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Abstract

The current consensus in macroeconomics, as repeesdy the New Neoclassical
Synthesis, is to work within frameworks that congbintertemporal optimization, imperfect
competition and sticky prices. We contrast this ‘Biiangle” with a model in the spirit of

Wicksell and Keynes that sets the focus on inteast misalignments as problems of
intertemporal coordination of consumption and puaigun plans in imperfect capital

markets. We show that, with minimal deviations fréne standard perfect competition
model, a model structure can be derived that l@akslar to the NNS triangle, but yields

substantially different conclusions with regardtie dynamics of inflation and output gaps
and to the design of the appropriate rule for manygpolicy.
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1 Introduction

If anyone is to blame for the awkwardness of ttle of this paper, it should be Olivier
Blanchard. Looking back on the 20th Century, Blaamdh(2000) raised the question: “What
do we know about macroeconomics that Wicksell asbdf did not?” His answer was: “...
a lot”, stressing that much progress has been nmad®delling short-run fluctuations of
aggregate output as effects of “imperfections”, es results of “deviations from the
standard perfect competition modélln another prominent review, Blanchard (1997, p.
290) observed that almost all macroeconomists naovkwvithin a framework that
combines three ingredients: intertemporal optinmrgtimperfect competition and sticky
prices. This combination characterizes the curcensensus view that is generally labelled
as the New Neoclassical Synthesis (NNS), oNN& triangle

The NNS is epitomized by Michael Woodfordisterest and Price2003a), a book
that explores the properties and welfare implicetiof monetary policy in the confines of
the standard IS-AS-MP framework, where aggregatmaae (IS) is derived from the
representative household’s intertemporal utilityximmazation, and aggregate supply (AS) is
expressed in terms of a New Keynesian Phillips eubased on imperfect competition and
price rigidities. The model is closed by a reactfonction of monetary policy (MP),
typically a Taylor rule. Woodford (2003a, ch. 4sdebes the model as “neo-Wicksellian”,
since the IS relation nests the real interest asociated with potential output and the
resulting (possibly zero) inflation rate — the ‘ima rate of interest” in Wicksell's diction.
Accounting for stochastic changes of this rate tbidw from shocks to technology and
preferences, the evolution of the economy over isnmepresented as a dynamic stochastic
general equilibrium (DSGE) process. As a consequierficsticky prices, any gap between
the market real interest rate (the nominal rateusiiexpected inflation) and the natural rate
generates gaps in output and inflation with respectheir optimal values. These gaps,
which entail welfare losses, can be reduced by@pately designed interest-feedback
rules on which the central bank operates.

This apparatus is clearly reminiscent of Knut VErlKs Interest and Price$1898a).
Referring to Wicksell and his followers Friedrich Mayek, Erik Lindahl and Gunnar
Myrdal, Woodford (2003a, p. 5) claims “to resurrectview that was influential among
monetary economists prior to the Keynesian revoifutiMoreover, by setting the focus on
output effects of false positions of the market rate dkiest, his version of the NNS
appears to bring a common theme of Wicksellgard Keynesian theories back to the
forefront of modern macroeconomics.

However, Wicksell and his followers, as well asyKes, did not work within the NNS
triangle. They normally used the assumption oféfoempetition”. The stickiness of prices
and wages played, at most, a subordinate role eir #xplanations of macroeconomic
fluctuations. Their key “deviation from the standlgrerfect competition model” was an
imperfection of the price mechanism in the capitarket, not in the goods or labour
markets. Even though they differed in their conaaptrameworks, both Wicksell and
Keynes set the focus on the causes and consequEnoesalignments of the market rate of

! For a similar history of 20th Century macroecoimnsee Woodford (1999).



interest with the rate, at which the plans of reakstors (business firms) and financial
investors (savers, wealth-holders) would be fuliprdinated Intertemporal disequilibrium
mattered to Wicksell and Keynes, not because ofitifyaationing, but because, as long as
the market real rate of interest is at the “wroegel”’, the economy will be driven away
from its intertemporal-equilibrium path incamulativeprocess of changes in prices and/or
output at which capital and goods markelear.® They also shared the view that price and
wage flexibility would notper seeliminate the effects of wrong interest rates muluce
their correction. Describing the “individual expeent” of optimal household planning, as
in the NNS, was therefore not considered suffictentletermine the time paths of output
and inflation. The “market experiment” — i.e. thedative speeds and sizes of output and
price adjustments, when intertemporal equilibriura disturbed by interest-rate
misalignments — requires explicit analysis of tesulting shifts in the budget constraifits.
Therefore, by way of contrast with the NNS trianglé intertemporal optimization,
imperfect competition and sticky prices, a “Wicksell-Keynes (WK) triangle” can be
described by the key words “intertempocabrdination”, “imperfect capital markets”and
“wrong interest rates”.

Do the differences between the two triangles enatls there anything we can still
learn form the WK triangle which is not in the NNi&angle? The standard answer is that
macroeconomics, in the days of Wicksell and Keyitesked “conceptual rigour” in two
regards. Fluctuations of output and price levelgeweot fully modelled in terms of
optimizing behaviour, and the “imperfections” tleadplain them were not well understood
(e.g., Blanchard. 2000, p. 1385-88; Woodford, 2@@W3a, p. 5-6). The NNS is believed to
have overcome these shortcomings by integratingefsetting behaviour into a DSGE
framework. Woodford’s insistence that the key reswf Wicksellian theory can be
replicated in DSGE models (Woodford, 2003a; 2006,1p6-97) suggests that the
differences between the two triangles do not maiidastantially, so that the older triangle
could safely be left to historians.

2 In Wicksell's bank-centred credit economy, it e thank’s lack of information about the full-empiegnt-
equilibrium, or “natural”, rate of interest thatuses the misalignments of the market rate. In K&gne
monetary economy, it is the liquidity preferencewsdalth holders in view of uncertainty about retutn
investments that drives a wedge between the tves révhile Keynes had made use of Wicksell's nattatd
concept in hislreatise(1930), he criticized it in th&eneral Theory1936, p. 183, 242-44) for its underlying
loanable-funds view, but retained the referenceatbenchmark rate that would be compatible with full
employment. His shift towards liquidity-preferenteory has led Leijonhufvud (1981) to argue thayries
lost his “Wicksell Connection” when writing t&eneral TheoryHowever, in the wider sense of coordination
failures of the interest-rate mechanism, Leijonlidfdraws a dividing line between Wicksell and Keyios
the one hand, and the Keynesians of the old NesicklsSynthesis whose explanations of macroeconomic
fluctuations revolve around price and wage rigédition the other. Here we follow the same line wétfard

to the New Keynesians in the NNS.

% Wicksell (1898a) restricted his analysis of thenalative process to changes in the price level, redm
Keynes (1936) discussed cumulative changes of gutipough neither of them denied that these prasess
involve changes in both output and prices. LindaBB1) and Myrdal (1931) analysed combinationsaihp
whereas Hayek (1931) described a change in thetgtas, not the levels, of prices and productios.we
shall see, changes in all these dimensions coexist.

* For the distinction between individual and markeperiments see that other book with “interest janices”
in its title: Patinkin (1989, ch.l:4).



The purpose of our paper is to challenge this viewa more recent survey,
Blanchard (2008) discusses several points wherestaedard NNS model should be
improved to include a larger array of phenomena prnodide better explanations. In this
perspective, our point is that the boundaries efNINS triangle hamper progress in dealing
with relevant issues raised by the older theoldiesarticular, ignoring saving-investment
imbalances seriously limits the explanatory scopgeth® NNS. Not only are these
phenomena &gical implication of any theory based on the distinctimiween the market
real interest rate and the Wicksellian natural.rtitean also be argued that informational
imperfections in the capital markets and the comeetjintertemporal imbalancgday a
major role in processes that generate macroeconostiébility, as testified by the global
financéal crisis that has recently developed (&grio and Lowe, 2002, Leijonhufvud,
2008):

In the following, we therefore propose a modeliragprfework that reconstructs, with
some rigour, the WK triangle. Our model is meanb#mauthenti¢ in the sense that it is
made of components that were available at the toh&gicksell and Keynes, if not used or
even devised by them. Even though we will provieldual evidence, our rendition is not,
however, meant to be “true” to these writers inrgweetail. At the same time, we have
devised the model to be closelgmparableto the standard three-equations model of the
NNS by means of current modeling techniques. IsWay, we highlight what Wicksell and
Keynes knew about macroeconomics that might sellviorth knowing, even though
modern economists tend to exclude it from theirsemsus view. We demonstrate the
explanatory potential of a synthesis of Wickselliand Keynesian idedbat differs
substantially from the Neoclassical Synthesis, &Id New.

