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SUMMARY

Conventional eccnomic theory tells us that, since consumer and
firm decisions depend on relative rather than absolute prices, a
doubling of the money supply should leave the real side of an
economy unchanged. It is therefore by no means clear why
inflation, at least if it is fully anticipated, should be costly.
However, there are a number of reasons for believing that this
view is oversimplified. First, conventional economic theory
tends to downplay the transactions role of money. Yet one cost
of inflation may result from the rise of the (opportunity) cost
of holding meoney for transactions purposes in inflationary times,
which leads to people making an excessive number of trips to the
bank (the "shoe leather effect"), and to a move from financial to
real capital (the Tobin effect). Second, conventional theory
tends to ignore taxes —— but if the tax system is not indexed, it
is clear that inflation will have real effects as, for example,

workers move into higher income tax brackets.

Such views about the cost of inflation are well known. The
present paper is concerned with more recent contributions. I
should point out that although it mainly looks at other
economists' work, it is not meant to be a full survey.

I begin with the price misperceptions model of Lucas, Barro, and
others, which is based on the idea that agents cannot distinguish
between relative (real) shocks and absolute demand (nominal)
shocks. This suggests that an increase in the variability of
inflation due to an increase in the variability of the
(unobserved) money supply can lead to inefficiencies in output
and employment decisions -- with perhaps a concomitant increase
in the variability of relative prices. An increase in the
variability of relative shocks will also lead to inefficiencies.
There have been a number of empirical studies which establish
positive links between combinations of these variabilities. But,

I contend, many of them correlate inappropriate pairs of
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variables. Also, the theoretical predictions are less clear-cut
than is often supposed. Certainly what is not true of the model
is that an increase in the average level of inflation should have
welfare costs, or that there should be a relationship between the
average level of inflation and the variability of inflation or
relative prices. Finally, it is not necessarily the case that

greater price uncertainty leads to unambigucusly lower welfare

Also in Section Al, other lines of work concerning relative
prices are touched upon. In particular, it may be that the act
of changing nominal prices is itself costly, due, for example, to
a firm having to update its sales catalogue. Sheshinski and
Weiss have shown that under these circumstances, as the rate of
inflation rise, when (monopolistic) firms adjust their prices
they do so by greater percentages —-- and out of phase from one
ancther -—— with the result that the variance of relative prices
in the economy increases.

A new model is presented in Section A2 of the paper. (This is
joint work with Oliver Hart.) Suppose consumers think in
nominal, rather than real terms. There are two reasons why what
they remember might be less informative when inflation is higher:
(a) they may not have good recall of when they made their
previous purchases; (b) they may have a form of "bounded
rationality", in that they are poor at calculating percentage
increases. The upshot of this fuzziness in consumers' knowledge
of price distributions is that firms can exploit it in their
pricing policies. &2l1ll of the following are shown to rise with
inflation: (i) the mean, wvariance, and width of the support of
the distribution of prices; (ii) the amount of (costly) search
which is done; and (iii) the total number of firms in the market
(each incuring a fixed cost). From (ii) and (iii) it follows
that the welfare effect is unambiguous: higher inflation imposes
greater costs.

Section Bl of the paper considers the problems inflaticn can
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cause for firms (and also consumers) if loan sizes remain
unchanged. The liguidity of firms may be severely reduced as
nominal interest rates rise ("front-end loading"). This can
cause firms to cut back on both output and employment. This
effect seems potentially most important (see Wadhwani's empirical
findings), but the economic and institutional puzzle is why loan

sizes do not increase under inflation to keep real indebtedness
constant.

A model by Gale may provide a clue; this is summarised in Section
B2. Inflation may be related to business confidence in the
following way. There is a conventional idea as to how much it is
safe to lend on certain types of security. If this amount is
expressed in terms of money, then the real value of it will be
reduced by inflation. There is no money illusion at work here:
each bank, say, is behaving rationally, but since it must take
the behaviour of other banks as given, it must also take the
convention as given. When the 'real' convention changes, the
'nominal' convention staying the same, everyone's real behaviour
must adjust. Inflation may have real consequences (costs) simply
because agents believe it will.

Finally, in Section B3, I briefly discuss Modigliani and Cohn's
thesis that Stock Market values are adversely affected by
inflation. Essentially, their idea is that investors commit two
errors. First, they use nominal, rather than real, interest
rates to capitalise eguity earnings. Second, they use current
cost accounting to measure firms' profits, instead of true
economic profit.



Part A. Inflation and Relative Prices

This part of the paper is divided into two Sectioms. In Section Al we
review a number of the theories relating inflation to changes in relative
prices. In the Section A2, a new model is presented based on an idea frem
0Oliver Hart. Most of the technical discussion about this model has been put

into an Appendix (1); one should therefore be able to read through the main

text fairly easily. -

Al. Inflation and relative prices: some current theories

It should be stated at the outset that this does not purport to be a
review of the literature on inflation and relative prices. For comprehensive
surveys of both theory and evidence, see the papers by Cukierman (1984) and
Marquez and Vining (1983).

We will not consider (the rather poor) theories that seek to explain the
strong empirical link between the level of inflation (anticipated or
unanticipated) and the variance of (or uncertainty about) inflation. (On this,
see the original paper by Okun (1971) and the subsequent work by, for example,

Logue and Willet (1976), Foster (1978), Blejer (1979), Taylor (1981), and

Pagan, Hall, and Trivedi (1983).) However, there is something we should bear
in mind. In two of the sets of models given below —— the price misperceptions
and the ilnvoluntary savings models —— it Is uncertainty about inflation which

is erucial. So if there is some other mechanism by which a higher level of
inflation leads to greater uncertainty about inflation then these effects could
be compounded —— thus making inflation per se the primary 'bad’, which in a

sense is the effect we seek to identify, should it exist.
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Price Misperceptions

Perhaps the simplest of the price misperceptions models is Barro's
(1976), which was based on a localized markets framework described by Phelps
(1970) and employed by Lucas (1973). One of the main thrusts of this work is
to show that anticipated monetary policy is neutral; only unanticipated shocks
in the money supply can have real effects. In particular, an unanticipated
increase in the money supply, with a concomitant increase in prices
(inflation), can boost output and employment .

Barro's work was also concerned with how unanticipated changes in the
money supply would affect relative prices. He found that, provided
substitution effects dominate income effects in each of the markets, then an
increase in the variance of unanticipated shocks to the money supply would
increase the variance of relative prices.

There is more to all this than meets the eye, though. Barro's model
assumes a perfectly symmetric market structure. Of crucial importance in
analysing relative prices is his assumption that the price elasticities of
demand and supply are the same in each market. To see why, and also to get a
hold on some related matters, we now briefly look at a more general model based
on that in Hercowitz (1981).

Let the (very large) set of markets be labelled z. At time t the (log)
price in market z is Pt(z)- Participants in market z do not observe the (log)
aggregate price level Pt, but form a rational expectation, EPt based on Pt(z)
and their knowledge of the model. (Log) supply and demand in market z are

respectively given by

i

y.5(2) o*(2) [P (2) - EP ] + e S(2)

and ytd(z) - ud[Pt(z) - EPt] + (Mt - E?t) + etd(z)

where o%(z) and od are positive. Mt is the (log) aggregate money supply, whose



growth rate ﬂt - Mt—l contains a predictable couponent, Bps together with a

white noise term, m, N(O,sz)- ets{z) and etd(z} are also white noise terms.
All three noise terms are assumed to be independently distributed. Let et(z) =
etd(z) - cts(z), and suppose that et(z) ~ N(O,Uez)- Notice that the market—
specific shocks are assumed to be drawn from a common distriburion: °e2 doas
not depend on A. 3But also notice that, unlike in Barroe's model, the supply
elasticities o®(z) are not assumed to be the same across markets. (We could go
further and have af depend on z too, but our point will be well made even
withour this.} Define A{z) = 1/[a®(z) + a%], and let A be the average of the
A{z)'s across all markets. TDefine A(z) be the deviation, A(z) - A, and let the
'variance' of the "distribution" of A{z)'s be olz- (Cur assumption that cthere
iz a large number of markers is uwseful because it enables us to treat the

actual distriburion of A(z) as though it were a true populartion distriburtion.)

Incidentally, “knowledge of the model”™ includes knowledge of cmz, cez, and clz'

Using the method of undetermined coefficients, it can be shown that the

rational expectations equilibrium satisfies

= ] - s
P, P2+ {6+ a1 - m (1)
and P (2) - Poo= (- eam + [+ M) - ) ]e (2), (i1)
= 2 2 241
where 8 Ty /[cm MRS
and Pte = Mt—l + gt = aggregate price level at t, expected at £ = 1.

