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Abstract:

This paper studies a simple model of financial intermediation in order to
understand how the lending-borrowing spread (or interest margin) charged
by financial intermediaries is determined in equilibrium in a monetary
economy. The main conclusion of the paper concerns the gffect on the
spread of changes in the distribution of monetary innovations. Thus,
changes in the monetary-policy-rule followed by the Central Bank which
alter the volatility of inflation will have important effects on the interest-
margin and also on the amount of credit available to investors. A cross-
section empirical analysis strongly supports our hypothesis:

1. Introduction

The role played by financial intermediaries in the transmission of monetary shocks
is certainly a critical aspect of our current understanding of the effectiveness of
monetary policy. It is surprising, however, that very little is actually known (on a
theoretical plane) about the nature of financial institutions. In fact, it is not until
recently that a more promising explanation for financial intermediation (based on
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information-related market imperfections) appeared in the literature, This line -of
research does not only provide with an explanation for financial intermediation, but
also explains some of the acteal characteristics of intermediaries as we know them.
{See Boyd and Prescott (1986), Diamond (1984), Ramakrishnan and Thakor (1984) and
Williamson (1986), (1987a)). :

It is important o mention that there are many carlier references in the literature
concerning financial institutions. However, these earlier papers do not provide with a
satisfactory explanation for the existence of financial intermediaries (although the
paper by Baltensperger (1972) might be considered an early attempt to do so), Rather,
they deal with some important microeconomic aspects of the functioning of
intermediaries, such as reserve management, leverage, and portfolio composition.
These aspects are not considered in the new line of research we just mentioned. (See
the papers by Klein (1971), Poole (1968), Pyle (1971), Sealey (1980), and the surveys
by Baltensperger (1980), Pyle (1972) and by Santomero (1984)).

It is surprising that, with the exception of a recent paper by Williamson (1987¢), all
of the papers mentioned above deal with a real economy where money does not exist.
However, even in the paper by Williamson (1987c) money piays no significant role.

It is a fact of life that most financial contracts are¢ set in nominal terms. Thus, in
order to understand the way in which monetary policy affects output, an explicit
analysis of money and its relation with financial intermediation is needed. However, it
is important to make clear that we will not deal with the problem of money-creation by
{inancial intermediaries (i.e., ‘inside’-money). Rather, we assume that all money is just
cash or ‘outside’-money and, therefore, that the money-multiplier is always equal to
one,

In this paper we are concerned with the use of money as a numeraire when writing
financial contracts. In particular, we study a simple model of financial intermediation in
order 10 understand how the lending-borrowing spread (or interest margin) charged by
financial intermediaries is determined in equilibrium.

The main hypothesis to be investigated concerns the changes in the lending-
borrowing spread due to changes in uncertainty or risk. In particular, changes in
inflation or inflation-risk should have some effect on the lending-borrowing spread.
This hypothesis is a natural extension of the models developed by Deshmukh et al.
(1983), Jaffee and Modigliani (1969), Jaffee and Russeli (1976), Stiglitz and Weiss
(1981}, and Williamson ( 1986) and (1987a). This hypothesis is also interesting because
of its relevance in analyzing monetary regime shifis, such as the ones occurring in
October 1979 and October 1982 in the US, , :

This paper is among the few thai study the effects of price-level variations on
financial intermediation. Nevertheless, the papers by Bernanke and Gertler (1989) and
by Johnson (1988) deal with different problems and do not incorporate money
explicitly into their analysis. More specifically, while Bernanke and Gertler analyze the
effects of price-level variations on the distribution of wealth and its relation with
financial intermediation, Johnson studies the effects of inflation on financial
intermediation when interest-rates ceilings are imposed.

One problem related to this paper which is (at least partially) solved concerns the
existence of indexed debt-contracts. In fact, we are going to assume that it is costly o
write indexed-contracts and, therefore, all contracts are initially written in nominal
terms, It is argued then that indexed contracts might exist only for a highly volatile

inflation rate. Nevertheless, this issue is extremely important and should be discussed
further in another paper.
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i ivati i i the lending-borrowing spread appeas W
Hro Bm_m_ﬂ_o :mwhoh. mﬂww ﬁ,m wwﬂwﬂﬂww _M.Hﬂm:&& _Eﬁ.mzuma.g in the former n:.__:..‘w..
" Emsoﬂ_:m ”omaiﬁnm (1988) documents that in Chile this spread was around 2
in 1975. In =wm:.=:m_ basis in 1978-79, 10 percent in 1980-81, and around Hw%wmwomnw _ua
an:mou o {1988) documents an average spread of 17 percent for the peri 5.2?“
Em.m. .w:.owa (1983) documents “...that since mid-1979 the spread has been two A__ :
e m_mmmopwﬁ per month”. Qur own computations show an m<2.m~m=o w%mﬂowanm
Mmcwemﬂwa_w 12 percent for 1978-88, as opposed to 1.78 percent for the g

