) on investment (flow), the loans granted in a given period should be compared
with the investment outlays in the same or next periods. However, as the flow of loans is not
available, the net change of loans (stock variable, a balunce sheet category) is quite often used as un

explanatory variable for determining change in investment. Admittedly, such an approach usually




provides satisfactory results. Yet, whenever vast structural changes occur, this modeling shortcut is

sometimes unjustified.

Whenever the term structure of the loans can be assumed constant, the risk of a an erroneous
interpretation of data is negligible. It is not so whenever the term structure undergoes big changes.
Consider the following example. Assume the simple equilibrium of the credit system: the flows of
granted loans and the returned principal are equal and steady. When the flow of loans starts growing,
then the credit will also grow and the principal returned will grow as well (but with a certain delay).
In this case, the growth of the rate of loans causes the growth of the credit outstanding. The same
increase of the credit outstanding can be a result of the steady rate of loans granted but diminishing
repayment of the principal being the effect of, for example, increased deterioration of loans. In the
latter case, the term structure of loans changed as the share of the longer-term loans increased. The
example presented here shows limited usefulness of the changes of the loans outstanding as a measure
for the changes of flow of the granted loans. It shows also that the rate of loans flowing through the
banking system matters; dynamics of flows of both ‘the loans granted and principal repaid have

substantial impact on the volume of loans outstanding.

This study was also motivated by another factor — sheer curiosity. Since most heads of the central
banks cannot directly answer the question what amounts of the loans are granted and repaid in each

period, finding an answer to that question is compelling.

The approach presented here was proposed in Gadomski (2002).
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Fig.1 Structure of the outstanding loans in the Polish banking sector
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The problem introduced above is, in a way, artificial. At the level of a particular bank, there is no
need for such an analysis, as the question can be answered with little effort. However, for many
reasons, appropriate data are not collected at the central bank level. In the case of Poland, the
available data are the time-series of the outstanding loans with terms belonging to the ranges listed

below:

I. to | month,

from 1 month to 3 months,
from 3 months to 6 months,
from 6 months to 12 months,

from 12 months to 36 months,

YR SN

from 36 months to 60 months,
7. above 60 months.
In the analysis presented in this paper, the time series helonged to the period: December 1995 ~

November 2002. The chart showing shares of loans with the terms belonging to a particular range is

shown in Fig. 1.

At the first sight, the structure seems to be stable. Table | presents shares of loans belonging to

the particular range in the total loans outstanding.

Table 1.

range number k 0 1 2 3 4 5 6

average share 0,1035 | 0,0859 | 0,0995 | 0,1573. 0,1864 | 0,1245 | 02428
E[Z(t)IZ(t)]

standard deviation 00173 | 0,0089 | 00111 | 00109 | 00151 | 0,0170 | 0,0231
o Zy(t)fZ(e) ]

Source: own calculation based on the data from NBP (National Bank of Poland - Polish central bank)
In the further analysis, an attempt was made to determine the average term Tz ( ¢ ) of the loans

outstanding. For this purpose, the following formula was adopted":

7
Diz™e)
Ty(t)=4t
z( 700
where:
Z(t)  —total loans outstanding in period t,




Z™(t) - loans outstanding belonging to k-th range (defined above) in period t, k= 1,..,7; i
i — average term (mid range) in the k-th range, k= 1,..,7.

7
Off course, Z(t )=Z Z™¥)(¢ ). Calculated values of Ty( t ) are shown in Fig. 2.
k=l

Time profile in Fig.2 shows that two sub-periods can be distinguished: one, from December 1995
to December 2000, the other, from January 2001 to November 2002. Both sub-periods are
characterized by different values of Ty( ¢ ); about 32 months in the former and 28 months in the latter.
Transition from the first to the second sub-period was not gradual as there occurred an almost instant
fall of that parameter by four months, i.e. 12%. This phenomenon can be explained: the fall of the
value of Tz( ¢ ) in that period was caused by contracting investment. This in turn resulted in the

diminished demand for bank loans on the one hand, and cuts in the long-term investment projects on
the other.
The above remarks lead to the following questions:
1. In what way do the changes in the average term of the bank loan affect the amount of the
credit outstanding and its structure?
2. Is there a relationship between the dynamics of the flow of the loans granted on the structure

of the loans outstanding?
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Fig. 2. Values of Tz( ¢ ) in the period December 1996 — November 2002.