E

We define the variance of (unanticipated) inflation to be Var D[Pt - Pte}
where D[.} represents the firsc—<ifference operator. From (i), this egquals
2[6 + A(1 - 6)]cm2. 1f we assume, as does Barro, that substitution dominate
wealth effects, then f < 1 and Var DIPt - Pte] iz an increasing function of sz
and a decreasing function of ce-w

In this stationary model, it would be natural to work with the variance

of relative prices, Var [Pt(z} - PtI’ However, in most empirical studies, the



variance of changes in relative prices is used: Var D[Pt(z) - Pt]. This has
the advantage of staying constant whenever relative prices are adjusting
steadily to changes in technology or taste.

From (ii) we can deduce that the variance of changes in relative prices is

: - = - 8)24.2¢ 2
var D[P (z) - B ] 2(1 - &)%0,%0

= Do Pesi2 = 2y 2
* 2AL= e tet # 2[6 + AL - 0) %0, 2

Now Barro's finding was that Var D[Pt(z) - Pt] increases with amz His

model is the special case where A(z) = A; i-e. ¢ 2 =0. Given A< 1, we can
A >

see that his result is indeed confirmed by our algebra, putting alz = 0.

But the result is not true in general, because an increase in qmz
decreases the second term in the expression for Var D[Pt(z) - Pt]’ and decreases
the first term if cmz > cczfA- To understand this we must grasp the intuition
behind all three terms on the RHS.

The first term is analogous to the Lucas hypothesis concerning the slope
of the Phillips curve. The term captures how much variation in relative price
is brought about not through genuine variations in relative excess demands, but
rather through differential responses to changes in aggregate demand. (One can
see why this must be an effect originating from differential elasticities
«®(z), because if there were no such differential then ckz would be zero and
the term would disappear.) Now for high starting values of °m2’ (i.e. more
than dezlh), the effect of an increase in cma on the variance of relative

prices is negative because although the observed price P:(z) in market z may

vary more, proportionately more of the variance is attributed to changes in the
aggregate price Pt. On the other hand, for lower starting values of an’ not
all the increase in the variance in Pt(z) is attributed to shifts in P.-

The second term comes from the positive interaction between the diversity
in elasticities (the factor °A2) and the relative supply and demand shifts (the

2
vagtos % ). (Note that a term of this sort would be present even if there was



full information about prices.) With 2 more unpredictable money stock (higher
Umz => higher g), this interaction is dampened as agents attribute a greater
proportioan of the fluctuation in ?t(z) to changes in aggregate price Pt' So
here the inecrease in sz unambiguously dampens the variance in relative prices.

As we have already said, the third term is Barro's effect, and would be
present even if all markets had identical price elasticities of supply (i-e.
even if UAZ = 0). The point is that as cm2 increases, the responsiveness of
excess demand in market z, say, te shifts in the observed price Pt(z)
diminishes, because agents perceive these more as shifts in the aggregate price
Pt. Accordingly, a given size of relative disturbance, et(z), requires a
larger movement in Pt{z) in order clear the market. Thus increases in the
variance of money supply amplify the effect on the variance of relative prices
stemming from a given wvariance, Uez, in relative disturbances.

Now the effect that a rise in the variance, °e2’ of relative disturbances
has on the variation in relative price is not clear cut. The first two terms
in the expression for Var D[Pt(z) - Pt} do rise with °e2’ but we need conditions
for the third term mot to fall —— for example A > 1/3, or Uez > o 2, would
suffice. [The specific condition is that J = ¢ */A+ (3 - WBDgle?+ gt
should be non—negative.] The intuition underlying these three effects in many
ways parallels that for the case of a rise in gmz, so we won't work through it
again. But notice how perverse it would be for an increase in the wvariability
of relative disturbances not to increase the variability of relative prices.
So, as a working assumption we might take J > 0, and so be assured that this
perverse case dees not arise.

There are two conclusions that can be drawn from all this which are less
than reassuring, bearing in mind that (a) the model of price misperceptions
supposedly provides a positive link between the variability of inflation and
the variability of relative prices, (b) there is a strong empirical evidence

(albeit with next to no theoretical underpinning) positively relating the level



and the variability of inflation (see the references cited earlier: Okun et
al), and (c¢) one is aiming to conclude that a cost of inflation is the
inefficient resource allocation stemming from excessive variability in relative

prices:

First, if the cause of an increased variability in inflationm is an
increased variability in money stock, then although the theory does
confirm a positive link between these two, it does not predict a

necessarily higher wvariability in relative prices.

Second, if there is an inecrease in the variability of relative
disturbances (i.e. a rise in Uez)’ then the theory predicts that although
the variability of relative prices is most likely to rise, the variability
in inflation will fall. This source of uncertainty, then, gives a
negative relationship between the variabilities of inflation and of

relative prices.

Notice that it must be assumed that the observed variability of inflation
proxies unanticipated inflation. As Barro (and others) showed, all anticipated
inflation is neutral in these models. If the actual economy was as modelled
here then there would be nothing to choose between, say, a zerc and a 20%
inflation rate. The policy prescription is not to bring inflation down, but
simply to keep it steady (or at least fully predictable).

In much of the applied work in this area, the chosen measure of relative

price variability is VPt’ defined by

1 y
VP, = VARS D[P (z) - B ]= =T % { ey =2 - [p, i) - .y }2

It follows from (ii) that



= -5y2 2
e (1-9 (Dmt)

+ (1—6)2%3 + A+ 8{1-A)]2 ] (vaRS £, (z) + VARS gt_l(znz (1i1)
wheare

1 v 1«
= - v = w
Dmt mt mt—l’ ARS gt(z) T?l—z}; et(z), and VARS at_l(z) TZ—I-E st_l(z)
[Note that "VARS' denotes the sample variance across markets.]
We can see from the BRHS of (f£1i) what kinds of variables should (according
to the theory) deteralne VPt ~— and what kinds should mot. Clearly anticipated
inflation (via Pte} should not. ©Nor should unaaticipated inflation (via mt);

for consider a sequence of {mt} satisfying

¢ for t < 1

m >0 for t » T.

This would lead to unaanticipated inflation for all t » T; but VPt would be
constant except for t = 1. (Unanticipated inflation would affect the
variability of relative prices had the latter been measured as VARS [Pt(z) - Pt]
rather than as VPt.) Finally, inflation per se, DPt, should not affect VPt.
and yet all of these variables have been included as regressors in empirical
work. For references, see Mizoa and Thomas (1984).

The appropriate neminal shock variable is Dmt. Since this is not
observable, two alternatives are possible. The first is to estimate the mt's
using an unanticipated money equation. Sce Hercovitz {1981). The secoﬁd

possibiliry is to proxy it with ( D{Pt - Pte] )2: recalling (1),
(o, =212 = [a + e1-m}2 (om,) 2.

Note that D[P ~ P ®] can be written D[(P_ = P,_,) = (F,® ~ B _y)], which is

D{unanticipated inflation]. The point is that the more usual RHS inflation
variables — expected inflation, unantizipated inflation, actual inflation ~-

need to 'slip a derivative' if VFt is nn the LHS.
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t could be strongly argued that not being able to see the economy-wide
price level is too implausible an assumption to be taken seriously. There are,
however, other, more convincing stories that one could tell. For example, in
an economy with production lags, firms need to assess future relative prices.

Now suppose that shocks are (imperfectly) serially correlated; the shocks are

both to supply (techneclogical) and demand (relative and aggregate). Cukierman
(1982) has investigated this sort of economy. BHe assumed that all price
information, past and current, is available to all agents. The agents, in
particular the firms, still have a signal extraction problem: are the supply
and demand shocks that they can see permanent or transitory?

This is clearly a considerably more complicated model to the one we
analysed above. It is also driven by a very different effect; viz. confusion
between permanent and temporary shocks, as opposed to local and aggregate.

One should not necessarily expect the results to be the same. In fact they do
turn out to be quite different. Cukierman's principal finding is that the
variance of (unanticipated) inflation is positively related to the variance of
relative price changes. [Ihis former is the variance of the change in
aggregate price between periods, and the latter is the variance of the change
in any given relative price between periods. Now although we did not consider
either of these two variances in our analysis above ( we looked at variance of
aggregate prices, P, and the variance of relative prices, Pt(z) - Pt ), had
we done so we would have found that our results would not have altered.}
Cukierman finds reasonable conditions (see his Propositions 1 and 2) under
which any source of increased uncertainty —- that is, an increase in the
variance of any of the shocks itemised in the previous paragraph —- would lead
to increases in both the variance of inflation 2nd the variance of relative
price changes.

In terms of providing theoretical suppert for empirical work, this

alternative approach appears to be more fruitful, as well as being more



realistic in its assumptions. Unfortunately it is also more complicated.

Turn now to the welfare costs of greater relative price variability.
There are two obvious questions that arise. First, are welfare losses
necessarily any greater if there is an increase, as opposed to a decrease, in
the variance of changes in relative prices? We have been implicitly assuming
that it is greater variability which is costly, and yet allocations are
inefficient whenever prices deviate from their full-information levels. What
1s true of the modeis, though, is that the constrained-efficient policy is
for the governmment to maintain a predictable money supply rule.

