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Ingrid Grogl, Ulrich Fritsche!
University of Hamburg

February 9, 2010

Abstract

New Keynesian DSGE models propose a dynamic and expecta-
tional version of the old IS-LM paradigm. Acknowledging that the
Taylor rule as a substitute for the LM-curve has its merits we show that
standard DSGE models do not model how the central bank achieves
its targets. In filling this gap we make evident that models neglecting
a store-of-value function of money but still assuming a Taylor rule are
inconsistent. Our major point concerns the-so called new Keynesian
IS-curve. We prove that DSGE models which typically rest on the
assumption of representative agents are unable to derive the IS-curve.
This implies that these models lack the capability to analyse the role
of savings as a a gap in aggregate demand. By assuming overlapping
generations we make evident how this shortcoming can be avoided.
We also show how OLG models add a richer dynamics to the standard
DSGE approach.

1 Introduction

Until the 1980s the IS-LM model was used in Keynesian economics as a short-
cut which allowed the reduction of underlying complex individual decision-
making processes and their aggregation. In a nutshell the IS-LM-model was

fAcknowledgements:  This paper has been produced as part of the project
"Makrotkonomische Divergenzen und die Notwendigkeit von Stabilisierungspolitik in einer
Neukeynesianischen Wahrungsunion" which was funded by the IMK. We are grateful for
a most fruitful discussion with members of the IMK as well as with our research partners
in the project, Sebastian Dullien and Michael Paetz.



1 INTRODUCTION

based on the following insights which characterize macroeconomic models ir-
respective of whether they are of neoclassical or Keynesian origin: In a closed
economy a simultaneous equilibrium in the multitude of commodity markets
boils down to the equality of aggregate saving and aggregate investment. Fur-
ther, given equilibrium in the labour market, then due to Walras’ Law, the
equality of saving and investment implies equilibrium in the financial sector
of the economy meaning that surplus units which spend less than their cur-
rent incomes on goods transfer their savings to deficit units (the government
or private investors) which want to spend more on goods than their current
incomes allow them to do. These insights were combined with hypotheses
which explain what has come to be named the IS-LM-paradigm: First, due
to a store-of-value function of money, the aggregate goods market and the
capital (bonds) market no longer mirror each other. Hence variations of the
real interest rate will not suffice to equilibrate both markets, rather, we are in
need of an additional variable. Second, if wages and prices are fixed, this role
is assumed by real aggregate production, which has important consequences
for the role of aggregate savings. Whereas in a neoclassical world high savings
promote high growth rates of production, now high savings mean a low level
of aggregate demand leading to a low level of production and employment.
Third, given wage and price rigidity, then equilibrium in the goods market
and equilibrium in the financial system can be represented by a correspond-
ing equilibrium relation between the nominal interest rate and real aggregate
income. This property made it possible to give the IS-LM model a simple
graphical illustration which has governed macroeconomic textbooks for de-
cenniaries. Fourth, the Keynesian departure from a world in which the real
interest rate ensures a simultaneous equilibrium in both the aggregate goods
and bonds (capital) market thus leaving national income to be determined
by components other than aggregate demand, also assigned a new role to
demand management in particular in the hands of fiscal policy. With prices
and wages taken to be fixed at some pre-determined level, demand manage-
ment proved to be a suitable instrument for fiscal as well as monetary policy
in order to fix real aggregate production and employment at some desired
levels.

By the beginnings of the 1980s macroeconomic models without rigorous
microfoundation (based on perfect rationality) had become obsolete at least
in the so-called mainstream economics. Endogenous growth theories based on
Ramsey (1928), Cass (1965), and Koopmans (1965), as well as real business
cycle approaches based on Kydland and Prescott (1982), Long and Plosser
(1983), Presott (1986) and Black (1982), had a focus on macroeconomic im-
plications of intertemporal decisions, whereas the then a-temporal New Key-
nesian macroeconomic models focused on real and nominal rigidities as the



1 INTRODUCTION

outcome of optimizing behaviour (Blanchard and Kiyotaki, 1987; Mankiw
and Romer, 1991 for a survey). The neglect of intertemporal decisions ex-
plains a shift of interest within the New Keynesian school from discussing
the relationship between savings and investment towards the microeconomic
foundation of nominal and real rigidities and thus of the Phillips curve. It
was the integration of intertemporal decisions into so far a-temporal New
Keynesian approaches which gave birth to New Keynesian DSGE models
with the so-called New Keynesian IS-curve, the Taylor-rule as a substitute
for the LM-curve, and the New Keynesian Phillips curve as their heartpieces.*
Contrary to its traditional counterpart, the New Keynesian IS-curve is seen
to be dynamic and expectational in nature' linking the present and the fu-
ture and is thus considered to play an important role in determining an
economy’s dynamic behaviour outside its steady state equilibrium (Kerr and
King, 1996; Goodfriend and King, 1997; Gali and Gertler, 1999). In particu-
lar McCallum, Nelson (1999) emphasize that the IS-LM-relations are indeed
compatible with maximizing behaviours of rational agents. They conclude
that the obtained pair of linear equations are analogous to the traditional
IS and LM functions with the qualification that intertemporally optimizing
households modify the traditional framework by a dynamic forward-looking
aspect. However, as Romer (2000) and McCallum, Nelson (1999) rightly ob-
serve, any departure from a static fixed price, fixed wage setting, reduces the
value of a graphical representation of the IS-LM model significantly for ba-
sically two reasons: First, whereas household optimization yields monetary
demand as a function of the nominal interest rate, consumption follows as a
function of the real interest rate.! Second, the dependency of current con-
sumption on future expected income renders a graphical comparative-static
analysis of fiscal and monetary policy outside the long-run steady state as
useless.

In the following we show that the New Keynesian DSGE model does not
only complicate a graphical analysis within a IS-LM framework. On the
contrary, we deny that New Keynesian DSGE models share the proposed
similarities with the traditional IS-LM model at all. In particular we state
that what is called the New Keynesian IS curve does in fact not represent
the equality of saving and investment. Rather, it represents the relation-

*A comprehensive and rigorous analysis is provided by Woodford (2003)

fThe exclusion of rational expectations has been acknowledged as a major weakness of
the traditional IS-curve by King (1993).

fRomer’s proposal to replace the LM-curve by the Taylor-rule does in fact not show
a way to make both consumption and money demand dependent on the same variables
because the nominal interest rate as determined by a Taylor-rule depends on current
inflation whereas the real interest rate is linked to future expected inflation.
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ship between present and future (expected) aggregate consumption based
on the individual Euler equations - given that the aggregate goods market
is in equilibrium. Whereas the Keynesian IS-curve brings to the fore that
well-specified combinations of the interest rate and aggregate production
are needed in order to equate savings and investment, the aggregate Euler
equation expresses that in equilibrium the ratio of the future (expected) and
current difference between the equilibrium level of national income and in-
vestment (or public expenditures) depends on the representative household’s
discount factor, its relative risk-aversion and the real interest rate.

