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ARTICLE INFO ABSTRACT

JEL classification: We provide theoretical underpinnings to the traditional IS curve by using the concept of basic and
C2 non-basic goods and services in the consumption basket. An extended version of this IS curve
El incorporates the effects of functional income distribution by appealing to rule-of-thumb behavior.
Keywords: An empirical analysis for both emerging and advanced economies shows that this IS curve does
IS curve not suffer from the "IS puzzle," a weakness that affects its new Keynesian counterpart, when a
Rule-of-thumb behavior . . . . : s

IS puzzle measure of the nominal interest rate is used. The interest rate negatively and significantly affects

output. Secondly, the second-order term typically specified in the output dynamics does not arise
from structural consumption behavior. Thirdly, although we find significant rule-of-thumb
behavior in that the labor share is statistically significant, optimal behavior dominates econo-
mies. Lastly, basics make up an overwhelming component of the consumption basket, which
explains the sluggish response of output to shocks. The implication is that there is a need to
extend the basic two-equation model into a 3-equation system by adding the dynamics of the
labor share.

1. Introduction

This paper revisits the dynamics of output in light of some of the disturbing empirical evidence about the new Keynesian IS curve.
The new Keynesian approach derives macroeconomic relationships from optimization and it thus provides the parameters in these
relationships with a clear theoretical interpretation. A key outcome of this optimization process is forward-looking behavior. However,
the empirical evidence for forward-looking behavior appears weak. For example, beginning with Fuhrer (1997), in the literature on
inflation dynamics there is a strand which questions the empirical relevance of forward-looking behavior. In a series of studies, Rudd
and Whelan (2005,2007) also find that inflation dynamics are backward-looking. In the same vein Fair (2008) and Nason and Smith
(2008) find little evidence of forward-looking behavior in inflation dynamics.

Turning to output dynamics, very little work has been done on the empirical significance of forward-looking behavior. Having
observed that purely forward-looking specifications are at odds with the data, Fuhrer (2000) proposed habit formation as a way to
induce sluggish output response to shocks. Perhaps the only study that most directly tests the significance of forward-looking behavior
in output dynamics is Fuhrer and Rudebusch (2004). In this study, Fuhrer and Rudebusch find little evidence of forward-looking
behavior. They also find that the more backward-looking the behavior, the higher is the effect of the real interest rate on output.
Unfortunately, except for Bilbiie (2008),Stracca (2010),Bilbiie and Straub (2012),Ascari et al. (2021) and Haque and Magnusson
(2022), not much has been written in this line of research. Instead, many researchers assume the hybrid specification proposed by

E-mail address: christopher.malikane@wits.ac.za.
1 I would like to thank Funanani Manari and Tebogo Mphahlele for excellent research assistance, and Sedjro Alovokpinhou for critical support.
Special thanks to the editor and the two anonymous reviewers for detailed comments.

https://doi.org/10.1016/j.jmacro.2024.103640

Received 20 November 2023; Received in revised form 16 August 2024; Accepted 11 September 2024

Available online 12 September 2024

0164-0704/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:christopher.malikane@wits.ac.za
www.sciencedirect.com/science/journal/01640704
https://www.elsevier.com/locate/jmacro
https://doi.org/10.1016/j.jmacro.2024.103640
https://doi.org/10.1016/j.jmacro.2024.103640
http://creativecommons.org/licenses/by-nc-nd/4.0/

C. Malikane Journal of Macroeconomics 82 (2024) 103640

Fuhrer (2000) because the optimization process produces a forward-looking term.

Given the significance of backward-looking behavior in macro-models, this paper derives a backward-looking IS curve to describe
output dynamics like models such as Rudebusch and Svensson (1999). Many researchers criticize backward-looking models or reject
these models out of hand on the grounds that they suffer from the Lucas Critique and that they do not have theoretical underpinnings.
However, there is no consensus in the literature on these points. For example, Kara and Nelson (2004) find that a forward-looking IS
curve is more stable than its backward-looking counterpart. On the other hand, Estrella and Fuhrer (2002) find that some
forward-looking models suffer from the Lucas Critique more than backward-looking models. Lastly, Paradisoet al. (2013) find that the
backward-looking IS curve fits Australian data better than the forward-looking IS curve. In addition, Goodhart and Hoffman (2005)
prefer the backward-looking IS curve for the G7 over its forward-looking counterpart.

There is also the problem of the interest rate effect in forward-looking models. Although Kara and Nelson (2004) find significant
and correctly signed interest rate effects, Fuhrer and Rudebusch (2004) do not find such effects significant. Further evidence of the lack
of interest rate effects in new Keynesian IS curves is provided by Stracca (2010) and Ascari et al. (2021,2024). Extending the new
Keynesian IS curve to consider open economy factors, rule of thumb behavior, and habit formation does not help to improve the
interest rate effect, as Haque and Magnusson (2022) have found. An attempt to explain this puzzle is from Bilbiie (2008) and Bilbiie
and Straub (2012), who argue that there was a structural change in the US economy between 1979 and 1982. Specifically, there was
limited asset market participation before 1979 compared to the period after 1982.

The empirical result about the lack of interest rate effects in the IS curve poses a challenge to policymakers. This challenge arises
because several central banks use calibrated small-scale forward-looking models, or Quarterly Projection Models, similar to the one by
Berg et al. (2006). In these models, it is assumed that the real interest rate negatively affects the output gap. Other central banks use
large-scale models similar to the one proposed by Smets and Wouters (2003), in which the consumption and investment expenditure
equations posit a negative effect of the real interest rate. However, as the studies by Ascari et al. (2021,2024) have shown, consumption
and investment expenditures are not sensitive to real interest rate changes.

In light of the above problems with the new Keynesian IS curve, we revisit the traditional IS curve by providing it with theoretical
underpinnings. We make three assumptions to derive our IS curve. Firstly, in terms of economic structure, we posit a two-class
economy, which is standard in heterodox macro literature. The assumption of a two-class economy provides the theoretical basis
for consideration of the role of functional income distribution, measured by the labor share, in driving output dynamics-an issue
extensively discussed in Bhaduri and Marglin’s(1990) seminal contribution. Secondly, following the literature spawned by Campbell
and Mankiw (1989), later given more impetus by Fuhrer (2000) and Gali et al. (2004,2007), we assume the presence of optimizing and
rule of thumb consumers. The presence of rule-of-thumb consumers provides an easy way to specify the labor share in our hybrid IS
curve explicitly.

Thirdly, the consumption basket comprises two components: basic and non-basic goods and services, where basic goods and
services evolve on the basis of past consumption patterns, reminiscent of the habit-formation idea of Fuhrer (2000). The distinct role of
basic goods in consumption allows us to derive an optimization-based backward-looking IS curve.

The resultant IS curve has three features. Firstly, its dynamics are described by an AR (2) process, allowing flexibility to fit much of
the output data. Secondly, in line with the aggregate demand side’s specifications proposed by the heterodox literature such as Taylor
(1985) and Bhaduri and Marglin (1990), our IS curve explicitly features the ambiguous effect of the labor share. By explicitly spec-
ifying the labor share as one of the output drivers, we go some way to bridge the gap between mainstream and heterodox macro-
economics. Thirdly, our IS curve is purely backward-looking but derived from optimization. This allows us to provide a structural
interpretation of its parameters in the same way as its forward-looking new Keynesian counterpart. Fourthly, when some measure of
past nominal interest rates is used, such as the nominal version of the moving average used by Rudebusch and Svensson (1999), our IS
curve overcomes the IS puzzle, but its new Keynesian counterpart does not. This provides further empirical support to the finding by
Fair (2004: 66) that the nominal, rather than the real, interest rate is relevant in expenditure equations. Fifthly, basic goods dominate
consumption across all economies, which explains the sluggish behavior of consumption and, by extension, output to shocks. Lastly,
optimizing behavior is dominant across economies.