" One can note that this formula is the weighted average and resembles, to a certain extent, the

formula for calculating duration (see: Mishkin(1998)).
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The analysis aimed at answering the above questions will be performed in stages. First, a model
linking the flows of the loans granted, principal repaid and the amount of the credit outstanding will
be introduced. This model is based on the assumption that the flow of the principal repaid can be
presented as the distributed lag of the flow of the granted loans. The weight coefficients of that lagged
relationship depend on the effective preferences of creditors and credit takers. In the second stage, a
simple estimation of the preference weights will be performed. Finally, the estimated values of the

flows of granted loans will be presented.

2. Flow of principal as a function of the flow of loans granted

The total amount of loans granted X(¢) in the month £ consists of: the loans granted for the period
shorter than I month X,(¢), loans granted for the terms ranging between one month and two months
Xi(t), etc. > Denoting the longest term of the loan granted with n, we see that the total amount of
loans granted X(¢) is distributed in the following way:

R .
X(t) = Xo(t) + Xi(t) + X5(1) + ..+ Xu(t) = ZX,.(I) (¢))]
=0

If the shares of loans of particular terms in total loans granted ¢, i = 0, 1, 2,,...n, are constant,
then (1) can be rewritten in the following way:

X(t) = ap X(t) + aX(t) + aX(t) + ...+ a,X(t) = X(I)Z":a, 2)
=

n
Obviously, X;(1) = a:X(f) and all & 20,i=0, 1, 2,.,n, and Y e, =1

i=0
The set of @ 20, i = 0, 1, 2,,.,n, will be called the term preference distribution, because these
values are determined both by the destination of loans and the ability of credit takers to stand the

burden of paying off the principal.

We assume that loans do not deteriorate and that the principal is being repaid in equal
installments. For example, loans granted in the month £ for three months are being repaid in three
equal installments over the next three months. However, one has to consider that loans granted in the
month ¢ for less than one month are repaid partly in the very same month £, and partly in the next

month, i.e. ¢ + I. The same goes for the loans granted in the month ¢ for the periods between one

* It is assumned that the tongest term equals 170 months. This assumption, which affects only the loans
of the longest terms (mainly building loans), was made because of the numerical problems occurring

in computations.
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month and two months: one part of them is repaid in the month ¢ + I while another is repaid in the
month ¢ + 2. This scheme has also been applied to the foans with longer credit terms.
In order to solve this problem, the following solution has been adopted. It is assumed that one-

half of the loans granted for less than one month is repaid in the same month, while the rest of that

amount is repaid in the next month. Hence, the amount of loans granted for less than one month and

repaid in period £, Y,(t), equals:

Yolt) = %a,, (x(e)+x(e-1)) 3)

One-half of the loans granted for at least one month and not longer than two months is repaid in
the first month, while the other half is repaid in the next month. The amount of loans granted for at

least one month and not longer than two months and repaid in period ¢, ¥(t), equals:

Yilt) = %a,[X(t—I)+%(X(t—I) + X(t—Z))].

One can notice that the above expression represents a mean value of the principal of the loans

returned in one and two installments.
The amount of loans granted for at least two months, and not longer than three months, and

repaid in period ¢, Y(t), equals:

Yat) = %a,[%(xn—u +X(t-2)) +§(X(:-1) +X(1-2)+ X(t—3))].

The above expression is a mean value of principal of the loans returned in two and three
installments.

Applying the same pattern for £ = 1, 2,.,n, the amount of loans granted for at least i months and
not longer than i+I months, and repaid in period ¢, Yi(¢), can be expressed by the following formula:

! (X(t-1) +.+ X(t—i—l))], i=12.,n.