We could of course conclude that the New Keynesian IS-curve is just
a misnomer without having substantial consequences. Accepting this view,
however, is equivalent to accepting that indeed any explanation of how the
equality of aggregate saving and investment is established in an economy is no
longer of interest and that it is therefore more important to focus exclusively
on the equilibrium growth rates in consumption or aggregate production
(national income) as a function of the real interest rate. This indeed has been
the primary focus of neoclassical stochastic growth models where S = I holds
quasi automatically because households always invest all of their savings in
real capital either for a lack of alternatives or due to smooth adjustments
of the real interest rates. In both cases high savings promote high economic
growth rates.

However, once we are sceptical about the relevance of such a quasi auto-
matic adjustment process, the way how the equality of investment and saving
is achieved should very well be of interest. Such a scepticism may have its
roots in the existence of a store-of-value function of money or alternatively in
financial market imperfections rendering investment as a function of current
cash flows instead of the real interest rate which may be the consequence
of financial restrictions. In such a world a high level of savings as well as a
low level of investment regularly imply a low level of aggregate production
thus leaving an active role for demand management at least in the short to
medium run. In order to examine its effects, a macroeconomic model should
be chosen which allows a formal (not necessarily graphical) representation of
the IS-curve thus making it possible to derive the impact of for example tax
reductions on the absolute level of current production as well as on its time
path. The most prominent example of the necessity of such a perspective is
given by the current international imbalances of current accounts which the
real interest rate has obviously been unable to remove.

Whereas we hold the view that macroeconomic models with a focus on
business cycle aspects should indeed assign an important role to the interplay
of aggregate savings and investment, we also acknowledge that the replace-
ment of the LM-curve by the Taylor-rule is justified both by theoretical as

4



2 A BASELINE DSGE MODEL WITH REPRESENTATIVE AGENTS

well as empirical reasons.® What we criticize, however, is that in a typical
DSGE-model the question remains unanswered, how the central bank realizes
its strategy and what this implies for the relationship between the aggregate
goods market and the financial sector. In our paper we will fill this gap and
in doing so we show that a frequently held position according to which the
Taylor-rule can do without a store-of-value function of money, is not justified
because this would give rise to rationing equilibria in the financial sector.
The remainder of the paper is structured as follows: In Section 2 we
present a simple baseline DSGE model with two goals: First we make the
difference between the IS-curve and the aggregate Euler equation explicit.
Second, we show that the introduction of the Taylor-rule without establish-
ing a necessary link to the capital and money market puts the economy at
disequilibrium. Section 3 deals with the question whether and how the DSGE
model can be modified such that the equilibrium of I and S form an integral
part. We show why such a modification is hardly possible as long as we stick
to the conception of the representative agent and point to heterogeneous
agents as a way out. Taking overlapping generations as an example, we de-
rive a dynamic IS-curve in Section 4. In doing so we start with the simple
case of perfect foresight and logarithmic utility and then go on to assume
uncertainty and a general CRRA utility function. Using log-linearizing and
linearizing techniques around the steady state, this allows us to present a
comparison with the aggregate Euler equation. Section 5 concludes.

2 A Baseline DSGE Model with Representa-
tive Agents

A baseline DSGE model typically models a stationary economy thus neglect-
ing investment (Gali, 2008). Capital markets are assumed to be perfect thus
allowing households to smooth consumption over time. Most importantly,
macroeconomic behavioural functions are derived from an optimizing repre-
sentative agent. As in a-temporal New Keynesian models there exists a mul-
titude of heterogeneous goods which allow firms to set prices. By contrast,
labour markets can be found to be modelled as perfectly competitive as well
as imperfectly competitive. Increasingly, DSGE models account for real or
nominal wage rigidities. Since we are primarily interested in the relationship
between DSGE models and the IS-LM paradigm we take the labour market
to be perfectly competitive. By contrast we assume monopolistic competi-
tion in the markets for heterogeneous goods since the implied price-setting

§An excellent discussion is provided in Woodford (2003).
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behaviour of firms allows us to derive the New Keynesian Phillips curve. The
following representation draws on Walsh (2003) with the exception that we
introduce government expenditures as well as their financing.

2.1 Microeconomic Foundation
2.1.1 The Representative Household

We consider a representative infinitely lived household which maximizes its
expected lifetime utility derived from consumption, leisure, and cash hold-
ings.

{Zﬁl{ (Covt) =7 (Neys) + (ﬂf)]}:»m 1)

where M"™ denotes nominal money balances with M as its real counterpart,
N denotes labour supply, and C represents the household’s preferences re-
garding heterogeneous commodities the number of which is typically assumed
to fall into the interval [0, 1]:

1 oy 1751
Ci= {/ Cjtg d]] (2)
0

u(-),—v(:) and v (-) are assumed to be strictly concave with constant in-
tertemporal elasticity of substitution and hence constant relative risk aver-
sion. Following a common practice, t is used as a time index.

The household maximizes expected utility over its (infinite) lifetime sub-
ject to a sequence of period budget constraints

1
/ Cjt+l t+ld +M[L+z+B?+z Nt+1WtT—LH+Qt+z T'tr—li-z—i_B;l-i—i—litJri*l_'_Mﬁi—i—l
(3)

and the solvency constraint

Bn
li T __})>0 4
T (HtTl (1+¢t)) = 4)

taking prices and the nominal wage as given. (3 denotes the discount factor,
W™ the nominal wage rate, ), ; nominal profits, B" nominal bonds, with B
and W as their real counterparts, ¢ represents the nominal interest rate, T™
the nominal value of a lump-sum tax with 7" as its real counterpart...
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The optimization problem is normally solved in two steps: First demand
functions for individual commodities are derived by minimizing total con-
sumption expenditures subject to (2) yielding as demand curves for individ-

ual commodities
P\’
= () @ 5)

and as the aggregate price level (Walsh 2003, p. 233):

n-lf 1p;ﬂ] - (6)

As a second step we turn to solving the intertemporal optimization problem
which requires the maximization of (1) subject to a sequence of temporal
budget constraints

Ct—i—iRH—i + Mtn_s-i + B?—i—i - Nt+th+i + Q?—H - Tﬁi—i + Btn+z‘—1it+i—1 + Mﬁs—i—l (7)

where due to (5) and (6) we obtain

1
/ CjtPjtdj = CtPt (8>
0

The first-order conditions deliver optimal relationships between current
and future consumption, between consumption and cash holdings, as well as
between consumption and the labour supply.