Second, as was first observed by Waugh (1944), and highlighted again by
Fischer (1981) in the context of inflation, might not a reduction in uncertainty
of price decrease consumer surplus? The point is that indirect utility is a
convex function of price. However Samuelson (1972) showed that there is a
crucial rider to this: it cannot be that both producers and consumers benefit
from price destabilisation. But Waugh's argument does at least imply that the

welfare effects of greater uncertainty about relative prices are not

straightforward.

Costly Price Adjustment

The pioneering work was by Sheshinski and Weiss (1977). The argument is
very simple. If the act of changing nominal prices is costly then during
inflation a (monopolistic) firm will delay making a change until its relative
price has dropped to some level s, say, which lies below that which would
maximise profit in the absence of adjustment costs. Moreover, the new
(relative) price S, say, will be above the profit maximising level.

There are quite a lot of reasons why changing the nominal price is
costly. (Note that the assumption is of a fixed, real cost for each price
ad justment -- the size of that adjustment is immaterial.) An obvious example

is that of a firm having to update and recirculate its sales catalogue. Less
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obvious is the effect a price increase has on a firm's demand in a market with
imperfect informatiom; it may lose fewer customers on balance by changing price
less frequently, because that way customers “know where they stand”. (This
last argument is speculative.)

If the inflation rate were to rise, then Sheshinski and Weiss show that s
and S unambiguously fall and rise respectively. There is a corresponding
greater variance (suitably measured) of relative prices in the economy. The
welfare effects are not obvious, though. After all, their model starts with a
monopoly, and so it cannot be said a priori whether consumer surplus is raised
or lowered. Also, they found that, somewhat surprisingly, there can be
circumstances where the rate of price adjustment —— and therefore the total
adjustment cost incurred —- falls as inflation rises. Despite all this, the
broad conclusion is pertinent: inflation is costly if nominal quantities cannot
be changed costlessly.

A recent paper, Sheshinski and Weiss (1983), extends this work to the
case of an economy where inflation varies in an unpredictable way -—
specifically, the rate of Inflation follows (a wvariant of) a 2-state
continuous—time Markov Chain. (The (1977) paper was in effect a comparative
statics exercise, looking at how price setting differs between two economies
with different constant Inflation rates.) Their interesting new finding is
that now an increase in the variance of (expected) inflation causes s to fall
and 5 to rise; this is reminiscent of results from the price misperceptions

models, albeit wia a totally different channel.

Involuntary Saving

Deaton (1977) proposed the following mechanism whereby consumption would
fall if the rate of inflation unexpectedly rose. Consumers buy a basket of
goods in sequence. That is, they make their first purchases before they have

observed the prices of those goods they plan to buy last. If there has been a
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rise in the rate of inflation which they have not foreseen, then they might
.ratioualy attribute the higher prices that they initially encounter to greater
relative prices for those goods, and so buy less of them. Owverall, they will
be left holding more momney (or wealth) than they would have chosen to had they
known in advance about the general rise in prices. Thus unanticipated
inflation induces a rise in the savings ratio, and, depending on one's
macromodel, a fall in output and employment.

Once again it-is unanticipated inflation which is bad. There are no
long=-run costs of high but steady inflation. In this respect Deaton's model is
similar to, say, Barro's price misperceptions model. (Indeed, it is a special
model of price misperceptions.) An interesting difference between Deaton's and
Barro's models concerns the predictions about how an unanticipated rise in
inflation would affect output and employment. In the former model, these would

fall, whereas in the latter, they would rise.

Asymmetric Price Response

Suppose that prices adjust faster to excess demand than they do to excess
supply (see Fischer (1982) and Pauls (1981). Then the distributions of price
changes would be skewed to the right. An extreme version of this would be that
prices never fall, or as Solow (1975) puts it: “"prices have got out of the
habit of falling”™. The idea of downwardly rigid wages was explored by Tobin
(1972) in his model of the labour market.

If an economy whose prices respond asymmetrically is subject to a shock
which, although on balance is in some sense 'neutral', affects markets
differentially, then the average price level will increase. And if the money
supply adjusts passively, this inflation will be accommodated. Moreover, the
greater the variation in relative prices, the higher will be the rate of

inflation.

Leaving aside whatever rationale there may be for why the prices respond



asymmetrically, and ignoring the question of whether zero is the appropriate
"threshold', we can instead look at the welfare implications of these models.
Suppose that x% is the threshold; price increases of less than x% are sluggish,
whereas increases of more than x% are rapid. (In the previous paragraph, x was
equal to zero.) Then surely the optimal rate of inflation would be above x%.
Here (unless for some reason the threshold always catches up with the current
rate of inflation), there are positive benefits to be had from higher inflation

since it would prevent misallocations stemming from distorted relative prices.
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A2. Consumers and nominal prices

Casual introspection leads one to realise that by and large we make our

exonomic calculations in nominal rather than real terms. Perhaps, then, onc of

the costs of inflation is that the iaformational content of nominal values is

lower. 7u be more specific: we carry around a whole variety of nominal prices
b P

in our minds, upon which we base osur Jdeeisions. Suppose this informarion was

zleaned at various past points in time and we would he hard pressed to say just

when we observed what. Thaen

» Lf there is iaflation, our priors on what would
today be a good price and what would be a bad price become more diffuse. The
purpose of the analysis which follows is to see what ramifications —-- in

particular, welfare losses —— this might have in a well-specified model of
consuner search.

The conclusions are all very clear. When, owing to inflation, consumers
have whar umounts to less information, firms can exploit this in their pricing

solicies.  All ~¢ the fellowing are shown to rise with inflation:

the mean, variance, and width of the support, of the distribucion of
prices;

- the amount of (costls) search which is donej

the total number of firws in the market (each incuring a £ix<ud cost).

A tormal wodel

Consider an economy in which the (coentinuous-time) inflation rate is a.

In the market for a certain good, all the firms have access to the same
technology. B is the fixwed (real) cost of setting up a plant which aas
c~apacity output of g units of good. Each of the q units costs b to produce.
There is frew: entry, and suppose that in equilibrium there are M firms.

The only distincti. between firms is their pricing policy. In

equilibrium therce are two (real) prices charged, » and Ap, where X > 1. A



fraction u of the firms charge the high price p. The remaining fraction 1 - p
charge p- Because of free entry, both kinds of firm make zero profit. The
high price firms aim to sell to those “first arrival” customers who decide not
to search further. Not all first arrivals will buy, and these firms' sales are
accordingly less than capacity q. The low price firms sell to all their first
arrival customers, and also to those consumers who initially visited a high
price firm, but then decided to search. Each low price firm sells at full
capacity q- The details of all this should become clearer once we have
specified the consumers' behaviour.

There are N consumers in the economy, and periodically each buys one unit
of the good. For each consumer, the interval T between purchases is uniformly
distributed on [t = v , t + 1. The critical sssumption we make is that, at
the time of purchasing another unit, the consumer firgets when he made his last
purchase. He does, however, remember the nominal price he paid last time, and
also the posterior probability eo (possible equal to 1) he had then as to
whether he was buying from a low price firm. He uses these two recollections,
together with the distribution of f, to calculate the probability that the
(nominal) price he observes at the first firm he visits is low or high. [We
also need to assume that he randomly selects the first firm to visit, and does
not (or cannot) revisit any firm that he knows from past experience charges the
low price. |

These strong assumptions are made simply to capture the idea that
consumers may think in nominal terms, with the consequence that in inflationary
periods what they remember will have less informational value. In defence of
the assumption that they forget when they made their last purchase, we might
appeal to an alternative form of 'bounded rationality': even though people may
have a good recall of the timing of purchases, nonetheless they are poor at
caleculating % increases. The effect of either poor memory or a low ability to

calculate is much the same: there is scope for some firms to get away with
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»chargtmg a higher price.