- annual basis. . .
Gmwﬂww. w%:ﬁmmwm: sections of the paper are as follows. Section two describes the

i i tainty on the lending-
i i ree studies the effect of changes in uncer . endin
ﬁohwwﬁwnmocwmmm_.om_ ﬁ@nzon four the empirical analysis is provided while section five

summarizes and concludes.
2. The Model

2.1 The General Selting

i ing- ions model (0.G.M.) where a countable-
i fo w°1m_aM”oM=ow M.._ﬂ_sm% w_:wm. ﬂﬂﬂmﬂ%& and a o%::BE@-Emu.:w of :o%ﬂwo_aw
__.5:_& a 5<ao born every period. We assume that in each generation the nam _H.o
e _ga% Qv En least L times (L > 1) the number of investors. E._ economic agens live
w%u%ﬁcwoﬂwaw and are assumed to be risk neutral, i.e, Eow maximize expected income
or profits. All consumption occurs during the monosm_ ﬁo.ﬂoa. diary or bank exists. The
In this economy a unique but very large financial interme Ew o
bank borrows from the households {or unu..uﬂ.mv »:.n Has%_ to the firms .
The e o E.Wm e mnﬂaﬂaoﬂnwmmwrumuwﬁ._wwﬂwmrﬂﬂmoﬁr5 receives one unit of
indi ~b.;.H.w_.._w %Mﬂmmm_ﬂ: E>m_mmm M%%:%moso_n j is endowed with a specific poozuow“mv\w ﬁ.w”
in :;.w:. r 1o Eo.nommo _smn consumption with nﬁ.BEQ if she decides .mc_ _..w Der
e t until next period. Let us denote this specific .ﬁnrno_oww mmaﬁ = A.H.n.. ). we
onaoiaa:_: t H. is uniformly diswributed over the _Emﬂ.m_ ..E. Hetgl, Thus, e
housoh 1d ; m.E_o_. (i) keep her endowment until next period, .c_v nx&._mbmo it for _.mm
e Mm”w lend it to the financial intermediary. Fiat-money is supplied every wﬂ_wa
by the Centr 1 Bank and by ihe households in the old-generation who monﬁ& Bao
cwo_.pww MM__HM previous period. We also assume that holding mmm.?.m_oawwm m_ww nmmoam.w
H i i i m L.y
i inancial asset issued by the financial in 1 .
mo&..% <o~~ . %-Mwwwmwv wwmﬁ household j Q, units of output, where o is ..E_mwnﬁw
Q."E._nm ma ver the interval [0, o™=]. o can be interpreted as the cost of mom:m o: e
mwﬂﬂcﬁmmn%wm assumed to be Eouoaoma to the distance from the bank to househol
b aw_“ﬂ“.wwﬂoa are endowed with zero units of output cE. with an Ee.nmbz_wa%g ﬁnw%»ﬁo%w
which is unknown to households and whose outcome _m. ==8.§5.§ E_Mm:r face the
investment project which consists of Em.mo:oi_am. E.o investme: ¢ of L units of
output in riod t will provide with L(1+y) units of output in period t+1, w c« A
andom t wmﬂ Letting (1+y) equal £, the investment E&.Sr_m fully described WFNM
..muaou%_.nw a.o_._mzm function (p.d.f) of Q, (€2} (or w_sﬂm:é_w. by Sm n_:_mum al h_w p
_unocm _m y tion (c.d.f) of Q, F(£2)). In our notation mm:m.mam the mo__oism. -2
Muohm_pwﬁoﬂmw that, wm“nmzmo w.: the investment projects are independent but identically
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distributed, aggregate gross-return is certain and constant, i.e., equal to the mean of Q
(the “unlucky™ firms are compensated with the “lucky” ones).

Each investor (or firm) is also characterized by a specific parameter, €, which
measures the comparative-advantage of firm i in undertaking the project.This
parameler, €, does not affect the outcome of the project, but measures the amount of
labor (‘effort’) that firm or investor i has to use in order to implement the project.
I assume that €, is uniformly distributed over the interval {0, gm™=],

We also assume a costly-state-verification setting as in Townsend (1979). Thus, the
actual realization of £, can be freely observed only by investor i, and any other agent
has to spend resources in order to observe it.

2.2 The Financial Intermediary

With all the assumptions made above the existence of a unique but extremely large
financial intermediary can be explained as follows.

Because of the costly-state-verification assumption, and ruling-out stochastic
monitoring, it can be shown that the optimal incentive-compatible arrangement between
borrowers and lenders is a debt-contract. That is, there is a fixed promised payment,
and if the investor cannot meet it, the lender pays the monitoring or verification costs,
bankruptcy occurs, and the investor consumes zero, (See Townsend (1979), and
Williamson (1986}, (1987a)).

Within this framework a large and single financial intermediary emerges as a
superior form for intermediating funds because of the diversification undertaken by the
intermediary. That is, by lending to all the investors the intermediary becomes riskless
and will never be monitored by the lenders. Also, duplication of verification-costs is
avoided as the cost of monitoring firms is incurred only once (by the intermediary)
rather than by all the L lenders to the failing firm. (See Boyd and Prescott (1986),
Diamond (1984), and Williarsen (1986), (1987a), (1987¢), ( 1989)).

Given this result we can ruie-out direct lending and concentrate on the equilibrium
when a financial intermediary exists. Notice that if either (i} there is no uncertainty
about £, , or (ii) €, is not private information (i.e., it becomes public information), then
the financial intermediary is not longer a superior form for intermediating funds. This
happens because when either (i) or (ii} is true, ther no monitoring is necessary, and
therefore no savings in monitoring costs can exist. }

In what follows we are going 1o assume that, because of technological restrictions,
it is costly to write indexed contracts and, therefore, all financial transactions are
{initially) set in nominal terms, The cost of writing an indexed contract is equal to B
units of output.