The optimal relationship between current and future consumption leads
to the Euler equation (9) according to which the representative households
either wishes to keep consumption unchanged over time if the expected real
interest rate and the subjective discount rate coincide, or wants to tilt con-
sumption if both rates diverge:

(GO = 5 [ (Cuot) = (1) )

t+1

or equivalently:

= E(FE) o)

s (5]

denoting the stochastic discount factor.

with

7



2 A BASELINE DSGE MODEL WITH REPRESENTATIVE AGENTS

The following equation (11) determines how optimal cash holdings are
related to optimal consumption.

n
u' (Cy) = BE; {u' (Cyi1) i} + (%) (11)
P P,
We observe that each unit of income which is used in order to increase money
holdings, leads to lower current consumption thus giving rise to a disutility.
On the other hand, the implied increase in purchasing power allows the
household to consume more in the next period. Since money holdings do
not yield an income, and since we have assumed that the household can
alternatively save in the form of riskless government bonds, the prospect of
consuming more tomorrow would not suffice in order to legitimate positive
money holdings. This explains why many DSGE models assume that money
yields direct utility which renders bonds and money as imperfect substitutes
because now each marginal unit of money holdings does not only increase
future consumption but also yields direct utility. Hence the marginal utility of
cash holdings comprises both an indirect component through increased future
purchasing power and a direct component reflecting the utility of liquidity
services. In the optimum any marginal increase in cash holdings leads to an
increase in the direct and indirect utility of money which is perfectly balanced
out by the marginal decrease in the current utility of consumption.
Equation (12) determines how the household splits each available unit
of time between leisure and labour. A marginal decrease in leisure and thus
increase in labour supply leads to a decrease in utility amounting —v" (/V;) but
it also increases consumption possibilities and hence generates an additional
utility of consumption amounting to u’ (¢;) VIZ—i In the optimum any increase
in utility due to more consumption is perfectly outweighed by an incumbent
increase in the disutility of labour, hence:

o () T = o/ (V) (12)
t
It is important to note that equations (9), (11) and (12) do not represent
a full-fledged solution of the optimization problem (Bagliano and Bertola
2007, p.8). Rather, they just explain how an optimizing household would
use its available time for leisure and labour as alternatives and how this
household would distribute a given income between current consumption,
future consumption and cash holdings.
Explicit solutions for the first-order conditions (9), (11) and (12), are
obtained by applying log-linearization techniques around their steady state
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values yielding for the Euler equation:

~ ~ L~
G = EtCt+1—;<Zt—Et7Tt+1> (13)
o= %

w (C)

where by ¢, /z'\, we denote percentage deviations of consumption, absolute
deviations of the nominal interest rate from their steady state values, and
where % represents the constant intertemporal elasticity of substitution. Note
that in a baseline DSGE model the steady state value of inflation is typically
assumed to be zero.

By the same procedure we obtain for the log-linearized optimal relation-
ship between (current) consumption and real cash holdings (m):

(1-7)-

~ 0
my = —Ct— (N
1 1
Navi
po— D5
v (M)

and for the log-linearized optimal relationship between current consumption
and optimal labour supply

—0C + Wy = Y1y (14)
7' (N) —

=———2N>0 15

v v (N) ~ (15)

with w; (n;) denoting percentage deviations of the real wage (labour supply)
from its steady state value.

2.1.2 The Government and the Central Bank

In a DSGE baseline model public expenditures on goods (G;P;) and interest
payments (Bt”_lz't) are financed by a lump-sum tax (7)) and by the issue of
bonds yielding as budget deficit:
B — B, By
—— =G - T,
P, TR
where Bj** denotes the supply of government bonds. The government, too,
has to obey a solvency constraint.
(G1P, —1T7) (GoPy — T
1+ (T +i1) (1 +1dg) "

U (16)

(Go —To) Py + 0 (17)

. By
T—o0 s=0 (1 + ZS)
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We furthermore assume that the government purchases goods in each of the
existing markets and that the optimal composition of aggregate expenditures
is obtained by solving the following minimization problem:

min Gjtpjt

s.t.
0

o0 % -1
Kl
=0

This yields as optimal public demand for commodity j:

(%:(50Gt (18)

and will allow us to derive an explicit solution for firm j’s optimal commodity
price as will be shown below.

Central bank behaviour is usually reduced to the Taylor rule according
to which monetary policy successfully fixes the nominal interest rate at a
target level which is determined by the steady state real interest rate, target
inflation as well as deviations of current inflation from this target value, and
current output from its steady state value. Setting target inflation equal to
zero, this leads to

o~

it = paTi+ Py (19)
pr > 0, p,>0

with 7; representing percentage deviations of equilibrium output from its
steady state value.

2.1.3 Firms

Each firm supplies a single commodity j in monopolistic competitive markets.
In the simplest case the production function is linear with homogeneous
labour as the single input:

Yii = Z:N, (20)
with Z; denoting a stochastic productivity shock which is the same for each
firm j with E;[Z;] = 1. Monopolistic competition allows the firm to ad-
just the price of its commodity in each period in accordance with changing
market conditions. However, the firm does not necessarily use this option.
Whereas New Keynesian research of the 1980s had a keen interest in examin-
ing endogenous economic reasons for this phenomenon, DSGE models draw
on Calvo (1983) where the decision on whether to adjust prices in each period
or not, is modelled as a random event. ¥ Each firm maximizes its profit over

TRoberts (1995) shows how the different approaches are related to each other.

10



2 A BASELINE DSGE MODEL WITH REPRESENTATIVE AGENTS

an infinitely long planning horizon by choosing its optimal commodity price
and in doing so takes into account that with probability w this current price
will be held constant in future periods whereas with probability (1 — w) it
will be adjusted to new market conditions. In order to calculate the optimal
price Pj;, we therefore have to solve the following optimization problem:

= . P, \!? P\
I%?tXEt {ZW%AMH (i) B (Ptjﬂ') MCrsi| (Cori + Gt-l—i)}
=0
(21)
with MCy,; standing for marginal cost as defined by
Wt-‘,—i) 1

MCryi = 22
" ( Piyi ) Ziyi (22)

and where usually A,;,;; is replaced by the stochastic discount factor M
as defined by (10). This allows us to rewrite the optimization problem to

become
0o 510;_0 P 1-6 P. —0
E l : : B ’ MCiyi| (Cryi + Gy
max i {ZZ:(; w Ct—o- _Pt+2 Pt_;’_z t+ ( t+ + t+ )
(23)
We obtain as optimal relative price (Walsh 2003, p. 236)
o0 i i [ Pevi 0 1—0
Py (0 \EXZw 0 (T) MC (Gl + Gu)
P = Qt (24)
P, 0—1

0—1
Y@ (Be) (O + )

X

where x represents the firm’s market power as depending on the price elas-
ticity of demand.

