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Abstract

The main objective of the present paper is to investigate explicitly the role of the state of
confidence for the macroeconomic dynamics of two interacting economies using the opinion dy-
namics approach by Weidlich and Haag (1983) and Lux (1995). Particularly, the overall state of
confidence in the world (two-country) economy plays not only for the dynamics of the nominal ex-
change rate but also for the dynamics of the real economy through the determination of aggregate
investment. This novel feature allows us to consider far richer international macroeconomic inter-
actions than most standard models. Further, it features wage-price dynamics that interact with
output and employment fluctuations — leading to a Goodwin (1967)-type of distributive cycle —,
as well as debt dynamics due to a credit-financed investment behavior. The resulting framework
is both advanced as well as flexible enough to generate various types of persistent fluctuations,

and also complex dynamics.
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1 Introduction

As it is generally acknowledged, expectations and beliefs about future developments play a crucial
role in the current decision making of economic agents. However, as already pointed out by Keynes
(1936), such expectations are not only the reflection of economic fundamentals but they are also — and
probably mainly — determined by “animal spirits”. In Keynes’s own words: “a large proportion of our
positive activities depend on spontaneous optimism rather than mathematical expectations, whether
moral or hedonistic or economic. Most, probably, of our decisions to do something positive, the full
consequences of which will be drawn out over many days to come, can only be taken as the result
of animal spirits — a spontaneous urge to action rather than inaction, and not as the outcome of a
weighted average of quantitative benefits multiplied by quantitative probabilities” (Keynes, 1936, p.
161-62).

Despite the potential importance of such “animal spirits” for the economic agents’ expectations
formation and decision making, they played only a secondary role in the mainstream macroeconomics
literature of the last forty years given the predominance of the rational expectations paradigm origi-
nally proposed by Muth (1961).} Nonetheless, since the outbreak of the 2007-08 global financial crisis,
alternative approaches to the rational expectations paradigm based on bounded rationality and social
norms have become increasingly interesting to the great majority of the economics profession (see, for

example, the recent edited volume by Frydman and Phelps, 2013).

In this context, a particularly interesting field of research is the modelling of bounded-rationality
based aggregate opinion dynamics. Indeed, given the social context in which economic agents interact,
the beliefs and opinions by one agent are quite likely to affect other agent’s decision making, and
contribute thus to formation of an aggregate opinion which is in turn likely to affect the agents’
decisions through a process of “social learning” (cf. Acemoglu and Ozdaglar, 2011). Lux (2009)
provides for example empirical evidence which suggests that survey data on business confidence may
be the result of a social process of opinion formation among the respondents, instead of being the

representation of rational forecasts of future economic developments.

From a theoretical perspective, a particularly elegant approach for the modeling of such opinion
dynamics was proposed by Weidlich and Haag (1983). In this framework — which has been widely ap-
plied in the behavioral finance following the work by Lux (1995) — agents’ beliefs are modelled through
a binary choice problem where the stochastic transitions of agents between two types of beliefs alter-
natives due to exogenous factors and group pressure. The great majority of studies in the behavioral
finance literature along these lines, however, restrict their analysis to the financial markets, and do

not consider in an explicit manner how heterogenous behavioral expectations at the microeconomic

n the DSGE framework animal spirits are related with sunspot equilibria, i.e. a situation where the equilibrium is
indeterminate and endogenous persistent fluctuations are generated by “coordinated” (and thus self-fulling) revisions

of expectations (since, technically, agents can be conceived).



level may interact with macroeconomic fundamentals in an international setup.? However, given the
quite advanced integration of international goods and financial markets, the analysis of international
macroeconomic interactions has become increasingly relevant both from the academic as well as from

the policy perspective.

In this light, the main objective of the present paper is to fill in this gap in the behavioral (macro-
)finance literature by explicitly investigating the role of the state of confidence for the macroeconomic
dynamics of two interacting economies using the opinion dynamics approach by Weidlich and Haag
(1983) and Lux (1995).% Particularly, the overall state of confidence in the world (two-country)
economy plays not only for the dynamics of the nominal exchange rate but also for the dynamics of
the real economy through the determination of aggregate investment. This novel feature allows us
to consider far richer international macroeconomic interactions than most standard models. Further,
it features wage-price dynamics that interact with output and employment fluctuations — leading to
a Goodwin (1967)-type of distributive cycle —, as well as debt dynamics due to a credit-financed
investment behavior. The resulting framework is both advanced as well as flexible enough to generate
various types of persistent fluctuations, and also complex dynamics. This model also provides a
platform for the analysis of economic policy as a necessary stabilization mechanism. The fluctuations
shown in the paper preserve the insight of seminal partial contributions of the literature such as the

Goodwin distributive cycle, the related inflation-stagflation cycle, debt cycles, and more.