The paper is structured as follows: Section 2 derives the traditional Keynesian IS curve, Section 3 estimates this IS curve for a
number of countries, and Section 4 concludes with areas for future research.

2. The model
2.1. The set-up

We first assume an economy that is composed of two classes: wage earners and profit earners. Wage earners derive their income
from wages, and profit earners derive their income from profits. Secondly, we assume that within the class of wage earners, there are
two types of households. One type chooses the consumption level in an optimizing way, while the other uses a rule-of-thumb scheme to
determine its consumption level. Thirdly, for simplicity, all profit earners use a rule-of-thumb scheme. This last assumption can be
relaxed, but this will complicate the model without changing its substance. The introduction of rule-of-thumb behavior for con-
sumption in macro-models can be found in Fuhrer (2000) and Gali et al. (2004,2007). Aggregate consumption is composed of profit
earners’ and wage earners’ consumption as follows:

C=Cu+ th (€Y
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where C, is aggregate consumption, C is profit earners, and C,, is wage earners. Eq. (1) can be further written as:

C = Cut + Cut + Cly, @)

where C;, is the level of consumption by optimizing wage earners, and Cy is the level of consumption by rule-of-thumb wage earners.

The second set of assumptions relates to the types of goods consumed. We assume that, in general, the consumption basket consists
of basic and non-basic goods and services. Therefore, each class in this economy consumes a combination of basics and non-basics. We
elaborate on this assumption in more detail in the context of optimizing wage earners.

2.2. Rule of thumb behavior

We start by specifying the behavior of rule-of-thumb wage earners. The literature uses a variety of rule-of-thumb schemes.
Campbell and Mankiw (1989),Fuhrer (2000),Gali et al. (2004,2007), Di Bartolomeo et al. (2011) and Furlanetto and Seneca (2012)
posit that agents who follow the rule-of-thumb consume all their income. Amato and Laubach (2003) assume that these wage earners
set their current consumption equal to past consumption. We assume that rule-of-thumb wage earners choose the level of consumption
according to a Keynesian rule as follows:

Ewt =, (M) 3)
Py

where W, is the nominal wage rate, N, is the number of rule-of-thumb wage earners, P is the price level, and ¢, is the fraction of rule-
of-thumb wage earners’ disposable income that is spent on consumption, or in Keynesian terms, their marginal propensity to consume.
Note that in Eq. (3) our rule-of-thumb consumers do not have access to credit, which implies that these households do not participate in
asset or credit markets. We can rewrite Eq. (3) as follows:

Cue = 6,,(1 = 70)Se1Yen, @
where y, is the share of optimizing agents among wage earners. Note that the labor share is by definition given by S; = 'gr‘g‘., where N, is
the number of wage earners. The profit earners’ behavior can be analogously derived as follows:

Cct = 92(1 *St—l)yt—l; (5)
where ¢ is the proportion of income that profit earners consume. This allows us to re-write Eq. (2) as follows:

Ce=Ch+0,((1—70)St-1)Yerr + 6(1 — Se1)Yer. (6)

We can then linearize Eq. (6) to obtain the following:
C = l//oe;r +(1- l//o){SO [9;,(1 —7%0) — gﬂ 081 + [‘9‘64/((1 —70)S0) +05(1 *SO)}HCC%—I }7 @

where y, is the steady state ratio of optimal wage earners’ consumption to total consumption, and (1 —y,) is the steady state ratio of
rule-of-thumb consumption to total consumption. The parameter 6 is the steady state ratio of output to total rule-of-thumb con-
sumption. It is standard in heterodox literature to assume Kaldorian savings habits, which means that 6;, — ¢ > 0, implying that the
consumption propensity of wage earners exceeds that of profit earners. Using Keynesian reasoning, the idea is that wage earners tend
to have lower incomes than profit earners, and they have larger household sizes. Therefore, their marginal propensity to consume is
higher. However, in our case, the intervention of the parameters (1 —y,) creates an ambiguity regarding the effects of the labor share on
consumption, contrary to the old Kaldorian models.

2.3. Optimizing wage earners’ households

As pointed out, the consumption basket comprises basic and non-basic goods and services. The component of basic goods includes
the minimum means of subsistence, which was long discussed by classical economists such as Ricardo (2001: 58), who said this
minimum depends on habit. Denote the amount of basic consumption goods by X; and non-basic consumption by Z;. Therefore, for
optimizing wage earners, aggregate consumption is a CES aggregate of basics and non-basics so that:

n

L G i
c,=1-anX," +az," , (8

Gk

where denotes a variable associated with optimizing agents. From Eq. (8) the aggregate price index is P; =

1
[(1- )P+ aPL" ', where P, is the price of a unit of the non-basic good, and Py is the price of a unit of the basic good. The
basket of basic goods depends on past consumption habits. Specifically, like Fuhrer (2000), we assume that the basket of basic goods
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depends on the level and change in past consumption. This implies that while the formation of basics depends on the level of past
consumption, the change in past consumption modifies the rate at which past consumption is converted into basic consumption. Based
on this, the basket of basic goods evolves according to:

C7 a
X*Wt =b,Ci <Ct 1) s 9)

t—2

where b, measures the degree to which past consumption is converted into basic consumption, a measures the effect of past con-
sumption growth on current basics. Note that Eq. (9) is similar to the rule-of-thumb used by Gali and Gertler (1999) and Amato and
Laubach (2003) about price-setting. In our case, we adapt this rule to describe the evolution of basics in the consumption basket. In
addition, when a = 0, the formation of basics becomes similar to the habit-formation process used by Smets and Wouters (2003),
among others. The instantaneous utility function that characterizes the tastes of the optimizing wage earners is:

C*I—J
Ut = 77— (10)
1-0
Optimizing wage earners maximize Eq. (10) subject to the following budget constraint:
DY 1+i)DY W.N, .
_t — ( t) -1 Yo t t_,'_c;,[7 1n

Py Py Py

where DY is the nominal value of wage earners’ household debt, the number of optimizing wage-earners is y,N;, and i{ is the nominal
interest rate specified in the wage earners’ debt contract. We assume that the nominal interest rate specified in the debt contract

evolves according to: if = i,_;, where i;_; is some measure of past interest rates. Following Rudebusch and Svensson (1999), this
measure is i = Zjioit,j. The standard first-order conditions are:

Cri’ =2t (12)

1+i
A = PE e ( i +;T;>, (13)

where 7{ denotes expected inflation. We log-linearize the intertemporal condition and take deviations from the steady state to obtain
the following relationship:

PO 1~ .
th = cwt+l - ; (lFl - ”te - rt—l)7 (14)
where r{ is the steady state real interest rate. The optimal allocation of consumption expenditure is given by:

X:/t =(Q1 _a>p;tr,c:/t7 (15)
Zy = ap,"Cyyps (16)

wi

where p,. and p,, are the relative prices of basic and non-basic goods. From Eqs. (15) and (16) we establish the optimal allocation of
consumption expenditure between basics and non-basics as the following:

n- ()

Log-linearizing Eq. (17) and taking deviations from the steady state, we obtain:

/Z\:vt = 2:vz - ﬂ(ﬁlt *ﬁxt)- (18)

From Egs. (8), (15) and (16), we can write the linearized consumption basket as follows:

P ~ P

Cpt = WXy + Oy 2,,. (19)

where @y, = Z22 and w,, =22X are the steady-state shares of non-basics and basics in total consumption expenditure. Substituting
PoCo PoCo

