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Abstract

The current consensus in macroeconomics, as repeelsey the New Neoclassical
Synthesis, is to work within frameworks that congbintertemporal optimization,
imperfect competition and sticky prices. We coritths “NNS triangle” with a model in
the spirit of Wicksell and Keynes that sets thau®on interest-rate misalignments as
problems of intertemporal coordination of consumpind production plans in imperfect
capital markets. We show that, with minimal dewas from the standard perfect
competition model, a model structure can be deritiatilooks similar to the NNS triangle,
but yields substantially different conclusions wiggard to the dynamics of inflation and

output gaps and to the design of the appropridésfon monetary policy.
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1 Introduction

If anyone is to blame for the awkwardness of ttie @f this paper, it should be Olivier
Blanchard. Looking back on the 20th Century, Blaardn(2000) raised the question:
“What do we know about macroeconomics that Wickaetl Fisher did not?” His answer
was: “... a lot”, stressing that much progress hanbeade in modelling short-run
fluctuations of aggregate output as effects of ‘@mfigctions”, i.e. as results of “deviations
from the standard perfect competition modelfi. another prominent review, Blanchard
(1997, p. 290) observed that almost all macroecastsmow work within a framework
that combines three ingredients: intertemporalnojtation, imperfect competition and
sticky prices. This combination characterizes tin@ent consensus view that is generally
labelled as the New Neoclassical Synthesis (NNShaNNS triangle

The NNS is epitomized by Michael Woodfordirgerest and Price§2003a), a
book that explores the properties and welfare icagilons of monetary policy in the
confines of the standard IS-AS-MP framework, whaggregate demand (IS) is derived
from the representative household’s intertempaiiifyumaximization, and aggregate
supply (AS) is expressed in terms of a New KeymeBihillips curve, based on imperfect
competition and price rigidities. The model is eddy a reaction function of monetary
policy (MP), typically a Taylor rule. Woodford (288, ch. 4) describes the model as “neo-
Wicksellian”, since the IS relation nests the iagdrest rate associated with potential
output and the resulting (possibly zero) inflatrate — the “natural rate of interest” in
Wicksell's diction. Accounting for stochastic chasgof this rate that follow from shocks
to technology and preferences, the evolution oette@nomy over time is represented as a
dynamic stochastic general equilibrium (DSGE) psscés a consequence of sticky
prices, any gap between the market real interést(itae nominal rate minus expected
inflation) and the natural rate generates gapsiipus and inflation with respect to their
optimal values. These gaps, which entail welfassés, can be reduced by appropriately
designed interest-feedback rules on which the akbémk operates.

This apparatus is clearly reminiscent of Knut V¥igls Interest and Prices
(1898a). Referring to Wicksell and his followersedrich A. Hayek, Erik Lindahl and
Gunnar Myrdal, Woodford (2003a, p. 5) claims “tsugect a view that was influential
among monetary economists prior to the Keynesiaoluéon.” Moreover, by setting the
focus onoutputeffects of false positions of the market rate ¢é¢iiast, his version of the

1 For a similar history of 20th Century macroecoiwmnsee Woodford (1999).



NNS appears to bring a common theme of WickseHiashKeynesian 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 oféfcempetition”. The stickiness of prices
and wages played, at most, a subordinate roleein ¢ixplanations of macroeconomic
fluctuations. Their key “deviation from the standi@erfect competition model” was an
imperfection of the price mechanism in the capitatket, not in the goods or labour markets.
Even though they differed in their conceptual framks, both Wicksell and Keynes set the
focus on the causes and consequences of misaligaiwieihe market rate of interest with the
rate, at which the plans of real investors (busrigms) and financial investors (savers,
wealth-holders) would be fully coordinatéthtertemporal disequilibrium mattered to
Wicksell and Keynes, not because of quantity ratignbut because, as long as the market
real rate of interest is at the “wrong level”, gtmnomy will be driven away from its
intertemporal-equilibrium path in@mulativeprocess of changes in prices and/or output at
which capital and goods marketgar.® They also shared the view that price and wage
flexibility would notper seeliminate the effects of wrong interest rates moluice their
correction. Describing the “individual experimef’optimal household planning, as in the
NNS, was therefore not considered sufficient tedeine the time paths of output and
inflation. The “market experiment” — i.e. the r@lat speeds and sizes of output and price

2 |n Wicksell's bank-centred credit economy, ithe thank’s lack of information about the full-
employment-equilibrium, or “natural”, rate of inést that causes the misalignments of the market
rate. In Keynes’s monetary economy, it is the lilipyi preference of wealth holders in view of
uncertainty about returns to investments that drivevedge between the two rates. While Keynes
had made use of Wicksell's natural-rate concepisreatise(1930), he criticized it in the

General Theory1936, p. 183, 242-44) for its underlying loanahleds view, but retained the
reference to a benchmark rate that would be coblpatiith full employment. His shift towards
liquidity-preference theory has led Leijonhufvu@®8g1) to argue that Keynes lost his “Wicksell
Connection” when writing th&eneral TheoryHowever, in the wider sense of coordination
failures of the interest-rate mechanism, Leijonkidfdraws a dividing line between Wicksell and
Keynes on the one hand, and the Keynesians ofldhgenclassical Synthesis whose explanations
of macroeconomic fluctuations revolve around pand wage rigidities, on the other. Here we
follow the same line with regard to the New Keyaasiin the NNS.

3 Wicksell (1898a) restricted his analysis of thenalative process to changes in the price level,
whereas Keynes (1936) discussed cumulative charigegput, though neither of them denied that
these processes involve changes in both outpupiees. Lindahl (1931) and Myrdal (1931)
analysed combinations of both, whereas Hayek (18843ribed a change in the structures, not the
levels, of prices and production. As we shall sbanges in all these dimensions coexist.



adjustments, when intertemporal equilibrium iswliséd by interest-rate misalignments —
requires explicit analysis of the resulting shiftshe budget constraintsTherefore, by way
of contrast with the NNS triangle of intertempaoatimization imperfectcompetitionand
sticky prices,a “Wicksell-Keynes (WK) triangle” can be descridegthe key words
“intertemporalcoordination”, “imperfectcapital marketsand “wronginterest rates”.

Do the differences between the two triangles enatls there anything we can still
learn form the WK triangle which is not in the Ni&ngle? The standard answer is that
macroeconomics, in the days of Wicksell and Keylaeked “conceptual rigour” in two
regards. Fluctuations of output and price levelsewmt fully modelled in terms of
optimizing behaviour, and the “imperfections” tleaplain them were not well understood
(e.g., Blanchard. 2000, p. 1385-88; Woodford, 2@lM3a, p. 5-6). The NNS is believed
to have overcome these shortcomings by integratiilcg-setting behaviour into a DSGE
framework. Woodford’s insistence that the key ressaf Wicksellian theory can be
replicated in DSGE models (Woodford, 2003a; 2008,96-97) suggests that the
differences between the two triangles do not matibstantially, so that the older triangle
could safely be left to historians.

The purpose of our paper is to challenge this viava more recent survey,
Blanchard (2008) discusses several points wherstémelard NNS model should be
improved to include a larger array of phenomenagodide better explanations. In this
perspective, our point is that the boundaries efNINS triangle hamper progress in
dealing with relevant issues raised by the oldeoties. In particular, ignoring saving-
investment imbalances seriously limits the explanascope of the NNS. Not only are
these phenomenaagical implication of any theory based on the distinctio@mtween the
market real interest rate and the Wicksellian rattate. It can also be argued that
informational imperfections in the capital markatsl the consequent intertemporal
imbalanceglay a major role in processes that generate megnaenic instability, as
testified by the global financial crisis that hasently developed (e.g. Borio and Lowe,
2002, Leijonhufvud, 2008).

4 For the distinction between individual and margberiments see that other book with “interest
and prices'in its title: Patinkin (1989, ch.l:4).