The rest of the paper is organized in three p&estion 2 provides a brief account of
the standard NNS model (Woodford, 2003, ch.4) deatves to draw attention to critical
limitations of the new synthesis. We discuss ifeaive reduction to théntratemporal
coordination of aggregate demand and supply, angdgécific assumptions about market
structures that must be inefficient enough to eréta¢ relevant output gaps, while excluding
major logical implications of interest-rate misaligents, namely the causes and
consequences of a mismatch of intertemporal consomand production plans.

Section 3 introduces the model of an economy @ dbnfines of the WK triangle.
Prices are flexible, agents have forward-lookingestations, the economy has a nominal
unit of account, and physical capital is represgtitg interest-bearing bonds traded in the
capital market. The central bank is the only paoheker, taking control of the economy’s
nominal interest rate by trading bonds. Informat®imperfect in the sense that no one in
the market can directly observe the natural ratmtefest, the real rate that would equate
optimal saving and investment. This lack of infotima is sufficient to generate “interest-

® Saving-investment imbalances are ignored evenh& NNS model which include fixed capital and
investment (e.g. Woodford, 2003, ch. 5, CasaresMe@allum, 2000). One strand of earlier New Keyaasi
literature had set the focus on imperfect infororatand capital market failures (see, e.g., Greahwald
Stiglitz, 1987; Bernanke and Gertler, 1990). Togktent that its results have been incorporatedthn NNS,
they are not connected with the possibility of sgvinvestment imbalances and their intertemporal
implications. The same applies to NNS extensiorst ihclude imperfect information and investment
dynamics (see, e.g., Woodford, 2003a, ch. 5; 2008ankiw and Reis, 2003). We comment on these
extensions below.



rate gaps” and intertemporal coordination faillresveen saving and investment.

The thrust of the model is that saving-investmiembalances, by way of forward-
looking agents’ allocations, generateiatertemporal spilloveeffect, in that they transmit
the effects of present interest-rate gaps to ptemed futureoutput and inflation. As a
result, these variables diverge from their integeral equilibrium path, in a way that
considerably modifies the dynamic properties of system with respect to the standard
NNS framework where this effect is not presentst-ioutput and inflation gaps display the
autocorrelated dynamic structure that is typicalbgerved in the data, with no addition of
further frictions and imperfections. Second, itsisown that the system displays three
distinctive WK features. Given an interest-rate ,gdqe time paths of prices and output
evolve as “cumulative processes”, which are theltes the interplay of “deep parameters”
rather than exogenous factors. The system willrmeto its intertemporal-equilibrium path
only when the interest-rate gap is closed and &lsalting saving-investment imbalance is
corrected. Hence, price (or wage) stickiness is thet core problem, price (and wage)
flexibility not the general solution.

In section 4 we focus on the formation of inflatiexpectations and on their
implications for the system’s stability as wellmsnetary policy. Since the model allows us
to analyse out-of-equilibrium dynamics that aredrel/the scope of the NNS triangle, we
can show how short-run rational expectations (thadard assumption in the NNS world)
amplify price and output dynamics and tendd@stabilizethe system, as argued by both
Wicksell and Keynes. This result provides a coesisfoundation for those two ideas of
Wicksell that have been transplanted into the NNty of monetary policy — namely, the
idea that stability can be preserved by a “nomamahor” in terms of a stable price level (or
inflation rate) in which agents have reason todwelj and the idea that, to this effect, the
nominal interest rate should be raised (lowered3am as the rate of inflation increases
(decreases). In fact, we show that a simple “Wilkilese rule” for monetary policy that
follows this prescriptionwithout any other informational requirements may display
remarkable out-of-equilibrium virtues of systemb#faation. We also demonstrate that,
based on the theoretical framework of the WK trlanghis kind of rule has dynamic
properties that stand in contrast with the NNSditiere. In particular, stability requires that
the inflation coefficient of the rule should have @pper bound This implies that the so-
called Taylor principle, which requires an overmudnal interest-rate reaction to the
inflation gap (e.g. Woodford, 2003a, ch. 3), is netessary and may well be conducive to
instability. Central banks may thus face a trade-nbt between inflation and output
control, but between “small gaps” and “smooth patfighe adjustment process. In the final
section we draw the conclusions and point out inclvidirections theWicksell-Keynes
triangle may be further explored.

2 TheLimitationsof the New Neoclassical Synthesis

In this section we sketch the basic model of theSNN its most influential version, as
presented by Woodford (2003a), and discuss itsyacall limitations to set the stage for the
subsequent exposition of our alternative WK model.



2.1 The core model of the NNStriangle

The NNS is based on a system of three equationsl#termines the short-run dynamics of
output, inflation and interest rates. Confining ¥ssion to the study of “small fluctuations
around a deterministic steady state”, Woodford 80Q. 243-47) describes it as a log-
linear approximation of the conditions for interfgmnal general equilibrium.

The first equation describes aggregate demandesembles the IS curve of the old
Neoclassical Synthesis, insofar as it displaysgatiee relation between current output and
the current (real) interest rate. It is, howeventirely based on the representative
household’s consumption-saving decision and obdaimg log-linearizing the first-order
condition of maximizing utility over time:

(1) xp = By —00 BTy —7 7))

As intertemporal optimization is formulated in terof deviations from the steady state,

denotes the gap between actual output and theratlatte of output’o is the (constant)
intertemporal elasticity of substitution of aggregapendingi, is the nominal interest rate,

and Ey,q is the rational expectation of the inflation ratenditional on information
available at time. Finally, r*, is the “natural rate of interest”. This terminojogfers to the
definition of r*, as the value of the market real interest rate,E;1g,4, that is consistent

with the steady state value of the output gap, wisczero. As will be seex;} = 0 is also
consistent with zero inflation. By contrast, demiat of the market real interest rate from
r*, trigger non-zero output and inflation gaps. Inesttvords, the natural rate of interest is

“‘ljust the real rate of interest required to keegragate demand equal at all times to the
natural rate of output” (2003a, p. 248). The “natuiate of output” refers to avittual
equilibrium” with price flexibility, i.e. to the dput “onewould have if prices and wages
were not in fact sticky” (2003a, p. 9).

The second equation describes aggregate suppbiditing the output gap to inflation.
The AS function is labelled "New Keynesian Phillpgve" (though little reference is made
to the labour market), since actual inflation igmrtional to expected inflation and the
output gap,

2) T, =BE,T,; +Kx,

with S denoting a discount factor, arda rigidity parameter. In order to introduce nominal
rigidities, Woodford (2003a, ch. 2) makes the agsion that consumer demand is met by
the supply of a variety of imperfectly substitualgloods. This allows firms to set prices in
monopolistic competition, following Dixit-Stiglit£1977). Imperfect competition does not
per seimply price rigidities, so it is assumed that pgare set in a staggered fashion. In the
case of interest-rate shocks (changesanr* in equation 1), a significant fraction of firms
will maximize profits by varying their output rathéhan prices. The value of the rigidity
parametek rises both witho and the strategic complementarity of price-settiegisions,
such that the output effects of shocks can becange land persistent.

The third equation describes the feedback ofritexest rate to changes in inflation and
output gaps, assuming that the central bank cantinel representative nominal interest rate.
Woodford (2003a, p. 245) writes the MP functiorterms of a Taylor rule:



3) = T HYR(Ty — )+ (g —x%)
wherei*, is an intercept term that corresponds to the ndnvialaie of the natural interest
rate,r*, + 1, or NAIRI (non-accelerating-inflation rate of grest). The weight factons,

andyx describe the intensity of interest-rate reactiansléviations of actual inflation and
the output gap from their target values. The outprget is defined as the steady-state value
consistent with the inflation target. Using,(&)is implies thak* = (1 —)r*/k, andensures
thati, = i*; whenever the inflation target is achieved. The MP function closes the model,

permitting the determination of the endogenousaldesi,, g, X;.