?;,t from Eq. (14) using Eq. (19), the intertemporal condition is as follows:

wwxi‘*w + wwzg:;t = wwxi:/tﬂ + wWZE;'Hl s (if*1 - - rt*—l)' (20)
We then use Eq. (18) to substitute Z,,,; and make Z,, the subject of the formula to obtain the following equation:

" 1~ . ~ -
= Etxwt+1 - E (lt—l - ﬂ:i - r[,1) + wwz”(Aprl - Apzwl)‘ (21)
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Further log-linearizing Eq. (9) we have the following equation:
X,, = Cr1 + aAC . (22)

Taking Eq. (22) one step forward and inserting the resultant equation into Eq. (21) we obtain the following:
~ ~ 1~ . ~ ~
Z, =G +adt —— (i1 — 78 = 17_1) + @uet)(APxes1 — ADges1). (23)

From Eq. (19) we can write non-basic consumption as:

. 1 . O~ ~
=0, — w—wx (Ci1 +aAC, ). 24)

wt T
WDyy wz

Using Eq. (24) to eliminate Efw from Eq. (23) we obtain the following equation:

. . . o O N ~ ~
Cor = [wwx(]- + a) — wwza]ct—l — WyxAC_p + wwz(]- + a)ct - % (lz—l - ﬂ: - rt,l) + wwz"l(ApxtH - Apzr+1)» (25)

Using Eq. (25) to eliminate E:,[ from Eq. (7), we can write Eq. (7) as follows:

C=aCry —UsCr o —d G-:L—l - — r:,l) + @Y1 + TS + &, (26)
where:
1 -yoou:(1+a) 1 —yoow(l +a) (1 — yowu:(1 + a)) 1 —yowu:(1 +a)

0% [65,(1 — 79)So + 65(1 — Sp)]
1 —yoou:(1+a)

C a)WZ ~ ~
&= ( YoSuel )(Apxm — ADzi1).

=(1-wo) 1~ yoom(l +a)

Note that in Eq. (26) & denotes relative price shocks. Eq. (26) is the structural traditional Keynesian consumption-based IS curve. It
is a second-order dynamic consumption function, augmented with output and the labor share, which arise from the existence of rule-of-
thumb consumers. The complexity of @ allows us to engage with the argument advanced by Bilbiie (2008) and Bilbiie and Straub
(2012) that a sufficient increase in asset market participation y, can cause a flip in the sign of @', thereby leading to the IS puzzle. We
take this issue up in the empirical section.

Further note that in new Keynesian specifications, the consumption Euler is used as the basis to arrive at the reduced-form output-
based IS curve. While this can be done using the specification in Eq. (26), we would miss a nuanced understanding of why the labor
share carries an ambiguous sign given that in relation to consumption, Kaldorian savings habits imply a definite sign. In other words, as
pointed out by Dutt (1984),Taylor (1985) and Bhaduri and Marglin (1990) among others, the intervention of investment behavior in
the transition from the consumption-based to the output-based IS curve causes ambiguity of the sign of the labor share, despite the
assumption of Kaldorian habits.

2.4. The open-economy extension

The IS curve that we have derived above assumes a closed-economy setup. Extending it to an open-economy setup requires that we
restate the consumption basket in terms of the domestic and imported foreign good. We then write:
Z
-1
1 *1;1 1 x=1

Co= |1 —wpCl +wz,b| (27)

w.dt

where “*” denotes a variable associated with optimizing agents, C;, ; is the consumption basket of domestic goods and Z,, ,, is the

.mt

1
consumption of the imported good. From Eq. (27) the aggregate price index is P, = |(1 — w)Pi{ (S a)P;? ] 1% where Py, is the price of

a unit of the imported good and Py, is the price of a unit of a unit of the domestic good. The utility function is the same as in Eq. (10).
Denote total imported goods and services by Z,;. We assume that imported goods and services are bought at contract prices one period
in advance so that the contract price for these goods is 1~5't,1P7;71 (1 + m¢), where E,_; is the nominal exchange rate that prevailed at time ¢
—1,and P{q is the foreign price that prevailed at time t — 1 and 7, is the price inflation rate. The resource constraint is the same as in
Eq. (11).

The optimal allocation of consumption expenditure between the domestic and foreign goods is:

® N\ (P "
Zyme = (m) (ﬁ) Coae- (28)
Let Q; = E;f:{ be the real exchange rate. Log-linearizing Eq. (28) we have:

5
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o~k

Zym = E:/_dt 7)(6!*1 +Zﬁdt~ (29)

Note that E:v‘dt is given by Eq. (19). Therefore, using Eq. (19) to substitute E;_dt from Eq. (29) we obtain:

~k

Zyy it = DwxXogg + OusZoge — ¥Qe-1 + YDt (30)
We then use Eq. (18) to substitute Q‘*ﬂ to obtain the following equation:

Zyme = X = XA + APac — Ol (Pt — Prt)- (31)
From Eq. (22) this in turn implies that:

Zpyme = €1+ GQACT 1 — 2Ge 1 + ¥Pac — Wuwall(Pat — Pixe)- (32)

Rule-of-thumb importers are a fraction(1 —y,) of wage earners. All profit earners import based on rule-of-thumb behavior. They
import using the following Keynesian schemes:

Zoe = 6, (1 —70)Se1 Vo1 + 6 ,,(1 —Se1) Y, (33)

where 6}, ., and 67, are fractions of income that rule-of-thumb wage earners’ and profit earners’ households use to import, respec-
tively. Linearizing Eq. (33) we obtain:

Zme = O Y1 + P @Sen, (34)

where ¢, ! is the inverse of the steady state import-output ratio, aj, = 605, m (1 —70)So +6; (1 —So)] andda}, =S (é}fv‘m(l —70) — 6 )

cm

Aggregate imports are therefore given by:
Zmt = Y(1+@)C1 — 7m@Ce 2 — Qe + (1 — ym)qﬁ;la{nyl*l +(1- 7m)¢;:lafn§t71 + VmdPat = Ym@well(Dat — Die)s (35)

where y,, is the steady state ratio of optimal imports to total imports and (1 —y,,) is the ratio of rule-of-thumb imports to total imports.
Lastly, exports are analogously derived following McCallum and Nelson (2000) as imports in the foreign economy. In addition, we
simply assume that there are no rule-of-thumb consumers in the foreign economy. Therefore, the export function becomes:

Xxt = (1 + af)/“:{—l - af/(’{—z +Zfat—l +Xfﬁ{1z - wfwz"f)c (ﬁir _ﬁit)7 (36)

where ffgt is the relative price of the foreign good, ﬁ{(t is the foreign price of basics, ﬁ’; is the relative foreign price of the non-basics and
the superscript “f” denotes a foreign economy variable or parameter. We now turn to aggregate output dynamics.

2.5. Aggregate output dynamics

Assuming that at macroeconomic equilibrium, output equals consumption by abstracting from investment and government
spending, the linearized macro-balance equation is:
Ve = Pl + Xt — (Bt +e1)- (37)

Using Eq. (37) to express ¢, in terms of ¥, and using FEq. (26) we have the dynamics of output as follows:
yt = _yyt—l - 5yyyt—2 - 5r ({t—l - ﬂ’f - r:,l) + 5s§t—1 + 55,5\,{,1 - (Sfyyy{,g + 5q21\t71 + €t, (38)

where we assume that higher order domestic and foreign output terms, and the combination of relative price shocks are captured by
the error term ¢; and 8, = (@1 + @ — Pprm(l + @) — (1 = 7)), 8y = (@2 — Pwarm)s 6 = ¢ @, 55 = (B8 — (1 — 7)), &) =
¢e(1 + o), 5§,y = ¢ and 8¢ = [P (rmr — 1) + $¢f]. Eq. (38) is the open-economy extension of the backward-look IS curve of

Rudebusch and Svensson (1999), except that the labor share appears explicitly in our case. The significance of the labor share signals
the existence of rule-of-thumb consumers. A similar IS curve, absent the labor share, is also used by Goodhart and Hoffman (2005),
Paradisoet al. (2013) and Alovokpinhou et al. (2024) to investigate the effect of the interest rate on output.