It is actually simpler to cdrry out our znalysis using real pricros, sven
though inflation is at the heart of the model. CJeasider a “type” (po,ﬁo)
consumer whe finds a pricge 2, ar the first firm he visits. e, and Py may each
be one of p or ip. (S0 for example if P, =P and Py = Ap, then he paid 4 low
price last time, and faces the option of buying at the high price teday.) Now
he uses Bayes' Rule to caleuliste Prob {pl is low}-

At this point there are sone detalls to sort cut, bub we can use 2 very
convenient deviee. Define 8% = (1 = 2p}/{1l - p), and assume that 0 < p < 1/2
so that o < 9% ¢ 1. Suppose QO » 5%, In Appendix L we show that if 80 > %

and 3 < e2®T, chen

Prob {pl is low} is  wsither =zero

Search happens as follows. Visiting the first firm is costless. If
the consumer decldes to buy, then he will of course search no further. 1f on
the other hand he does search, he incurs a (real) cost c, and learns all the
other M — 1 firms' prices. {0ne might suppnse that he bought a consumer
Aagazine costing ¢-) The total costs from not searching are just £y- lte has

to compare pl with the total costs from search:
< + By Prob {pl is low } + pl/A f1 - Pprob {pl Is low } J.

fience he decides no scarch / search according as to whether Prob | py is low }

C

pl(l - /a7

is greater than / less than 1 =

Defi sl s =5
efine ecrir TS VIV I

Assume that i and ¢ are such twat <6 o < k. 8o, given % ™ ok



1%

either the consumer (correctly) believes Py is high with certainty,
and searches

or the consumer buys at price pl-

Consequently, in both cases his posterior probability, 91’ that he paid a low
price this time, satisfies el > 8*. This is true for all consumers, for all of
their purchases. The assumption 90 > 8 is thervefore a justified ome.

We deduce that the low price firms will always sell to "first arrival”
- customers- And a high price firm will manage to sell to all its first
arrival customers who paid a high price last time, but will only manage to sell
te those of irs first arrival customers who psaid a low price last time and

whose Prob { Ap is low } =0,

i.e. whose P satisfies 1/a In (Ap/po) < t +
i.e. whose T satisfies 1/a In (ap/pe™@T) <« t + 1

or T < t + 1 =~ l/a 1ln -

Assuming the N consumers first arrive evealy distribduted across the M

firms, a high price firm will sell to

A
In ]

$NM + Q- M1 - Tae

consumers, where ¢ is the fraction of the N consumers who paid a high price for
their last purchase. (In leong run equilibrium ¢ also equals the fraction who

pay high this time.)

A high price firm will choose A to waximise profic:

(1 - ¢)le 3
{(p-Db) ¥/m 1 -4 231 1 - B
for which the first order condition is
Zar = (L=4) [Ina + (1-v/2p) ]. (1)

[Actually, matters are not quite this simple, because this is a lefr-=hand
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derivative of profit. but this czn be rationalised by appealing to a smoothing
argunent applied to the top of the support of the (uniform) distribution of T-J

The high price firm's maximised profit equals

(Ap = b)y N/M ad - béii)(l —%) - B = 0, by free encry. (ii)

There are utl high price firms. Therefore the number of consumers who pay

the search cost equéls

Bﬁiiugggi_iﬂh; = @, say. (i41)

Now 4 is defined as the proportion of consumers who pay the high price,
i.e. al = uN - n. {iv)

The (1L = u)M low price firms sell to all their (1 - |)N first arrival
consumers, together with the n consumers who search. Each firm has a capacity

q, so equating demand to supply,
(L -y + n = {1 = wilgq (v)
finally, with free entry, each (low price) firm makes zere profir:
(p = b = B. (v1)

There are 6 equatlons, (i) — (vi), and 6 endogenous variables: 4, n, »,

%, 4, and n.

In Appeadix 1 we show that provided ¢ [s not too large, there is a non—
ampty range (a , ;) ¢f values of the inflation rate, where E.> J, such that, ar
e solatlion to (1) ~ (vi}, the assumntions we have made are in fact satisfied:

namely,
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Suppose, then, a satifies a < a < 2 and we are at an equilibrium. From
(vi) we see that the price p is independent of the rate of inflation a- In
Appendix 1 we also show that X, u, ¢, M, and n are all strictly increasing

functions of the inflation rate a. So too Is the variance of prices:

vV o= p2 (A-1)2 w1 - w-

Summary
The low price p is unchanged by inflation. But the high price Ap rises
with inflation. So too does the proportion p of firms who charge the high
price. Inflation also increases the variance V of the distribution of prices.
Now to the welfare effects. The number of consumers, n, who search and
incur the cost ¢ rises with inflation. So too does the total number of firms,
M, who each have to pay the fixed cost B of setting up a plant. There is thus

an unambiguous welfare cost teo higher inflation.
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Part B. Inflation, the Liquidity of Firms, and the Stock Market

Perhaps the most striking potential cost of inflation arises when loans
are not indexed. This has ramifications for both households and firms, but in
this part of the paper we consider only firms. [Jackman and Sutton (1982)
present an interesting model in whiech inflation affects households' (real)
borrowing, and hence consumption paths, because of the front—end loading
associated with no;-indexed loans. The thrust of the discussion is that
inflatinon reduces the liquidity of companies, which in turn increases the
number of bankruptecies or ar least causes firms to cut back their levels of
vutpul =0 As to avoid bankruptey.

To see why intlation can have a dramatic effect on the cash flow of
firms, imagine a firm which has borrowed £200 to purchase a machine. The loan
is indefinite (the firm sold a perpetuity), and it is not indexed. By 'not
indexed' we mean that the nominal value of the principal is fixed and in each
period interest is paid at the prevailing nominal rate (which will of course
vary with the rate of inflation —- so here "not indexed' does not mean fixed
interest). The real interest rate remains throughout 5%, and there is
initially no inflation. Each period the revenue from sales of output produced
by the machine is ¢100, and the cost of all inputs amount to £90. The firm is
thus just breaking even, once the interest of £10 has been paid on debt.
Suppose now that in some periocd, inflation rises to 20%. Revenue and input
costs in the following pzriod will then be £120 and £108. But since the
(nominal) interest rate will be 25%, the firm's interest charges in that period
will rise by 500% to £50 —— and the firm will make an accounting loss of £38.
[For more about iaflation accounting, see Section B3 ].

The point is that inflation causes front—end loading on non-indexed
loans, and it is this which hurts cash flow. In the example, the firm is in

effect tying back £38 / £240 = 15.3% of the outstanding real prineipal when



it makes the interest payment £50. Of course, if inflation continued at 20%,
then ultimately the real value of the nominal debt of £200 would drop to zero.

On the other hand, with an indexed loan the nominal value of debt each
period rises in lime with inflation, and interest would be paid at the real
rate of 5Z. Banks might argue that there is an informal equivalent to this:
the firm services the original loan of £200 at the nominal interest rate of
25%, but meantime a second loan of £38 is made in the second period so as to
maintain real indebtedness. The need to write formal indexed loan agr.ements
is thereby obviated. The question is then, do banks actually behave this way?
In a fascinating pair of papers, Wadhwani (1983 a and b) presents empirical and
anecdotal evidence for the UK to suggest otherwise. Here, we look at some
purely theoretical issues which arise in this context. The reader is urged to
look at Wadhwani's work to be convinced of the practical importance of front-
end loading induced by inflation.

First, there are a number of papers which ask why loans (or bonds) are
not indexed. For example, see Levhari and Liviatan (1977) and, especially,
Fischer (1977). However, there really are very few coherent reasons offered.
One thing does emerge, however, which seems surprising. In practice it is the
suppliers of indexed bonds (typically companies) who are unwilling to innovate,
rather than the lending institutions. In what follows I will not take up this
point any further, although this does not reflect the fact that I believe it tLo
be unimportant; it is just that at present there is no theory to survey.

To reach a deeper theoretical understanding of the effects of inflation-
induced front-end loading, we nced to know precisely what is meant by the
liquidity constraint of a firm. This is a vexed question, for it opens up a
number of related issues, for example: what is the objective function of a
firm, in which ways are capital markets imperfect, and which party or parties
has the final control over when bankruptey is declared? On this last, see

Bulow and Shoven (1978). It is not surprising, then, that there is next to no



theorerical work on how and why inflation might affect firms' liquidities.
Gale (1982, Chapter 4, Part 2} has, however, provided a stimulating firsc

attempt, and we will come to this later on.

Bl. Qwner—-managed firms

The liquldity of corporations whose shares are publicly quoted on the
Stock Exchange will of course be affected by the share price. However we defer
discussing this until Section B3. 1In this Sectiecn, for simplicity we start by
ennsidering firms that are entirely funded by loans. That is, we consider
owner—manzged firms, wherc the eatreprenenr has no personal resources.

Although we will efren refer to 'banks', this should be taken to mean any
instimmtion (or individuwal) that gives credit —— for example, pension funds or
insurance companies-

To focus our thinking, we need a wodel of the firm in which liquidity
constraings are unambiguous, and can be shown to have real effects. A useful
starting point is the medel in Section 4.4 of Gale (1983) where there is a no
bankruptcz condition. The enormous simplification which this condition brings
is that there can be a single tiskless rate of interesc p == the credit market
1g therefore «nonyoous.

ffncidentally, the subject 2f inflation will not creop up again for
annther 4 or 5 puages. The reader is asked to bear with the diversion, because
it will help to clarify just why firms are liquidizy-constrained, what is meant

by a firm in "Financial distrese', and why inflatlon may have real consequences

o

such a firm. Tn case you wich to skip the derails, the intuition is rather
simple.  3uppnse a bank has made the firm a loag term (non-indexed) loan, on
the basis nf a probable healthy future streawm of profir. If for some rcason
the 115 run proguesis changes foc the worse (after the loan has been agreed),

then the bank might decide not to extend any further credit. And other hanks



might also reach the same decision. When this hippens, the firm is relying on
current revenue to pay meet all costs, in particular interest payments. As
long as this interest is being paid, the bank canno: exarcise control over che
firm and call in the receiver as it might wish. However, should inflation rise
then the induced-front end loading could create difficulty with cash flow and,
at worst, enable the bank to precipitate bamkruptey. Or at best the firm might
have to cut back on output and employment in order to try to avoid hankruptcy;
these real effects occur in the following model.)