The IS-AS-MP framework can thus be characterizedaasynthesis of standard
neoclassical, Wicksellian and Keynesian ideas. Tieire of the system to converge
automatically on its natural rates of output antenest is ascribed to nominal rigidities
outside the capital market, as in the “classicaligbclassical approaches of Cassel (1918)
and Pigou (1933), or in the old Neoclassical Sysideela Modigliani (1944). As in Keynes
(1936), output adjustments accord with aggregateatie and precede, or even prevent,
price adjustments, such that the latter do notraatizally restore the optimal position of
the system. As in parts of the Wicksellian literatuthe “neutrality of money”is not an
automatic outcome of market processes, but reqaigggecific political strategy of interest-
rate feedbacks to changes in the price level amdftput.

2.2 Some implications of the model

In the following we draw attention to assumptionsthe basic “neo-Wicksellian” model,
and indeed in much of the NNS literature in genehadt limit the scope of the analysis of
output gaps. Here we discuss only those that amg mportant for the contrast with the
alternative Wicksell-Keynes model presented inftilewing section’

It should be noted that the standard formulatibrthe 1S relation (in equation 1)
implies that aggregate demand consists just ofusnpion. As Woodford (2003a, p. 242)
points out, the model “abstracts from the effedtgasiations in private spending (including
those classified as investment expenditure in thgomal income accounts) upon the
economy’s productive capacity”, so the model shduddinterpreted &s if all forms of
private expenditure... were like nondurable consurperchases®. Thus r*, is best

interpreted as the representative household’s ohtigme preference. If the market real
interest rate rises, and if there is no correspanghift inr*,, current consumption falis

® It may be argued that money is not a quantitativell-defined concept, neither in Woodford (2008aj in

Wicksell (1898a,b); see Laidler (2006). Furthermdmodford avoids to refer to the concept of “nality of

money”, while Wicksell confined real effects to thmall print. Yet, what is at stake here is thauargnt that
monetary policy has the power to change interegtsrauch that the level and structure of prices bel
affected. Thus it can produce (or avoid) substhefi@cts on output and income distribution, asuard for
example, by Lindahl (1930), Hayek (1931) and Myrd#131).

" Other problematic assumptions, especially thostaiméng to the monetary foundations of Woodford'’s
model, are examined in Boianovsky and TrautweirD62). Some of their implications will be discussed
sections 4 and 5 below.

8 Woodford (2003a, ch. 5) extends the basic modehttude fixed capital and the effects of the redat
investment dynamics, but the possibility of unpkedhisaving is excluded by assumption.



favour of increased future consumption. The opposdcurs ifr*, rises and is not matched

by shifts in the market real interest rate.

The simplifying exclusion of (net) investment hHa&® implications. First, changes in
consumption plans translate themselves into ormtochanges in aggregate demand at
each date. Second, tlmtertemporal coordination problem betweenture consumption
(saving) anduture production (investment), which is the key problerbe solved by the
interest rate in general equilibrium theory, vapshThe system is effectively reduced to
the intratemporal coordination ofcurrent aggregate demand and supply in each period,
essentially (to be) accomplished by the systenpof prices for goods.

Woodford (2003a, p. 71 and elsewhere) assumestrttaakets must clear at all dates”.
It should be noted that the NNS usedewiationfrom the “standard perfect competition
model” — contained in the AS function, and nothe tS relation — to provide a mechanism
that coordinates aggregate demand and supply cantsty. The key “imperfection” is
monopolistic competition, which in the macroeconoiiterature is nowadays treated as a
standard “source of inefficiency” (cf. Cooper, 2DOBven so this market structure allows
firms to determine suppland set prices while consumers are alwaystheir demand
curve. In the spirit of Blanchard and Kiyotaki (1Q8this is frequently interpreted as a
resurrection of the Keynesian message that aggrematiput is governed by aggregate
demand, at least in the short run. However, isihot simply postulated that aggregate
demand always matches aggregate supply, furthetittmms must be satisfied to ensure
that state. Thus it must be assumed that the holdsein the system own the firms, that
they receive the firms’ profits as part of theicame, and that there are no distribution
effects of output gaps and inflation that coulddféack onto the latter. All this is implicit in
the conventional assumption of the representatséhold. Finally, the model is based on
the premise that households and firms have ratiexgéctations of future output gaps and
inflation. In this setting, the optimal plans arelfgulfilling, at least in the absence of
shocks. Output gaps and inflation have no influeanethe speed and extent to which
information is incurred, processed and used fodiptiens. Imperfect competition implies
price-setting behaviour, which helps to introducamimal rigidities. The latter do not
automatically follow from the model of monopolistompetition. To define “the natural
rate of output”, Woodford (2003a) actually usesstreng assumption of a monopolistically
competitive system witltilexible prices, in which output growth wouldot substantially
differ from that of gperfectlycompetitive system. This is the fictitious NNS blemark for
assessing the welfare losses that accrue fromysficices. The existence of nominal
rigidities in the goods markets is, in turn, criiéta generating suboptimal equilibria in the
NNS framework. They are introduced with referenoentenu costs that make profit-
maximizing firms choose between price and outpijusachents in response to disturbances
that affect marginal costs (Woodford 2003a, ch.H)wever, these menu costs and other
components of the rigidity parameter in equatioraf@ exogenously given.

The NNS triangle is thus a narrowly confined spamecariously based on specific
assumptions, by which market structures are pdstlilahat must meet conflicting
requirements. On the one hand, they must be im&fti@nough to generate the output gaps
that form the control problem for the social planres embodied in (3jhe Taylor rule for
monetary policy On the other hand, they must rule out all the regimvestment
imbalances that were at the heart of the distindtietween market rates and natural rates of



interest in earlier macroeconomics. If there amaricial markets constituted by independent
borrowers and lenders, the consequence of the mazke interest rate on loans being
higher (lower) than the natural rate is that hoot#shwish to save more (less), whereas
firms wish to invest less (more). Neither side bé tmarket can achieve intertemporal
equilibrium, and the constraints that follow frohetinterest-rate gap need to be examined
as out-of-equilibrium dynamicsThis problem was in the focus of Wicksellian and
Keynesian economics in the early 20th Century, @&=iit is not contemplated even in the
models that endogenize investment into the NNS dwonk (such as Casares and
McCallum, 2000; Woodford 2003a, ch. 5). While thstaktionary effects of sticky prices
are theraison d’étreof monetary policy in the NNS, Wicksell (1898a) aed that interest
rates should be brought under policy control, restause there is a lack of price flexibility
in the goods markets, but because misalignmentgerest rates may force prices to move
out of equilibrium. Keynes (1936, ch. 19), too, érapized that there is no automatism, by
which price and wage adjustments in goods and lataukets could balance the effects of
a misaligned market rate of interest; he stredsadprice flexibility would actually tend to
make things worse. In the following, we will examinhese issues, which cannot be
captured in the confines of the NNS triangle, wihey can — with some rigour — be
explored in the framework of the Wicksell-Keynaartgle.

3 Modelling the Wicksell-Keynes Triangle

In the following we present the basic model of aar®my in the WK triangle. As it is
conceived to highlight the differences between rtiecroeconomics of saving-investment
imbalances and the NNS triangle, the model leawes internal differences between
Wicksell and Keynes in the background. It is Widkae in that it retains the assumption of
a natural interest rate as gravitation centre @& #conomy, with no consideration of
liquidity preference. It is Keynesian in that reatome adjustments occur as a direct
implication of intertemporal disequilibrium, notlwgtanding the flexibility of prices. Apart
from being based on insights of Wicksell (1898ajl ateynes (1930, 1936), the model
includes features that were emphasized by oth@éosauiin the Wicksellian tradition, such as
Lindahl (1930), Myrdal (1931) and Lundberg (193931).

3.1 Thebasic setup

The economy consist of three competitive markets [@bour, capital and output) and
rational forward-looking agents. All exchanges tgkace in terms of a general unit of
account of value Bj, whereP, is the general price level. It is assumed thatrietogy and
consumer preferences take the specific forms, otispéy, of a Cobb-Douglas production
function and a logarithmic utility function. Thespecific restrictions are not necessary, but
they are useful to obtain a manageable closed-&wiution to the model, and to make it
comparable to standard modern models.