3. Empirical evidence
3.1. Data and estimation strategy

We test the empirical strength of our derived IS curve by using data from eight advanced economies and eight emerging market
economies, where data for all the variables that are in Eqs. (26) and (38) is available. Data is sourced from the Federal Reserve Bank of

St. Louis. However, the labor share is derived from the OECD database. We have homogenized the samples across countries to start
from 2000 to 2019. The only exception is Mexico, whose labor share series starts from 2008 to 2019, so estimations for Mexico that
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involve the labor share have a shorter sample than the rest of the countries. In terms of frequency, we use quarterly data.

The variables are measured as follows: output is measured using real GDP, consumption is measured using real consumption
expenditure, the interest rate is measured using the 90-day Treasury bill rate, foreign output is US real GDP for most countries and for
the US, foreign output is the EU real GDP and the real exchange rate is measured using the real effective exchange rate. The labor share
is measured by dividing the nominal compensation of employees by nominal GDP. We control for outliers and possible breaks using
dummy variables for each country. The measure of past interest rates that borrowers and lenders use on their debt contracts is i; =
% Z_;':ol ir_j, as in Rudebusch and Svensson (1999), where k varies per country.

We detrend the data using the HP filter. We note that Hamilton (2018) does not recommend the use of the HP filter; however, there
is literature that shows that Hamilton’s proposed filter does not improve upon the HP filter; for example, Drehmann and Yetman
(2018),Hall and Thomson (2021) and Franke et al. (2023). Therefore, we also present results based on detrending using the quadratic
time trend in the Appendix. Broadly, the results are qualitatively similar to those of the HP filter. In terms of estimation method, we use
Ordinary Least Squares with Newey and West (1987) heteroscedasticity and autocorrelation consistent standard errors to estimate the
backward-looking IS curves, and for the new Keynesian IS curve, we use GMM.

Given the structure of the equations, it is very difficult to identify all the parameters that underlie them. Studies that investigate the
role of rule-of-thumb consumers tend to rely on parameter calibration, e.g., Gali et al. (2004) and Furlanetto and Seneca (2012).
Alternatively, these studies, e.g., Gali et al. (2007), present reduced-form evidence. Consequently, we also present reduced-form
evidence of the Keynesian consumption and output dynamics that we have derived.

We also perform a semi-structural estimation. Now, the parameters in Eq. (38) are hopelessly complex, so we cannot attempt a
structural estimation to recover them. In any case, there are more parameters than variables and, so we cannot identify the underlying
parameters. However, regarding Eq. (26), we can attempt a structural estimation under the assumption of log-utility, which is used in
the literature on rule-of-thumb behavior. Under this assumption, we have ¢ = 1. The parameters in Eq. (26) would then be:

a =y (wWX(l et wwza) @ = ( i1 ) a= ( o > c=01-y )HCCSO(Hﬁv(l 7o)~ Hg)'éy
\1 -yl +a))’ 1-yoou(1+a))’ 1—yoou:(l +a))’ 1 — yowu(1 +a)

07 [05,((1 — 79)So) + 05(1 — So)]
1= wowu:(1 +a)

=(1-y,)

Note in addition that w,, = (1 — @,,). Furthermore, if, from reduced-form evidence, we find that the parameter for ¢, » is not
significant, we can set a = 0 in our structural estimation. This makes the formation of basics follow the same process as the formation of
habits used by, for example, Smets and Wouters (2003). This further simplifies the parameters to be:

~ Dyx ~ ~r I/IOwWZ
= _ =0 =X

0“So (93/(1 —7Y0) — HC)

@ =(1-y,) 1—yy0 <
o0Wwz
6 [65,((1 = 76)S0) + (1 — So)]
&y =(1— w [4
( Wo) 1 — Yot
Table 1

Reduced-form estimates of the basic consumption-based IS curve (Eq. (26): yy =1, 6 = 1).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey

T 1.04* 1.11% 1.02% 1.29% 1.07* 1.59% 1.26% 0.77*
(0.10) (0.15) (0.09) (0.17) (0.11) (0.10) (0.10) (0.10)

T2 —0.19%* —-0.24 —0.11 —0.42** -0.13 —0.61* —0.39* 0.04
(0.11) (0.16) (0.10) (0.24) (0.10) (0.11) (0.09) (0.09)

Te1 —0.02 0.14 0.04 —-0.13 0.02 0.06* —0.14 0.00
(0.07) (0.08) (0.08) (0.11) (0.10) (0.02) (0.12) (0.05)

R? 0.75 0.80 0.84 0.84 0.87 0.94 0.82 0.68

Advanced Economies

Australia Canada EU Japan Nz us UK Norway
€1 1.07* 1.24* 1.30% 0.76* 0.72* 1.21% 1.21% 0.95*
(0.16) (0.11) (0.13) (0.09) (0.10) (0.11) (0.11) (0.14)
Cr2 —0.22 —0.40* —0.30%* 0.03 0.15 —0.28* -0.23 -0.14
(0.18) (0.14) (0.15) (0.06) (0.09) (0.13) (0.14) (0.18)
Teo1 —0.35*% —0.09 0.00 0.57* —-0.25 —0.14* —0.38%* —0.03
(0.16) (0.09) (0.05) (0.21) (0.15) (0.08) (0.19) (0.08)
R? 0.77 0.86 0.93 0.75 0.66 0.87 0.86 0.66

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
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3.2. The basic consumption-based IS curve

The first set of results concerns the consumption-based IS curve in Eq. (26) but with y, =1, i.e. there is no rule of thumb behavior.
Table 1 reports the results for the real short-term interest rate. The significance of the real interest rate in driving consumption appears
to be weak in many of the economies in our sample. Only two economies in our sample, the UK and the US, exhibit correctly signed and
significant interest rate effects. Alovokpinhou et al. (2024) find similar results in their empirical investigation of the international
evidence of interest rate effects in IS curves. These authors investigate the significance of both the short-term and long-term real
interest rates and find that these variables exhibit either wrongly signed coefficients or are not significant. This result is the IS puzzle
noted by Nelson (2001). It is also a feature that afflicts forward-looking IS curves, as first investigated by Fuhrer and Rudebusch (2004).

In light of this challenge, we use the nominal interest rate, which we found to be consistent with the data. This is in line with the
findings by Fair (2004: 66). Theoretically, the use of the nominal interest rate has implications for expected inflation. Fair (2015) posits
that the significance of the nominal interest rate, as opposed to the real interest rate, may be rationalized by assuming that expected
inflation is constant, especially if the central bank is credible and agents think it targets a fixed inflation rate. Secondly, instead of
assuming a constant steady state nominal interest rate, we have detrended the nominal interest rate in the same way as we detrended
output, i.e. using the HP-filter.

Table 2 reports the results from reduced-form estimations of the basic consumption-based IS curve. The results show that this IS
curve is mainly consistent with the data across most economies. An important observation is that the parameter associated with ¢, 5 is
not significant in many countries. This raises two implications. The first implication is that the underlying parameter a is not statis-
tically significant. The second implication is that the structural behavior of consumption does not account for the second-order dy-
namics of output that is typically observed in the data. For example, the seminal paper by Rudebusch and Svensson (1999) specifies
output dynamics as driven by an AR (2) process. Since the second lag of consumption is insignificant, it follows that consumption
behavior is not the source of the second output lag.