5 Saving-investment imbalances are ignored evenemiNS model which include fixed capital
and investment (e.g. Woodford, 2003, ch. 5, CasamddMcCallum, 2000). One strand of earlier
New Keynesian literature had set the focus on ifiepeimformation and capital market failures



In the following, we therefore propose a modeliragrfework that reconstructs,
with some rigour, the WK triangle. Our model is me#® beauthentic in the sense that it
is made of components that were available at thediof Wicksell and Keynes, if not used
or even devised by them. Even though we will preutektual evidence, our rendition is
not, however, meant to be “true” to these writers\very detail. At the same time, we have
devised the model to be closelymparableo the standard three-equations model of the
NNS by means of current modeling techniques. Is way, we highlight what Wicksell
and Keynes knew about macroeconomics that mighbstivorth knowing, even though
modern economists tend to exclude it from theirsemsus view. We demonstrate the
explanatory potential of a synthesis of Wicksellzaand Keynesian idedkat differs
substantially from the Neoclassical Synthesis, @id New.

The rest of the paper is organized in three p8estion 2 provides a brief account
of the standard NNS model (Woodford, 2003, ch.4) ferves to draw attention to critical
limitations of the new synthesis. We discuss ifeative reduction to thmtratemporal
coordination of aggregate demand and supply, @agprcific assumptions about market
structures that must be inefficient enough to eréla¢ relevant output gaps, while
excluding major logical implications of interesteanisalignments, namely the causes and
consequences of a mismatch of intertemporal consamand production plans.

Section 3 introduces the model of an economyenctinfines of the WK triangle.
Prices are flexible, agents have forward-lookingeztations, the economy has a nominal
unit of account, and physical capital is represgbiginterest-bearing bonds traded in the
capital market. The central bank is the only paheker, taking control of the economy’s
nominal interest rate by trading bonds. Informai®mperfect in the sense that no one in
the market can directly observe the natural raiatefest, the real rate that would equate
optimal saving and investment. This lack of infotimia is sufficient to generate “interest-
rate gaps” and intertemporal coordination failuseveen saving and investment.

The thrust of the model is that saving-investmenittalances, by way of forward-
looking agents’ allocations, generateimtertemporal spilloveeffect, in that they transmit

(see, e.g., Greenwald and Stiglitz, 1987; BernamidceGertler, 1990). To the extent that its results
have been incorporated into the NNS, they are mmtected with the possibility of saving-
investment imbalances and their intertemporal iogibns. The same applies to NNS extensions
that include imperfect information and investmeynamics (see, e.g., Woodford, 2003a, ch. 5;
2003b; Mankiw and Reis, 2003). We comment on teesensions below.



the effects of present interest-rate gaps to ptesehfutureoutput and inflation. As a
result, these variables diverge from their integenal equilibrium path, in a way that
considerably modifies the dynamic properties ofdfgtem with respect to the standard
NNS framework where this effect is not presentsti-ioutput and inflation gaps display the
autocorrelated dynamic structure that is typicaldgerved in the data, with no addition of
further frictions and imperfections. Second, isi®wn that the system displays three
distinctive WK features. Given an interest-rate,ghp time paths of prices and output
evolve as “cumulative processes”, which are thalted the interplay of “deep
parameters” rather than exogenous factors. Themsysill return to its intertemporal-
equilibrium path only when the interest-rate gaplésed and the resulting saving-
investment imbalance is corrected. Hence, pricevgme) stickiness is not the core
problem, price (and wage) flexibility not the gealesolution.

In section 4 we focus on the formation of inflatiexpectations and on their
implications for the system’s stability as wellmenetary policy. Since the model allows
us to analyse out-of-equilibrium dynamics thatlaegond the scope of the NNS triangle,
we can show how short-run rational expectations gtandard assumption in the NNS
world) amplify price and output dynamics and tendléstabilizehe system, as argued by
both Wicksell and Keynes. This result provides aststent foundation for those two ideas
of Wicksell that have been transplanted into theSNtheory of monetary policy — namely,
the idea that stability can be preserved by a “mafmanchor” in terms of a stable price
level (or inflation rate) in which agents have @aso believe, and the idea that, to this
effect, the nominal interest rate should be ra{tadered) as soon as the rate of inflation
increases (decreases). In fact, we show that desitficksellian rule” for monetary
policy that follows this prescriptiowithoutanyother informational requirements may
display remarkable out-of-equilibrium virtues ofsym stabilization. We also demonstrate
that, based on the theoretical framework of the ¥WWé&gle, this kind of rule has dynamic
properties that stand in contrast with the NNSditigre. In particular, stability requires that
the inflation coefficient of the rule should haveuwpper boundThis implies that the so-
called Taylor principle, which requires an overgnal 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 traderait between inflation and output
control, but between “small gaps” and “smooth paiihshe adjustment process. In the
final section we draw the conclusions and pointiowthich directions theWicksell-
Keynes triangle may be further explored.



2 The Limitations of the New Neoclassical Synthesis

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

2.1  The core model of the NNS triangle
The NNS is based on a system of three equatiohsli¢t@rmines the short-run dynamics of
output, inflation and interest rates. Confining Wssion to the study of “small fluctuations
around a deterministic steady state”, Woodford 820@. 243-47) describes it as a log-
linear approximation of the conditions for interfgonal general equilibrium.

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

1) x; = Eyxy g —0G — BTy -1 %))

As intertemporal optimization is formulated in terf deviations from the steady state,
denotes the gap between actual output and theralaaie of output’g is the (constant)
intertemporal elasticity of substitution of aggregapendingi; is the nominal interest rate,
andE;y, 4 is the rational expectation of the inflation rateditional on information
available at timé. Finally, r* is the “natural rate of interest”. This terminojogfers to
the definition ofr*, as the value of the market real interest niateF; 1., that is consistent
with the steady state value of the output gap, Wwiezero. As will be seen? = 0 is also
consistent with zero inflation. By contrast, demas of the market real interest rate from
r* . trigger non-zero output and inflation gaps. Inestivords, the natural rate of interest is
“just the real rate of interest required to keegragate demand equal at all times to the
natural rate of output” (2003a, p. 248). The “natuate of output” refers to avittual
equilibrium” with price flexibility, i.e. to the dput “onewouldhave if prices and wages
were not in fact sticky” (2003a, p. 9).

The second equation describes aggregate suppbldiing the output gap to
inflation. The AS function is labelled "New KeynasiPhillips curve" (though little
reference is made to the labour market), sinceahattlation is proportional to expected
inflation and the output gap,



(2) T, =BE T, Ky,

with S denoting a discount factor, ardh rigidity parameter. In order to introduce nominal
rigidities, Woodford (2003a, ch. 2) makes the agstion that consumer demand is met by
the supply of a variety of imperfectly substitugbods. This allows firms to set prices in
monopolistic competition, following Dixit-Stiglit¢l977). Imperfect competition does not
per seimply price rigidities, so it is assumed that peare set in a staggered fashion. In
the case of interest-rate shocks (changeésim* in equation 1), a significant fraction of
firms will maximize profits by varying their outpuather than prices. The value of the
rigidity parametek rises both witho and the strategic complementarity of price-setting
decisions, such that the output effects of shoeksbecome large and persistent.

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

3) i =1 +Y(TG — ) 4y, (o, —x%)

wherei*; is an intercept term that corresponds to the nomedae of the natural interest
rate,r*, + 1", or NAIRI (non-accelerating-inflation rate of grest). The weight factoys,
andyy describe the intensity of interest-rate reactiangeviations 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. Us{@g, this implies thak* = (1 —)1t*/K,
andensures that = i* ; whenever the inflation target is achieved. The MP function
closes the model, permitting the determinatiorheféndogenous variablgsrs, X;.