Time is in discrete periods t indexed 0, Tl +2, ... . Consider a
firm which produces a single output which is sold at the end of each period at
relative price ﬁ —— a random variable with support [g . ;]. P is strietly
positive. The wage is chosen as the numeraire. Luring each pecind ¢,
production takes place using labour 2: to make f(zt) units of output, and the
workers are hired at the beginning of the period-

The entrepreneur ruaning the firm can borrow from a bank at the iaterest
rate p. At the beginning of period t, the firm's total indebtedaess to the
bank is bt’ say (which includes the interest payable; interest accrues between
periods). The firm is set up ia period 1, so bl = 0, reflecring the Ffact the
entrepreneur has no personal resources. Now if ¥, 8 0 are the earnings
retained by the entrepreneur once the price P. has been ubhserved, then the

firm's debt next period is given by

by = L +odb, - pER) + g + v b fla)

The firm's objective is to choose [Et. Yy, b t o> 1} 50 as to nmaximise

£ c+l|

expected discounted value of the earnings stream:

E § &1 7 (2)
t>l

where § is the firm's discount factor. But what is the firm's budget

constraint?



Gale siwows that with a 1o baukruptey condition the firm's liquidity

constraint takes the form

ht ¢ b* for all t {1lb)

For some consbant b*. A sketcen or his argument, togpethoer with the definition
of b*, is given In Appendix 2.

The crucial ne bankraprey condition might be rationalized as follows.
First, sapposs that the costs to the eatrepreneur — In terms of loss of future
creditworthiness, for exsanle —— of declaring himself bankrupt are so high
that he will alwavs avoid it with certainty. (For this to be feasible, the
worst price p must not be too low.) And second, suppose that banks cannot
observe the outceme of a risky venture, and so cannot make the terms of
iqterest and repayment of a loan contiagent. If they could, then from a ficm's
aerspective at least, there is a set of contingent markets — which we know
Leads to full efficiency (and the model would be robbed of its interesc).

Totice thar the fact that there is no bankruptcy does not mean that
liquidity is not am issue == quite the cpposite: flems have to take every
ar=canclon fo easure that they can never become baukrupt.

The implication of {lb) is that the flrm caanot always choose §_ Lo equal
vl 2% which attains the maximum of the axpected present value of the strzam of
sross trading profits:

™* = miaximem R }M rE ! \_:,FU?, ) o~ ;'t }
f} tel
(2% is independent of t becquse the prize distribution p is scationary.) The

roa<sa {5 that with probability 1 there will ~ventuslly be a sequence of

suitlelently poor prices thact the firm's debt bL will rise near to the uppuer
1lmit b*. When bt rises near to {or reaches) b*, then rhe firm has to cut back

its labour demand to at least an Et < n* satisEying



(1+p){bt - pEQ) 4 zt} € b,

(This is putriag Yo * 0.) Thus the liquidity comstraint will have real
consequences. See all of Chapter 4 of Gale (1983).

Refore leaving the model, it should be noted that had it been possible to
sell the firm as a going concern, then the gwner could realize the maximum
expected pre=ont value of the firm, w%, without ever goiag bankrupt. The
strateny is to set 2 = L% provided bt - pf(%%) + 2% < vk, otherwise sall the
firm for w*. The crucial part of this is that we are lmplicitly ausaming an
unlimiced supply of capital to pay for the firm's losse=, no matter how large
they may be.

This useful piece of analysis clears the grouond for a4 mare genvral mo:lod
in which bankrupt.cy is admitred. First, recall that [n having o ne-bankruptey
condition we are implicitly assuming thar creditors are unable to issuae
contingent loans —— a possible justification for Jhirh is that the pt‘s are
only observable to the firm. {A less extreme assumpti»n 1+ thar profitabilicy
ir nnt observed by creditors, and profitability depends on other things
besld s price.) Now if bankruptcles ecan occar, tnen the loan might be
conditinnal on the publicly ohserved signal: bankrupt 'not bankrupt. 1In the
event of bankruptey, the capital assets of the Firs (in the above model, there
was only the entreprencur's techmology £(.)) may well be turied oeoar o fhe
creditor(s), although they may nor be able to derive as much pr:tit from then
as could the entrepreneur. And if bhankruptey is not declared, thea Iaterest is
paid at a rate p + £, say, where 7 is a risk premioam. Tale and iHellwiy (1983}
have analysed a one=period loan mudel with bankruptey. They have shown that
even this seemingly straightforward problem is surprisingly tough. In
particular, the size of the euntreprencur's inlrlal wealth can have very subtle
effects on the terms of the loan -~ l.e. on {ts magnitude and che value nf £.

These 2uthors are currently examining a2 two=-period model and repurct that the



optimal structure there is yet more complicated. (The relevance to the many
period model of the fact that vntrepreneur's wealth has ambiguous effeecrs in
the cone period model is that the wealth carried forward between future periods
will presumably have cqually ambiguous effects —-- even though we might start by
considering the benchmark model in which his initial wealth is zero, as above.)

The wmessage from this is that it will be extremely difficult to
understand a firm's'gggl intertemporal liquidity comstraint when bankruptcy is
admitted, let alone take it one stage further to incorporate the effects of
inflation. And all the while we are ignoring the possibility of a stoeck
market.

What follows, then, is necessarily suggestive rather than rigorous.

Return to the model, but aow, as well as allowing for bankruptcy, suppose
that the firm's relative price of output no longer has a stationary
distribution. We want to study not just short-run fluctuations in relative
price, but also the longer term prospects for the product, over which there is
also uncertainty. Suppose that as time evolves, so does knowledge about the
distribution of future relative prices. For example, at time t information
might hecome publicly available that the distribution of the relative price for
all periods beyond some time t > t has shifted downwards. In effect, the long
term prospects for the firm are zloomier than before. This may mean that the
firm is now not viable in the long run on average == although of course there
is always the possibility that later on prospects improve and the distribution
of relative price is revised upwards.

Put formally, in each period t two random variables are sampled: the
current (relative) price of untput, and a signal s which adds to an evolving
“core” of information concerning the distribution of future output prices. The
current price is observed by the firm alone =- that is why loans cannot be
contingent. And the sequence ol publicly observed signals {st} is consistent

in that for any three periods t < T < 1, the support of the distribution of
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T-prices in ST is a subset of the corresponding support in St'

Now even though all this makes a full analysis of lending still more
daunting, consider a firm at time L for which st heralds {on avecrage) lower
future relative output prices. (The word "relative' is of course importaat for
when we come to inflation.) In fact suppose that st signals such a peor long
run prognosis that no bank would make any further loans. But suppose also that
the firm's present cash reserves (or more generally, liquid assets) are
sufficient ro meet the interest payments on outstanding debt, which is loag
term. Then provided the loans do not mature, creditors are unable to force
hankruptey, even though they might wish to in order to prevent the firm making
any further losses.

The front-ead loading induced by inflation could however make a
substantial difference. ©Now at time t, the firu's cash reserves may be not be
large enough to cover both the interest and the capital repayments concomitant
with a nominal Iloan. Creditors can seize the oppartunity te force bankruptey.

If this is correct, and in inflationary periocds bankruptcies do increase
for liquidity reasons, then there is going te be an associated fall in
employment % and rise in risk presia £. The latter will exacerbate the fita's
liquidity problems. Wadwhani {1983 a and ») discusses and estimates these
effects of inflation on firms which are in what he terms “financial distress”.

Unfortunately, the above arguments do ant really stand up te rigonrous
examinaticon. If creditors can use the onset of inflatien to shut down firms in
financial distress, then why are they unable to achieve the same end when thare
is no inflation? The peint is to choose the duratiocn of leans so as to
maintain the sane control over the firm's liquidity. Consider again a fira
that has borrowed £200 froe a bank; the loan is long term and not i-ndexed. If
the real interest rate is 5% and inflation is ruoning at 20%, thes in the first
period £33, or 15.8% of the principal is repaid. We have seen why the bank

will find it useful te have the optien of forcing bankruptey, in the event that



the firm cannot meet its (nominal interest) repayment of £50. If there were no
inflation the bank could exercise the Ssame control by scheduling 15.8%, ot
£31.66, of the principal to be repaid after one period. Of course, this is a
robust feature of any analysis: any nominal argument can be mimicked in real
terns.