Overall, the results support the empirical validity of the basic consumption-based IS relationship since the interest rate is correctly
signed and statistically significant. Suppose as Bilbiie (2008) and Bilbiie and Straub (2012) maintain, that the cause of perverse interest
rate effects is an institutional factor such as limited asset market participation. In that case, such a factor should affect our model as
well. We therefore conclude that the perverse sign problem is a problem that is specific to the new Keynesian IS curve.

The next set of results presents structural estimates of the basic consumption-based IS curve. Table 3 shows that, in this baseline
case where there are no rule-of-thumb consumers, the consumption basket is overwhelmingly composed of basic goods and services.
Only in Japan do basic goods make up 58 % of the consumption basket. Note that the parameter associated with the growth rate of
consumption in the formation of basic goods a is not significant in several economies and in some, it carries the wrong sign. This
broadly confirms the reduced-form evidence in Table 2.

Overall, the reduced-form results are plausible, and the structural results produce viable weights for basic goods in the consumption
basket. At this stage, only the parameter associated with the growth rate of consumption in the formation of basic goods exhibits a
perverse sign, and it is not significant in some economies. We next explore the results obtained from extended versions of the
consumption-based IS curve.

Table 2
Reduced-form estimates of the basic consumption-based IS curve (Eq. (26): yy =1, 6 = 1).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey
T 0.88* 0.99* 1.05* 1.27* 1.04* 1.51% 1.13* 0.73*
(0.08) (0.11) (0.08) (0.18) (0.11) (0.07) (0.11) (0.10)
Cr2 —0.21* 0.04 -0.13 -0.39 —0.11 —0.57* —0.23* 0.04
(0.09) (0.10) (0.09) (0.26) (0.12) (0.07) (0.10) (0.09)
G —0.25% —0.35% —0.21* —0.15%* —0.08** —0.14* —0.45%* —0.21%*
(0.06) (0.11) (0.10) (0.09) (0.04) (0.06) (0.27) (0.12)
R? 0.77 0.87 0.83 0.84 0.86 0.95 0.84 0.70

Advanced Economies

Australia Canada EU Japan Nz us UK Norway
€1 1.00% 1.23* 1.14* 0.73* 0.69* 1.16* 1.17* 0.92*
(0.00) (0.10) (0.11) (0.08) (0.12) (0.11) (0.09) (0.15)

Cr2 —0.20%* —0.37* -0.10 —0.06 —0.14 —0.22%* —0.22%* -0.16
(0.12) (0.13) (0.13) (0.08) (0.10) (0.12) (0.12) (0.18)

T —0.54* —0.18%* —0.20* —1.72%* —0.29%* —0.18* —0.53* —0.08**
(0.19) (0.10) (0.05) (0.91) (0.17) (0.08) (0.22) (0.04)
R? 0.76 0.87 0.92 0.73 0.69 0.88 0.83 0.65

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
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Table 3
Structural estimates of the basic consumption-based IS curve (Eq. (26): yy, =1, ¢ = 1).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey

Dy 0.92* 0.70* 0.97* 0.90* 0.96* 0.89* 0.98* 0.98*
(0.12) (0.07) (0.09) (0.30) (0.04) (0.06) (0.15) (0.12)
a 0.02 —-0.05 —-0.10 0.30%* —-0.01 0.41* 0.27* —0.18*
(0.09) (0.14) (0.08) (0.15) (0.15) (0.09) (0.00) (0.08)

R? 0.76 0.85 0.85 0.77 0.80 0.90 0.82 0.71

Advanced Economies

Australia Canada EU Japan NZ us UK Norway

Dy 0.69* 0.89* 0.85* 0.58* 0.78* 0.84* 0.74* 0.98*
(0.12) (0.09) (0.02) (0.23) (0.12) (0.05) (0.15) (0.02)

a 0.09 0.27* 0.19%* —-0.07 —0.24* 0.22* 0.07 0.18
(0.10) (0.10) (0.10) (0.07) 0.12) (0.10) (0.12) (0.17)

R? 0.72 0.81 0.93 0.81 0.67 0.88 0.75 0.64

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
3.3. Extended consumption-based IS curve

The next set of results concerns the extended version of the consumption-based IS curve. In this case, we admit rule of thumb
behavior. In terms of estimation strategy, we note two points. Firstly in the case of Eq. (21), ¢,_1 and y,_; are highly correlated. This
may bias the estimation of the parameters, especially of y, 1, towards zero, because ¢;_; is likely to contain most of the variation in ¢,
that is explained by y, 1. Secondly, and flowing from the first point, in estimating Eq. (26) we tended to find insignificant output and
labor share effects. To deal with this possible estimation bias, we estimate Eq. (26) by recalling that Eq. (7) can be written as follows:

C = l/’og:.,t + @ (gt—l +?t71) + (Pyyt—la (39)

where ¢, = (1 —y)So[65,(1 —7o) —05]6° and ¢, = (1 — y)6[65,(1 — 79)So + 65(1 — So)]. Estimating Eq. (26) by combining the
determinants of the rule-of-thumb behavior in this way produced realistic results, which we present in Table 4. Once again, the
nominal interest rate is correctly signed and significant in most economies. The coefficient for ¢, » is not significant in some of the
economies. This once again shows that the AR (2) process in output may not be based on the structural consumption behavior in these

Table 4
Reduced-form estimates of the extended consumption-based IS curve (Eq. (26)).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey
Ce1 0.95* 1.01* 0.81* 1.59* 0.89* 1.20*% 1.20% 0.74*
(0.14) (0.11) (0.13) (0.38) (0.10) (0.15) (0.08) (0.13)

Cra —0.26* -0.07 —0.06 —0.35* —0.04 —0.42* —0.20** -0.07
(0.09) (0.10) (0.12) (0.15) (0.08) (0.08) (0.11) (0.10)

T —0.26* —0.38* —0.18** —1.11* —0.15* —0.12%* —0.43%* —0.19%*
(0.11) (0.09) (0.09) (0.45) (0.04) (0.07) (0.24) (0.11)
Se1 + —0.37** —0.06** 0.12%* —0.08 0.13* 0.13% 0.11%* 0.32%
Vi1 (0.22) (0.04) (0.07) (0.08) (0.03) (0.07) (0.06) (0.13)
Y1 0.24 0.12 0.06 —0.59 —-0.05 0.05 -0.23 -0.24
(0.17) (0.12) (0.07) (0.36) (0.05) (0.10) (0.16) (0.15)
R? 0.79 0.90 0.83 0.85 0.92 0.92 0.88 0.67

Advanced Economies

Australia Canada EU Japan NZ USA UK Norway

Cr1 0.94* 1.29* 1.34* 0.84* 0.56* 1.05* 1.08* 0.75*
(0.14) (0.12) (0.13) (0.08) (0.12) (0.14) (0.09) (0.12)

Cra -0.14 —0.29* —0.36* —0.01 0.18* -0.15 —0.24* —0.32*
(0.13) (0.12) (0.12) (0.06) (0.07) (0.12) (0.11) (0.15)

T —-0.81* —0.26** —0.09%* —0.48* —0.35% —0.13** —0.45%* -0.11*
(0.20) (0.15) (0.05) (0.91) (0.16) (0.07) (0.26) (0.05)

S + —0.07** 0.11%* 0.09* 0.11%* 0.10%* —0.09* 0.12%* —0.06**
Ve (0.04) (0.06) (0.04) (0.06) (0.06) (0.04) (0.07) (0.03)
Vet 0.04 —0.15* —0.07* —0.22% 0.18* 0.14* 0.02 0.31%
(0.10) (0.06) (0.03) (0.07) (0.10) (0.07) (0.149) (0.11)
R? 0.86 0.89 0.94 0.83 0.77 0.90 0.85 0.79

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
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economies.