The IS-AS-MP framework can thus be characterized synthesis of standard
neoclassical, Wicksellian and Keynesian ideas.falhere of the system to converge
automatically on its natural rates of output artdnest is ascribed to nominal rigidities
outside the capital market, as in the “classicaflgbclassical approaches of Cassel (1918)
and Pigou (1933), or in the old Neoclassical Sysig®ela Modigliani (1944). As in
Keynes (1936), output adjustments accord with agggeedemand and precede, or even
prevent, price adjustments, such that the lattevxal@utomatically restore the optimal

position of the system. As in parts of the Wicksellliterature, the “neutrality of mone§/”

6 It may be argued that money is not a quantitatived|i-defined concept, neither in Woodford
(2003a) nor in Wicksell (1898a,b); see Laidler @0®urthermore, Woodford avoids to refer to
the concept of “neutrality of money”, while Wickkebnfined real effects to the small print. Yet,



is not an automatic outcome of market processdsgeluires a specific political strategy
of interest-rate feedbacks to changes in the peie and/or output.

2.2 Some implications of the model

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

It should be noted that the standard formulatibthe IS relation (in equation 1)
implies that aggregate demand consists just ofisoption. As Woodford (2003a, p. 242)
points out, the model “abstracts from the effedtgamiations in private spending
(including those classified as investment expemnéiin the national income accounts)
upon the economy’s productive capacity”, so the ehgtiould be interpreteds ifall
forms of private expenditure... were like nonduratdesumer purchase8Thusr*, is
best interpreted as the representative househ@tof time preference. If the market real
interest rate rises, and if there is no correspandhift inr*,, current consumption falla
favour of increased future consumption. The oppasicurs if*; rises and is not matched
by shifts in the market real interest rate.

The simplifying exclusion of (net) investment lva® implications. First, changes
in consumption plans translate themselves intotormie changes in aggregate demand at
each date. Second, timtertemporalcoordination problem betweduture consumption
(saving) anduture production (investment), which is the key problenbe solved by the
interest rate in general equilibrium theory, vaeshrhe system is effectively reduced to
theintratemporalcoordination oturrentaggregate demand and supply in each period,

what is at stake here is the argument that monetaligy has the power to change interest rates
such that the level and structure of prices wilaffected. Thus it can produce (or avoid)
substantial effects on output and income distrdsytas argued, for example, by Lindahl (1930),
Hayek (1931) and Myrdal (1931).

7 Other problematic assumptions, especially thoseipéng to the monetary foundations of
Woodford’'s model, are examined in Boianovsky anautwein (2006a). Some of their
implications will be discussed in sections 4 arzbbw.

8 Woodford (2003a, ch. 5) extends the basic modigldiaide fixed capital and the effects of the
related investment dynamics, but the possibilitumblanned saving is excluded by assumption.



essentially (to be) accomplished by the systenpof prices for goods.

Woodford (2003a, p. 71 and elsewhere) assumesiaakets must clear at all
dates”.It should be noted that the NNS usedeaiationfrom the “standard perfect
competition model” — contained in the AS functiand not in the IS relation — to provide
a mechanism that coordinates aggregate demandippty £ontinuously. The key
“imperfection” is monopolistic competition, which the macroeconomic literature is
nowadays treated as a standard “source of ingiffigie(cf. Cooper, 2004). Even so this
market structure allows firms to determine suppig set prices while consumers are
alwayson their demand curve. In the spirit of Blanchard &igbtaki (1987), this is
frequently interpreted as a resurrection of thertesyan message that aggregate output is
governed by aggregate demand, at least in the slhmarHowever, if it is not simply
postulated that aggregate demand always matchesgagg supply, further conditions
must be satisfied to ensure that state. Thus it eiassumed that the households in the
system own the firms, that they receive the firprsifits as part of their income, and that
there are no distribution effects of output gaps iaflation that could feed back onto the
latter. All this is implicit in the conventional sismption of the representative household.
Finally, the model is based on the premise thas&balds and firms have rational
expectations of future output gaps and inflationthiis setting, the optimal plans are self-
fulfilling, at least in the absence of shocks. Quitpaps and inflation have no influence on
the speed and extent to which information is inedirprocessed and used for predictions.

Imperfect competition implies price-setting beloawri which helps to introduce
nominal rigidities. The latter do not automaticdiylow from the model of monopolistic
competition. To define “the natural rate of outpWoodford (2003a) actually uses the
strong assumption of a monopolistically competisystem withflexible prices, in which
output growth wouldhot substantially differ from that of perfectlycompetitive system.
This is the fictitious NNS benchmark for assessirgwelfare losses that accrue from
sticky prices. The existence of nominal rigiditieshe goods markets is, in turn, crucial
for generating suboptimal equilibria in the NNSii@work. They are introduced with
reference to menu costs that make profit-maximifimgs choose between price and
output adjustments in response to disturbancesffett marginal costs (Woodford 2003a,
ch. 3). However, these menu costs and other commp®oéthe rigidity parameter in
equation(3) are exogenously given.

The NNS triangle is thus a narrowly confined spacecariously based on specific
assumptions, by which market structures are pdstlikhat must meet conflicting
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requirements. On the one hand, they must be in&ftienough to generate the output gaps
that form the control problem for the social planrees embodied i(B8), the Taylor rule for
monetary policyOn the other hand, they must rule out all thergpunvestment

imbalances that were at the heart of the distindvetween market rates and natural rates
of interest in earlier macroeconomics. If therefarancial markets constituted by
independent borrowers and lenders, the consequénice market real interest rate on
loans being higher (lower) than the natural rathas households wish to save more (less),
whereas firms wish to invest less (more). Neithee f the market can achieve
intertemporal equilibrium, and the constraints floiow from the interest-rate gap need to
be examined asut-of-equilibrium dynamicsThis problem was in the focus of Wicksellian
and Keynesian economics in the early 20th Centuingreas it is not contemplated even in
the models that endogenize investment into the KalSework (such as Casares and
McCallum, 2000; Woodford 2003a, ch. 5). While thsetartionary 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 misalignmernitgarest rates may force prices to move
out of equilibrium. Keynes (1936, ch. 19), too, éragized that there is no automatism, by
which price and wage adjustments in goods and latmawkets 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 examithese issues, which cannot be
captured in the confines of the NNS triangle, wktiley can — with some rigour — be
explored in the framework of the Wicksell-Keyndangle.

3 Modelling the Wicksell-Keynes Triangle

In the following we present the basic model of ear®my in the WK triangle. As it is
conceived to highlight the differences betweenntaeroeconomics of saving-investment
imbalances and the NNS triangle, the model leavesnternal differences between
Wicksell and Keynes in the background. It is Widkae in that it retains the assumption
of a natural interest rate as gravitation centrinefeconomy, with no consideration of
liquidity preference. It is Keynesian in that reatome adjustments occur as a direct
implication of intertemporal disequilibrium, notlgtanding the flexibility of prices. Apart
from being based on insights of Wicksell (1898a) Keynes (1930, 1936), the model
includes features that were emphasized by othéoeaitn the Wicksellian tradition, such
as Lindahl (1930), Myrdal (1931) and Lundberg (1,98287).
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3.1 The basic setup
The economy consist of three competitive marketslébour, capital and output) and
rational forward-looking agents. All exchanges takece in terms of a general unit of
account of value B}, whereP, is the general price level. It is assumed thatrietogy and
consumer preferences take the specific forms, céisply, of a Cobb-Douglas production
function and a logarithmic utility function. Thespecific restrictions are not necessary,
but they are useful to obtain a manageable cloged-$olution to the model, and to make
it comparable to standard modern models.

Hence, aggregate outpyjt, which consists of a homogenous good that can be
consumed or used as input in the production protegs/en by
(4) Y, =K1Y ; a+b=1
whereK; is the capital stock available at tirnandL; is the current input of labour. The
share of output that is transformed into capitaimaét becomes operative in the
production process only in the next peritell. Capital is fully depreciated within one
period, so that
() K =1,
wherel'y = K; + | is gross investment including capital replacenaetl; is net
investment.