2.3 Lenders

Each household j has three alternatives of investment: one with a certain gross-
real return of H; when kecping her endowment, one with an expected  gross-real
return of (P, /P, ,) when holding fiat-money, and one with the financial intermediary
which pays an almost certain nominal return of I* 2. P is the price-level at time t, I"
is the expected real return promised to depositors (lenders) by the financial
intermediary, and ¥ is equal to the inverse of the expected gross-return of money?, i.c.,
T =[EE /P, )1, where E( } stands for the expectations operator. I'Y, is almost certain
because, as we will see below, when contracts are set in nominal terms the financial
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i iary i r riskless. However, if we assume that the E.m&mc:.:w of a
wﬂmﬁ%ﬁw m_mm Ammmw_w—wmmuo to) zero, then [* becomes certain except for inflation-risk.
Notice also that, because of the %w-a?oa._mnmaom.. ?.E.u respect 1o Q) ==nam5roﬂ Mw_‘,
the intermediary or bank, the latter is still the omcam.h (i.e., .m%o:cc arrangemen
intermediating funds, even when contracts are written in nominal terms. H with the
Because of risk-neutrality, household j will compare the certain 6.5..%& [ sﬂ.. he
expected real return of holding Souaw. and _i_WB Somwﬂw%o“mn m“__mh mmw_\wnovcm:c of
i ich is given by (I'— o). At equilibtium, ' w1 )» SOT
Ww%ww“ :%:;H %ov___maow hm.? huseholds) will hold only fiat-money @mwn _.M,_”m
low H and high @), a fraction v, will hold only financial assets issued Mw e ank
(those with low H and low o), and a fraction vy, will Eém.ﬂ in their own Mm ess ﬂoﬂu t
(those with high H and high cr). Note that the sum of the ¥’s equals one. Because H,

o are both uniformly distributed, then a continuous and positively sloped aggregate

credit supply curve is obtained.

2.4 The Price-Level

8 ilibrium the price level is determined by the .mo:ofsm"
1Y _wsum“mwm«www Mawm the total o:aoﬂao_.: E.”o?& .3 :o__mor.o_% bormn in period _M.
and M_is the total stock of fiat-money supplied E.vo:oa i. Letting Azmmzmw @wam_ s
5., then ®,./P) is given by (5,,/K), where K is one Ecwﬁ the mnoin nB o m e
vmwa_»nou. and where & satisfies the following: 0 < & < &= The p.d.f {c.d.
is known and is represented by g(8) (G(5))*.

2.5 The Optimizing Investor

1o undertake the project, firms have to borrow LP, units of the currency {(or
L :hﬂo%wwe:c from the E_wmaowm_ intermediary, who charges an mammnmﬂmﬁomm.a%
return of R (R = 14¢). Alternatively, the bank charges a nominal return o s W M”oca
is defined above. Note that R is the expected gross-real return, which ::ma be
different than the actual ex-post real return due to changes in inflation (i.e., due
==ameomwM M“_.M_._ Mwohw period the firm will observe the actual return on its own project,
€, and the actual inflation, i, and will either default or pay-back the loan. This occurs
ammxs&:m on Q(1+m) 2RE munumwaosn. occurs) or Q(1+71) <RZ Aan.mwcz OCCUrs).

The oxuooﬁ,n real profit of investor i can be calcuiated as follows:

B(profits firm i) = L .— .— (10 - REK/)) f(x) dx} g(z) dz — ¢, N
0 REZK/S

i i i ted real
ich i to L times the expected value of Q, minus L times the expec
Mﬁmﬂ m.wmmncﬁwh&a bank, when default does not occur, and finzlly, minus the effort or

labor spent in implementing the project.
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After integrating by paris equation (1} can be written ag follows:

oD oo

E(profits firm i) = L ﬁ (Qm=_ Ry _ ._. ._. [F(x) dx] g(z) .L ~E,
0 RXK/S

2.6 The Optimizing Bank

. The real pay-off for the £ ial i iary i
intermedingy v ol O mancial intermediary is summarized as follows. The

(i) FWM\Q.EC when default does not gceur

(i) LQ + LeiQ - R¥/(1+1)] - M when default occurs,
(iii) ~ LI'Z/(1+x) in any event,

where M ar itori

are ﬁwcam% HWMQ Bon_“v_sﬂh._w costs, and Lc[Q - R¥/(1+n)] are bankruptcy costs which

what is actually ummm. %,mu Hmo_—_am.._awoiﬂo 9%.288 between what is due to the cmz,m mﬂa

En:wmma. their difference is %m»:s%a elault occurs © is less than RIA1+xr), and
€ expected profi ‘ ;

following: Prolits to the bank of granting a loan to any firm is given by the

E(Profits-Bank) = thN-_.m ;_» f(x)dx ) 1/8 g(z) dz +
0 RYK/§
= RIK/§ o

L .‘; ( .‘. QY d) g(z)dz- M F(REZK/S) g(z) dz

0 o

3

0
* RIK/3

+Le “. { ._‘ (Q-RIK/S) f(x) dx ) g(z) dz — L1*

Q0

where the first term on the rj i
: right-hand-sj
third and fourth terms correspond to (ii) a

de corresponds to (i) above, and the second,
After integrating by parts equation (3

bove,
) can be reduced to the following:

(2)
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3 E(Profits-Bank) =L (R-I") - M .— FRZK/S) g(z) dz 4)
. 0
« RIK/S
—L{1+¢) .‘. *._'moo dx ) g{z)dz
o o

Notice that when contracts are nominal the financial intermediary is not longer
riskless, i.e., a large unexpected deflation might cause a bank failure. However, when
calculating expected profits in equation (3) or (4}, the financial intermediary assumes

that he/she never fails as reflected in (iii) above.