We also note that the co-efficient associated with the term (5,_; +¥,1) is negative in some economies, implying that [6¢,(1 — y,) —
6¢] < 0. This does not necessarily mean that Kaldorian savings habits are violated; it likely means that y,, the fraction of wage earners
who are optimizing, is sufficiently large, the marginal propensity of profit earners is sufficiently large, the marginal propensity of wage
earners is not large enough or a combination of these. This appears to be the case in a few economies, while the rest exhibit a positive
sign. The significance of the term associated with the labor share indicates that rule of thumb behavior is present and significant.

The next step is to present results from a semi-structural estimation. The reported results are semi-structural because ¢, and ¢, are
still reduced-form parameters. In addition, since the reduced-form parameter that is associated with ¢, » is not significant in some
economies, we simplify our semi-structural estimation by setting a = 0.

Table 5 reports the results. The share of basics in consumption remains quite high. For example, in Chile, the share of basics is 74 %,
whereas in the baseline case, it was 70 %. The share of wage earners that optimize is 89 %. In the case of the US, the share of basics is
also 85 %, which is comparable to the estimate of the habit-formation parameter found by Smets and Wouters (2007), which is 71 %
based on a longer sample than ours. The share of rule-of-thumb behavior is 10 %, which is far lower than the estimates of Albonico
et al. (2023) and Di Bartolomeo et al. (2011), who estimate this parameter to be 45 % in the US. These differences could be due to
differences in sample periods and size. In some advanced economies, the share of consumption from optimizing agents exceeded 1, so
we constrained the parameter y,, to equal 1. This is the case for Canada, EU and the UK. Overall, the proportion of consumption by
wage earners who optimize is quite high across all economies. We note that in some countries, ¢, has a perverse, negative sign,
although it is not significant.

The above results show that the extended consumption-based IS curve is mainly consistent with the data across many economies.
The share of basics is relatively high. Optimizing behavior is dominant relative to rule-of-thumb behavior. For many economies, we
have ¢ > 0, this means that the proportion of income that is consumed by profit earners ¢ is sufficiently small, i.e., 65 < 65, (1 — y,),
which in turn implies that Kaldorian savings habits, given by ¢¢ < 6, the hold among rule of thumb consumers. The next set of results
concerns the output-based IS curve.

3.4. Reduced-form estimation of the output-based IS curve

The next set of results in Table 6 presents reduced-form evidence from the output-based IS curve, which is Eq. (38). As can be
observed, the coefficient on the second lag of output is sometimes insignificant in some economies. Where it is significant, it is likely
due to other factors but not structural consumption behavior. In addition, there is no IS puzzle in the estimations. The interest rate
enters the IS curve with a correct sign, which is statistically significant.

We now proceed to the results for the extended IS curve in Table 7. We observe that there is no IS puzzle. In most economies, the
labor share is significant, which theoretically implies that there is rule-of-thumb behavior. The significance of the second-order term
remains mixed.

Based on the above results, we conclude that our structural traditional Keynesian IS curve fits the data and does not suffer from the
problems that afflict its new Keynesian counterpart when the measure of the interest rate based on past interest rates is used. We have

Table 5
Semi-structural estimates of the extended consumption-based IS curve (Eq. (26): 6 = 1).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey
Dy 0.76* 0.74* 0.90* 0.86* 0.91* 0.77* 0.80* 0.99*
(0.06) (0.07) (0.10) (0.35) (0.04) (0.08) (0.07) (0.13)
Wo 0.75* 0.89* 0.82* 0.65* 0.72* 0.91* 0.93* 0.59*
(0.11) (0.08) (0.07) (0.17) (0.06) (0.08) (0.08) (0.13)
@ 1.06* 1.25%* 0.68* 1.27* 0.45* —0.85 —0.62 0.00
(0.53) (0.72) (0.30) (0.17) (0.16) (1.68) (2.29) (0.30)
Py -1.10 -0.33 —0.01 —0.03 0.43* 1.26 0.11 0.75*
(0.88) (0.29) (0.28) (0.16) (0.06) (1.01) (0.80) (0.25)
R? 0.78 0.90 0.86 0.94 0.85 0.89 0.87 0.85

Advanced Economies

Australia Canada EU Japan NZ USA UK Norway

Wyx 0.48* 0.90* 0.85* 0.25* 0.76* 0.85* 0.93* 0.99*
(0.07) (0.11) (0.03) (0.08) (0.06) (0.06) (0.04) (0.11)

W 0.91* 1.00 1.00 0.95* 0.69* 0.90* 1.00 0.74*
(0.04) - - (0.04) (0.13) (0.08) - (0.11)

@ 0.16 - - -1.20 0.69 1.05%* - 0.51
(0.64) - - (1.02) (0.42) (0.56) - (0.37)

?y —0.45 - - 0.26 0.04 —0.45 - 0.00
(0.34) - - (0.43) (0.33) (0.57) - (0.13)