2.2 The Macroeconomic Model
2.2.1 The New Keynesian Phillips Curve

Aggregate production (employment) follows from production (employment)
at the firm level according to

1
n=/ Yudj (25)
J

=0
1
No= [ N (26)
=0
11
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Note that the aggregate price index is defined as

1 =5 1
[ ] oo [
0 0

In each period a percentage of 1 — w firms adjust their prices whereas a
percentage of w firms do not adjust. Hence we obtain for Ptl_e :

P = 1l-o)P ' +oP < (27)
1 = 1-2)Q +w P\
! P

with P} denoting the optimal price. Loglinearization of (27) yields

0=(1—-w)q — wmy (28)

where we have set the steady state value of inflation equal to zero. Note fur-
thermore that in the steady state all firms adjust their prices simultaneously
yielding Pj; = P;. Therefore g = 0, which implies

Wi\ 1
= — | ==1 29
Qr =X ( I2) ) Z, (29)
and hence the steady state value of marginal cost amount to
1
mc = — 30
y (30)

Log-linearization of (24) together with (28) finally yields

l—w _
Ty = 5Et7Tt+1 + 7 (]. - 6@) mcy (31)

We observe that current inflation is determined by basically two compo-
nents. According to the first component, current inflation is positively corre-
lated with expected future inflation which makes a standard New Keynesian
Phillips curve forward-looking. The second component adds deviations of
marginal cost from their steady state value. Since

current inflation is positively affected by both a real wage and a productivity
shock which exceed their steady-state levels. Whereas productivity shocks
are exogenous, the real wage is determined endogenously. In the simplest
case, the labour market is perfectly competitive and always in equilibrium.

12



2 A BASELINE DSGE MODEL WITH REPRESENTATIVE AGENTS

Since labour supply is given by (14) and aggregate labour demand follows
from equation (20) which after log-linearization and aggregation amounts to

Ny =Y — 2 (33)
labour market equilibrium implies

1 o
¢ — 2 = — (W) — —¢ 34
t t n(t) nt (34)

delivering as the equilibrium real wage
wy=(o+n)c—— (35)

Replacing consumption by the equilibrium condition for the aggregate goods
market, we have

-~ ~

G =0 — Gt (36)

This allows us to rewrite (31) as follows:

(1 - pw) (HTT]) Z+BE

K

m= (1= =) (o + 1) G~ )

(. > (.
v~
K

(37)
In Walsh (2003) ¥; is furthermore split up into deviations of current produc-
tion from its competitive steady state value and from its monopolistic steady
state value. We ignore this distinction since it does not affect our discussion
of the New Keynesian IS-curve.

2.2.2 The New Keynesian IS-Curve and the Determination of the
Nominal Interest Rate

Without investment, equilibrium in the aggregate goods market implies

Y, = C, + G, (38)
or in a log-linearized version:
@\t = Cya: + gyfq\t (39)

with

13



2 A BASELINE DSGE MODEL WITH REPRESENTATIVE AGENTS

where ¢; is determined by the Euler equation (13). Recognizing that we have
equilibrium in the goods market in each period, the Euler equation can be
rewritten to become

Ye = EiJri1 + 959t — 9yLiGry1 — %y (it - Eﬁtﬂ) (40)
Equation (40) represents a version of the so-called new Keynesian IS curve.
It is dynamic (Gali, 2008) in the sense that it contains current and future
deviations from the steady state, and it is expectational (Kerr and King,
1996) in the sense that it contains expected next period income and infla-
tion. Of course, we could object that since investment is absent from the
model, equilibrium in the commodity market does in fact never represent the
coincidence of saving and investment. However, this argument overlooks that
equilibrium in the goods market only requires that those goods which are not
purchased by households are demanded by agents which draw on financing
funds other than their current incomes. In our model this role is taken by the
government. The equilibrium relationship between income and interest rate
remains even if government expenditures do not respond to varying interest
rates since private consumption assumes this role.

Due to the lagged price adjustment, the aggregate goods market is as-
sumed to clear by the adjustment of aggregate production. Whereas in tra-
ditional IS-LM-models the nominal interest rate is seen to be determined by
the equality of money supply and demand rendering the market for bonds
as redundant, in a baseline DSGE model neither the money market nor the
aggregate bonds market are presented explicitly.

2.2.3 Some Policy Implications

The above presented DSGE model can be reduced to basically three equa-
tions:

1. The so-called New Keynesian IS-curve (equation 40)
2. the Phillips curve (37)

3. the Taylor rule (19)

Together they explain whether and how the economy adjusts to a steady
state characterized by zero inflation and a level of aggregate production which
is exclusively determined by supply-side-components. This leaves an active
role for monetary and fiscal policy only outside the steady state which then
is restricted to stabilizing the adjustment process. Until recently DSGE

14



3 CRITICAL REFLECTIONS

model-builders were almost exclusively concerned about an active role of
monetary policy with due consequences for the value of the parameters p,
and p, (Goodfriend, King 1997, Clarida, Gali, Gertler 1999, Walsh, 2003,
Gali 2008), whereas fiscal policy has only gradually received attention (Lin-
nemann and Schabert 2003, Coenen and Straub 2004, Gali, Salido, Vallés,
Coenen and Straub 2005, Gali, Monacelli 2008). In the baseline model the
role of fiscal policy is indeed limited to changing expenditures. By contrast
variations of income taxes apparently are without any effect since they do not
affect the Euler equation. Apart from these discrepancies between a standard
[S-LM-model and the DSGE world, both models share the property that fis-
cal deficits apparently play no role. However, the reasons for this result is
different in both models. In a traditional IS-LM model it is assumed that in
the examined short run budget deficits do not change the supply of bonds
thus leaving the interest rate unaltered. As will be explained below, in a
DSGE model, fiscal deficits affect the supply for government bonds in each
period and the market for government bonds is related to other markets via
the aggregate budget constraint. Usually the ineffectiveness of fiscal deficits
as well as income tax variations are explained by the Ricardian Equivalence.
This argument, however, is flawed since any proof of the Ricardian Equiva-
lence requires to take the intertemporal budget constraint into account which
has usually been ignored so far.

3 Critical Reflections

In the following we examine critically the following properties of the DSGE
approach: First we investigate the role of the Taylor rule as a substitute for
the LM-curve. Second, we analyse whether the aggregate Euler equation can
really be interpreted as a version of the Keynesian IS-curve. Related to this
we will also discuss the role of Ricardian Equivalence.