Firms are price takers and seek to maximize #hgected stream of profits, given
(4) and their costs in terms of the income-distriditconstraint:

(6) E, (z Yiis ~Wiaglysg _Rt+sKt+sJ
$=0
where for each periogw; is the real wage rate, aR=1 + r, is the real gross return to

the capital stock purchased at tita¢. For each periot] firms’ programmes consist of

9 As to the “authenticity” of the model, the usethiése “classically neoclassical” assumptions may
be surprising, in particular to those who connbetitleas of Keynes and other “post-Wicksellians”
to a fundamental critique of the neoclassical thedincome distribution. It should be noted,
however, that Wicksell (1901, p. 128) was one efgifoneers of the concept of the Cobb-Douglas
production function, using it to show that the ax$taon theorem (according to which aggregate
output is exactly absorbed by aggregate inconthgiprices of the production factors accord with
their marginal productivity) is valid only if retug to scale are constant. That assumption is
restrictive, but certainly no bigger “as if” thametNNS assumption of an insignificant wedge
between total output under imperfect competitioth\liexible prices and its perfect-competition
counterpart (see above, section 2.2).
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the choice labou*; for current production, and the capital stéCk., for the next one.

In the labour market, workers and firms bargaiaravreal wage before production
takes place, but labour contracts are in nomimats@\\; . The nominal wage rate is
obtained by way of indexation of the negotiated raew;* to the expected price level
Pe,, where () denotes an expectational variable (whose formatitl be discussed
below). Hence, denoting with, the one-period inflation rate, the nominal wage rasults
W = w*Pyq (1 +T1%). Subsequently, firms chook#, for production, observing thectual
real wage rate given by the nominal rate deflatethbactualprice levelw, = W /P; or w
= W (1 +TE)/(1 +1).10

Firms can raise funds to invest in the capitallstmg selling one-period bonds. By
analogy with physical capital, they are time-indtkg maturity. Henc8,, 4 (in real
terms) denotes bonds issued in petititht bear a nominal interest rgtevith maturity in
t+1. Likewise, the real rate of return to capitalttfirms pay to bond-holders ins R, = (1
+i;_9)/(1 + 1), whereas the rate relevant to investmentisR,; = (1 +i;)/(1 + 1, 4). As
a resultL*; andK*; should satisfy the first order conditions(6J:

(7) (1 -a)(Ke/L*)* = wy
(8) alL*e/ K"‘t+1)l-a = Ru1

Households hold claims to the capital stock angbuiheir total labour capacity
L* inelastically, which is normalized to unit}. They choose a consumption pla&.§; s
=0, 1,..)in order to maximize their lifetime expected uilit

9) E, (i 0*1In CHSJ

s=0
given the constant rate of time preferefce0, © = (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 instaikguital,

and the operatdf(.) denotes forward-looking expectations, conditiam@dn information

10 This representation of the labour market is aiiKéynes (1936, ch. 19)

11 Whether the equilibrium employment is equal toless than, the total labour force, or how
wages are determined, is immaterial here, or aldinas the labour market is in Woodford’s
(2003a) version of the NNS. In analogy with the Ndit® may allow for some “natural rate of
unemployment” that creates a reserve capacitybafua On the implications of this assumption
see our discussion of the WK model in section éWwel
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available at timeé. Consequently,,; — B, =S is net saving, expressed as real purchases of
bonds. Given their utility function (as #), the households’ optimal consumption as of
timet is expressed as

(11) G = E (Cu1O/ Ruy)

In order to insulate the macroeconomic effecttdrest-rate gaps, the analysis
should start at a point in which the economy istertemporal general equilibrium (IGE).
It is easily seen that equatio@, (7), (8)and(11),givenL* = 1 andr‘,, ;= 1, = T, yield
the steady-state solution, where the real retugapital isR,; = © = R*, so that for al,
C,=C*, andB* =K*, Y* =H* +R*K*. Note thatS; = I'; = K*, and once account is taken of
capital replacement, net investment and savingi@f€ HenceR* is also the natural
interest rate that equates optimal saving and tmes.

What remains to be determined, is the price launel the steady-state inflation rate.
As is well-known, a competitive general equilibrivmodel like the present one leaves the
price level and its changes undetermined. The ysaatice has long been to introduce a
special “monetary equation” that pins down the gtevel corresponding to the general-
equilibrium output level. This is actually the @l point where Wicksell departed from
the classical tradition of the quantity theory aimay and introduced his interest-rate
theory of inflation. Once theominalinterest rate is in place, the intertemporal ganer
equilibrium characterized above implies that i1+ R*(1 + 1 ;1) should hold for alt.

This relationship is also known as “Fisher equdtiand is in fact plugged into the NNS
model (equatiod). Yet, from a Wicksellian point of view, the Fishegquation presents
two problems. First, if it is employed to pin dowre nominal interest rate, it still leaves
price-level determination unresolved, and the etquemflation term on the right-hand
side is left hanging on its own bootstraps. Secdrekpected inflation is to be determined
by postulating an exogenous nominal interest raghould behigh as long as the nominal
interest rate ikigh relative to the natural rate, anite versa- in contradiction with the
conclusions of Wicksell, the NNS and common sehsedrgued by McCallum, 1986).
The Fisher equation holds in intertemporal equiilifor, but in the construction of a
consistent interest-rate theory of the generakdegel, it cannot be taken to hold
continuously. Such a theory requires three buildilogks:(i) the market determination of

12 Abstracting from technical progress or technolsggcks, this is a Sidrausky-type steady state,
where the key variable in the capital market isrtite of intertemporal consumer preferenées,
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the nominal interest rat@i) the determination of inflation expectations, gl the
interaction between the two. The whole should lsysed in terms of amtertemporal
disequilibrium procesgp check whether it eventuaktpnvergego the Fisher equality,
and how much inflation will be generated in theqass. This was in fact the research
agenda of Wicksell and Lindahl.

Since this is the most critical nexus in the whmmastruction, we proceed step by
step from the simplest hypotheses concerning ttermeation of the nominal interest-
rate and of inflation expectations to alternatiypdtheses, drawing on Wicksell and the
subsequent literature. In analogy with Wicksell988) and Lindahl (1930), and (Keynes,
1930; 1936), we begin with a simplified monetargteyn that consists of a central bank,
representing the system of bank loans and depasiswhole. In a Keynesian twist of this
assumption, the central bank seeks to gain coowe the nominal interest raeby
buying and selling bonds in the open market . Regtiie nominal rate, the central bank is
ready to create or retire base money (the countespaonds) to the extent that is
necessary to clear the markétAll agents form their expectations of the inflatiate,
consider their objective functions and constraiate] make their plans accordingly. At this

stage, we simply posit that all agents believe tima-invariant “normal” ratef®,,,; = 7€, =

. 14 Finally, exchanges occur in all markets, avigl1fi] are realized.

3.2  Three-gap analysis

To begin with, we examine the implications of a gaging between the market real
interest rate and the natural rate with respetiigantertemporal equilibrium (IGE)
characterized above. Givety, a gap betweeR,,; andR* can arise owing to @ominal

cause, wherg is set or changed inconsistently wRh(1 + 1t*), or to areal cause, where a

13 Admittedly, this representation can be viewed abart-cut with respect to the full-blown
analysis of the banking sector by Wicksell. Howetee key point remains, as the central bank’s
willingness to create (destroy) reserves at thergivominal interest rate corresponds to the
aggregate effects of private bank lending.