° As to the “authenticity” of the model, the use tbkse “classically neoclassical” assumptions may be
surprising, in particular to those who connect tdeas of Keynes and other “post-Wicksellians” to a
fundamental critique of the neoclassical theoryimmfome distribution. It should be noted, howevératt



Hence, aggregate outpd , which consists of a homogenous good that can be
consumed or used as input in the production procegs/en by
4) Y, =KL a+b=1
whereK; is the capital stock available at timandL; is the current input of labour. The
share of output that is transformed into capitdiraét becomes operative in the production
process only in the next periae 1. Capital is fully depreciated within one period,tbat
() K =14
wherel'; = K;+ I is gross investment including capital replacenaemtl, is net investment.

Firms are price takers and seek to maximize #wpected stream of profits, gived) (
and their costs in terms of the income-distributonstraint:

(6) Et (Z Y;§+s _wt+sLt+s _Rt+sKt+sJ
s=0

where for each periot] w, is the real wage rate, afil= 1 + r, is the real gross return to

the capital stock purchased at titré. For each periot] firms’ programmes consist of the
choice labout*; for current production, and the capital st&Ck., for the next one.

In the labour market, workers and firms bargaieroa real wage before production
takes place, but labour contracts are in nominahgeW; . The nominal wage rate is
obtained by way of indexation of the negotiated ragew;* to the expected price leviet,,
where ¢) denotes an expectational variable (whose formatdll be discussed below).
Hence, denoting witht, the one-period inflation rate, the nominal wage r@sults W =
w*Py; (1 + 1% ). Subsequently, firms choo&#, for production, observing thectual real
wage rate given by the nominal rate deflated byattteal price level,w;, = W, /P; or w; =
W (1 +TE)/(1 +15).%°

Firms can raise funds to invest in the capital lstog selling one-period bonds. By
analogy with physical capital, they are time-incekg maturity. Henc®,,, (in real terms)
denotes bonds issued in peribthat bear a nominal interest ratevith maturity int+1.
Likewise, the real rate of return to capital thatng pay to bond-holders nis R, = (1 +
ii-)/(1 + 1), whereas the rate relevant to investmenttiéR,, ; = (1 +i;)/(1 + 1€, ,). As a
result,L*; andK*; should satisfy the first order conditions of (6):

(7) (1 -a)(Ki/L*)* = w
(8)  a(l*t/K*w1)"™® =Ru1

Households hold claims to the capital stock angbuimeir total labour capacity*

inelastically, which is normalized to unityThey choose a consumption pl&@.{; s =0, 1

Wicksell (1901, p. 128) was one of the pioneerghef concept of the Cobb-Douglas production fungtion
using it to show that the exhaustion theorem (atingrto which aggregate output is exactly absorbgd
aggregate income, if the prices of the productewidrs accord with their marginal productivityvesid only

if returns to scale are constant. That assump8omstrictive, but certainly no bigger “as if’ théme NNS
assumption of an insignificant wedge between totaput under imperfect competition with flexibleiqas
and its perfect-competition counterpart (see abseetion 2.2).

1 This representation of the labour market is atiKéynes (1936, ch. 19)
1 Whether the equilibrium employment is equal to,less than, the total labour force, or how wages ar
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,..) in order to maximize their lifetime expected ugilit

9) E, [i Ch lnCHSJ

s=0
given the constant rate of time prefereice 0, © = (1 + 0), and the dynamic budget
constraint:
(10) B, =H, +R,B, -C,
Here H, = wL; is labour incomeB;, is the real stock of bonds representing instatkuital,

and the operatdE(.) denotes forward-looking expectations, conditiomabn information
available at time. Consequently,,; — B, = S is net saving, expressed as real purchases of

bonds. Given their utility function (as @), the households’ optimal consumption as of
timetis expressed as
(11) Ct = Et (Ct+1 o/ Rt+1)

In order to insulate the macroeconomic effectsndérest-rate gaps, the analysis
should start at a point in which the economy igtertemporal general equilibrium (IGE).
It is easily seen that equatio@®, (7), (8)and(11), givenL* = 1 andr®, ;= ¢, = 1, yield
the steady-state solution, where the real returcafotal isR..; = © = R*, so that for all,
C=C*, andB* =K*, Y* =H* +R*K*. Note thatS; = I'; = K*, and once account is taken of
capital replacement, net investment and savingnir& HenceR* is also the natural
interest rate that equates optimal saving and tmes.

What remains to be determined, is the price lavdl the steady-state inflation rate. As
is well-known, a competitive general equilibrium adedlike the present one leaves the price
level and its changes undetermined. The usualipealsas long been to introduce a special
“‘monetary equation” that pins down the price lewarresponding to the general-
equilibrium output level. This is actually the arédl point where Wicksell departed from the
classical tradition of the quantity theory of moreeyd introduced his interest-rate theory of
inflation. Once thenominalinterest rate is in place, the intertemporal gehequilibrium
characterized above implies that i)+ R*(1 + 1 1) should hold for allt. This

relationship is also known as “Fisher equation’q] @in fact plugged into the NNS model
(equation 1). Yet, from a Wicksellian point of viewhe Fisher equation presents two
problems. First, if it is employed to pin down theminal interest rate, it still leaves price-
level determination unresolved, and the expectédtion term on the right-hand side is left
hanging on its own bootstraps. Second, if expedtdidtion is to be determined by
postulating an exogenous nominal interest ratshauld behigh as long as the nominal
interest rate idigh relative to the natural rate, antte versa— in contradiction with the
conclusions of Wicksell, the NNS and common sebsédrgued by McCallum, 1986). The
Fisher equation holds in intertemporal equilibridsog in the construction of a consistent

determined, is immaterial here, or as implicit las abour market is in Woodford's (2003a) versidrtie
NNS. In analogy with the NNS one may allow for somatural rate of unemployment” that creates amase
capacity of labour. On the implications of thiswaaption see our discussion of the WK model in sectd
below.

12 Apstracting from technical progress or technolsbgcks, this is a Sidrausky-type steady state, evirer
key variable in the capital market is the ratentéitemporal consumer preferend®s,
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interest-rate theory of the general price levetamnot be taken to hold continuously. Such
a theory requires three building blocks:the market determination of the nominal interest
rate, (i) the determination of inflation expectations, dig the interaction between the
two. The whole should be analysed in terms oindertemporal disequilibrium procesg
check whether it eventuallgonvergedo the Fisher equality, and how much inflationlwil
be generated in the process. This was in factebearch agenda of Wicksell and Lindahl.
Since this is the most critical nexus in the whaastruction, we proceed step by step
from the simplest hypotheses concerning the detetioin of the nominal interest-rate and
of inflation expectations to alternative hypotheskawing on Wicksell and the subsequent
literature. In analogy with Wicksell (1898a) andhdahl (1930), and (Keynes, 1930; 1936),
we begin with a simplified monetary system thatsists of a central bank, representing the
system of bank loans and deposits as a whole Kayaesian twist of this assumption, the
central bank seeks to gain control over the nomim&rest rata, by buying and selling

bonds in the open market . Pegging the nominaj théecentral bank is ready to create or
retire base money (the counterpart of bonds) toetttent that is necessary to clear the
market™® All agents form their expectations of the inflaticate, consider their objective
functions and constraints, and make their plansraatgly. At this stage, we simply posit
that all agents believe in a time-invariant “norinadte, 18, = 18 = T.'* Finally,

exchanges occur in all markets, aivg ft] are realized.

3.2 Three-gap analysis

To begin with, we examine the implications of a gapsing between the market real
interest rate and the natural rate with respecth® intertemporal equilibrium (IGE)
characterized above. Givert, a gap betweeiR.; andR* can arise owing to aominal
cause, wherg is set or changed inconsistently wiRk(1 + 1¢*), or to areal cause, where a
change irR* is not matched by a changeijinWhich of the two causes generates the gap is
immaterial here. The key issue is how the systehabes whileR.,; # R*. What Wicksell

and Keynes had in mind is, in modern terminologsading at false prices” (which should
not be confused with quantity rationing). By pegapip the central bank keeps clearing the

bond market: As long aR,,; > R*, it meets excess saving with extra-sales of botis;
converse applies in the caseRyf; < R*. The crucial consequence of this can be expressed
in the following proposition:

13 Admittedly, this representation can be viewed ahart-cut with respect to the full-blown analysisthe
banking sector by Wicksell. However, the key paiemains, as the central bank’s willingness to ereat
(destroy) reserves at the given nominal interett carresponds to the aggregate effects of pribate
lending.