However, there are many codes of practice which are currently in use
whose effect is not_independent of inflation. Some of these will be
discussed in the Scction B3, where we introduce the stock market into our
discussion. 1In this Section we mention one which is relevant to an owner—
managed firm which only has access to funds borrowed [rom 2 bank, say.

Loans typically specify a minimum interest cover (say equal to 4), which
is the ratio of gross trading profits to nominal interest payments. The
agreement is that if this ratio falls below the specified minimum, then the
creditor has the option of declaring the firm bankrupt. By this simple rule,
the bank does retain a form of control over firms with long dated loans, even
when the firm's cash flow is enough to meet the interest payments. Unlike
inflation-induced front-end loading, this interest cover darrangement could very
easily be made independent of inflation. 1In practice, however, the denominator
of the ratio is nominal interest, which includes a capital repayment which
tises with inflation. Hence the ratin falls with inflation, which presumably
medns that firms are more exposed to the possibility of the bank calling in a
receiver in inflationary periods. (Broadly speaking, the minimum threshold
appears not to fall with inflation.) Part of the CBI's evidence to the Wilson
Committee (1980) was that the average level if interest cover for industrial
and commercial companies had steadily fallen [rom 10.5 in 1960 to less than
half that value by the mid-70's. See Wadhwani (1983 b).

Can this kind of 'collecrive irrationality' be given a sounder
theoretical footing? Gale (1982, Chapter 4.2) has provided a stimulating

model, which may well point to a fruitful line of rosearch. His idea is that,



owing to market Ilmperfections, there can be aa entire sequence (more
specifically, a continuum) of “"bootstraps” equilibria in the market for
loanable Funds. When there are multiple equilibria, some convention is needed
to select one. A good example would be the minimum interest cover arrangement
described in the previous paragraph. Now by using this particular convention,
it happens that inflation has real zosts, because with higher inflacion the
economy slips from one equilibrium on the continuum to an [aferior one: higher
inflation means the minimum interest cover constraint will bind more tightly.
Another, slightly less transparent, example of a conventisn which is not
independent of Lnflation is the use of mon-indexc:! loans. As iaflation
increases from zero, the code of practice concerning the speed of repaymeat of
principal shifts from one equilibrium in which none is paid until the loan
matures to another equilibrium in which there is fronl =nd loading.

The nature of the market imperfections might he as follows. (From here
on, the discussion is couched in real terms.) A bank will lend to a firm an
amount based on, among other things, the fut.re stream of profits. In general
this amount will exceced the second-hund price that the capital stock would
fetch, because there is more to a firm than this; ther: are also the specific
skills of the workforce, the goodwill in the product market, and so on. Assume
that the firm cannot be sold intact —— i.e. tnere is o <tock market. Then
there are a number of reasons why the bank might not take solel’ the future
stream of profit (and assvciated risks of bankruptiy) iato account when macing
the loan, but would alse be concerned with the firm's access to funds from
other banks. For example the bank may want to diversify, and s. would not want
be the sole lender. Or the firm may at some future date need to inccease its
indebtedacss, at which time the bank may not itself be in a position to make a
second loan. Or finally, for flexibility, the bank may only want to lend
short, so that it can have ready access to its own capital. (It is this lasc

which Gale models formally, and which we summarise below in Section B2.)



_Notice that if a bank's lending policy is conditiomal on (future) leanding by
other banks, then there is scope for many Nash equilibria. In our context, if
fnflation is generally thought to be damaging to industrial profits, and banks
generally cut back their supply of credit, then it is irrational for any
particular bank te step out of line —— given that it is not willing to provide
a firm with credit indefinitely.

This informal discussion of Gale's ideas may be helpful, but it is
important to examine critically just what assumptions are required to make such
a model hang together. For this reason, we now look at the bare essentials of
his formal analysis. WNote that this medel will also be very germane when we
come in Section B3 to discuss similar 'collective irrationalities' -- that is,

codes of practice that are not independent of inflation —— in the stock market.

B2. “"Bootstraps” Equilibria in the credit market.

The following is a simplified presentation of the model in Chapter 4.2 of
Gale (1982). It should he pointed out that the definition of equilibrium has
to be somewhat more precise than that given here, where we examine only
stationary equilibria.

The economy comprises consumers and firms, with time divided into
discrete intervals. In addition to labour, there is a single good, which can
be both consumed and invested as capital. Consumers live for just two periods,
and there are overlapping generations. Equal numbers of young consumers are
born each period. Firms last for ever.

Only the young consumers work- They each supply their labour
inelastically, and are paid a wage of w units of the good. Some of this is
consumed, and the rest saved at an interest rate p. If s(w,p) is the amount
saved, then their (optimal) consumption pattern is [ w = sCw,p) » (I+p)s{w,p) ].

A "bank™ is a syndicate of young consumers who each have deposited s(w,p)-
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Banks compete to lend te firms, but because all banks' "depositors” lend for
one period only, a firm is only able to borrow short. Every perled each firs
has to find another bank frow which to borrew, s Lt can repay the loans it
took out in the previous period.

This is the central feature of the model, and it is on these grounds that
the model Is most open to criticism. Notlee howswver that the two period
assumptien is mot crucial; the resulrs would essentially carrv through were one
instead to model consumers with longer (but Finite) lives.

Another crucial assumption is that firms cannot be bought and sold: cheve
is ne stock market. Each firm Ls rua by an entrepreneur who has no fnisial
wealth bat borrows from banks to invest in c-pital. There is frec eatry {an
unlimized supply) of entreprenears. Once canital iz imstalied by an
entrepreneur it cannot be used by someone <lse; each entreprenaur has specific
skills.

The upshot of these rather extreme assumpiions is thau, in equilinrium,
the only way a bank can recover 2 loan made to some firm Ls £o find ansther
bank willing to make a new loan. No doubt the assumption: can be weakenad, but
the basic feature has to romain: the capital market {x imperf-ct in so far
as the extant o which lenders can recoup thelr morey depends on what others
are willing to lend.

If in period t the capital stock of a typical firm is kt’ then 1t can
produce f(kt,i) unics of good bz employlng 2 workers. Define z{kt,m) tn be the
labour devpand which attaios the maximum gross profic

n{kc,z) =  maximun f(kt,l) - b,
4
Sheuld the firm borrow bt in period t in order rto finance 2 {(non~negative)

investment ktH - kt, then the net income of the entrepreneur is

. = mlkw) + b o= {1+ - (k

1 - kt)'

t+l
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Notice that, owing to the banks' two-period horizoms, the firm has to repay all

of last pericd's debt, bt~l

The firm maximises the discounted sum

, with interest.

1
M
o Tt e )
subject to, for all t, o ® c (Bankruptcy constraint)
- -k
kt+1 ¢ » 0 {Ne capital decumulation)
and b g vk (Borrowing constraint)

The interest of the model lies with the borrowing constraints. We are
going to demonstrate that there does exist indeed a stationmary equilibrium in
which v¥ is a constant. But this by no means exhausts the possibilities.
Broadly, the borrowing constraint depends on the entrepreneur's collateral,
which in this case is not kt (since this cannot be sold), but the value of the
firm as a going coneern. How this value will in general depend on today's
capital stock kt and outstanding debt bt—l' Because no bank lending today is
interested in future lending the value of the firm will depend on the berrowing
counstralnts imposed by other banks tomorrow, which in turn will depend on other
banks' behaviour in the next period, and so on. We suppose that toeday's banks
take these other constraints as given (rthe Nash hypothesis). To repeat, in
general the value of the firm will also depend on {ts current capital stock kt
and its eutstanding debr bt—l’ but W& are concentrating on an equilibrium in
which v* is a constant.

An immediate observation is that in equilibrium a bank should never
impose v*, even though it makes the asgumption that other banks will do so ia
the future. If a firm would wish to berrow bt > v* at {nterest rate p, then
the bank could offer more than v* at a rate higher than p- Both parties would
benefit. In equilibrium, then, the firm must choose bt no higher than v*.

Given this, it might appear that firms are not at all constrained in



their borrowing. But consider a vector (p¥*, w*, k*

R , a*; v*¥), where o* 1s the

number of firms divided by the number of workers in cach generation (recall

that there is frec entry of entrepreneurs), such that

(i) for each firm:

in the first period: ko =0 {(no initial caplecal)
and bu = kl = k* = vk (maximum borrowing to invest In capital)
@ . = = kk = yk kK Ky = KR =
thersafrer: b kt+l 3 v* and qw{k*,y*) - p*k o

(gross profit equals interest; new borrowing pays off the old debt)

(ii) s{p*,u*) = a*k* (goods market equilibrium; savings = investment)

{111}y 1 = o*a k¥, ) (labour market equilibriunm)

We will show that this is an equilibrium by making an assumptlon about

#{k,w*) as a function of k, which is best seen graphically:

*

=+ p%M

x(k, ) + rA)

ak, w*}

Pk

The critical features are that

(a)

and ()

k < (=) k* o w(k,w*) < (=) p*k

k > k* => (1 + p*dk > wlk,w*) + vx.