1 [1 .
Yi(t) = Ea,.|:-i-(X(t—1) ot X(t-i)) g

or its concise form:

1 | zi+1 ¢ , 1
()= ~a.| —— Y X(t- — X(t-i-1 i=1,2,.,n. 4
Yi(t) 2“'[«,-“),2, (1=4) 455 X (=i )], i n. @

Each Yi(1) , the expression (4), can be expressed in the form of a distributed lag:

i+
Y=oy wi' X(1-j), )

j=0



where w,-“’,j = 0,..,i+1;are weight coefficients of the distributed lag. For i = 0 we have: w,® = %,
1,%= 3 and /%= 0 forj > 1; while for i >0 we have: wy"= 0, w”= (2i+1)/2i(i+1)] for j i and
wf=)= 1/{2(i+1)] for j = i+].
Having in mind that X;(¢) = a;X(t) . i = 1, 2,,.,n.; we can rewrite equation (5) :
i+1
Yi)= 3w X (=) i=1, 2,,n (©)
j=0

The following Table 2 contains the values of the weight coefficients wf",j =0,.,i+1;j=0,.,n.

Table 2 Values of the weight coefficients w;, j = 0,..,i+1;j = 0,..,n.
j=0 j=1 j=2 j=3 .. J=k+l . Jj=n+l
i=0 12 1/2 0 0 . . a
i=1 0 3/ 1/4 0 . . 0
i=2 0 5712 5/12 vi2 . .o 0
i=k @kl | (2k+1) | (2k+D) - 1/
’ [ 2k(k+1) J|[ 2k(k+1) 1|{ 2k(k+1) ] [2(k+1) ] ’
0
i=n @uid) | (2ntl) | (2n+d)f . - 17
’ n(n+1)] | 2n(n+1)] | [20(n+1)] : ‘ [2(n+1)]
i+1
1t is easy to prove that for all i, i =0, I, 2,..,n, ij“ =1, which is the consequence of the
j=0

assumption that no loans can be lost. In other words, the sum of each row in Table 2 equals one.

Each lag (6) is characterized by the mean lag T/ that in this context can be interpreted as a

mean time it takes I zloty of a loan from the i-th range to return to the bank as principal:

1
i+l ) -, i=0;
™= Yiw =1, )
i=0 —+=, izl
2 4

The total flow of principal in the month ¢, ¥(¢), is a sumof alt Yi(1), i =0, 1, 2,..,n:

Y)=Yo(t) + Y (1) +.. + Y, (1), 8)



This means that the flow of money returning to the bank system is a sum of principal of all terms.

By substituting (6) into (8) we get the following expression:
" i+l

YO = Yy wi X(1-j), (92)

i=0  j=0

and after rearranging the terms, we finally obtain the following relationship:

i=0\ _j=0

n {u+l n
Y(t) = Z[Zajw.’(“JX(t—-i)=Zw, X(t-i), (9b)
i=0

i+ n n
where w;, w; = Za] w;’). The sume,=1 , because Z w; is the sum of n products of parameters
=8 i=0 i=0

@ ,i=0, 1,., n, and the sums of the i-th row in the Table 2. As the sum of each row equals one, the
assumption concerning parameters & , i =0, I,.., n, leads to:

:i:uq = :i:a, =1.
i=0

i=0

The equation (9) shows that the principal (the flow of repaid loans) can be presented as the
distributed lag function of the past flows of the granted loans. The lag distribution involved in this
relationship is the product of two elements: the scheme of determining the installments and the

preferences as to the term structure of the Joans.

Value of T, which stands for the average time a monetary unit spends in the stock of the loans

outstanding, is (because of (8) and (9a)) defined as:

T™=3iw=al"+aTM+.+aT. (10)
i=0
Note that equations (8) through (10) are valid regardless of the distributions of wj(”,j =0,.,i+1;j

= 0,1

3. Loans outstanding as a function of the flow of loans granted

Given the relationship between the flow of principal and the flow of loans, one can determine the
amounts of the loans outstanding. Denote by Z(t)}, i = 0, 1,.., 170, the amount of the outstanding loans
belonging to the i-th range of the loan terms at the end of the period ¢. One should not confuse Zi(r)

and Z™(t); the former denotes the amount of loans outstanding belonging to the term range as defined




in Introduction, and the latter denotes the terms not smaller than i months and not greater than i+1

months. In other words, any Z™(t) can be expressed as the sum of at least one Z(t).