4 The concept of the “normal” value of a variableswsidely used as point of reference expectations by
Wicksell, Lindahl, Keynes and pre-Lucasian econtsnia general. It normally referred to the long-run
average value observed for the variable in quesegpected to prevail in future states of resthef $ystem.
For simplicity, this information about inflation taken here as the pre-determined (possibly zexlojevr If

it also results to be the steady-state solutionrffition, thenr* is also the “long-run” rational expectation of
the inflation rate.
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Proposition 1 Given R,; Z R*, although the bond market clears, the ensuéwgls of saving

and investment are not consistent with the clgaohthe goods market, neither in t nor in
subsequent periods, at the IGE values of outputiafiation (see also the appendix).

The proof of this proposition is a well-known ingation of Walras Law, which yields the
constellations in the goods market that are aswtiaithR,; # R* in the bond market:

Table 1. Disequilibrium relations

bond market tj
Ri+1> R* Ry1<R*
goods market ®
exc. supply  exc. demand
(t+1)
exc. demand  exc. supply

Consider the typical Wicksellian caBg., < R*.*” In this case, firms are allowed to invest

more (adding physical capital to their net wortigrt households are actually ready to save
(adding more bonds to their wealth). The consequén@xcess demand in peribdand
excess supply im+1, corresponding to a production capacity (duedbinvestment irn)
that is not matched by planned consumption (lovingawn t). If we abide with the principle
that “markets always clear”, we should explain htvese intra- and inter-temporal
inconsistencies among plans can be brought intdilgum.

The solution lies in the following proposition:

Proposition 2 Given R,; # R* in any period t, there exists one single segaenf
realizations of output and inflation in t and onwlarthat clears the goods market (proof in
Appendix)

Considering(P1), such a sequence cannot be identical to the oevtnad obtain in
intertemporal equilibrium, wittR,; = R*. In fact, following Woodford’s procedure of
relating actual output and inflation at each pamtime,Y,, 1, to their IGE valuesy*, 1t*,
we obtain the following expressions in terms ofgga(see Appendix):

(12) yt - ]Agt+1—1/(1a), ytﬂ: Rt+1—a/(1-a)
(13) [, =Y @0, [, =Y,20

whereY , = (Y,/Y¥), Ry =Ry /R, [, = (1+)/(1+TT%)
To understand these results consider our prevesasple, wherdzy,; < R*, i.e. the

case of excess investment, with the central bagllextra bonds in the market. This case
makes households in peribdeckon a real value of wealth (bonds) smaller tihanvalue of
capital the bonds are supposed to represent. Taeesgt-rate gap affects the accounting of
real resources in the economy, and the economysnaedrrection of the intertemporal
resource distribution. To this effect, output (reelomes accruing to households) should be
higher along the consumption path of householdsreSpondingly, in order to induce

15 Keynes was more concerned with the opposite tasehe mechanism is the same.
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profit-maximizing firms to increase output with pegt toY*, the inflation rate, too, should

be (unexpectedly) higher than the normal rate ewedn nominal wage contracts. Note
that unexpected inflation is an integral part & grocess, in the sense that, as long as there
exist interest-rate gaps, and hence output gapsdbnomymustbe off whatever inflation
path expected by agents. As a matter of logic edplby the rational-expectations
hypothesis, agents form inflation expectationsansistence with their plans. However, as
these plans are frustrated in the goods marketietladed expectations of inflation will be
falsified.

3.3 A log-linear version

To facilitate comparison with the NNS, we now prdsz log-linear version of the previous
model. Let us consider the relationship betweemitheket real interest rate and the natural
rate in any period and let us begin with the IS function (12). Sitiee output gaps ihand
in subsequent periods share the common feRtgfR*, they can also be expressed in a
single reduced form that, in its log version witho®ddford’s notation, yield%®
(14) Jew1=pYye—a(iy— 10 —r¥)
There is a clear analogy with the IS (equatiomlthe NNS model, but there are substantial
differences, too. Equation (14) describes outpubadyics off the IS schedule that
corresponds to the IGE in the way explained abd@ue to their intertemporal “feed-
forward effect” (which is not captured by the NN®dwl), interest-rate gaps generate time
series of output gaps that displ@) dependence on the lagged value of interest-rats, gap
and(b) some degree of (spurious) serial correlation pertia” measured by parameier
Notably, a dynamic structure like (143 consistent with recurrent empirical estimatekso
equations, which almost invariably find bg@y) and(b) — two features that are not easily
accommodated in the framework of the NNSWe shall see that this specification entails
considerable differences also in the dynamic ptogseof the economy.

Let us now turn to the AS function (13) in itsasghtforward log-version:
(15) flie1 =Byt
Again there are analogies, but also important diffees in comparison with the NNS
model. The function describes the price/output dyicaoff the AS curve that is associated
with the IGE, withg = a/(1-a) being the deviation of current from expected indlatthat is
necessary for competitive firms to supply one ohprofit-maximizing output above/below
potential. Consequently, the key to the inflati@p gs the difference between the actual rate
and its expected valuex anterather than the rate expected for the future. fldneur of
(15) may in that sense be more Lucasian than Neymé&an, but it captures the essence of

18 et f/t =Z/"and lA/Hl =Z;'. Then it is possible to WritéA/tH = f/thta for linear combinations of the
parameterp anda, such thapm + o =n.

7 Attempts to fix the problem usually amount to @ijeg additional “frictions” into the markets, oo t
postulating limits to the information-processingaeity of agents. Examples of inertial frictionsidze found

in Woodford (2003a, ch. 5), and Aghion et al. (20®4&rt I). Informational imperfections have been
investigated, e.g., by Mankiw and Reis (2002), Si(@8603), Orphanides and Williams (2006). The
consideration of saving-investment imbalancesnabé original Wicksellian macroeconomics, may bers
as a more straightforward approach to serial caticad.
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Wicksell's idea of inflation as an expectationadetjuilibrium phenomenon combined with
Keynes’s idea of the labour market being affectedne unwarranted coincidence between
nominal wage contracts and their real value.

It is clear that at this point a consistent mocils for additional hypotheses about
expectation formation and interest-rate determamatBefore proceeding to these two steps,
it is useful to check the dynamic properties oftihe-equation system (14)-(15).

3.4 A model check

Equations (14) and (15) form a first-order diffezersystem in the two gapg {1, fii4]
with exogenous nominal interest and expected ioftafThis formulation is sufficient for a
check of its dynamic properties, compared with \§etks theory of cumulative processes
of inflation and Keynes’s restatement of that tlyaarterms of output.

To begin with, it is convenient to define the allei* = r* + 1t in the IS function
(14), the nominal value of the natural interest.réttcorresponds to Wicksellsibrmalrate
of interest” (1898a, p. 82), in modern parlancee tHAIRI, which provides the IGE

benchmark for nominal interest, Let ft =iy — I* be the nominal interest-rate gap (exactly
equivalent to the real gap). We thus have theviofig non-homogeneous system:

5’t+1 | PO &t -a |r»
a9 [l gpoll e 1]

For any initial value o % 0, this possesses the following steady-stateisakit

~ a »
17 y=-—ip
Y

1 —
Ba i

1-p
That is to say:

(18)  fi=-

Proposition 3 A permanent interest-rate gap determines permaneatpgut and inflation
gaps. Conversely, the output and inflation gapsratenly if the interest-rate gap is also
nil (see also Leijonhufvud, 1981, p. 136).

Proposition 4. If p O [0, 1], output and inflation converge monotonically tadaremain
locked in, the values given by (17) and (18), wbthith output and inflation being
inefficiently high or low, and inconsistent witlethIGE expected values

These two propositions capture the essence of Wikuétive processes as
disequilibrium phenomena.
Consider the typical Wicksellian case wherg< 0 and initial inflation is zero, so that

™ = 0. Consequently, the price level is set onthéh given by (18)growing indefinitely
at a constant rate. In the Wicksellian literatumemulative processes are, however, often
associated with non-monotonic, accelerating irdatiate$®. Our assumption that inflation

18 Wicksell (1922, p. XII n.1) explained this as pafthe mechanism of expectations formation: “[Ajsg as
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expectations are held constanttat= 0 corresponds to a stage that Wicksell dessridmea
relatively favourable situation where expectatioesiain anchored to the “normal” price
level, and changes are deemed temporary. Howasdong as the interest-rate gap is not
closed, changes in the price level persist. Thgesathe questions of how expectations are
revised, and how the revision mechanism impingesutpe dynamic process — problems
that will be reconsidered below.