3. Changes in Uncertainty

It should be clear at this point that in this setting the level of inflation is not
important as long as it is known with certainty. Thus, if agents could forecast inflation
without error, then all real returns would be certain (rather than expected) and inflation
would not play any role*. What really matters in our setup is the volatility of inflation.
However, it does 50 not because of risk aversion (as in Giovannini (1989) or in Sealey
(1980)) but because of the asymmetrical pay-off between borrowers and the bank. The
effects of inflation-volatility are studied below.

3.1 Intuition

Before we proceed with a more rigorous analysis, an intuitive and clarifying
example may be helpful to understand what will be developed next. Figure 1 below
shows both, the bank’s pay-off of lending to an investor (top portion of the figure), and
the investor’s pay-off of borrowing from the bank (botiom portion of the figure), both
for the case without bankruptcy-costs. The figure is drawn for a specific £ and i (no-
minal interest rate). Along the horizontal axis we measure the inverse of the growth-
rate of money, and K is the rate of growth of the population.

In the figure we show the areas when inflation occurs and when deflation occurs.
Notice that the bank’s pay-off increases with deflation (or decreases with inflation),
while the borrower’s pay-off increases with inflation {or decreases with deflation), both
for a given i and . Notice also that, while the borrower’s pay-off has a LOWER-
bound (equat to zero) which is reached when bankruptcy occurs, the bank’s pay-off has
an UPPER-bound (equal to Q) which is also reached when bankraptcy occurs.

1t is clear from the figure why the bank is worse-off (and the borrower is better-off)
when there is a higher volatility of nominal shocks. Thus, while the borrower’s pay-off
is a convex function of M/M,,, the bank’s pay-off is a concave function of the same
variable. Indeed, an increase 1n the variance of M/M,, will make the bank worse-off
and the borrower betier-off.
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FIGURE 1 1.2 The Demand for Credit

. (AY BANK'S PAY-OFF
(L+i/l+x) It follows from equation 2 above that expected profits for firm i are a decreasing
function of the expected real return charged by the bank, R. In fact, the derivative of

expected profits in equation 2 with respect to R is given by:

[ NOBANKRUPTCY « r BANKRUPTCY
Q

E.() = L (JFRIK/S) (ZK/3) g(z} dz— 1) )

o

=L ( ZK E{ FRIK/3)} (18)} -1} <0

which is less than zero because of the fact that E(1/8)=1/KX and because 0 < F() < 1.
Therefore, the higher is R the lower is the number of potential investors or firms who
will apply for a loan. For a given R, investors will apply for a loan only if expected
profits are positive, or alternatively, only if €, is less than the first term in equation (2)
above, This implies a negatively sloped demand for credit.

Notice also that (2) can be written as follows:

¥

o

o

(B) BORROWER’S PAY-OFF WP
o. A 1+i v E(profits firm i} = LEE ~-R) = mE@L -, 29
l+n

where H(8) is given by H(®) = | F(x) dx

NO BANKRUPTCY BANKRUPTCY
‘ RIK/B
It is easy to show that H(8} is concave in (1/8) and, therefore, expected-income is a
convex function of (1/5). It follows that expected profits for the firm increases with
uncertainty about inflation, ie., a mean-preserving spread (m.p.s} on the p.d.f. of
(1/8) —in the sense of Rothschild and Stiglitz (1970)- increases the expected profits for
the firm**. -

3. Equilibrium in Financial Intermediation

In this model a single financial intermediary emerges as a superior form for
intermediating funds, but no investment is required to become an intermediary. (See
Diamond (1984) and Williamson (1986), (1987a), (1987c)). Indeed, any agent may
become an intermediary if profits are expected to be positive. Therefore, the long run
equilibrium condition requires that expected profits in intermediation be equal to zero.
This is equivalent to say that the lending-borrowing spread should satisfy the
following:

|
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LER-I"=M ‘TAWM_Q@ g(z) dz + L(1+¢) .-. .—. F(x) dx g(z) dz (6)
o 00

Notice that equation (6) can be written as follows:

LR-I=ME T%ME@ g +L{1+¢}E T@ g 6"
RIK/S

where J(8) = c—. F(x) dx

4]

It is easy to show that J(8) is always convex in (1/5), while F(REK/S) is convex in
(1/3) only for those values of § such that the slope of f(x) is positive, i.e., £'(x)> 0. For
other values of 8§ F(RTK/S) will be concave in (1/8).

If we assume that in equilibrium the expected real return, R, is such that PR >0,
then we may conclude the following:

(1) If at equilibrium an increase in nominal uncertainty occurs, i.e., a m.p.s. of g’(1/8)

in the sense of Rothschild and Stiglitz (1970), then the interest-margin charged by
the banks should increase.

(2) Countries facing higher nominat uncertainty should also, at equilibrium, show a

larger lending-borrowing spread than those countries with lower mongtary-
inflation variability,

(3) Changes in expected inflation which occur simultancously with changes in
uncertainty about inflation, like reported by Christie (1982) and by Pindyck (1984},
will also produce an increase in the (expected) interest margin,

Although the requirement that £'(x) has to be greater than zero is not mandatory for
our conclusions to hold’, this condition wiil be certainly satisfied in the case of a
symmetric distribution where R* < E(Q).