(a) amounts to assuming that returns to capital are {nitially increasing.

(b) will be satisfied if profits never rise disproportionately with capiral

an

(i.e. if 7k

1s never > 1.)



w
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To confirm that, uander these assumptions, we are al an equilibrium, we

need to see if the sequence 4= defined in (i) maximises (M), and in each period

the constraint v* does not bind, taking the future constraints as given.

Notice that, because of free encry, in the purported equilibrium the net
income y*, say, of any entrepreneur is zero in every period.

, b

Consider some other sequence { kt

yielding net iacomes | Vi }E>O

For T > 0, defiae YT as the present value of the first T period's net incomes:

t }t>0

: 1
Y ! Ty
T 2 (L +p)t ¢

1 1
e s ¢ e -
T+ ooF (TRpw) = ek} + T+ o) Pp 7 Kpy)-

[}
I t~1-3

If Y 1s to be strictly positive, then appealing to (a) we can see that kt must
exceed k* for at least ome t » 1. Let 1 be the minimum such t. Since Y1—l » 0,
from (a) we have that bT—l > kT- Hence br—l > v* (because k* = v*). That is,

the borrowing constraint was exceeded in period v — 1. But because br—l > kT

and kt+l - kT > 0,

0 « yT < wlk_,w¥) + b_t - (1 + p)kr’ which from (b) is

< b - yk (since k_ > k¥*)
T T

=-= which means that in period v — 1, when the borrowing constraint was
exceeded, the hank which made the loan b'r—l would know that borrowing the

following peried, bT, would have to also exceed v*. But this runs counter to

the Nash hypothesis that banks take other banks' lending policies as given.

Therefore { ko, by ' cannot be admissible.

t>0
So { p*, w*, k*, «*; v* } is an equilibrium vector. Notice that this
equilibrium is parameterised by our initial choice of v*. Now it is not

difficult to show that for any v** in a neighbourhood of v*, a corresponding



equilibrium vector can be found. That is, there exists a continuum of

equilibria.

To recap: v* might be viewed as an index of business confidence, perhaps
related to the rate of inflation. The link might be that "there is a
conventional idea as to how much it is safe to lend on certain types of
security. This amount will be expressad in terms of money. Inflatlon will
reduce the real value of this nominal amount. The economy slides along the
continuum of Nash equilibria as a result, but there is no money illusion at
work nere. Each agent is behaving ratlonally but since he must take the
behaviour of other agents as given, he must also take the convention as siven.
When the 'real’ convention changes, the 'mominal’' convention staying the same,
everyone's real behaviour must adjust. Thus inflation may have real
consequences simply because agents believe it will have real consejuences.”
(I.e. with higher inflation, confidence is lower, and the borrowing limits of
firms are tighter, which has deleterious real effects on outpul and
employment.} “The fault lies aot with inflation, but with the nature of our
beliefs.” (Gale (1982) pp 178-179.)

Finally, it should be noted that the formal model is actually a
comparative stalics exercise —— there are no dynamics specified as to how an
economy might slide From one equilibrium to another. This coutrasts with the
earlier informal discussion which was largely about the effects of a rise in
inflation. Also, there is a0 close analogy between the 'rules of thumb' that
we discussed (e.g- nominal interest cover, or the use of non=indexed loans) and
the model's v*. Nonetheless, Gale's formal analysis is extremely useful
because it not only clarifies the kinds of assumnptions that are likely to be
needed to sustain mnltiple “"bootstraps” equlibria, but, as said earlier, it

also points towards a potentially fruitful line of research.



B3. Corporations and the Stock Market

Modigliani and Cohn (1979) argus that in inflationary periods, private
corporations are severely under-valued by the Stock Market. Specifically, in
the US in 1977 the Standard and Poor’s 500 stock index was 100 -— when, they
say, it should have been 200. The source of this under-valuation is twofold.

First, investors and managers capitalize equity earnings usinyg the
nominal interest rahe, aven though the earnings themselves have been deflated.

Second, they use currenl cost accounting (CCA) to measure firms' profits,
rather than true economic profit. The former is an 'entity' based profit
measure; the latter is ‘equity’ based. The distinction between these two is
that CCA deducts the whole of nominal interest payment —- which, as we have
seen, will contain some repayment of real principal when there is inflation ——
whereas true equity profit treats debt as if it were indexed. [For an
illuminating helpful veference on inflation accounting, see Whittingronm (1983).
Also refer to the article on "Indexing Company Accounts”™ by A.J. Merrett in
Liesner and King (1975).]

We will here be mainly concerned with the second source of under-
valuation, for which the evidence is parricularly strong. See Wadhwani (1383 b)
as well as Modigliani and Cohn.

Consider the simplest possible case of a firm which at the beginning of
period 0 has an outstanding non-indexed bank loan of £ D(0). The real interest
rate is constant at p. Inflation is running at A each period, and the nominal
interest rate is R = p + X. Modigliani and Cohn's peoint is seen most starkly
by assuming that the firm does not change its leverage policy. To this end,
the firm must take out an additional loan each period so as to maintain real
indebtedness. The nominal debt outstanding at the beginning of period t, then,
is £ D(t), where D(t) = (1 + )T D(0). Notice that in terms of both nominal

and real quantities, this scenario is almost identical to another in which the
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original period 0 loan is instead indexed. The only diiference is that in our
case, as the firm pays nominal interest to the bank with one hoad, it gets a
new loan from the bank with the other hand; and the Turmer amount exceeds the
lactter by p D(t), which is of course the interest the firm woul.! have paid had
the initial l.yan been indexed. Given the real economic equivalence of these
two scenarios, it seems extraordinary that, as a result of an accruating
convention, the firm's share price should in prantice be ditferenl between the
TWOo .

The firm's gross tradiag profit (i.e. befsre any interes! s deducted)
equals £ X(t) in period t » 0. We assume that this is constant in real turms;

i.e. X(r) = (1 + A)F X(0). Then the GUA profit in period t is given by
m(t) = X(r) - R D(t)
And the equity profit in period t is

mr(E) = X(t) - p [ (1 + 0)F DOy ]
= 1(r) + ¢ oo{t).

Lf investors use T(t) as their orolit figure, thuen the value of equity

will be
- 3 1 . R
5(0) = L qra T Me) - RDE+
t£>0
1+, 5
- A 5 - [K(0) = 2wuy] = (1 + p) D(U).

If, however, they instead used T*(r) then the value of equiL; would be

S§*(0)

! (—1_% 5yt (o) - (1 + 0 )] 1+ »7t
»

>0

“—:—ﬁx(a) - (1 + o) D(OY,

which exceeds S(0) by AD(0)(1 + p)/p-



One central tenet of Modigliani and Cohn's work is that the stock market
values the Flrm at S5(0), rather chan $*(0). It is clear that S$*(0) is the
covrect figure to an economist; S$(0) varies with the inflation rate A, and
therefore cannot be right because nothing real changes with inflation-

The other under-valuatien comes about because instead of using 1/(1 + p)
as the discount factor, many financiers use 1/(1 + R).

The Modiglianj-Cohn theory has of course met with criticisms. For a
selection, see Boeckh and Coghlan (1982). It seems most implausible that this
kind of irrationality should persist- Return to the choice between CCA and
equity profit; both in the UK and US seme loose equivalent to CCA is currently
used. An obvious opportunity for a kind of arbitrage would be to buy a
controlling influence in a company with a high debt—equity ratio, and then
issue new shares to pay off the debt. TIFf there is inflation, CCA profit will
rise, and so will the value of one's equity. (Of course this is ignoring,
inter alia the costs of issuing new shares.) What is interesting is to know
what non-economists think. See Carsberg and Day (1983). Parcicularly
illuminating is the response of investors and managers alike when it is pointed
out that the reduction in real debt caused by imflation should be added to CCA
in order to determine true economic profit. They say that what watters is not
the value of true economic profit, but rather the wvalue that other people put
on a company. This is very reminiscent of Cale's "bootstraps” argument --—
albeit that he had to explicitly rule cut a Stock Market in his model. It
would be nice to have a coherent theoretical model which rationalises the kind
of behaviour which Modigliani and Cohn describe.

Finally, return te the question of liquidity — this time of corporations
which can raise money by selling shares. As we saw earlier, specifying the
liquidity constraint is extremely difficult unless one makes strong assumptions
-— like no bankruptcy and a stationary distribution of relative output price.