Our model shows that a cumulative process unfofdshe real side of the economy,
too. This llustrates the Keynesian point that sgvnvestment imbalances are
misallocations that requirgeal resource adjustments, irrespective of the degree o

flexibility of prices. In a typical Keynesian sitii@n with fo > 0, resulting from a fall in the

“marginal efficiency of capital”, equation (17) idtes that output will converge to a
steady state characterized by a permanent gapresiect to the IGE. At that point of
effective demand, the goods market clears, whige dhtput gap implies unemployment
above the natural rate (if there is any).

It might be argued that our model is not fullydrto Wicksell, who envisaged the
cumulative process as a mechanism of price adjudtmenly, nor to Keynes, who
emphasized that aggregate demand and aggregatyy sgybd contract in a multiplier
process at an unchanged price level. However, tmesgeally exclusive views oversimplify
the processes driven by saving-investment imbataimce flex-price economy, as shown by
our model; and they oversimplify the positions o two original authorgVicksell (1898a,
p. 142-3; 1915, p. 1955) did not deny that cumwatnflation is accompanied by changes
in output; he just considered them to be non-cutivéland, hence, less relevantor did
Keynes exclude that the price level changes wherrehl-income mechanism is at work
(e.g.,1936, ch. 19). He only pointed out that doardyprice (and wage) flexibility would
tend to make things worse and that, on the othed harice level stability would ndie a
sufficient condition for full-employment equilibmo, at which the money rate of interest
would accord with the natural rate, or “neutraktah Keynes'’s diction (1936, p. 243).

As a synthesis of Wicksellian and Keynesian idémes essence of our model is to
demonstrate that booms and slumps as well asiofland deflation, arentertemporal
disequilibrium phenomena in three distinct, but interconnecteéammgs: (i) excess
investment or saving is accommodated at the “wrorggll interest rate(ii) the goods
market clears at the “wrong” levels of output anflation, and(iii) the expected rate of
inflation is “wrong” with respect to actual inflatn.

the change in prices ... is believed to be tempoitawill in fact remain permanent; as soon as itasisidered
to be permanent, it will become progressive, anémit is eventually seen progressive it will turoi an
avalanche.”

9 Wicksell’s theory of the cumulative process iseafinterpreted in terms of the traditional neodtzds/iew
that perfectly competitive markets would keep resesi fully employed to the extent that output carire®
increased and a low market interest rate could gaherate inflation. However, the key to such psees is
that firms are allowed to over-borrow and demanditamhal capital. It is only an extreme idea oflful
employment that may preclude this demand from beieg by mobilizing or relocating resources withire t
economy. This was a major objection that Lindahyrdi&l and Hayek raised against Wicksell from a mult
sector general equilibrium point of view (see Baoiesky and Trautwein, 2006a; 2006b).
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4 Expectations and stabilization in the Wicksal-Keynes
Triangle

Our basic WK model warrants further exploration hwitegard to the formation of
expectations and its consequences for monetargypdh the basic version we assumed
exogenous expectations that reflect the “normabiagh rate (zero or positive) of the price
level. The problem with this assumption is thatihie case of a (persistent) interest-rate gap,
expectations of return to normality will be systeicely falsified. While modern
economists tend to rule this out by focusing exeklg on states of the economy in which
expectations are statistically correct, WicksekyKes and many others in their circles were
concerned with tracking the economy’s behavioursidet expectational equilibrium.
Nevertheless, continuous under- or over-estimabibmflation was deemed an untenable
assumption even in their times. Wicksell (1915196; 1922, p. Xll) therefore introduced
the hypothesis oearning in the cumulative process that shifts expectatioos static to
adaptive to forward-looking and eventually “ratitiria the sense of self-fulfilling® As we
cannot go deeper into the literature here, we oenfiurselves to examining a noteworthy
coincidence between the expectation mechanismsdsred in the Swedish school and the
way in which rational expectations are introduaethie standard NNS model.

4.1 The troublesomerole of rational expectations

An analogy between the Swedish school and moderraeeonomics can be stated in
terms ofshort-run rational expectationshe (statistically correct) anticipation in petipof
the one-period inflation rate, (&1 — T¢+1) = O, which implies®,,; = ET,4. Even though
we skip the learning process, we can endogenizeotxfions in a way that Wicksell
regarded as plausible, but also as worrysome. &rlik NNS, he was not concerned with
jumps from one equilibrium to the next, but withethonvergence of expectations in a
disequilibrium process. Therefore, it is usefutdeexamine the WK model in the case of an
economy where a fractiahof the agents holds short-run rational expectatwihinflation,
Eim.1, whereas a fraction (16) sticks to the expectation of “normal” inflatiort;. To this
effect, we replacer* in equations (14) and (15) witle1g,, + (1 — d)1t*), while maintaining
that 1,1 = 14,1 — T*. As a result,
19)  Juwi=pi-ai,
(20) Mg =B 141
where
, 1-96 , 1-9% ,
g 178l 198 B
1-3(1+ap) 1-93(1+ap) 1-9%

The steady-state solution fof [, 1;441] can be restated as follows:

2 Lundberg (1930) actually used the notion of “ratibexpectations”. Lindahl (1930, p. 147) had itte
sense of “individual anticipations of coming pricevelopments” that are “the causes of the actual
developments themselves”. For a modern treatmenheflearning process in the cumulative process see
Howitt (1992).

17



(22) f=-

Though similar to (14) and (15)hese new solutions are ambiguous with regarchéa t
sign, magnitude and stability, essentially in cartio& with parametes. In general, we find
that:

1. the coefficients ofy and fi increase withd in absolute value; forward- looking

expectations amplify the deviation of the stea@dyestrom the IGE path,
2. for 3 and fi to maintain the normal negative relationship witg, & should be

bounded aB < (1 +1a—l3)‘1<1; a higher share of forward-looking expectatiomauld
-pP
invert the relationship between interest-rate gagput gap and inflation gap (e.g., a
positive interest-rate gap wouldise inflation permanently),
3. if & satisfies the sign condition, the system convergesotonically to fy, fi]; if &
exceeds the sign condition, the system may tdikerelnt trajectories (all witlpositive

signs with respect to o), some of which may be explosive,

4. the limit solution fors - 1,is [y, fi] =[O0, fo]; in this case, the system “jumps” to an

inflation gap equal to (and of the same sign od)ititerest-rate gap, and  forward-
looking expectations are (self-)fulfilling.

These results illustrate the troublesome role shdrt” short-run expectations in
cumulative processes in the traditions of Wickaalll Keynes. The problems arise in the IS

function. Suppose again thég, < 0, with the negative interest rate gap produaiqgsitive

output gap. As some agents anticipate higher iofiatthe marketreal interest rate is
reduced further, increasing the gaps, and so ois. “Ekpectation multiplier” explains why
short-run rational expectations are deviation-afyiply and why the cumulative process is
bounded only if their weight is limited.

Recalling the discussion in section 3.1, it is thostressing that the case &f 1
replicates the result of McCallum (1986), accordiogvhich any pegging of the nominal
interest rate above or below the natural rate léagsice-level changes that carry the sign
opposite of what Wicksell predicted. McCallum ssexb that this is consistent with the
Fisher equation and concluded that Wicksell's thedoes not hold under rational
expectations. Howeverstarting from the Fisher equation as a basis for expectatio
formation, as McCallum doegs not a correct rendition of Wicksell's theory,which the
Fisher equation should be tead point of adjustments in disequilibriumprocess. As can
be seen from our treatment, McCallum’s conclusisrvalid only within the limits of
uniformly held rational expectations (see also Hb®992).

4.2 Endogenizing theinterest rate and anchoring expectations
In view of the processes driven by saving-investmmbalances, Wicksell and Keynes
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raised two crucial consequential questions: How itaarest-rate gaps be closed? Can
capital market forces take care of the problemsaa I'visible hand” required? It is worth
comparing answers from the WK triangle with thaséhie NNS triangle.