Also, notice that if we think of our bankruptcy costs as a special case of monitoring
costs, as suggested by Williamson (1987¢), then the following is true:

(4) If in our model monitoring costs are zero (M = 0} but bankruptcy costs are positive
(c > 0), then it is always true that an increase in nominal uncertainty implies an

increase in interest-margins. (The first term on the right-hand-side of &'
disappears).

Finally, it is important to note that our setting is perfectly consistent with an
equilibrium where credit-rationing oceurs. Indeed, when either bankruptcy costs or
monitoring costs are nonzero, the expected profits for the financial intermediary will
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not be monotone-increasing in the real expected return, R, m.qo_s. cncwmwz (4) it is casy
to verify that the change in expected profits when R changes is given by:

o0

E =L T —(1+c) M&mwmﬁmx:@ g(z) dz _ - N

0

-

MK _. fRZK/8)(1/8) g(z) dz
0

i i i i R’ 0 € R’ £ oo, such that the
h t follows immediately that there is some R, . t
M_MB Manmwow_m for the financial intermediary are maximized®. _.m ;wn. E_M_ﬁmﬁ_ﬂﬂwo mﬁwm
acwsowﬂ of firms applying for a loan is large enough, then the equilibrium mig
in credit-rationing. (See Stiglitz and Weiss (1981)),

3.4 An Example

i i ioned above, i.e., one where

e consider a particular case of the one mentione 0
os”%.w:% costs are zero (M = 0) but bankruptcy costs are not (c>0). vmm_mm_.io can
-%_Ew of bankruptcy costs in our model as part of the monitoring costs in Williamson
Cwmm%w_w: M = 0 and ¢ # O the long run equilibrium condition in the intermediation

aclivity (equation 6 can be written as follows:
(O]
I'=R-(+c)E {J@)) {

i i ion i in the second cuadrant of figure 2 as

s defined above. This relation is drawn in the s 4
Mwommhnﬁmw__ﬂ R-I. Notice that this function is _mmnmm%”wm in R, MMMn_n_MM_»_. M”wu_.n_aﬂﬂm Mm
Ry then decreases with R, where RY' is the expected e :
qus_mﬁwm expected profits for the financial intermediary. (R} is ocs_moa mm_noﬂﬁ

uation 7). Notice that the interest-margin {(or _o=a_=m-gnoiw=m spread) c ¢

M_noumES as the distance between the R-I function and the 45° line in the secon

f the figure. ) .
oamaww_.”ww mocan:mn:m&mﬁ of figure 2 the supply of EB»E@ ?_a.m is drawn. d:w Mmm M:
increasing function of 1°, the expected return paid to depositors, as we already
&mnﬁmwww. the 45° line in the third cuadrant it is vomwwc.“m to obtain the m__mv_wmmm.
loanable m:am offered by the financial intermediary, which mm m_Bsm_ m__wm_“"o %M”nﬂmou caﬂ
X . P ing in or -
in the figure. Note that this ?m_n:os is increasi s o o o oy o

ing thereafter. (The negatively-sloped section of this ¢

mﬂmaqwmﬂ__ﬂm parposes, but in fact the financial intermediary will never charge a return

higher than RY).
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The equilibrium is obtained where the demand for loanable funds equals the supply
for ioanable funds, if and only if wmo £ R}’ (which is the case of D, in the figure), or at
R with credit rationing if the demand is large enough (which is the case of D, in the
figure). In the latter case the amount of rationing may be measured as the difference
between the supply and the demand at R (L, - Lygaxin the figure).

An increase in nominal uncertainty, ie., a m.p.s in g'(1/8) in the sense of

Rothschild and Stiglitz, will have the following effects:

(1)  The long-run equilibrium condition in the intermediation activity will shift to the
right because of the convexity of I(8). This is shown as the shift from R-Ttowards
R-I" in figure 2.

(2)  The optimal return charged by the financial inermediary, R”, will either increase
or decrease depending on the concavity or convexity of FIREK/8](1/8) in
equation (7) with respect to (1/5)°. In figure 2 we assumed that the latter is true,
This is shown as the fall from R} to R in figure 2,

(3) The demand for loanable funds will shift to the right because of the convexity of
expected profits for investors, as we already discussed above. This effect is
shown in figure 2 as the shift from D,to Dy’ (or D, 1o D).

The firal effect of (1), (2) and (3) on the equilibrium return and the availability of
credits is summarized below.

(A) If the optimal return charged by the financial intermediary (R") decreases, then
the following applies:

(A.1) If credit rationing initially existed, then a m.p.s in £°(1/5) will make loans even
more scarce and the equilibrium interest rate, R__ = Ry, will decrease, This may
be shown in panel A of figure 3 as the old equiltbrium occurring along AB, and
the new equilibrium occurring along DE but to the right of the previous one.

(A.2) ¥ credit rationing did not exist initiaily, and credit rationing does not occur at the
new equilibrium, then the new equilibrium return (Rgo) will be higher than the
old one, but the number of icans granted will be either larger or smailer than the
previous one. This corresponds in panel A of figure 3 as the new equilibrium
occurring along OC with the old equilibrium occurring along OF.