14 The concept of the “normal” value of a variableswédely used as point of reference
expectations by Wicksell, Lindahl, Keynes and pugdsian economists in general. It normally
referred to the long-run average value observethforariable in question, expected to prevail in
future states of rest of the system. For simpljdiis information about inflation is taken here as
the pre-determined (possibly zero) vatddf it also results to be the steady-state solufiar

inflation, thenrt* is also the “long-run” rational expectation ottmflation rate.
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change irR* is not matched by a changeiinWhich of the two causes generates the gap is

immaterial here. The key issue is how the systelnaves 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 pegpinthe central bank keeps clearing the

bond market: As long &8., > R*, it meets excess saving with extra-sales of bathes;
converse applies in the caseRpf; < R*. The crucial consequence of this can be expressed
in the following proposition:

(P1) Given R,; #ZR*, although the bond market clears, the ensuawgls of saving and
investment are not consistent with the clearinthefgoods market, neither in t nor in
subsequent periods, at the IGE values of outpdtiaftation (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 astatisithR,,; # R* in the bond market:

Table 1: Disequilibrium relations

bond market tf
Ri+1>R* R+1<R*
goods market Q)

exc. supply  exc. demand
(t+1)
exc. demand  exc. supply

Consider the typical Wicksellian caRg, < R*.15In 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 conseqaienexcess demand in perioénd
excess supply ib+1, corresponding to a production capacity (dueetioinvestment i)
that is not matched by planned consumption (lovinggmw t). If we abide with the
principle that “markets always clear”, we shoulglein how these intra- and inter-
temporal inconsistencies among plans can be brooghequilibrium.
The solution lies in the following proposition:
(P2) Given R, ZR*in any period t, there exists one single segaef realizations of
output and inflation in t and onwards that cledns goods markeproof in
Appendix).

15 Keynes was more concerned with the opposite taséhe mechanism is the same.
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ConsideringP1),such a sequence cannot be identical to the ohevthdd obtain in
intertemporal equilibrium, witlR,, ; = R*. In fact, following Woodford’s procedure of
relating actual output and inflation at each paintime, Y, g, to their IGE valuesy*, 1t*,

we obtain the following expressions in terms ofgga(see Appendix):
(12) Y,= R, V@8, Y, = R, 20
(13) n,

whereY , = (Y,/Y*), Ry =Ry, /R*, [, = (L+m)/(1+T)

= Yta/(l-a), ﬁm - ?H A1)

To understand these results consider our prewrasple, wher&,; <R*, i.e. the
case of excess investment, with the central baglgwextra bonds in the market. This
case makes households in petiodckon a real value of wealth (bonds) smaller tihan
value of capital the bonds are supposed to repreBka interest-rate gap affects the
accounting of real resources in the economy, aa@tonomy needscarrectionof the
intertemporal resource distribution. To this effexitput (real incomes accruing to
households) should be higher along the consumpiatim of households. Correspondingly,
in order to induce profit-maximizing firms to in@e output with respect ¥, the
inflation rate, too, should be (unexpectedly) higitan the normal rate embedded in
nominal wage contracts. Note that unexpected infias an integral part of the process, in
the sense that, as long as there exist interesgegis, and hence output gaps, the economy
mustbe off whatever inflation path expected by agefitsa matter of logic implied by the
rational-expectations hypothesis, agents form filifaexpectations in consistence with
their plans. However, as these plans are frustiatdte goods market, the related

expectations of inflation will be falsified.

3.3  Alog-linear version

To facilitate comparison with the NNS, we now preselog-linear version of the previous
model. Let us consider the relationship betweemtheket real interest rate and the natural
rate in any period, and let us begin with the IS functi¢t®). Since the output gapsin

and in subsequent periods share the common fRgt@R*, they can also be expressed in a

single reduced form that, in its log version witloddford’s notation, yield$®

16 Let Y, = Z"andY,,, = ZI'. Then it is possible to writ¥,,, = YZ for linear combinations

of the parametens anda, such thapm + o = n.
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(14) Jw1=py¢—alic— ¢ —r*)
There is a clear analogy with the IS (equafim the NNS model, but there are
substantial differences, too. Equatidd) describes output dynamioff the IS schedule
that corresponds to the IGE in the way explainemabDue to their intertemporal “feed-
forward effect” (which is not captured by the NN®atel), interest-rate gaps generate time
series of output gaps that displ@y dependence on the lagged value of interest-ratg, gap
and(b) some degree of (spurious) serial correlation wertia” measured by parameper
Notably, a dynamic structure lik&4) is consistent with recurrent empirical estimates o
IS equations, which almost invariably find b¢#) and(b) — two features that are not
easily accommodated in the framework of the NN'SVe shall see that this specification
entails considerable differences also in the dyngoperties of the economy.

Let us now turn to the AS functi¢f3) in its straightforward log-version:
(15) M1 =45 11
Again there are analogies, but also important diffees in comparison with the NNS
model. The function describes the price/output dyinaoff the AS curve that is associated
with the IGE, withs = 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 tarfation gap is the difference between
the actual rate and its expected vadneanterather than the rate expected for the future.
The flavour of(15) may in that sense be more Lucasian than New Keymdsut it
captures the essence of Wicksell's idea of inflais an expectational disequilibrium
phenomenon combined with Keynes'’s idea of the labmarket being affected by the
unwarranted coincidence between nominal wage otsteand their real value.
It is clear that at this point a consistent moddiscfor additional hypotheses about
expectation formation and interest-rate determimatBefore proceeding to these two
steps, it is useful to check the dynamic propenfdabte two-equation syste(t4)-(15)

17 Attempts to fix the problem usually amount to @ijeg additional “frictions” into the markets,

or to postulating limits to the information-procegscapacity of agents. Examples of inertial
frictions can be found in Woodford (2003a, ch.a&)d Aghion et al. (2004, Part I). Informational
imperfections have been investigated, e.g., by Maakd Reis (2002), Sims (2003), Orphanides
and Williams (2006). The consideration of savingeistment imbalances, as in the original
Wicksellian macroeconomics, may be seen as a niraiglsforward approach to serial correlation.
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3.4 A model check
Equationg14) and(15) form a first-order difference system in the tw@g§y 1,1, 141
with exogenous nominal interest and expected ioftafl his formulation is sufficient for a
check of its dynamic properties, compared with \Weaiks theory of cumulative processes
of inflation and Keynes’s restatement of that tlygarterms of output.

To begin with, it is convenient to define the aétei* =r* + 1t* in the IS function
(14), the nominal value of the natural interest rateotresponds to Wicksell’'siormal
rate of interest” (1898a, p. 82), in modern partarthe NAIRI, 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 thefioiig non-homogeneous system:

5’t+1 _ po 5’1: —a |r»
4o [mHﬁpo}{mH—Ba}[‘t}

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

__Ba »
1—plO

(17) y=- L0

(18)

b

That is to say:

(P3) A permanent interest-rate gap determines peent output and inflation gaps.
Conversely, the output and inflation gaps areonily if the interest-rate gap is also
nil (see also Leijonhufvud, 1981, p. 136).

(P4) Ifp O[O, 1], output and inflation converge monotonically todaemain locked
in, the values given by (17) and (18), with batkpat and inflation being
inefficiently high or low, and inconsistent witketr IGE expected values.

These two propositions capture the essence of Wikutative processes as disequilibrium

phenomena.

Consider the typical Wicksellian case Whér@< 0 and initial inflation is zero, so
thatt = 0. Consequently, the price level is set onghth given by(18), growing
indefinitely at a constant rate. In the Wickselllaarature, cumulative processes are,

however, often associated with non-monotonic, @atihg inflation rates. Our

18 wicksell (1922, p. XII n.1) explained this as paithe mechanism of expectations formation:
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assumption that inflation expectations are heldstamt at* = 0 corresponds to a stage
that Wicksell describes as a relatively favouraiieation where expectations remain
anchored to the “normal” price level, and chamgesdeemed temporary. However, as
long as the interest-rate gap is not closed, clsmimgghe price level persist. This raises the
questions of how expectations are revised, andthewevision mechanism impinges upon
the dynamic process — problems that will be reasred below.