3.1 The Taylor-Rule as a Substitute for the LM-Curve

Usually DSGE models assume that the central bank is able to determine the
nominal interest rate. However, it is left open, how this is achieved. In a
market economy interest rates are determined in financial markets by the
interplay of demand and supply. Hence a complete description of how the
Taylor rule affects the interest rate makes it necessary to model the impact of
monetary policy on both the bonds market and the supply of money. That
this is also a necessary task with respect to the aggregate equilibrium in
the economy, becomes evident from the aggregate budget constraint of our
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baseline DSGE model:
(N = N§) Wy + (Y, = Cy = Gy) P = (B — Bl) + M — M

where B represents the demand for government bonds by private house-
holds, B the supply of bonds by the government and M@ — M | household
hoardings which in the absence of a money supply function represent disequi-
librium in the market for money. Observe that equilibrium in the labour and
goods market are still compatible with disequilibrium both in the bonds and
money market. Without a Taylor-rule variations of the interest rate would
clear the bonds market thus also clearing the money market which here would
require that households reduce their hoardings to zero. If the central bank
fixes the interest rate according to the Taylor-rule this could imply rationing
in the bonds market which then would have due consequences for the aggre-
gate goods market. In particular, taking the Euler equation into account it
is by no means clear whether and how in this process hoardings reduce to
zero. Hence the only way to reconcile the Taylor-rule with equilibrium in
the financial sector obtained by suitable adjustments of the interest rate, is
to assume that the central bank purchases government bonds such that the
target interest rate is realized. Central bank purchases of bonds then are
financed by the printing of money, implying that

M = M2y = B{" = B% (41)

where B™ represents government bonds in the hands of the central bank. In
the case of monetary targeting, the central bank will fix the supply of money.
If instead a Taylor rule is applied, then the central bank fixes the interest
rate and will accommodate its demand for bonds and the supply of money
appropriately. The aggregate budget constraint then changes to

(N = NJ) Wy + (Y; — Cy — Gy) P, = (B} + B} — Bl"*) + (M — M)

(42)
If the goods and the labour market are always in equilibrium, then again
variations of the interest rate suffice to equilibrate both the bonds and the
money market, where now the central bank will adjust its purchases of bonds
such that the target interest rate will be realized. Observe that this strategy is
compatible with aggregate equilibrium only if the households do not only hold
cash balances for mere transaction purposes thus ending up with zero money
holdings at the end of the period. Rather, money has to serve a store-of-value
function implying that cash balances are carried over into future periods.
Taking this into account, Walras’ Law allows us to treat either the bond
or the money market as redundant. In a log-linearized version, equilibrium
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in the money market requires that percentage deviations of money supply
and demand from their steady state values coincide, which is represented by
equation (43).

o — = %8 - L5 (43)

i

Substituting 4, by the Taylor-rule (19) equation (43) then specifies the per-
centage deviation of the money supply necessary to realize the target nominal
interest rate. To summarize, for reasons of model consistency the Taylor rule
always has to be combined with the assumption that money serves as a store
of value. This qualification obviously has not always been taken into account
(Woodford 2003 as an example).

3.2 A new Keynesian IS-Curve?

In the following we show that equation (40) does not represent the equality of
aggregate investment and aggregate saving. Indeed equation (40) has been
derived from the Euler equation which generally explains “...the dynamics
of marginal utility in any two successive periods.” (Bagliano and Bertola,
2007,p. 4) and which can be reformulated to express the ratio of present
and next period consumption — or the growth rate of consumption in a con-
tinuous time version of the model — as a function of the real interest rate.
Assuming equilibrium in the goods market, the aggregate FEuler equation in
a model without private investment then represents a relationship between
the current and next period difference between the equilibrium value of ag-
gregate income and public expenditures as a function of the real interest
rate — or the growth rate of the difference between equilibrium income and
public expenditures in a continuous time version of the model. This is not
the same as what is generally understood by the IS-curve which represents
the equality of investment and/or fiscal deficits and private saving. A dy-
namic version of the [S-curve hence would link the current I = S-equilibrium
to its future values. Having a closer look at the log-linearized version (40),
which transforms ratios into differences, the aggregate Euler equation states
that the expected dynamics of percentage deviations of aggregate income
from the steady state is a function of the expected dynamics of percentage
deviations of public expenditures, and percentage deviations of the real in-
terest rate from their steady state values. Log-linearization hence facilitates
the description of the dynamic properties but it does of course not change
the character of the model. However, it cannot be ruled out that it may
have promoted interpretations according to which the Euler equation and
the IS-curve are the same. Examining (40) further, we also observe that
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variations in the lump-sum tax do not affect the so-called new Keynesian
[S-curve whereas a shift of its traditional counterpart would always follow.
This, too, can be explained by the property of the so-called New Keynesian
IS-curve to represent the optimal ratio of current and future consumption
which of course should not be affected by variations in the lump-sum tax.
Stated differently, (40) represents the growth rate of optimal consumption,
given that the goods market is always in equilibrium, and evidently this
growth rate cannot be influenced by tax policies which leave the first-order
conditions unaffected. This also casts some doubts on whether the observed
ineffectiveness of variations in a lump-sum tax can in fact be explained by the
Ricardian Equivalence which says that households leave their consumption
expenditures unchanged if the government changes the financing structure of
given expenditures. This result is commonly explained with the dependence
of household consumption expenditures on the discounted value of lifetime
income which remains unaffected by variations in the lump-sum tax. As has
been shown above, this dependence does not play a role in a baseline DSGE
model because a complete solution of the household optimization problem
is missing. Consequences of this ignorance are in particular critical if we
give up assumptions which ensure the Ricardian Equivalence. A prominent
example in this respect are differences between the private and public dis-
count factor. In case of a complete solution of the household optimization
problem, we would of course obtain the result that now households change
their consumption expenditures following a variation of the lump-sum tax.
In a DSGE model, however, this would not be possible.

3.3 Implications of the Representative Agent for the
Derivation of the IS-Curve

Of course we could always respond to this criticism by computing a complete
solution for the household optimization problem and using the result to derive
a macroeconomic consumption or equivalently, saving function, which would
then allow us to derive the IS-curve. In the following we show that this last
step does not make sense as long as we stick to the representative agent.
Since our argument does neither depend on the type of the utility function
nor on further assumptions concerning the behaviour of prices, we build our
proof on a greatly simplified model. We assume utility to be logarithmic,
we ignore household decisions on optimal labour, and we ignore uncertainty
and inflation. These assumptions allow us to derive a closed-form explicit
solution, without having to draw on log-linearization procedures.