(A.3) If credit rationing did not exist initially, but credit rationing occurs at the new
equilibriuvm, then both, the new equilibrium return Ava and the number of loans
granted, will be either larger or smaller than the previous figures. This
comresponds in panel A of figure 3 as the new equilibrium occurring aleng CDE
and the old equilibrium occurring alon g OFA, '

(B) If the optimal return charged by the financial intermediary (R*} increases, then
the following applies:

(B.I) If credit rationing initially existed, then the new equilibrium will be with a higher
return (R > R}) and with a smaller number of credits granted. However, at the
new equilibrium credit rationing may not exist. This corresponds, in panel B of
figure 3, as the old equilibrium occurring along AB and the new equilibrium
occurring along FCDE,

(B.2) If credit rationing did not exist initially, then at the new equilibrium Ry, will be
higher, credit rationing may not occur, and the amount of credit intermediated
may be either larger or smaller than at the initial equilibrium. This corresponds,
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ilibri ing along QA and the new
i f figure 3, as the old equilibrium occurring along C d
wﬁ_mﬁm_m:w:oonnmnw_m atong OFCDE (although the new equilibrium will always

be above the original one),

ion (i i depend on whether R*
eral conclusion (i.c., the one Es_or. does not |
© Mﬂw«ﬂwﬂm mwngonnoumawv is that the interest-margin (or spread) enlarges with the

increase in nominal uncertainty,
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3.5 Additional Remarks

Before closing this section some remarks are in order. First, an in i
our analysis is that a mean-preserving-spread in g’(1/8) may nm_wma m:mmﬂ.awm HMMGMMMMM MM
a fall in the o.pE:v:.:B (expected) gross-real return, R*. This result complements one
of the results in &::_mamoﬁ. (1986) and (1987a), where a m.p.s in f(x} —the distribution
of returns on the mvestment project— causes an increase in the equilibrium retyrn, R"
mono_i“ It 1s important to mention that the increase in the _onaim-gmoéw:
spread we just analyzed occurs because of the higher probability that a large aommaom
|m=i therefore more bankrupteies— might occur. Thus, the non-failing firms have to pa
a higher relum in order to allow the bank to compensate for having larger losses é:aﬂ w
larger deflation occurs. It is worth mentioning that the existence of an options Aow
?E:.wmv Em_.wo.r where the bank can buy insurance against future {unexpected)
Em..m:ou. doesn’t destroy the main result of the paper. In fact the bank is mmE%w a put
option to the borrower (recall the pay-off functions in section 3.1) and charges a mo%_.s
WHMWMM amﬁ hmmmmm.q Mv_dmn. Ww Mmim an options market the inflation risk will be
arty, but thi i i
pansforted 0 @ Eoimnw _wa put mmnwmga (whoever he is) will also charge a fee to the
Third and most important, notice that the previous analysis fails if we assume now
.:z: indexation becomes costless, i.¢., that the financial intermediaries are able to issue
Enomma aoE costlessly. Also, the assumption that indexation is costly is not full
consistent with our one-good economy model. g o
Zn...m._,sn_omm‘ the rationale for this assumption is based on the observation that i
real Eo. indexation is not very common. In fact it doesn’t exist in man no:nwn.:.
where, like the U.S., inflation has been low and stable for many years mﬁﬁmonzoqo mm
many countries where it exists it has shown to be a problem for chEN.m:o: pu mnw_uo
Thus, one om” the (social) costs of indexation concerns the fact that, from a Bmﬁw_ ~
perspective, it seems to impose some rigidities to the economy. ’ e
. From a Ea_..o_né_ perspective and much more related to our problem, the main
issue has to do with the fact that there is no unique price index to rely on for wzamxm: n
purposes. In fact, whenever there is more than one good in the economy, there i a
infinite number of price indexes to which debt contracts ¢an be tied to msm,amor ozmo M.M
them presents p.:o _.unozms of being a measure of a relative price nam_._,ma in addition &
an aggregate price increase (or decrease), °
.>E5=ma there is a unique theoretical aggregate price level, it is almost im
possible we can really measure it, i.e., it is very costly to do so. The _mzﬂ is particularl )
true in a dynamic setting where the patterns of consumption and production are m__oiaw_,
to change from one period to the next. Therefore, any price index we can actually use
will only be a proxy for the right one. Notice also that in order 10 measure any of w__nmm
proxies we have to spend resources doing surveys in the marketplace. Furthermore, as
Hosm as every contract is tied 1o the same price index, a :o:-a_x.o_.mn.mwc_o risk a .
which is :&2&. to the quality of the chosen index. That is, if the chosen index avmvmwm
proxy Bn the right one, the changes in relative prices (that are zero in the theoretica)
index) will be the scurce of an additional non-diversifiable risk?!. e
oon>M” ﬁ.owm remarks concerning mza.oummo_.. although not fully related to our one-
woMG. onomy model, provide the rationale for assuming the existence of indexation
Finally, notice also that in our model the increase in the lendi i
may be large enough to compensate for the cost of writing Eamxmm.ﬂ%ﬂmﬂﬁw— w M@MMM
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this is the case, the financial intermediary will offer an indexed contract to lenders and
borrowers. This result might help to explain why indexed contracts are observed only in

some countries or only for long-term contracts.

4. Empirical Evidence

The theoretical analysis in the previous section indicates that an increase in nomi-
nal uncertainty should be reflected in a higher lending-borrowing spread. In this section
we analyze this hypothesis by studying a sample of 43 countries during the 1980’s and/ -
or early 1970’s. The list of all the countries (with their specific periods) included in the
sampie is given in the appendix.

For each country we calculated the average spread and the standard deviation of
money-growth and inflation during the sample period. All data was obtained from IF§
tapes on a quarterly basis and then annualized. Inflation was computed as the
percentage-change in the Consumer Price Index (line 64) and money-growth as the
percentage change in M1 (line 34). The spread was computed as the difference between
the lending-rate (line 60p) and the deposit-rate (line 601).