Our model shows that a cumulative process unfohdthe real side of the
economy, too. This illustrates the Keynesian pthiat saving-investment imbalances are
misallocations that requireal resource adjustments, irrespective of the dedree o

flexibility of prices. In a typical Keynesian sitti@n with ZO > 0, resulting from a fall in
the “marginal efficiency of capital”, equati¢h7) indicates that output will converge to a
steady state characterized by a permanent gapeggect to the IGE. At that point of
effective demand, the goods market clears, whéeothtput gap implies unemployment
above the natural rate (if there is any).

It might be argued that our model is not fullyette Wicksell, who envisaged the
cumulative process as a mechanism of price adjudgaaly, nor to Keynes, who
emphasized that aggregate demand and aggregatg saplal contract in a multiplier
process at an unchanged price level. However, theseally exclusive views
oversimplify the processes driven by saving-investmmbalances in a flex-price
economy, as shown by our model; and they oversfynisle positions of the two original
authorsWicksell (1898a, p. 142-3; 1915, p. 1955) did neyglthat cumulative inflation is
accompanied by changes in output; he just congidéem to be non-cumulative and,

hence, less relevak®.Nor did Keynes exclude that the price level changken the real-

“[Als long as the change in prices ... is believedbéatemporary, it will in fact remain permanent;
as soon as it is considered to be permanent,libadome progressive, and when it is eventually
seen progressive it will turn into an avalanche.”

19 wicksell's theory of the cumulative process isafinterpreted in terms of the traditional
neoclassical view that perfectly competitive maskeould keep resources fully employed to the
extent that output cannot be increased and a lorkethanterest rate could only generate inflation.
However, the key to such processes is that firmsabowed to over-borrow and demand additional
capital. It is only an extreme idea of full emplogmh that may preclude this demand from being
met by mobilizing or relocating resources withie iconomy. This was a major objection that
Lindahl, Myrdal and Hayek raised against Wicksedhfi a multi-sector general equilibrium point
of view (see Boianovsky and Trautwein, 2006a; 2006b
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income mechanism is at work (e.g.,1936, ch. 19)oklg pointed out that downward price
(and wage) flexibility would tend to make thingsna® and that, on the other hand, price
level stability would nobe a sufficient condition for full-employment edbrium, at

which the money rate of interest would accord it natural rate, or “neutral rate” in
Keynes'’s diction (1936, p. 243).

As a synthesis of Wicksellian and Keynesian idbasessence of our model is to
demonstrate that booms and slumps as well asiorfland deflation, armtertemporal
disequilibriumphenomena in three distinct, but interconnectezBnmimgs{(i) excess
investment or saving is accommodated at the “wraegl interest ratdji) the goods
market clears at the “wrong” levels of output anffation, and(iii) the expected rate of
inflation is “wrong” with respect to actual inflat.

4 Expectations and stabilization in the Wicksell-Keynes Triangle

Our basic WK model warrants further explorationhaiégard to the formation of
expectations and its consequences for monetargypati the basic version we assumed
exogenous expectations that reflect the “normadingh rate (zero or positive) of the price
level. The problem with this assumption is thathie case of a (persistent) interest-rate
gap, expectations of return to normality will bestgynatically 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 behawoiiside expectational equilibrium.
Nevertheless, continuous under- or over-estimatfanflation was deemed an untenable
assumption even in their times. Wicksell (1915196; 1922, p. XllI) therefore introduced
the hypothesis dearningin the cumulative process that shifts expectatfooms static to
adaptive to forward-looking and eventually “ratitria the sense of self-fulfilling0 As

we cannot go deeper into the literature here, wdirme ourselves to examining a
noteworthy coincidence between the expectation ar@sms considered in the Swedish
school and the way in which rational expectatiamsiatroduced in the standard NNS

model.

20 Lundberg (1930) actually used the notion of “ratibexpectations”. Lindahl (1930, p. 147) had
it in the sense of “individual anticipations of ciow price developments” that are “the causes of
the actual developments themselves”. For a modeatnient of the learning process in the
cumulative process see Howitt (1992).
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4.1  The troublesome role of rational expectations

An analogy between the Swedish school and modeaonaeeonomics can be stated in
terms ofshort-run rational expectationshe (statistically correct) anticipation in petio
of the one-period inflation rate, (&, — T%,1) = 0, which implies®,, = ETt,4. Even
though we skip the learning process, we can endogexpectations in a way that
Wicksell regarded as plausible, but also as womesdJnlike the NNS, he was not
concerned with jumps from one equilibrium to thetnbut with the convergence of
expectations in a disequilibrium process. Therefibie useful to re-examine the WK
model in the case of an economy where a fradiohthe agents holds short-run rational
expectations of inflation, &4, whereas a fraction (9) sticks to the expectation of

“normal” inflation, Tt*. To this effect, we replace* in equationg14) and(15) with (0Tt
+ (1 - 9)1), while maintaining thati,, = 1¢,1 — T¢*. As a result,

(19) Jre1=p F-a'iy
(20) ﬁt+1 = Blj’ t+1
where
, 1-9 , 1-9 ,
=0 ——, P =P, B =—B
1-95(1+ap) 1-5(1+ap) 1-9

The steady-state solution fof [,4, f1,4] can be restated as follows:

~_ o al ¢

1) y=o1ogt0

(22) ﬁ:—B“,io
1-p

Though similar tq14) and(15), these new solutions are ambiguous with regarlemw t
sign, magnitude and stability, essentially in cartio& with parametes. In general, we
find that:

() the coefficients ofy and 1 increase withd in absolute value; forward- looking

expectations amplify the deviation of the steadyesfrom the IGE path,

(i) for y andfi to maintain the normal negative relationship V\fim & should be

ap

bounded ad < (1 +1—)‘1 <1; a higher share of forward-looking expectations
P

would invert the relationship between intereseigap, output gap and inflation gap
(e.g., a positive interest-rate gap worddse inflation permanently),
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(iii)  if 5 satisfies the sign condition, the system convengasotonically to [y, f1]; if &

exceeds the sign condition, the system may tdkereint trajectories (all with

positivesigns with respect téo), some of which may be explosive,

(iv)  the limit solution fo - 1,is[y, fi] =[O0, fo]; in this case, the system “jumps” to
an inflation gap equal to (and of the same sigritd interest-rate gap, and
forward-looking expectations are (self-)fulfilling

These results illustrate the troublesome role ofd’” short-run expectations in

cumulative processes in the traditions of Wickaalll Keynes. The problems arise in the

IS function. Suppose again thﬁa@ < 0, with the negative interest rate gap produaing
positive output gap. As some agents anticipatedrigtflation, the markeateal interest rate
is reduced further, increasing the gaps, and sdlms.“expectation multiplier” explains
why short-run rational expectations are deviatiorpbfying and why the cumulative
process is bounded only if their weight is limited.

Recalling the discussion in section 3.1, it istiv@tressing that the casedof 1
replicates the result of McCallum (1986), accordimgvhich 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 ssexs$ that this is consistent with the
Fisher equation and concluded that Wicksell's thefares not hold under rational
expectations. Howevestarting from the Fisher equation as a basis for expectatio
formation, as McCallum doeis not a correct rendition of Wicksell’s theory vitnich the
Fisher equation should be thedpoint of adjustments in@disequilibriumprocess. As can
be seen from our treatment, McCallum’s conclusgowalid only within the limits of
uniformly held rational expectations (see also Hb®992).

4.2  Endogenizing the interest rate and anchorixgeetations

In view of the processes driven by saving-investnmabalances, Wicksell and Keynes
raised two crucial consequential questions: Howiotarest-rate gaps be closed? Can
capital market forces take care of the problensar ‘ivisible hand” required? It is worth
comparing answers from the WK triangle with thas¢éhie NNS triangle.