The representative household has to solve the following optimization
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problem:

maxU = Y B (InCpyi+vIn M) (44)
i=0
v > 0
subject to

Covi+ Biyi+ My =Y — T + Biyioy (14 dppi-1) + My (45)

: Byir
lim ————— >0 46
P (4 i) © (46)
(45) and (46) can be summarized to yield the intertemporal budget con-
straint, where we have ignored exogenously given initial stocks of bonds and
cash balances:

C115—‘,—1 Ct—}—? Ct+T

Vi=Cy+ : - . +it 47
e (A A (EE AR R (e B
where V; is defined as follows:
Yivr — Tina Yio — Tigo
Vi = (Y, —T,)+ : + - : + 48
CE I T T i) )
Yiig — T, '
: t+3' t+3 ' +...—Mt< Zt.)_
(1 -+ Zt) (1 -+ Zt+1) (1 + Zt+2) 1+ 1t
My ( Ui+l ) B Mo ( Ut42 > B
(1+1d) \1+irpq (1+dp) (L4 tp01) \ 1+ drp0
Substituting the optimality conditions
1
C C 49
o= (305 € (19)
and L+
Mt—y( j“) c, (50)
t
into equation (48), we obtain as optimal consumption
1-7 ~
Cy = Vi = oV, 51
t T+ Vi (51)
~ Yiv1r — Tina Yipo — Tiqo
Vi = Y, =T, + . - . 52
e (= R (AT B
Yies — Tigs

+ ‘ - . +
(L4ie) (14 2e41) (1 + 2442)
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and optimal cash holdings

Mf:<°/>(1f“)u—ﬂﬁi (53)

147 1

Equilibrium between aggregate production and demand then implies
Yi=oVi+G, (54)

with 1715 representing the discounted value of all future net incomes. Equation
(54) represents the equality of S and I and hence the IS-curve of the model.
It is dynamic in the sense that it contains current and all future values of
aggregate income. However, the crucial point is that contrary to a-temporal
models equation (54) does not represent the aggregate goods market for all
t + 7. Differently put, next period production cannot be obtained by just
leading (54) one period further. Rather, due to the Euler equation, next
period equilibrium is represented by

Yipn =061+ CMZ + G (55)

The Euler equation thus implies that for each period we obtain a different
consumption function and hence a different equation for equilibrium between
aggregate production and aggregate demand. Assuming that demand and
supply are equal in each period, we obtain a sequence of aggregate goods
market equilibria according to

Y, = QMZ + Gy (56)
Yipr = B(1+14) oV + G (57)
Yipr = B2(1+4) (1 4+ir41) oVi + Grpa (58)

..... (59)

Equation (56) represents the equality of saving and investment in the cur-
rent period which contrary to its a-temporal counterpart now delivers a func-
tional relationship between a sequence of incomes {Y;, Y11, Y0, ..., Yiar}
and a sequence of interest rates {is,i;11, %42, ...,9047}. Using vectors, this
can be expressed as

Y = fi (i) (60)
with

Y = (Y;‘/J Y:‘Hrla Y;‘/+27 ceey Y;JrT)
i = (}/;fa}/;f+la}/;f+27"'7}/;+T)
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Note that the assumption of infinitely lived households implies that T" —
00. Hence in order to study the steady state equilibrium properties of the
model one would have to examine whether both sequences converge towards
some fixed value. The most important point, however, is that the functional
relationship between incomes and interest rates of equation (60) is only valid
for the current period ¢. Due to the Euler equation, we obtain for ¢ + 1:

Y = fi ()
or generally for period t + 4 :
Y = fii(i), i€[0,00) (61)
with

fe # fin# o Sfoi #F o, if
B(+i) # B(+im) # ... # B +inr) #1

which characterizes situations outside the steady state. Since, however, out-
side the steady state the interest rate undergoes changes over time, each
firis1 > 1 cannot be treated as a constant multiple of f;. Our findings
therefore indicate that by assuming a representative household, we obtain an
infinite number of different IS-curves each pertaining to a particular period
and each establishing a relationship between an infinite sequence of incomes
and interest rates. Of course this only holds outside the steady state but
DSGE models like all Keynesian models have a focus on situations outside
the steady state thus accounting for the evidence that market economies do
not naturally converge quickly to a long-run equilibrium but that some pol-
icy interventions might be necessary. A multiplicity of IS-curves, however,
poses serious problems to both the analysis of the time path of incomes and
interest rates as well as for policy responses.

We also observe, however, that each two subsequent IS-equations are re-
lated by the Euler equation which explains why in a representative agent
context the dynamics of the system is best described by the first-order con-
ditions of the household optimization problem together with the Phillips
curve. As has been indicated by the continuous-time versions of RBC mod-
els, the central role played by the Euler equation means that in these models
the focus should then naturally been laid on analysing the growth rate of
consumption. Of course by assuming some initial value it is always possible
to calculate subsequent absolute values of consumption over time. However,
this does not enable us to interpret the Euler equation as the IS-curve. It
just tells us that given an initial value of consumption, then next period

21



4 DERIVATION OF THE IS-CURVE IN AN OLG-SETTING

consumption can be determined according to a rule which is given by the
representative household’s optimality conditions.

In the following we replace the representative agent model by heteroge-
neous agent approaches, taking overlapping generations as an example. We
show that this assumption enables us to derive the IS-curve.

4 Derivation of the IS-curve in an OLG-Setting

Benassy (2007), too, uses an OLG-framework in order to overcome implau-
sible results of the baseline DSGE model. In this respect he, too, uses a
full-fledged solution of the household optimization problem. His focus is on
the implied ineffectiveness of tax policy which he states to have overcome by
taking advantage of the wealth effect. However, taking intertemporal opti-
mization seriously implies that decisions on wealth depend on interest rates
and other relative prices and therefore a wealth effect should be restricted to
shocks and hence unexpected policy measures which have not been consid-
ered during the process of optimization. We therefore choose an alternative
approach which explains consumption as well as the demand for financial as-
sets and the supply of labour as exclusively determined by relative prices and
exogenously determined income components. Our analysis basically serves
the purpose to derive a dynamic (and expectational) IS-curve which holds
for all periods and which represents an equilibrium in the aggregate goods
market in the sense that any demand gap due to household savings is filled by
income-independent components of aggregate demand. We start our analy-
sis with a simple case in which information is perfect and inflation is absent.
Together with the assumption of logarithmic utility, this will allow us to de-
rive explicit functions for aggregate consumption, money demand and labour
supply. We then generalize our approach by assuming a non-explicit CRRA
utility function and by accounting for inflation and uncertainty. This gener-
alization allows us to compare the thus derived IS-curve with the aggregate
Euler equation derived in Section 2.

4.1 A Simple Case

We maintain the assumptions of the model used in Section 3.3 with the
exception that we now consider an economy which in each period is inhabited
by a young and an old generation. Each generation lives two periods. The
young generation earns an income by supplying labour and receiving profits,
but for simplicity we will not make the decision on the optimal supply of
labour explicit. The young generation saves part of its available income and
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thus accumulates wealth which is used for consumption in the old age. We
ignore bequests and consequently assume that the young generation does not
start with some initial wealth.