Because our model does not provide us with any specific functional form or
equation for the relationship between nominal uncertainty and the spread, we proceed
by testing for a very general positive relationship between these two variables. Table 1
presents the results of four tests of this sort. The first test strengly rejects the null
hypothesis that the correlation coefficient (Rho} is zero when both variables (the spread
and our measure for nominal uncertainty) are jointly-normally distributed. The second
test obtains the same conclusion when correcting for the small-sample preblem, i.e.,
when using a t-student statistic rather than the standard normai distribution, Notice that
the rejection is even stronger when using inflation as a measure of nominal uncertainty
than when using money-growth.

The third and fourth tests are less restrictive because they do not assume a bi-
normal distribution. The third test concerns Spearman’s Rank-Correlation coefficient
while the fourth concerns Kendall’s Rank-Correlation coefficient. Again we find a
strong rejection of the null hypothesis that both variables are not positively related.
However, when using Kendall’s test the rejection is even stronger in the case of money-
growth than in the case of inflation.

Table 2 presents the average spread and the standard deviation of money-growth
and inflation for a selected group of countries during specific sub-periods. These
countries were selected based on availability of data. Notice that, when using money-
growth as our measure for nominal uncertainty, in only one case out of seven (i.e., the
United Kingdom) an increase (decrease) in average-spread does not occur with an
increase {decrease) in nominal uncertainty. The case when using infiation as a measure
for nominal uncertainty behaves as expected only in the case of Israel, Japan (period 3),
and the United Kingdom.

In sum, the empirical results partially support our hypothesis, and particularly so
when using money-growth as a proxy for nominal shocks. However, in order to
perform a more specialized test of our hypothesis a particular functional form would be

required.
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TABLE 1

RELATIONSHIP BETWEEN AVERAG
AND NOMINAL UNCERTAINTY (NU),

43 COUNTRIES

St.Dev,Inflation

5t. Dev.Money-Growth

Correlation Coeff.

Gy py (RH) 0.683
TEST 1

Z ~N(0.1} 4.427
Mg. Sig. Level 0.000

TEST 2 (Small-Sample Problem)

T~t (41 df.) 5.988
Mg. Sig. Level . 0.000
Spearman’s Rank
Correlation Coeff. (8) 0.495
G, 0.154
TEST3
Z ~N(0,1) 3.207
Mg. Sig. Level 0.000
Kendall's Rank
Correlation Coeff. (¥) 0.290
R=P-QV¥ 262
NN-11/2 : 903
Gp 95.55
TEST 4
Z~N(0,1) 2.731
Mg. Sig. Level 0.003

0.372

2.409
0.008

2.564
0.005

0.575
0.154

3.726

0.000

0.397
359
903

95.55

3.746

0.000

Notes: af Pand Q are the summation of all the observations which are “correct” and “
rank-ordering of the second series respectively. Kendall's statistical test is based on R rather

than ¥,

wrong" in the
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TABLE 2

AVERAGE SPREAD AND NOMINAL UNCERTAINTY

Selected Countries

Country N Period Spread Sint. O noney-growth
Australia

29 76:3-83:3 2.096 3.993 20.34

22 84:1-89:2 5.176 3.062 24,76
Germany

14 77:4-81:1 4.010 2.900 19.58

29 81:4-§8:4 5257 2.053 20.86
Greece

73 61:2-79:2 2.891 11.97 33.12

36 80:3-89:2 5.867 10.11 58.85
Israel

H 84:1-85:4 354.6 194.2 201.6

11 86:1-88:3 38.53 8.100 120.4
Tapan

31 57:2-64:4 3.9%9 4115 44.68

20 74:1-78:4 3.753 9.228 29.37

34 81:1-89:2 3.380 2914 19.99
Sweden

43 70:2-80:4 3.800 4.866 30.24

24 81:1-86:4 4.946 3.559 314.6
U. Kingdom

14 66:4-70:1 0.893 3.653 16.19

28 §1:2-88:1 3.490 4.626 10.10

5. Conclusions

This paper presents an overlapping generations model where economic agents live
for two periods. In this model borrowers and lenders sign nominal contracls with a
unique but very large financial intermediary who faces nominal uncertainty. The
possibility of a bank failure, due to an unexpected negative nominal shock
(i.e.deflation), translates into a larger banking spread. The main conclusion of the
paper is that a mean-preserving-spread in the distribution of nominal shocks, in the
sense of Rothschild and Stiglitz (1970), should increase the spread charged by large and
well diversified financial intermediaries. The empirical evidence presented in section 4,
although based on simple sample correlations, supports this hypothesis. A more
specialized empirical test would require of a more specialized model, which should be
the task of future reseatrch.
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APPENDIX
COUNTRIES AND PERIODS INCLUDED IN THE SAMPLE