Wicksell was aware that, in the context of hisotlye price-level stability would
requiretwo conditions to be met: The nominal interest ratsne connected to changes
in the price level in a stabilizing wagnd inflation expectations must be anchored by a
norm against which price movements can be gaugekséll (1898a, ch. 11) interpreted
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the natural rate of interest, not as a variabledha be observed by anyone in the system,
but as a hidden attractor of the system, wheréather is driven by agents reacting to
observable market signa Explaining the observable co-movement of pricasiaterest
rates?2 as a first approximation, Wicksell (1898a, p. lBj-argued that cumulative
processes might keelf-correcting, provided that commercial banks reactdrelerating
inflation by adjusting their lending rates to adegonsistent with the (new) steady-state
level of prices. This, however, requires that tleipectations are anchored to a “normal”
rate of inflationZ3 Technically speaking, with reference to our WK mlpdlVicksell’s first
move consists of endogenizing the nominal intenast and hence the interest-rate gap.
This operation transforms the non-homogenous sy&8jr(20)into a homogeneous one,
where all three gaps appear as endogenous varifibigsneral, one expects homogenous
systems to have zero-gap solutions in the finadstestate, which we are looking for.
These solutions should include the “normal” infhatirate. In modern terminology, the aim
is to define an “interest rate rule” that suppeartdeterminate rational-expectations
equilibrium. To address this issue, we may begih wisimple representation of an
indexation mechanism, such as the following:
(23) it+1 = it + V(Trt+1 - T[et+1)
Starting fromi; , the interest rate will remain constant as longnélation is in line with the
expected rate, whereas it will increase (decreas@)flation accelerates (decelerates). In a
Wicksellian perspective, equati¢h3) can be interpreted as shorthand either for thepric
level correlation of the interest rate in the magk®cess, or for the policy prescription that
can be found in Wicksell's following formulation afsimple interest-rate rule:
“So long as prices remain unaltered, the [cenbralik’s rate of interest is to remain
unaltered. If prices rise, the interest rate ibéaaised, and if prices fall, the rate of inteisst
to be lowered; and the rate of interest is hentetorbe maintained at the new level, until a
further movement of prices calls for a change ia dinection or the other.” (Wicksell,
1898b, p. 102)
The key difference between such a strategy of naopgiolicy and market-based interest-
rate determination can only lie in the specificatad inflation expectations. It is obvious

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

23 Note that, apart from the central bank, therenaréorces in the NNS model that would make
the interest rate change with inflation.
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that the interest-rate mechanism of equafit8) is not sufficient to obtain the homogenous
transformation as long as,,; # 1. Yet this is precisely the problem with unregelét
market processes examined in the previous paragrigite, there is a clear role for the
coordination of inflation expectations through aterest-rate rule for monetary policy.
This can be derived as follows:

(24) ke =g + Y(Thaq — TT)

Subtracting the (constant) NAIRI from both sides of equatiq@4), we have

(25) L1 =0+ YNg

Equationg19), (20)and(25) form the homogeneous system in the three gaps [ 1141,

ftﬂ], which we are looking for:

Ve p' -a' 3,
(26) . |=| P'B —a'P {}

| e 1oy
Clearly, this system admits of a zero-gap steadiesolution. Thus our model
demonstrates a point argued by Wicksell (1898a5)18f&d even more forcefully by
Lindahl (1930): The central bank must announcenflation norm, sayt*, and then gear
the interest rate appropriately, in order to prevéh anchor folong-runrational
expectations, by which the system is stabilized.

Equation(25) can be regarded as a prototype of modern infladoyeting that we
may call theWicksellian ruleand it accords well with the NNS view of the cehbrank as
“manager of expectationgWoodford 2003a, p. 15). However, the theoretioahidations
of this consensusre substantially different and, as will be showihie following, they
yield strongly different conclusions for the desmmmonetary policy .

It might be objected that Keynes (1936) put fordvan alternative explanation of
interest-rate gaps (liquidity preference), an alitive 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 differeamegmportant, as real balance effects
and quantitative control came to predominate inttie@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 Wickseficluded that interest-rate gaps should
not be left to unfettered market forces. He onlgcudifferent ingredients to pursue the
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same “modelling strategy” as Wicksell, namely eretoging the interest rate by way of
monetary policy in order to realign the nominakneist 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 concentrateoanWicksellian interest-rate rule .

4.3  Exploring the Wicksellian rule
An endogenous interest-rate is a necessary, bufiatient, condition foconvergencéo
the zero-gap state. It is convenient to note thstesn(26) can be reduced to the variables

[ Y a1 ft+1] since the path ofi,,, is fully determined by them. With this specificatj the

system presents two eigenvalues; convergence abiitgtrequire them to lie within the

unit circle. Nexta simpleboundedness conditiany is obtained.

(P5) An endogenous interest rate indexed to thiation-rate gap ensures convergence
and stability with respect to the zero-gap stestdye provided that the relevant

inflation parameter is bounded withifl <y < 21+p)

a'p'
This proposition is obtained by applying the ScRtinciple to the coefficient matrix of the
relevant specification of systef®6)25 It has some interesting implications.

The first implication is that the Wicksellian ruleed not — and should not — specify
reactions tdothoutput and inflation gaps, since the two are paslii correlated.
Stabilizing inflation also stabilizes output, avide versaAs we shall see, the crucial
concern for monetary policy is not a trade-off begw inflation and output, but the speed
and amplitude of the adjustment process driverhbyriterest-rate policy.

The second implication @P5)is a contrast between the boundednesganmd the
“Taylor principle”, which prescribes an inflatiowefficient with alower boundequal to 1
(see, e.g., Woodford, 2003, p. 253-54). Tbperbound ory is the more binding, the
more inflation is sensitive to interest-rate gages ifieasured ky/p’), and the more short-
term inflation is anticipated (as measured®hyThe contrast betwedR5) and the Taylor
principle arises from the differences in the miorgfdations underlying the IS relation.
We have seen that, in the out-of-equilibrium dyr@ninterest-rate gaps affect presamd

24 As shown by Tamborini (2006), there are in fachaekable analogies between sys(@®) and
a system in which the nominal interest rate is goee by a Keynesian LM function.

251f A is the matrix, then, 1 + #( + det@) > 0, 1-tr(A) + det@) > 0, 1- det@) > 0.
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future output and inflation gaps. As a consequence, gematleer than aggressive, interest-
rate corrections are required. A large coefficimaly produce faster adjustment, but tends
to destabilize the system by overshooting reactions

Our model thus suggests that compelling requirésneginconvergence and stability
are overlooked in much of the current literaturewes for monetary policy. Special
attention should be paid to parametgasnds, because of the deviation-amplifying role
that short-run expectations play in the WK model.appreciate this, it should be noted
that the stability region diP5) features two different regimasionotonic convergence for
y< (1-Vp")2a'B', and damped oscillations otherwise. Considefdhewing example,
wherea = 0.4 andp = 0.3 are taken as primitive (realistic) valuebjali generater = 0.17
andp = 0.67. Choosing = 1 as benchmark value, we would have monotomeemence,
if =0, wherea® = 0.7 would generate damped oscillati6h#\s  approaches 1, the
upper bound approaches 0 and then becaragative That is to say, the system oscillates
and becomes unstable even for small valuggohless the sign of the rule is inverted,
lowering the interest rate when inflation is lowmgdavice versa) The search for inbuilt
oscillations engaged early mathematizers of Widiesend Keynesian ideas under the
presumption that business cycle theory ought taldbe to reproduce cycles endogenously.
That requirement has been dropped with the adienbdern DSGE methodology, which
contents itself wittad-hoccalibration of stochastic processes of exogenbasks.