When young each individual maximizes its lifetime utility

U=InC] +~yIn M +3InCy,, — max (62)
subject to the period budget constraints

Cl+Bl +M = Y,-T/ (63)
Ct = B (L+i) + M~ T, (64)

where C7 (C¢,,) represents consumption when the generation is young (old)
As first-order conditions we obtain the Euler equation

B(1+4,)C] =Cp,y (65)

and the optimal relationship between consumption and cash holdings:

. 144 )
M = 7( “’*) v (66)

(2

Inserting (65) and (66) into the intertemporal budget constraint

7o R Qo

Y, = T) — 2 = M | — C) + L 67
T T i\ ) T T T (67)

we obtain . o
V=—— (Vv —-T/ - 68

for consumption when young and
B (1 +i) T

Y=t V=T — 69
N e N T (69)

for consumption when old. In each period aggregate consumption is the sum
of consumption of the young as well as of the old generation, delivering for
the current period t,

C, = C)+C°= (70)
(vi-17 - 1) B0+ (Yir - T, - 222)
(L+~v+0) (1+v+8)
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and for ¢t + 1
Yipy — TPy, — 2 1+ip) (v, — 7Y — 12
o t+1 — L T T B+i) (Y =T — 5 (71)
T 145+ (1+8+7)

Importantly, now we obtain future consumption by just leading (70) one pe-
riod further, and we observe that contrary to the representative agent model,
(70) delivers a complete description of the time path of aggregate consump-
tion for all ¢. Likewise we obtain for the equilibrium between aggregate
demand and production in ¢ and ¢ + 1,

(i1 =) B+ (Yo - T, - i)

= (L+v+8) (I+v+58) G ()
(Yer =T - 2) BQ+a) (V- T — 152

e (e I

Note that again (73) results from leading (72) one period further implying
that (72) provides a full description of current production and its time path
as well. More importantly, as is the case for the traditional [S-curve, equa-
tion (72) represents equilibrium between aggregate production and demand
as a relationship between alternative levels of production and the interest
rate. Note, however, that this relationship is dynamic since the past and
current level of production as well as the interest rate are involved. Since we
have assumed that each generation lives for two periods only and that old
households do not earn an income from supplying labour or holding shares,
the IS-curve is backward looking with respect to aggregate production. If
by contrast for example each generation lives three periods, the resulting IS-
curve will also contain a forward-looking element. We observe furthermore
that contrary to the traditional version of the IS-curve it is no longer en-
sured that the resulting correlation between aggregate production and the
interest rate is negative. If investment is ignored, the slope of the IS-curve
depends on the shape of household utility. In the case of logarithmic utility,
a positive correlation between production and the current interest rate will
follow because each increase in the interest rate reduces the present value of
future tax obligations thus leading to a higher level of lifetime income which
allows the young generation to consume more in the present period. A pos-
itive correlation between aggregate current production and the interest rate
also follows for the previous period interest rate where now in addition to
the income effect, the consumption-tilting motive allows the old generation
to consume more. As a further result we observe that we are now able to
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examine the impact of variations of income taxes which implies that we are
now able to test for the validity of the Ricardian Equivalence.

4.2 A More General Case

In order to allow a comparison with the baseline DSGE-model we now con-
sider a non-explicit CRRA utility function, assume inflation and rational
expectations. Furthermore we model the young generation’s decision on its
supply of labour explicitly. For simplicity we restrict uncertainty to the time
path of the future price level and thus inflation which also implies that bonds
continue to yield a safe nominal return and that households have perfect in-
formation with respect to the amount of taxes which they have to pay in their
old age. We start our analysis by deriving the first-order conditions which
are basically the same as in Section 2. We then derive a full-fledged solution
to the optimization problem by log-linearizing the first-order conditions and
by linearizing the intertemporal household budget constraint around their
steady state values. This will allow us to obtain percentage deviations of
aggregate consumption around its steady state value.

Derivation of First-Order-Conditions The representative young house-
hold maximizes the following CRRA utility function:

u (CF) 1o (ﬁ) ()

subject to the budget constraints which we now express in real terms:

LBE [u(Ce)]  (T4)

maxV =

, , . MM B
¢/ = NW+Q -T ——Lt =L 75
t t t t t Pt Pt ( )

MY BY )
° = + 1+4,)—T° 76
t+1 Pt+1 Pt+1 ( t) t+1 ( )
M B! .

= t (i) - TR, (77)

Tl m 14T

where (), again denote real firm profits which we assume to incur exclu-
sively to young households. C7,, P41 and 7,4, represent random variables.
B} (B;) stands again for nominal (real) bond holdings and M (M;) denotes
nominal (real) cash holdings.

Taking expectations of (77) we obtain

.o My B}

= 144) —T7 78
t+1 1 4 Etﬂ-t+1 + 1 4 Etﬂ-t+1 ( +?’t) t+1 ( )
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Substituting (75) into (78) and recalling that
NIW, +Q, =Y, (79)
we obtain the intertemporal budget constraint

(1+74) M{sjit

Y, -T] —CJ —
( ! ! t) 1+ Emy 1+ Emg

= Etctoﬂ (80)

The approach yields the same first-order conditions as in Section 2:

o (CH) Wy =1 (NY) (81)
/ 7 1 / J 1 / o 1
u' (CY) P (M) E+5Et u (CPy) B (82)
/ N / o L+
o (Otj) P, = [E; {“ (Ot+1) TJ:] (83)
(82) and (83) imply
T () = v () (84)

Log-Linearization and Linearization around Steady State Values
Note that in the steady state, too, the young generation saves for its old age
and consumes the entire accumulated savings in the second period of its life.
The steady state is characterized by the following properties

1. B(1+3)=1=C{=Cy,=C

2. m=mp=n1=FE_im =FEmn.,=0
3. Y;:Y;H-l:?

LY-T -C=MN+B >0

Log-linearization of (81), (83) and (84) yield as percentage deviations
from the steady state:

R o 1 .
ng = —EC,? + @wt (85)
1
EtE?Jrl = Cg + ; (Zt — Etﬂ'tJrl) (86>
. A R
m = Td - —1, (87)
1]
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Next we linearize the intertemporal budget constraint around the steady
state:

— 147 (o — =i
OEtct+1 = 117 (Yyt - CCZ - Tﬁ?) + (88)
W +B\~ (W +PF I
= -l == 1 (1+)DE —
< 1+7 >Zt ((1+ﬁ)2 (L+7) Bt
i . W~ M o
P — — 1 + sEm — Tt

—_mt
1+7 1+7 (1+7)

where we have substituted N°W +Q —T° — C by W+ B Setting 7 = 0
and rearranging terms, we finally obtain

CEe, = (1+1) (Y5 - Cd - TIH) + (89)
Bio— (3 + B (1+7)) Bms - Wil - T°%,
Substituting the first-order conditions into (89), we obtain
c (a + 16 Etth)) - (1+7) (Ta-TE-a) + (90)

B~ (M + B (1+7)) B T, —

Rearranging terms, we obtain

~q 1 X5 =\ ~ -~
C’Z = E [Y (1 + Z) Yt + @ﬂt + @2Et7rt+1 + @3t] (91)

¢ = €(2+z)+m%>o

—i == 1=\ =1
0, = BJ+Mji(—l)—C—§O
0 o
_ v =) AL >
6 = — (M +B (1+7))+0-20
0, — _(Tﬁz‘ (1+E)+T°?§+1><0