Wicksell was aware that, in the context of hisottye price-level stability would require
two conditions to be met: The nominal interest ratesinhe connected to changes in the
price level in a stabilizing wayand inflation expectations must be anchored by a norm
against which price movements can be gauged. Wicks®98a, ch. 11) interpreted the
natural rate of interest, not as a variable thatlma observed by anyone in the system, but
as a hidden attractor of the system, where therla#t driven by agents reacting to
observable market signaéfSExplaining the observable co-movement of prices iaterest
rates?> as a first approximation, Wicksell (1898a, p. 1B3- argued that cumulative
processes might bself-correcting, provided that commercial banks reactadoelerating
inflation by adjusting their lending rates to adéconsistent with the (new) steady-state
level of prices. This, however, requires that tlexpectations are anchored to a “normal”
rate of inflation®® Technically speaking, with reference to our WK mip@icksell’s first
move consists of endogenizing the nominal interatst, and hence the interest-rate gap.
This operation transforms the non-homogenous sy$1&(20) into a homogeneous one,
where all three gaps appear as endogenous varidtlgsneral, one expects homogenous
systems to have zero-gap solutions in the finaldstestate, which we are looking for. These
solutions should include the “normal” inflation @ain modern terminology, the aim is to
define an “interest rate rule” that supports a heteate rational-expectations equilibrium.
To address this issue, we may begin with a simpleresentation of an indexation
mechanism, such as the following:

(23) it+1 = it + V(T[t+1 - T[et+1)

Starting fromi; , the interest rate will remain constant as longhélation is in line with
the expected rate, whereas it will increase (deeeas inflation accelerates (decelerates).
In a Wicksellian perspective, equation (2Z&n be interpreted as shorthand either for the
price-level correlation of the interest rate in thearket process, or for the policy
prescription that can be found in Wicksell’'s follomy formulation of a simple interest-rate
rule:

So long as prices remain unaltered, the [central] bank’s rate of interest is to remain
unaltered. If prices rise, the interest rate is to be raised, and if prices fall, the rate of
interest is to be lowered; and the rate of interest is henceforth to be maintained at the
new level, until a further movement of prices calls for a change in one direction or the
other.” (Wicksell, 1898b, p. 102)

The key difference between such a strategy of maoypepolicy and market-based
interest-rate determination can only lie in thec#psation of inflation expectations. It is
obvious that the interest-rate mechanism of equg®) is not sufficient to obtain the
homogenous transformation as longrés; # . Yet this is precisely the problem with

2L We owe this point to Axel Leijonhufvud.
22 This phenomenon was later described as “Gibscadeat by Keynes (1930, p. Il: 198-208).

% Note that, apart from the central bank, thererardorces in the NNS model that would make therése
rate change with inflation.
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unregulated market processes examined in the ue\paragraph. Hence, there is a clear
role for the coordination of inflation expectaticthsough an interest-rate rule for monetary
policy. This can be derived as follows:

(24) it+1 = it + y(T[t+1 - T[*)

Subtracting the (constant) NAIRI from both sides of equation (24ye have

(25) £t+1 = Zt AL
Equations (19), (20) and (25) form the homogeneystem in the three gap$ [.1, T4,

ft+j], which we are looking for:

Vet pr —a’ 5,
(26) ﬁt+1 = p'B' _G'B' |:£ :I
i;+1 yBlpl 1_VB|GV t

Clearly, this system admits of a zero-gap stedaltgssolution. Thus our model
demonstrates a point argued by Wicksell (1898a51%nhd even more forcefully by
Lindahl (1930): The central bank must announcenflation norm, sayt, and then gear
the interest rate appropriately, in order to previdn anchor forlong-run rational
expectations, by which the system is stabilized.

Equation (25) can be regarded as a prototype afermoinflation targeting that we may
call the Wicksellian rule,and it accords well with the NNS view of the cehtrank as
“manager of expectationg¥Woodford 2003a, p. 15). However, the theoreticalndations
of this consensuare substantially different and, as will be showrthe following, they
yield strongly different conclusions for the des@monetary policy .

It might be objected that Keynes (1936) put fodvan alternative explanation of
interest-rate gaps (liquidity preference), an aliéive mechanism of endogenous interest-
rate adjustments (real balance effects) and amatiee view of monetary policy (quantity
control of money supply). He also attached moreartgnce to bond price expectations
than to goods price expectations. These differemcesmportant, as real balance effects
and quantitative control came to predominate inttte®ry of monetary policy throughout
most of the 20th century. However, seen from th&age point of the WK triangle, there
are substantial analogies as Keynes, like Wickselcluded that interest-rate gaps should
not be left to unfettered market forces. He onlgdudifferent ingredients to pursue the same
“modelling strategy” as Wicksell, namely endogemgithe interest rate by way of
monetary policy in order to realign the nominaknst rate to the rate that ensures saving-
investment equilibrium at full employmént Since our purpose here is to compare the WK
model with the NNS model, we now concentrate onWigksellian interest-rate rule .

4.3 Exploring the Wicksellian rule

An endogenous interest-rate is a necessary, buduffitient, condition foconvergenceo
the zero-gap state. It is convenient to note thsitesn(26) can be reduced to the variables

24 As shown by Tamborini (2006), there are in fachaekable analogies between syst@®) and a system in
which the nominal interest rate is governed by grtésian LM function.
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[V tx1s fm_'l since the path ofi,, is fully determined by them. With this specificatj the
system presents two eigenvalues; convergence abditgtrequire them to lie within the
unit circle. Nexta simpleboundedness conditiamy is obtained.

Proposition 5 An endogenous interest rate indexed to the infiatade gap ensures
convergence and stability with respect to the zmp steady state provided that the
relevant inflation parameter is bounded within< Z(iJer) <y.

This proposition is obtained by applying the ScRtinciple to the coefficient matrix of the
relevant specification of system (Z8)t has some interesting implications.

The first implication is that the Wicksellian ruteeed not — and should not — specify
reactions toboth output and inflation gaps, since the two are pealyi correlated.
Stabilizing inflation also stabilizes output, amgte versa.As we shall see, the crucial
concern for monetary policy is not a trade-off betw inflation and output, but the speed
and amplitude of the adjustment process driverhbyriterest-rate policy.

The second implication of (P33 a contrast between the boundednesy and the
“Taylor principle”, which prescribes an inflatiomefficient with alower boundequal to 1
(see, e.g., Woodford, 2003, p. 253-54). Tipperbound ony is the more binding, the more
inflation is sensitive to interest-rate gaps (asasueed by/p’), and the more short-term
inflation is anticipated (as measured &y The contrast between (Papd the Taylor
principle arises from the differences in the miorgfdations underlying the IS relation. We
have seen that, in the out-of-equilibrium dynamioserest-rate gaps affect presemtd
future output and inflation gaps. As a consequence, gerdiker than aggressive, interest-
rate corrections are required. A large coefficraaly produce faster adjustment, but tends to
destabilize the system by overshooting reactions.

Our model thus suggests that compelling requirésnehconvergence and stability are
overlooked in much of the current literature oresufor monetary policy. Special attention
should be paid to parametgrands, because of the deviation-amplifying role thatrstnon
expectations play in the WK model. To appreciats, tih should be noted that the stability
region of (P5) features two different regimemonotonic convergence foy < (1 -
Vp')2/a'B', and damped oscillations otherwise. ConsiderféHhewing example, where =
0.4 andp = 0.3 are taken as primitive (realistic) valuesich generatex = 0.17 and3 =
0.67. Choosing = 1 as benchmark value, we would have monotome@mence, i = 0,
whereasd = 0.7 would generate damped oscillati6hé\s 3 approaches 1, the upper
bound approaches 0 and then becomegative That is to say, the system oscillates and
becomes unstable even for small valueg (@inless the sign of the rule is inverted, lowering
the interest rate when inflation is low, avide versa) The search for inbuilt oscillations
engaged early mathematizers of Wicksellian and Ksym ideas under the presumption
that business cycle theory ought to be able toodkpre cycles endogenously. That

% |f A is the matrix, then, 1 + #( + det@) > 0, 1-tr(A) + det@) > 0, 1- det@) > O.

% Ford = 0, the system starts oscillating for 1.83, becoming unstable fpr 23.3. Fod = 0.7, the system
starts oscillating foy > 0.23 and becomes unstableor 5.6.
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requirement has been dropped with the advent ofenmodSGE methodology, which
contents itself wittad-hoccalibration of stochastic processes of exogenbasks.