In breoad terms, though, it is likely that if inflation does strain a firm's
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liquidity, then this will create uncertainty about its future prospects, which
will in turn be reflected in the price of its shares. Conversely, any drup in
Stock Market value brought on by inflation {(e.z. via a 'Modigliani-Cohn'

effect) will cause banks to lower thneir borrowing limits. A well-specifiad

model must of course make clear the intwrplay beween chese two efiects.



Appendix 1.
Facing price pl’ a "type" (pc,eo) consumer uses Bayes Rule to calculate
Prob { py is low [
Ap
1. Py 1 1
(1= u) [Bof(;lnp—) + Q1 so)ﬁ(glnT)]
o o
P ) ) o
1 4 ., 1 1
- 2 — =y =
(L= w) [8)f( 3 1n 5o ) + (1-8)E( 7 1n )]
o o
T 1. P
+ u ol = = - - —
v (6.5( 7 1n o ) + (1 Bo)f( T 1o 3 )] ]
o 0
where f(x) = 1/2t 1£ t—-1T € X € t+1

0 otherwise.

Hence, for this consumer, Prob { p, is low } equals

1
P P AP
| 0 if =1 % iln,—l < t+ 1t < éln—1 < ‘ﬁlln—1
APO o p0
8 (1 - p) P P Ap
3‘-—(15.—_# if t -1 € élnx_l < %ln—l <« t+ 1 £ %ln‘—l
" H u Pn PO E Po
P P AP
L -y if t =T —lni—l < —ll’l*—:L £ —ll‘l—1 T ot + T
PO pG PO
1=y p p AP
. 2. 1 1 1 1 1
—— if =ln— ¢ ¢t -1 ¢ —ln— < —lon— < ¢t + 7
R S :
=0+ =8 a " %, ap, 3 ?,
P P AD
1 if —1n\—1<31u1n—1<:—1<—1n——1<r+r
Py o Py
Note: The sixth possibility,
P P Ap
élnx—]‘< t-1 < %ln—l < t+71 < éln—]‘
Py Py - Ps

is ruled out as it is shown that, in equilibrium, X ¢ 23T,
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Now % = (1 - 24)/(1 ~ 4) satisfies

L~y

(L - ) o+ oy

B* =

So if 8 < 9%, 1f 3 < eZ3T  and if y < /2 { => & >0 ), then

Prob { p, is low } dis either = 0
or ER:

Thete is one further conmsideration. If a firm charged 2z {real) pric:
either higher than Ap, or lower than p, then there would he some consumers who
would know with certainty that the firm was "off the equilibrium puth” -- to
use Lhe language of games with incomplete i{nformation. (We are talking about a

Ey e (po,ﬁo) consumer who observes a price p whEre

1,
either 1l/a 1n (pl/xpo) >t + <+ or 1/a ln (xpl!po) LE=1.)

In such games, the specification of beliefs off the equilibrium path ==
that is, what such consumers would think if faced with a deviant fira's price --—
can critically affect the nature of the (sequential) wquilibrium. Morenver, it
can be failrly arbitrary as to what constitutes 'rezsnnable’ beliefs: Baves'

Rule cannot be applied at events whose probability is zero. Here, however, we
are fortunate hecause there s really only one sensible specification of
beliefs:

if  1/a 1ln (plfkpo) >t + t then Prob [pl is low } = O,

and  1if  l/a 1o (Apl/po) <t=- 1 them TProb | P, is low b= 1.

Equation (1i) can be written

APN (1 = 33 (1 = b/ap)?

" ¥ 2art

(vii)



Substituting for M and o from (iii) and (vii) into (v) gives

(1 - w) axp (1 - ¢) (1 -b/ap2

b (l - 9¢) In X
B 2at

2ar

1. = § +

Substituting qp/B = 1/(1l - b/p) from (vi), and for 2at from (i), gives, on

cancelling (1 - ¢):

) - 2
Q uglk_(t/p_)b/m = W-w[lax + Q-bA ] + wiaa

(1 - b/p) In 3 s
(L - b/ap) (A - 1) ° (viii)

which means that y does lie in (0,1)-

From (i), (iii), and (iwv),

= g ¥ ln A
. " T TIna + (L-0b63p)
. - (1 - b/ip) _ 1 -w) (1 - b/ap)
or b In » + (L - b/hp) In x + (L - b/3p)
. - _ (1 = b/Ap) (1 = b/p) 1ln A
Using (viii), ¢ = Inx + (1-bxp) = (A-D[Imx + (L -5/ ) |

(A = b/p) 1n A

= L=¢ = o-Dmx + T - ° )

Substituting (ix) into (i) gives

(X = b/p) 1un )
x - 1) * (x)

2ar
The variance in prices V, say, is given by

¥ ow pELN- 12l - )

p% ui (1 = b/p) (1 = 1/3) 1la 3

or from (viii) = T - b/ag) . (xi)




Routine differentiation of (%), aad then (viii), shows that A(a) and u(a)
are strictly increasing functions of the inflation rate a. {WQ use the fact
that if A > 1, then In A < A =1 < A ln A.] From (ix) and (xi) it follows

that ¢(a) and V(a) are also strictly increasing functions of a.

Substituting for (1 - ¢)/2at from (i) into (vii):

APN (1 — b/ap)2
B [lnx + (1 -b/ap)]

which, on differentiating, gives that M(a) is strictly increasing ia a.

Finally, substituting for (1 - ¢)/2at from (i) intn (iii), and using

(viii) to eliminate p:

_ N 1n ) {l
% Taax ¥ (1-0bp)

(1 = b/p) 1ln & 1
(L =b/xp) (A -1) !

which, on differentiating, gives that n(a) s ~trictly increasing in a.

It remains to demonstrate that there is a non-empty interval (a , a) of
inflation rates such that, at a solution to (i) - (vi), the assumptions we have

so far made are in fact satisfied. Namely,
1 < a < e?aT

*
and 0 < acrit < @ LS

Let 8 (1 = b/p)/21. From (vi), A in 18 strictly positive, and from

(x) we have that if a > B then 1 < x < e?@7 a5 required. Moreover

from (x), Lim A(a) =1 and Lim A(a) = =.

a+amin Ate

Therefore from (viii) it follows that Lim ufa) = 0 and Lim ula) = 1.

asa . atew
min



i~
)

For a > a i §%(a) [defined as (1 = 2p)/(1 = u)} is a strictly

decreasing function of a because it decreases with p and 3u/3a > 0. Also
g

Lim 6*%(a) = 1 and Lim 8*(a) = = =.
asa_. a4
min
Bcrir_(a) [defined as 1 - ef(xp - p):[ is a strietly increasing

function of 2 because it increases with A and 3)/8a > 0. Also

Lin acrit(a) = - '3nd Lim ecrir_(a) = 1.
asa . adw
min

Let a = a be tha (well defined) solution of g*%(a) = Bcrit(a), where

a ¥ 8 Now the value of a decreases as the cost of search, ¢, decreases.

For sufficiently low ¢, then, a will sacisfy e*(E) > 0. Moreover, there will

be some a contained in (a_, 2) sueh rhat .. fa) = 0.
= ( min ) at:*::u:(—)

By construction, for any 2 satisfying a < a < E, we have, as required:




=
S

Appendix 2

One possibility for the firm’s budger counstriint is that the present
value of any profit stream can never be lower than present valuc of any
carnings strzam, plus initial wealth b (= Q):

5 ——1——————{ p (e > - % - y } » 0 with probability 1. (3}

£31 (L 4+ pt-l FE t v

The difficulty with this is that there is nothing that rescmbles a
liquidicty constraint; the bt's, t » 2, do mot enter. That is, we cannot use
dynamic prograaming to aaalyse the firm's declsions through time.

0f course replacing (3) by (la) as the constraints will anot do, boacausz
there is no terminal debt constraint to Limit the growth of {bt}. (If
there was such a transversality condition, then summing {la} vields (3).)

However, Proposition 4.4.1 of Gale (1983) shows that If (la) is augmented by

B & b= for all t (1o)

[

where b* is defined as sup { b | pf(e} - ¢ > TEE—E for some 2 ;,

then (la) and (lh) are together equivalent to (3). The intuition behind this
is srraightforward: Lf debt is allowed te grow higher than b* in spoe pariend t
then, from (la) and by construction of b*, there 14 uw way the Tiem can aveld a
positive probability of bt+1 exceeding bt' By repeating this arpument, it
follews that the firm inevitably faces the possibility of its debt growing
without limit.

Tn sum, if there is a no-bankruntcy coaditlon, then flrms' Liquidity
constraints take the form (lb).

It is worth meatloning an cbservation made by Gale. Any constant b¥*
such rhat b¥ < b** { » would sufficc on the R4S of (lb). The Firm voluntarily

limits its indebtedness to b*, even though the constraine bt < b** 35 rthereby



.always slack, becanse it knows that once b¥* is overstepped there is a chance

that debt will later grow beyond b** regardless of the choices of 2lige
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