©; describes the impact of the nominal interest rate and ©, the impact of
expected inflation on percentage deviations of young households’ consump-
tion from the steady state. Obviously both terms are not the same which
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implies that EZ responds differently to changes in the nominal interest rate
as compared to changes in expected inflation. This result can be explained
by the store-of-value function of money which affects the intertemporal bud-

get constraint through the opportunity cost of cash holdings ; +A1§wi:+1' The
opportunity cost of cash holdings obviously react differently to variations of
expected inflation and the nominal interest rate. This is even the case if
we hold real balances constant. Recall that in the baseline DSGE model it
is the real and not the nominal interest rate which determines consumption
since here consumption is directly derived from the Euler equation thus only
the relationship between present and future consumption is considered with-
out taking cash holdings into account. As a further difference compared to
the baseline DSGE model we observe that in our OLG approach it is by no
means certain that an increase in the (nominal) interest rate reduces con-
sumption. Recall that in the absence of inflation and under the assumption
of logarithmic utility we even obtained an unambiguously positive impact
of interest rate changes on consumption. Now we have to consider several
opposing effects. As we see from Oq, both an income effect and the effect of
changing interest rates on the opportunity cost of cash holdings establish a
positive correlation whereas a negative correlation follows from the substitu-
tion effect. The fall in opportunity cost of cash holdings can be explained by
the negative correlation between nominal interest rates and optimal money
holdings. In order for the substitution effect as specified by the term 6%
to outweigh the income effect, the intertemporal elasticity of substitution %,
has to satisfy the condition

1B Mi(1-i)

> (i)
o C C H
On a qualitative level, the same argument applies to the impact of expected
inflation on young households’ consumption but as we have already empha-
sized, quantitative effects are different. A higher rate of expected inflation
leads to an increase in younger households’ consumption only if the intertem-
poral elasticity of substitution meets the following condition

1 W B,

=> =+ = (1+4)! ii

> Z a4 i)
Finally we see from ©3; that now taxes have a direct impact on deviations

of young households’ consumption from the steady state, provided that taxes,

too deviate from their steady state values.

IObserve that condition (i) und (ii) only coincide in the special case that B = -

w [1 —q (1 - Eu)] implying that only in this special case the effect of nominal interest
rates and expected inflation on consumption coincide.
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Aggregate Consumption Percentage deviations of aggregate consump-
tion from the steady state are given by

a=0+7d (92)

In order to calculate €7, we first linearize (78 ) now relating to the previous
period, around the steady state thus obtaining

CE& = B+, +Bi,-B (1+i)Em— (93

T~ =757 =070
my_q — M Etfl’ﬂ't - T tt

Expected old age consumption and realized old age consumption differ when-
ever expected and realized inflation fall apart. Accordingly we obtain for
realized old age consumption in t:

Ce = B+, +Bi 1B (1+i)m+ (94)
Ml —Mr T
Substituting (93) into (94) yields
Ceo =CB,_& - (Ej (1+7) + Mj) (7 — Ey1my) (95)
After inserting (86) into (95) we get
¢ = Z:Z_l + é (@—1 — Et_lﬂ't> — (Ej (1 —|—Z) +Mj) (my — Eyqmg)  (96)

with .

Gy = E [? (1 + E) Ji1 + Otiy 1 + O3y, + @3t71:| (97)
Given 82717 current old age consumption is positively correlated with the pre-
vious period real interest rate and negatively with a surplus of realized over
expected current inflation rate. The first effect results from the first-order
condition (86). The second effect can be explained by the impact of second-
period income on old-age consumption. If current inflation is higher than
expected, than the old household incurs a loss in real income and will have
to reduce his consumption accordingly. Taking (97) into account we observe
that for the old generation, too, it will generally not be real but nominal
interest rates which affect consumption. Furthermore we observe that when-
ever inflationary expectations prove to be false, the realized inflation rate,
too influences old age consumption thus establishing a negative correlation.
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We obtain as aggregate consumption:

R Y(1+i) O~ O+ 5. S
;. = M (U + Y1) + ?1% + 3 Tip_1 + ?2Et77t+1 + (98)

0, — £ —j I — O3 + O3
2 o E,_m — (Bj (1 + z) + MJ) (m — Ey_qmg) + %

The IS-Curve Since we have ignored investment, the IS-curve in our sim-
ple model represents the equality of private savings and public dissavings
which is equivalent to stating equilibrium in the aggregate goods market as
specified by
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In comparison with the baseline DSGE-IS-curve we now observe a richer dy-
namics of both aggregate consumption and aggregate production since now
not only the current but also the previous period interest rate and the pre-
vious period expected inflation rate play a role. It is noteworthy that we
thus obtain an explanation for inflation persistence which does not originate
from deviations from rationality but from the assumption that consumption
is determined by the rational behaviour of (two) overlapping generations.
Finally we observe an impact of an inflationary expectation error concerning
the old age generation. As we have already clarified as a further difference to
the baseline DSGE model, now the time path of aggregate production is not
determined by real but nominal interest rates, which follows as a due con-
sequence of the store-of-value-function of money. Finally and importantly
it is not only public expenditures but also tax policy which affects the dy-
namics of aggregate production. In particular we are now able to discuss the
importance of Ricardian Equivalence in the true sense of the word.
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5 Conclusions

In this article we have shown that the so-called new Keynesian IS-curve does
in fact not represent the equivalence of saving and investment but relates
current to next period consumption. We have furthermore made evident
that the derivation of an IS curve in a new Keynesian framework of in-
tertemporally maximizing households which holds for each period, requires
the assumption of heterogeneous agents. Taking a simple overlapping gen-
erations model as an example we have derived an IS-curve which offers a
richer dynamics than the standard DSGE case. It allows us furthermore
to study Ricardian Equivalence because our behavioural functions provide
a full-fledged solution to the household optimization problem taking the in-
tertemporal budget constraint into account. We also have found differences
concerning the relationship between aggregate consumption, interest rates
and (expected) inflation. First, due to the store-of-value function of money
it is not the real but the nominal interest rate which affects consumption.
Second, a negative correlation between nominal interest rates and consump-
tion is by no means clear. The reason for this result is twofold: A rising
nominal interest rate reduces optimal money holdings and thus allows for a
higher level of consumption. Furthermore since in an OLG-model the young
generation continues to save in the steady state, the income effect of a rising
interest rate does no longer cancel out. The same ambiguity holds for the
impact of expected inflation whereas the realized level of current inflation
unambiguously reduces aggregate consumption in case of an inflationary ex-
pectation error since the old generation experiences a lower real income than
was expected. We think that these conclusions assign an innovative property
to the new Keynesian IS-curve which should be further explored considering
extensions of our simple model.
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