Finally, it should be noted that the Wickselliame is “robust” in the sense of
Orphanides and Williams (2002). Our model shows, tb@ntrary to standard formulations
of Taylor rules in the NNS literature, stabilizatithrough the Wicksellian rule does not
require direct information about the natural ratésnterest or output. This is essential, as
the unavailability of such information is a key loypesis in the Wicksell-Keynes triangle.
Our results also accord well with a growing literat that questions the hypothesis of
timely and precise information about the naturéésan the NNS! Like the “difference
rules” discussed by Orphanides and Williams (206, Wicksellian rule of equatiof25)
belongs to the class adaptive rules that, using step-by-step adjustments in vedw
observableehanges in the economy, may drive the latter badktertemporal equilibrium.

5 Conclusions

Answering the question, what Wicksell and Keyne&vknabout macroeconomics that
modern economists fail to consider, we may now‘adgt”. Attempting to capture some of
their central insights our model shows that the noe@onomics of saving-investment
imbalances, which dominated business-cycle theothe first half of the 20th century, is
not just a collection of pre-scientific insightds lessential ingredients are amenable to
rigorous treatment according to modern standard#) winimal deviations from the
standard perfect competition model. Essentiallyredt is required is that the natural rate of
interest should be volatile, and that it should beteasily transmitted to the capital market.
Recent history testifies that these two conditiares sufficiently common and recurrent as
to make saving-investment imbalances worth of beiogight back to the forefront.

Contrasting the NNS triangle of intertemporal opgation, imperfect competition and
sticky prices with the WK model — defined by thmangle of intertemporal coordination,
imperfect capital markets and wrong interest ratewe have found that, even though the
two structures can be made to look similar, they I strongly different conclusions about
the dynamic properties of systems in which interag gaps occur. We believe that our
conclusions provide an interesting basis for extendhe scope of analysis of business
cycles and of the role of monetary policy. The twangles may converge towards the view
that interest-rate rules are a crucial means tarenstability. Yet it is obvious that the
design of such rules requires further exploratmmge it is accepted that the central bank
may be misinformed about the natural interest ratel that the dynamic properties of
processes with saving-investment imbalances diften those of the DSGE models (see
e.g. Tamborini, 2008).

A critical issue, highlighted by our WK model thugh the interaction of parameteys
and vy, is the distribution of “short-term” and “long-tat' inflation expectations and its
possible endogenous changes — an interaction ieg gse to rich and complex dynamic
processes. Another issue to be addressed is thet éfffat saving-investment imbalances
may have on the capital stock and, hence, thedugkiolution of the economy. Once the

%" See, e.g., Orphanides and Williams (2002; 2006)iBeri (2006) and Tamborini (2008).

22



additional capital is in place (or once a part lo¢ previously optimal capital stock is
scrapped), the economy can actually produce maréegs), slowing down (pushing up)
inflation — regardless of whether this was the ltesfia wrong interest-rate signal or not.
This phenomenon, which can be roughly describedgggegate demand and aggregate
supply “moving together” (Greenwald and Stiglit®8Y), is only marginally touched upon
in the NNS literature (e.g. in Wooford, 2003, ch. Burther extensions of the WK model
should involve a more explicit treatment of finaalcstructures, asset prices and their
relations to the concept of the natural rate cdriggt. Given the analytical restrictions of the
NNS triangle in all these respects, the scope adletiimg in the spirit of Wicksell and
Keynes merits further exploration.
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Appendix

A.1 Interest-rate gaps and output gaps

Based on the model (4)-(11) in the text, we exartieeallocations that result if, starting in
the steady statéhe market real interest rate at tim&,,,, differs from the natural rate*.
Both rates are assumed to remain constant thereafte

To begin with, recall that the steady state isratterized byL* = 1 (fully employed
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labour force),m, ;= 1 = 1 (constant expected or "normal" inflation rate) = R*
(households' time discount factor equal to the ggreal return to capital, or natural rate of
interest),C* (constant consumptionB* =K* (constant real stock of bonds representative of
capital stock),Y* =H* + R*K* (households' real income, given by labdtir, and capital,
R*K*, incomes). Note that, as a consequef¢es I'; = K*, and once account is taken of
capital replacement, net investment and savingquel and nil.

Turning now to a periodin which,cet. par, R..; # R*, let us first examine households'
optimal consumption path (see equation 11):
(Al)  C=E(Cuy R Ry
Hence, with respect to the steady st&g, # R* shifts consumption to the present &,
< R*) or to the future ( ifR,; > R*). Parallelly, households demand less or more )(real
bonds, respectively

Now let us see optimal investment of firms. Tlsigsee equatiof8)):
(A2)  1'{=Kyq = (@/Ryq)V12
Hence, forR.; # R* investment is larger (ifR; < R*) or smaller (if R, > R*). Firms
supply more (real) bonds in the forme case, le$sdratter.

As long as the central bank pegg; # R*, it should stand ready to clear the excees
supply of bonds (ifR;; < R*) or the excess demand of bonds &,; > R*), allowing
households and firms to finance their respectivasamption and investment plans.

However, these plans are not mutually consistetitergoods market. In fact,
* if R41 > R*, consumption is shifted fromto t+1, while investment i, and the capital

stock available in+1, are reduced. There is excess supptyaimd excess demandtiil,

* if R4 <R*, the excesses are reversed.

How can these inconsistent plans be transformednutually consistent demand and
supply of output? To address this point, we folldve same procedure as in the NNS
model, plugging the budget constraint period byquésee equatio(iL0)) into households’
Euler equation:

(A3)  (H+ R*K* =Byq) = El(Huq + RiaBrag =Buo ) R Rl

The saving-investment inconsistency lead8iQ # K., s= 1, ..., where the real value of

the stock of bonds purchased by households differs the actual stock of capital goods

purchased by firms at each point in time. This ltesn wrong resource accounting. As long

asRy, # R*, the actuatonsumption path consistent w5 = K, should satisfy:

(Ad) (Y= Kig) = (1~ K2 )R Ry

where Y; = H; + R*K*, Y41 = Hyuq + Ry1Kiq. This reformulation of households’

consumption path leads to the following implicagon

1. Given the capital stock chosen by firms for Rt#1R*, there exists a unique
intertemporal vector of output realizations assecdiavith consistent ex-post  output
market clearing.

2. These output realizations correspond to non-zegs gaith respect to the level of

“potential output” given by the capital stock thaduld obtain with the natural rate of
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interest R*.

The proof goes as follows. First, f&,, constantK,, = K;;. Hence,(A5) can be

rewritten as:
Yi = YuaR* Ryq + Kiig(1 - R Ryyy)

Now divide both sides by* to obtain the intertemporal relationship betweetpot gaps:
Y= YR Rip + Kt/ YH)(1 - R* Riyq)

Upon recollecting the following relationships
Y1 =K, Kyp = (a/R_'_l)l/(l-a)’ Y* =K*3, K* = (a/R*)YV(1-3)

the two output gaps result:

(A5) YAvt+1 = (R*/ Rt+1)a/(1-a)

(AB) Y = (R¥ Rl

where the approximation concerns the multiplicateen (+a (1/R.;—1/R*)) which, for

sufficiently small rates, is close to 1. (A5) amb) show that the main implication of the
market real interest rate being set above (belbe)natural rate is sequencef negative
(positive) output gaps each depending onctimeentinterest-rate gaR*/R;,1).

A.2 Inflation gaps

As to price determination in relation to output gagiven the general-equilibrium real wage
ratew* (see equation 7and capital stock* (see equation 8), potential output at any time
can also be expressed as

(A7)  Y*=K*((1-a)/w*) 1-da

Since the nominal wage rate fors given byW, = w*P,;(1 + 1), firms can adjust
output fort by choosing the labour input upon observing theenirreal wage ratey, =
W/P; . As a result,

l1-ala
(A8) YtZK*(l;fl-l-T[tj
w* 1+1m*
Cet. par, profit-maximizing firms are ready to expand (cawt) output as long as,

being greater (smaller) thart, increases (reduces) the current nominal valuehef
marginal product of labouwris-a-visW,. Conversely, we can derive the Marshallian supply

curve of firms, that is, the inflation gdﬁtz (1 +1)/(1 + 1) which supports a given output
gap. Dividing (A8) by (A7) we obtain

(A9) M1, = (Y ala
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