R? 0.83 - 0.97 0.76 0.72 0.89 0.97 0.63

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
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Table 6
Reduced-form estimates of the output-based IS curve (Eq. (38): y, =1, o =0).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey
Ve 0.93* 0.90* 1.28* 0.98* 0.61* 1.03* 0.71* 0.85*
(0.10) (0.10) (0.09) (0.12) (0.13) (0.09) (0.13) (0.14)
= —0.30* -0.17 0.29* —0.51* 0.22* —0.33* —0.19** —0.30**
(0.10) (0.12) (0.09) (0.09) (0.09) (0.11) (0.11) (0.17)
fFl —0.15* —0.16* —0.12%* —0.18* —0.27* —0.09%* —0.40* —0.17**
(0.06) (0.08) (0.07) (0.07) (0.08) (0.05) (0.14) (0.10)
1 0.03* —0.05* —0.06* 0.00 0.04 0.00 0.04* 0.03
(0.01) (0.02) (0.02) (0.01) (0.02) (0.01) (0.02) (0.05)
3,{71 0.07 0.24* —0.04 0.74* 0.12 0.17* 0.01 0.51**
(0.07) (0.11) (0.08) (0.25) (0.12) (0.06) (0.10) (0.26)
R2? 0.81 0.84 0.94 0.88 0.73 0.90 0.71 0.71
Advanced Economies
Australia Canada EU Japan Nz USA UK Norway
Vet 0.66* 1.04* 0.69* 0.59* 0.72* 0.84* 1.38* 0.33*
(0.09) (0.09) (0.11) (0.16) (0.15) (0.13) (0.12) (0.06)
Yo —0.02 —0.38* 0.26* —0.39* —0.03 —0.09 —0.60% —0.04
(0.12) (0.07) (0.12) (0.14) (0.12) (0.14) (0.11) (0.09)
7171 —0.31** —0.17** —0.42% —3.86* —0.26"* —0.20** —0.30% —0.05**
(0.17) (0.10) (0.16) (1.79) (0.149) (0.10) (0.12) (0.02)
qi1 0.00 0.01 0.02 —0.23** 0.01 —0.02* 0.02** —0.01
(0.01) (0.01) (0.02) (0.01) (0.02) (0.01) (0.01) (0.02)
}A’{,l 0.02 0.17* 0.14 0.46* -0.03 0.16* 0.05 0.43*
(0.049) (0.08) (0.10) (0.12) (0.09) (0.06) (0.04) (0.08)
R? 0.65 0.90 0.82 0.71 0.61 0.87 0.93 0.58
Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %.
Table 7
Reduced-form estimates of the extended output-based IS curve (Eq. (38): & =0).
Emerging Market Economies
Brazil Chile Czech Mexico Poland SA S.Korea Turkey
Vet 0.87* 0.75* 1.37* 0.81* 0.57* 0.81* 0.77* 0.86*
(0.11) (0.09) (0.10) (0.28) (0.149) (0.13) (0.12) (0.13)
Yo —0.34* -0.15 —0.34* —0.47* 0.25* —0.24* -0.18 -0.17
(0.09) (0.11) (0.09) (0.09) (0.09) (0.11) (0.13) (0.12)
7[71 —0.18* —0.15%* —0.14** —0.76* —0.31* —0.09** —0.38* —0.15%*
(0.07) (0.08) (0.08) (0.37) (0.08) (0.05) (0.15) (0.08)
Se1 —0.25*% —0.08* 0.16** —0.12%* 0.11%* —0.12% 0.08** 0.25%*
(0.12) (0.03) (0.08) (0.07) (0.06) (0.05) (0.05) (0.149)
}A’{,l 0.06 0.19* —0.07 0.89 0.25* 0.30% —0.01 0.26
(0.07) (0.09) (0.10) (0.54) (0.12) (0.09) (0.11) (0.23)
Q1 0.03* —0.04* —0.09* —0.01) 0.01 0.00 0.03** 0.03
(0.01) (0.02) (0.03) (0.02) (0.03) (0.01) (0.02) (0.05)
R? 0.86 0.86 0.95 0.86 0.74 0.91 0.66 0.83
Advanced Economies
Australia Canada EU Japan NZ USA UK Norway
Ye1 0.64* 1.23* 0.54* 0.64* 0.64* 0.79* 1.29* 0.32*
(0.08) (0.11) (0.09) (0.11) (0.18) (0.11) (0.13) (0.07)
Yo —0.06 —0.59* 0.31* —0.33* 0.06 —0.11 —0.51* —0.04
(0.12) (0.10) (0.09) (0.08) (0.19) (0.14) (0.13) (0.09)
fFl —0.28** —0.21* —0.56* —2.57* —0.35%* —0.21%** —0.30% —0.05**
(0.149) (0.11) (0.22) (0.90) (0.21) (0.11) (0.13) (0.02)
Se1 0.06** 0.12%* —0.44* 0.12%* —0.11%* —0.10* 0.10* 0.07**
(0.03) (0.07) (0.19) (0.07) (0.07) (0.04) (0.04) (0.04)
}A,/;l 0.03 0.21* 0.15 0.36* —-0.13 0.17* 0.07 0.63*
(0.05) (0.07) (0.149) (0.09) (0.10) (0.08) (0.05) 0.149)
Qi1 0.00 0.02 0.00 —0.02 0.00 —0.02%* 0.02 —0.02
(0.01) (0.02) (0.02) (0.01) (0.02) (0.01) (0.01) (0.02)
R? 0.68 0.90 0.83 0.84 0.71 0.85 0.91 0.69

Note: HAC std

. errors in parentheses, *significant at 5 %, ** significant at 10 %.
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also found that the IS puzzle does not arise in our model, regardless of whether there are rule-of-thumb consumers. Goodhart and
Hoffman (2005) and Paradiso et al. (2013) found that adding more forcing variables such as oil prices, money growth, and asset prices
helps generate a negative and significant effect on the interest rate on the output gap. Our results show that these additional variables
are unnecessary to make the interest rate effect correctly signed and significant.

3.5. The nominal interest rate in the new Keynesian IS curve?

Our finding is that the traditional Keynesian IS curve overcomes the IS puzzle when the moving average of the nominal interest rate
is used. However, this result rests on using the nominal, rather than the real, interest rate. Fair (2004) dedicates a chapter to inves-
tigating the effects of the interest rate on expenditure equations. Fair (2004: 61) writes, “it will be seen that the data rather strongly
support the use of nominal over real interest rates in most expenditure equations”. Fair posits that this could be due to agents’ expected
inflation being constant, so that the nominal and real interest rate are perfectly correlated. We, therefore, further investigate whether
using the nominal interest rate in the new Keynesian consumption and output-based IS curves generates the correct and significant
interest rate effects.

The theoretical motivation for an interest rate measure such as i in the new Keynesian setup is, once again, that borrowers and
lenders enter into debt contracts in which the contract interest rate is a measure of past interest rates. We assume habit formation of up
to two lags of consumption. These assumptions allow us to estimate the following consumption-based IS curve, which we adapt from
Fuhrer and Rudebusch (2004):

Co=oCry + 02Cra + pEC 1 — (f(?t—l —iy), (40)

where we have assumed that the expected inflation rate is a constant inflation target of the central bank, i.e. E;z,;1 = 7%, as suggested
by Fair (2004: 66). Note that we included the lag of the nominal interest rate based on the assumption that the interest rate that agents
use in entering into debt or lending contracts are contract rates which depend on the measure of past interest rate. However, we
mention that the following results are not affected by whether the measure of past nominal interest rate is lagged or not. The output
version of the equation is:

Ve =61Ye1 + 82Ye2 + YEYer1 — 5’(1—1 *Alil)- (41)

Table 8 reports the results for Eq. (40), which we estimated using GMM, where the set of endogenous instruments is similar to those
in Fuhrer and Rudebusch (2004) and Bilbiie and Straub (2012). We do not consider exogenous instruments because, as Fair (2008)
argues, one has to use variables that are part of the model as instruments. The use of higher lags that do not appear in the model, even if
these lags are for endogenous variables, violates the principle mentioned by Fair.

The results from Table 8 show that there are several cases where the new Keynesian consumption-based IS curve exhibits correctly
signed interest rate effects. The challenge is that these interest rate effects are not significant. Therefore, the new Keynesian IS curve

Table 8
GMM estimation of the new Keynesian consumption IS curve (Eq. (40)).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey

T 0.61* 0.66* 0.70% 0.55* 0.45* 0.62* 0.22%* 0.42*
(0.15) (0.21) (0.23) (0.12) (0.20) (0.22) (0.12) (0.16)

Cr2 —-0.09 0.08 —0.04 —-0.08 0.02 —0.08 0.14** 0.06
(0.07) (0.06) (0.10) (0.08) (0.10) (0.11) (0.08) (0.10)

Cer1 0.39 0.34** 0.30 0.61* 0.57* 0.49* 0.75* 0.51*
(0.28) (0.20) (0.33) (0.10) (0.15) (0.15) (0.15) (0.15)

i —0.08 —0.24 0.05 —-0.10 —-0.02 0.00 —0.04 —-0.01
(0.13) (0.20) (0.16) (0.09) (0.03) (0.06) (0.20) (0.06)

R? 0.85 0.92 0.86 0.91 0.90 0.97 0.87 0.76

Advanced Economies

Australia Canada EU Japan NZ Us UK Norway

Ce1 0.57* 0.38% 0.51* 0.29 0.70% 0.55* 0.20 0.54*
(0.20) (0.18) (0.22) (0.18) (0.12) (0.08) (0.40) (0.10)

Cr2 —-0.01 0.06 —0.02 0.08 0.05 —-0.05 0.10 —0.08
(0.11) (0.10) (0.10) (0.11) (0.09) (0.06) (0.11) (0.06)

Cer1 0.44* 0.64* 0.52* 0.93* 0.15 0.51* 0.74* 0.56*
(0.16) (0.13) (0.13) (0.41) (0.19) (0.05) (0.34) (0.08)
i —0.36 —0.05 0.01 1.26 —0.08 0.02 0.42 0.01
(0.33) (0.09) (0.04) (1.73) (0.15) (0.04) (0.51) (0.02)
R? 0.87 0.92 0.96 0.39 0.74 0.94 0.85 0.80

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %. Instruments: (¢, i;)-(1-4) lags.
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suffers from the IS puzzle even when the nominal interest rate is used. As can be observed by setting 4 = 0, Eq. (40) becomes Eq. (26)
withy, =1, and the IS puzzle accordingly will disappear. We therefore conclude that the problem of lack of interest rate effects in new
Keynesian IS curves may have to do with forward-looking behavior. As Fuhrer and Rudebusch (2004) put it, “it is important to note
that many of the cases in which we obtain larger estimates of u entail imprecise or economically negligible estimates of the link be-
tween output and real interest rates”. The next set of results in Table 9 concerns Eq. (41), the output-based IS curve. The results remain
the same, the interest rate effect is not significant and it is wrongly signed in many economies.