A simple analysis shows that the amount of the loans outstanding can be expressed in terms of

the weight coefficients:
Zy(t) = Y2 Xoft) . = ¥ oy X(1), because %2 Xy(t) flowed out of the stock of the outstanding loans
during the period ¢ (see Table 2);
Zt) =X, (t)+1/14X,(t—1)=oq[X (t)+1/4 X(t—1 )], because no part of the loans granted in

the period ¢ is repaid at the end of the period ¢, % of X,( £ — 1 ) having been returned in the period
t (see Table 2).

Using the same reasoning to analyze the loans outstanding belonging to the i-th range of the loan

terms, we arrive at the following expression:

i J
z,-m:Z (1- Zw;")x,-(t—j),i=o,..,n. (11a)
j-:a k=0 N
or ©
i ) i
zw)=y v'X{t-j)=a ), vOX(1-j), i=0.n (11b)
J=0 j=t
where:
J n .
W= (1-Ywf)=Y W), i=0.,n 12)
k=0 k=j .

The equation (11) shows that the amounts of the loans outstandi'ng are also a distributed lag of
the past loans, however coefficients v_,“’ do not form a lag distribution. The value of the expression in
the brackets in (12) is non-negative, all Vj(i) 20,j = 0,,n. The important property of the coefficients
v is that, regardless of the shape of the distribution of w;%, j = 0,..,i ; the coefficients v, j = 0,..,;

are decreasing functions of j.

i
It is a very important property of this model that each sum Z v§” ,i=0,..,n,is equal:
j=0

The equation



n i

E (i)_}: (i}
vj = Vj 3

j=0 =0

holds true, because for all j > £, v;” =0.
it

Since for all i,z w;.” =1, we see that
]

)ICAEDINTEDNCLIED 728

= j=0 k=0 j=lk=j

which can be written in the form:

i i
Sy w = w4 w4
= k=j
Wil L wy
+w(i)

In the above equation one can notice that w,® appears once, w;‘"appears twice, and w is

repeated { times, hence we have:

IS

i i
=0 =1

w(l) Z Q] _Ti()'). 14

=

TM~

Because in the proof no particular distribution has been assumed, the relationship (14) is true for

all possible distributions of weight coefficients. :

The total amount of the loans outstanding Z(t) can be expressed, on the basis of (11b), by the

sum:

Z() = Zz ()= Za, Zvj"X(t—j)

i=0 Jj=0

which, on the basis of (14), can be rewritten in the following form:

Z(t) = Z a,.T,.‘“Z':mj."’X(r—j) , (15)

i=0 j=0






















At the first sight, the differences between Fig. 4 and Fig. 7 are minor. According to the
assumptions, the division into the two sub-periods is preserved. However, one can notice that at the

very end of the first sub-period there occurred an acceleration of the flows of interest.
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Fig. 7. The evaluated monthly flows of the loans granted and principal.

This acceleration was caused by the increased rate of flow of granted loans, which, in turn, was
the effect of the decreased demand for the longer-term loans. The above mentioned drop of demand
_was the result of the crisis in investment, which began at that time. This is a paradox that decreased

demand for loans causes an increase of the flow of the loans granted.

The method for evaluating the flows of the loans granted and principal proposed here does not
account for the losses caused by the deterioration of loans. This is an important drawback of the
method proposed. However, assuming certain rates of the flow of losses could help to solve this

problem.

4. Conclusions

The above-presented considerations show that the relationship between the flow of the loans
granted and the amount of the loans outstanding is complex. The factors having an impact on that
relationship are the following: the loan term preferences, scheme of the repayment of principal and
the deteriorated loans (which were not considered in this study). When drawing a loan the loan-taker

makes two decisions: on the required amount of the loan, and how long would it take to fully repay

17"



