Finally, it should be noted that the Wicksellraite is “robust” in the sense of
Orphanides and Williams (2002). Our model shows tantrary to standard formulations
of Taylor rules in the NNS literature, stabilizatithrough the Wicksellian rule does not
require direct information about the natural raiEmterest or output. This is essential, as
the unavailability of such information is a key loyipesis in the Wicksell-Keynes triangle.
Our results also accord well with a growing literatthat questions the hypothesis of
timely and precise information about the naturgggan the NN Like the “difference
rules” discussed by Orphanides and Williams (200®,Wicksellian rule of equatiq@5)
belongs to the class aflaptiverules that, using step-by-step adjustments in aéw
observablechanges in the economy, may drive the latter badktertemporal equilibrium.

26 Ford = 0, the system starts oscillating for 1.83, becoming unstable fpr 23.3. Fo = 0.7,
the system starts oscillating fpr 0.23 and becomes unstableyor 5.6.

27 See, e.g., Orphanides and Williams (2002; 200@hi€eri (2006) and Tamborini (2008).
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5 Conclusions
Answering the question, what Wicksell and Keynesvkiabout macroeconomics that
modern economists fail to consider, we may now‘adgt”. Attempting to capture some
of their central insights our model shows thatrtitecroeconomics of saving-investment
imbalances, which dominated business-cycle theotlge first half of the 20th century, is
not just a collection of pre-scientific insightts essential ingredients are amenable to
rigorous treatment according to modern standardh,minimal deviations from the
standard perfect competition model. Essentiallyredt is required is that the natural rate of
interest should be volatile, and that it should®easily transmitted to the capital market.
Recent history testifies that these two conditiaressufficiently common and recurrent as
to make saving-investment imbalances worth of bbmogight back to the forefront.

Contrasting the NNS triangle of intertemporal optation, imperfect competition
and sticky prices with the WK model — defined bg thangle of intertemporal
coordination, imperfect capital markets and wramtgriest rates —, we have found that,
even though the two structures can be made todwo#ar, they lead to strongly different
conclusions about the dynamic properties of sysiemaich interest-rate gaps occur. We
believe that our conclusions provide an interesiagis for extending the scope of analysis
of business cycles and of the role of monetarycgollhe two triangles may converge
towards the view that interest-rate rules are aialuneans to ensure stability. Yet it is
obvious that the design of such rules requirehé&uréxploration, once it is accepted that
the central bank may be misinformed about the nhiaterest rate, and that the dynamic
properties of processes with saving-investment lamtzzs differ from those of the DSGE
models (see e.g. Tamborini, 2008).

A critical issue, highlighted by our WK model tlugh the interaction of parameters
& andy, is the distribution of “short-term” and “long-tef inflation expectations and its
possible endogenous changes — an interaction ithest gse to rich and complex dynamic
processes. Another issue to be addressed is #t #fht saving-investment imbalances
may have on the capital stock and, hence, thedugtolution of the economy. Once the
additional capital is in place (or once a parthaf previously optimal capital stock is
scrapped), the economy can actually produce meodegs), slowing down (pushing up)
inflation — regardless of whether this was the ltesfua wrong interest-rate signal or not.
This phenomenon, which can be roughly describeajgeegate demand and aggregate
supply “moving together” (Greenwald and Stiglit®8Y), is only marginally touched upon
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in the NNS literature (e.g. in Wooford, 2003, ch.Further extensions of the WK model
should involve a more explicit treatment of finaal@tructures, asset prices and their
relations to the concept of the natural rate adreét. Given the analytical restrictions of
the NNS triangle in all these respects, the scdpeoalelling in the spirit of Wicksell and
Keynes merits further exploration.
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Appendix
Interest-rate gaps and output gaps
Based on the modéd)-(11)in the text, we examine the allocations that ta§ustarting in
the steady stat¢he market real interest rate at timR,,, differs from the natural rafe*.
Both rates are assumed to remain constant thereafte

To begin with, recall that the steady state igati@rized by * = 1 (fully

employed labour forcejf’,, ;= 1 = T (constant expected or "normal" inflation rate),

= R* (households' time discount factor equal to thesgreal return to capital, or natural

rate of interest)C* (constant consumption* =K* (constant real stock of bonds

representative of capital stocky;* =H* + R*K* (households' real income, given by

labour,H*, and capitalR*K*, incomes). Note that, as a conseque8¢e, I'y = K*, and

once account is taken of capital replacement,mestment and saving are equal and nil.
Turning now to a periotdin which,cet. par, R.;; # R*, let us first examine

households' optimal consumption path (see equétib)x

(A1) Ci = Bt (Cio1 R Revt)

Hence, with respect to the steady stRe, # R* shifts consumption to the present Rf,;

< R*) or to the future ( iR, > R*). Parallelly, households demand less or more)(real
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bonds, respectively
Now let us see optimal investment of firms. Tlsigsee equatio(8)):
(A2) 't = Kieg = (@/Rig) V12
Hence, folR,; # R* investment is larger (iR, < R*) or smaller (if R,; > R*). Firms
supply more (real) bonds in the forme case, lessanatter.

As long as the central bank pdgjs, # R*, it should stand ready to clear the excees
supply of bonds (iR,; < R*) or the excess demand of bondsKjf ; > R*), allowing
households and firms to finance their respectivesamption and investment plans.
However, these plans are not mutually consistetiiergoods market. In fact,

* if R4 > R*, consumption is shifted froto t+1, while investment i, and the capital
stock available in+1, are reduced. There is excess supptyaimd excess demandtiil,
¢ if Ryq <R*, the excesses are reversed.

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

(A3) (Hi+ R*K* =Byy1) = Ef(Hq + RitaBias = Buo) R R4l

The saving-investment inconsistency leadBi9# K,,, S= 1, ..., where the real value of

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

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

long asR,1 # R*, the actuatonsumption path consistent wlk, = K, should satisfy:

(A4) (Yt = Kird) = (Vo1 — K2R Riyq

whereY; = H; + R*K*, Y1 = Hiy1 + Ry 1Ki4q. This reformulation of households’

consumption path leads to the following propossion

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

2) These output realizations correspond to non-gaes with respect to the level of

“potential output” given by the capital stock thabuld obtain with the natural

rate of interest R*.

The proof goes as follows. First, fBf,; constantK,,, = K,1. Hence(A5) can be
rewritten as:

Yt = Y 1R Reeg + Ky (1 - R Reyy)
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Now divide both sides by* to obtain the intertemporal relationship betweeatpot gaps:
Y= YR Riyq + Kt/ YA - R Ry

Upon recollecting the following relationships
Yirp =K, Kig = @R, pV02), Y* =K*a, K* = (a/R*)V(1-2)

the two output gaps result:

(A5) Y 1 = (R Ru)?/02)

(A6) Y = (R¥ RV

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

sufficiently small rates, is close to(A5) and(A6) show that the main implication of the

market real interest rate being set above (belbenatural rate is sequencef negative
(positive) output gaps each depending onctimeentinterest-rate gafR*/R.,1).

Inflation gaps
As to price determination in relation to output gagiven the general-equilibrium real
wage ratev* (see equatiofr)), and capital stock* (see equatio(B)), potential output at
any timet can also be expressed as
(A7) Y*=K*((1-a)/w*) 1-aa

Since the nominal wage rate tas given by, = w*P_4(1 + 1t*), firms can adjust
output fort by choosing the labour input upon observing theenurreal wage rate, =
W/P; . As aresult,

w* 1+1*
Cet. par, profit-maximizing firms are ready to expand (gait) output as long as

(A8) Yt:K*[l_—a 1+T[tj1—a/a

1%, being greater (smaller) thaw, increases (reduces) the current nominal valudef

marginal product of labowis-a-visW,. Conversely, we can derive the Marshallian supply
curve of firms, that is, the inflation gdﬁtz (1 +m)/(1 + 1) which supports a given
output gap. DividingA8) by (A7) we obtain

(A19) [, = (Y pa/l-a