The above results cast doubt on the argument that limited asset participation could be the reason behind the perverse interest rate
sign in new Keynesian IS curves, as maintained by Bilbiie (2008) and Bilbiie and Straub (2012). This is because limited asset market
participation is an institutional factor that should affect both backward and forward-looking agents. However, we find overwhelmingly
that in the backward-looking IS curve, there is no inversion of aggregate demand through the positive sign of the interest rate. Instead,
we posit that the problem of the IS puzzle may have to do with forward-looking behavior, for which, as Fuhrer and Rudebusch (2004)
have found, there is little evidence.

4. Conclusion

There is overwhelming evidence that the new Keynesian IS curve, in its various formulations, does not fit the data. Nelson (2001)
noticed that the interest rate in these curves either carries a wrong sign or is not statistically significant. The same finding is reported by
Fuhrer and Rudebusch (2004),Stracca (2010) and more recently Ascari et al. (2021) and Haque and Magnusson (2022). The second
problem relates to forward-looking behavior. Fuhrer and Rudebusch (2004) find little evidence that forward-looking behavior
characterizes consumption or output dynamics, while Stracca (2010) finds that forward-looking behavior is dominant.

Given this disturbing evidence regarding the empirical validity of the new Keynesian IS curve, we revisited the traditional IS curve
by giving it some theoretical underpinnings. We first assumed a two-class economy in which a section of wage earners optimize and the
rest follow rule-of-thumb behavior, together with profit earners. This allows for the role of functional income distribution in deter-
mining output fluctuations. Secondly, the consumption basket comprises basic and non-basic goods and services. This idea draws from
classical economists and is related to the concept of habit formation. These assumptions led us to an AR (2) structural Keynesian IS
curve similar to one used by Rudebusch and Svensson (1999) and Estrella (2003) but augmented with the labor share, which we
extended also to incorporate open-economy factors. We then estimated this theory-based traditional Keynesian IS curve to check if it
fits the data.

Our findings are as follows. Firstly, basic goods constitute an overwhelming portion of the consumption basket. Basic goods
generally constitute >70 % of the consumption basket in almost all the economies in our sample. In some economies, this portion can
be assumed to constitute the full consumption basket. This explains the sluggish output response to shocks. Secondly, optimizing
behavior is dominant compared to rule-of-thumb behavior. >60 % of consumption is by optimizing agents in emerging markets, and
>70 % is by optimizing agents in advanced economies. Thirdly, and related to the second finding, the labor share is significant in many
economies in our sample. Fourthly, our IS curve does not exhibit the IS puzzle when we use the nominal version of the measure of past
nominal interests similar to the one in Rudebusch and Svensson (1999). We find correctly signed and statistically significant interest
rate effects on consumption and output without additional forcing variables as suggested by the literature. This result holds regardless
of whether rule of thumb behavior is present or absent. Therefore, monetary policy has a direct effect on the output gap.

Our findings have three implications. Firstly, if limited asset market participation, as suggested by Bilbiie (2008) and Bilbiie and
Straub (2012), is the reason behind the IS puzzle, it should also affect the traditional Keynesian IS curve. We find this not to be the case.
The source of the IS puzzle may have to be sought in the forward-looking behavior implied by the new Keynesian specification.
Secondly, despite our finding that rule-of-thumb behavior is significant, more work has to be done to ascertain its importance in
shaping the business cycle. Amato and Laubach (2003),Gali et al. (2004) and Furlanetto and Seneca (2012) find that rule-of-thumb
behavior changes the dynamic responses of variables to shocks. In contrast, Di Bartolomeo (2011) and Albonico et al. (2023)
conclude that despite such behavior, estimated DSGE models produce business cycle properties similar to models without
rule-of-thumb behavior. However, all these models assume real interest rate effects in forward-looking expenditures, an assumption
not supported by the data.

Thirdly, we draw attention to the centrality of functional income distribution in structuralist Keynesian business cycle models, from
which DSGE modellers may learn. The seminal contributions by Dutt (1984),Taylor (1985) and Bhaduri and Marglin (1990) suggest
that functional income distribution is a crucial variable in macroeconomic analysis. This is also made clear in the work by Chiarella and
Flaschel (2000), which found expression in the monetary model by Flaschel et al. (2001) and Asada et al. (2006), among others. These
authors identified stabilizing and destabilizing feedback channels that arise when functional income distribution is specified in
macroeconomic models. This means that, from the modelling point of view, the baseline 2D system specified by Rudebusch and
Svensson (1999) needs to be extended into a 3D one so that, as in Franke et al. (2006) and Proano (2012), the law of motion of the labor
share is taken into account. Lastly, the IS curve we have derived can be generalized so that each of the wage-earning and profit-earning
classes has both rule-of-thumb and optimizing agents.
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Table 9
GMM estimation of the new Keynesian output IS curve (Eq. (41)).

Emerging Market Economies

Brazil Chile Czech Mexico Poland SA S.Korea Turkey

Ve 0.62* 0.39 0.92% 0.75% 0.72* 1.08* 0.63* 0.69*
(0.08) (0.28) (0.21) (0.18) (0.12) (0.47) (0.12) (0.15)

= —0.11%* —0.09 —0.26* —0.20%* 0.22%* —0.29%* —0.11 -0.11
(0.06) (0.10) (0.12) (0.11) (0.12) (0.17) (0.09) (0.09)

Yes1 0.48* 0.71* 0.33* 0.45% —0.01 0.14 0.45% 0.36*
(0.08) (0.26) (0.13) (0.12) (0.20) (0.42) (0.16) (0.13)

T —0.04 0.12 —-0.06 —0.01 -0.16* —-0.09 -0.07 —-0.03
(0.05) (0.13) (0.06) (0.09) (0.07) (0.13) (0.15) (0.05)

R? 0.86 0.89 0.96 0.93 0.60 0.89 0.76 0.83

Advanced Economies

Australia Canada EU Japan NZ Us UK Norway

Ve 0.31% 0.80% 1.22% 0.43* 0.78* 0.47* 0.67* 0.31%
(0.15) (0.07) (0.27) (0.16) (0.16) (0.17) (0.12) (0.10)

= 0.19 —0.23* 0.18* 0.05 -0.14 0.03 -0.12 0.01
(0.14) (0.06) (0.08) (0.12) (0.11) (0.13) (0.08) (0.10)

YVei1 0.76* 0.42% -0.33 0.72% 0.13 0.53* 0.47% 0.62*
(0.15) (0.06) (0.31) 0.17) (0.19) (0.10) (0.07) (0.10)

T -0.37 0.06 —0.72% 2.00%* —0.06 —-0.01 —0.14 0.00
(0.23) (0.07) (0.24) (1.08) (0.14) (0.05) 0.19) (0.03)

R? 0.61 0.94 0.55 076 0.56 0.91 0.96 0.40

Note: HAC std. errors in parentheses, *significant at 5 %, ** significant at 10 %. Instruments: (?t, i,)—(1—4) lags.
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