Country Period N# observations
Argentina 85:3-86:3 5
Australia 84:1-89:2 22
Canada 81:4.89:2 31
Chile 78:2-84:3/85:1-88:3 41
Costa Rica §2:2-89:2 29
Denmark 80:3-89:3 37
Finland §1:2-89:2 33
France 82:1-89:3 31
Germany 81:1-89:2 34
Greece 80:1-89:2 38
Netherlands 82:1-88:4 28
Iceland 83:3-89:3 25
Indonesia 86:4-89:1 10
Ireland 79:3-89:2 40
Israel 86:1-88:3 1n
Italia 82:4-84:4/85:2-89:2 26
Jamaica 80:2-86:4 27
.Fuw.: 81:1-89:2 34
Kenia 82:1-86:4 20
Korea §1:1-84:4/88:4.89:3 20
Lesotho 81:1-83:4 12
Malta 77:2-82:4/84:1-89:2 45
Zm_ni. 80:2.89:2 37
Zuumwms 80:1-80:4/82:4-84:4/85:2-87:4/88:2-89:2 29
Mexico 82:1-82:4/83:3.84:4/88:1-88:1 11
Morocco 78:4-85:1/86:2-88:4 37
Neth. Antilles 84:2-89:1 20
Nigeria 80:2-87:4 31
Norway 81:1-85:4 20
Philippines 79:1-80:2/81:4-88:4 35
Portugal 80:2-83:4 15
South Africa 83:1-80:2 26
mm:m.uvo_.n 78:2-83:4/84:2-89:2 44
Spain 82:2.89:2 29
Sweden B1:1-86:4 24
Switzerland 82:2-88:4 27
.—.w:.uaumw 82:4-86:1 14
Thailand 82:2-89:1 28
Turkey 79:2-81:2/85:1-87:4 21
United Kingdom 81:1-88:1 29
Uniguay 81:4-85:3 16
USA 82:2.89:3 30
Yugoslavia 82:2-88:2 25
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Notes:

! This assumption does not play any significant role in our analysis. In faci it could be assumed that all
households have no specific altemative riskless techrology for investment, and that the endowment is
either perishable (H, is zero for all j) or non-perishable (H, is equal one for all j). It is included just for
the sake of completeness,

*  The return of money is equal o one plus the change in the purchasing power of money.

*  Latter we will be using {I/5) rather than 8 as the relevant stochastic variable.

*  This is true because of the specific form assumed for the bankruptcy costs. A differem specification for
this costs (e.g. a nominal compenent) would imply some (i.e., negative) relatonship between the level
of inflation and the spread. The same conclusion may apply when considering reserve requirements.

3 We use (1/8) rather than & as the relevant stochastic variable because we need to satisfy E(1/8) = 1/ZK.
This will be satisfied when we consider a m.p.s in the p.d.f of (1/8). On the other hand if we were to use
&, then a m.p.s in g(5) would increase E(1/5) because (1/8) is a convex function of 8. This would imply
that ¥ would have to decrease and could not be considered as a constani,

¢ Lot g'(1/8) and G'(1/8) denote the p.d.f and the c.d.f of (1/5) respectively.

7 The precise condition is that £’(x} > — L {1+¢) M~ f(x), which is more likely 10 kold for 2 large L (and
¢) and a small M.

' We are assuming that L > M f{x} for x = 0 . Also, it is assumed that expected-profits for the bank is 2
concave function of R. This is equivalent to say the following:

E [f(REIK/S) (1/8)%] > - L (1+¢) M- E [(RIK/B) (1/5)%].
Notice that this always hold for the case M = 0.

?  Notice that the first order condition in equation (7) can be written as a negative function of the expected
value of H(8) = F[RIK/8](1/8), which is either a concave or a convex function of 1/8. This depends on
f'(x) being smaller or larger than -2 f(x) x%.

* The recent experiences in Latin America prove that indexation enlarges the transition period from a
high to a low inflation (and sometimes it even forces the abandonment of the whole siabilization
program). (See World Development, Vol. 13, N°8, 1985, and references therein).

Several pieces of evidence have been provided in the literature showing that the volatility of relative

prices increases with inflation and inflation volatility. (See the references in Hermdndez, 19903,
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ECONOMIC GROWTH AND INCOME U_m._.m_w-“_._._Oz IN CHILE:
MACROECONOMIC TRADE-OFFS REVISITED

ANDRES SOLIMANC™

‘The Wotld Bank

Abstract:

Long run sustainable development requires both mﬁh&a.mn .m&:.%.u:& an
equitable distribution of the fruits of growth n:.a modernization. This paper
analyzes the issue of maintaining the dynamic growth momentum of m.:m
Chilean economy while at the same time reducing peverty and improving
income distribution patterns. The paper identifies the major constraints on
growth for the Chilean economy and develops a macro model (o explore
and quaniify potential trade offs between growth, poverty reduction and
distribution. .

The model is calibrated with parameters for the Chilean economy and used
to examine the effects of various macro policies ..5”3 &35.::&. content.
For example the model shows that an :au&aan&. increase in government
spending (in social sectors) of 3 percent of potential GDP, wiil slow a.oss
the rate of growth of GDP by 1 percent, the real .m.«n_rn:mm rate appreciates
(5.4 percent) and real wages rise (44 nm:..”m:c in a capacity noa.m:.nﬁmn.
growth regime. The cut in government savings is the driving force _.mea&
the deceleration in growth, given a certain current acCount .n.mb.n:.. The
adverse side effect on growth of the social program can be avoided with an
increase in taxation or a reduction in other public spending items in order
to prevent a decline in public savings.

* This paper is a revised and updated version of 2 paper presented ai the UNU/WIDER Conference on

i ies” i -14, 1989,
" =T Devel ent Strategies™ held in Oslo, Norway on October 12 .:.
hdd nvhwa-”“ﬂ: M_ﬂ“n by .._._o%ﬂﬁ Bela Balassa, Andrés Gémez-Lobo, Klaus Schmidi-Hebbel, Lance Taylor

and two referces arc acknowledged. The views expressed in this paper are those of the author and
should not be necessanly auributed to the World Bank.