The remainder of the paper is organized as follows. In section 2 we present the theoretical frame-
work representing two large open economies interacting with each other through international trade
of goods as well as through financial linkages. In section 3 we describe the model’s intensive form
and its steady state. Various numerical simulations of the model focusing among other things on the
role of the state of confidence for the macrodynamics of the two economies are discussed in section 4.

Finally, we draw in section 5 some concluding remarks from this study.

2 The Model

In the following we consider two countries which interact with each other through the international

trade of goods and services as well as financial assets. For the sake of simplicity, we assume however

2Indeed, the analysis of such international interactions has been based over the last decades — and hand in hand
with increasing predominance of the neoclassical rational expectations approach following the work by Lucas (1976) —
on the presumption of rational agents, see e.g. Frenkel and Razin (1985) and Corden (1985), with the outcome that
the resulting theoretical frameworks — being the New Open Economy Macroeconomics (NOEM) approach developed
by Obstfeld and Rogoff (1995) the most recent incarnation — suggest an inherent and often misleading stability of such

international interactions.
3See Taylor and O’Connell (1985) and Franke and Semmler (1989), for two early contributions thematizing the role

of the state of confidence for the economy’s dynamics and stability, as well as Franke (2012) and Flaschel, Hartmann,

Malikane and Proafio (2014) for other macroeconomic models along the lines of the present paper.



that only consumption goods are internationally traded, while investment and government consump-
tion goods are country-specific, and that there is no labor mobility across countries. Further, we
assume that while the behavioral equations and macroeconomic adjustments mechanisms of both
economies are characterized by the same structure, they may differ in some specific numerical param-

eter values in order to allow for different types of economic asymmetries.*

2.1 The private sector

In a standard manner, both economies consist of a household sector, an entrepreneurial sector and a
government sector. The household sector consists of asset holders — who own the means of production
and obtain an income out of the firms’ profits — and workers who provide their skills and labor for a
wage income on a continuous basis. Asset holders and workers are assumed to have different marginal
since consumption propensities out of their respective income streams: While workers are assumed to
consume the totality of their labor income, the asset holders’ marginal consumption propensity out

of their capital income c. is assumed to be significantly smaller than one.

Let w denote the nominal wage, L% the firms’ labor demand, T, the taxes paid by the workers out
of their labor income, T¢ the taxes paid by the asset holders out of their gross profits, and p, be the
firms’ gross profit rate, defined as

B pY —wL® —rA — 6pK
= oK

p? (1)

where Y is aggregate output, r the nominal interest rate, A the firms’ debt level, K the domestic
capital stock, and ¢ the capital depreciation rate (analogous expressions for the foreign economy
are denoted by the superscript * in the following). Aggregate domestic private consumption is then

described by
pC = wL® — pTw + Cc(png +rA — pTc)v ce <1 (2)

where wL? — pT,, represents the workers’ disposable labor income and pI9pK — pT,. the asset holders’
capital income after taxes. The distribution of income between workers and asset holders is thus
non-trivial for aggregate demand, and by extension for the overall macroeconomic development in
both domestic and foreign countries as aggregate private consumption is assumed to be a function of
the workers’ and asset holders’ current income and asset holders feature a lower marginal propensity

to consume than the workers.

Concerning the activities of the entrepreneurial sector in both countries (which is own by the
respective asset holders, as previously mentioned), we assume as in previous related work a production

technology with fixed coefficients and that labor demand by firms is determined by

LY =Y/x, (3)

4For a more elaborate framework along the same modeling lines where the interconnectedness of a high-income and

a low-income labor markets is explicitly modeled, see Charpe, Flaschel, Krolzig, Proafio, Semmler and Tavani (2014).



with Y denoting aggregate output, K the capital stock and x the average labor productivity.

The growth rate of capital stock (i.e. aggregate investment by the entrepreneurial sector I in
terms of domestic capital units K) ¢ is in turn assumed to depend on the firms’ expected gross profit
rate p?¢, on the real interest rate r — p (where r represents the nominal interest rate and p the price
inflation rate), on the utilization rate of the workforce of firms u = Y/Y?, where Y), represents the
firms’ potential output which in turn is determined by the given output-capital ratio y, = const.,
ie. YP = yPK) on the firms’ debt to capital ratio ), (all these variables as deviations from their
corresponding steady state levels), and in addition on a given trend term ~ which determines all other

trend terms considered in this model, i.e.
L= I/K =ip(p% = pd) —in(r =D —7) +io(u — 1) —ix(A— o) +7 (4)

where K = I — §, where I represents net aggregate investment, K the change in the firms’ capital
stock, and p9¢ = p9 4+ 1), where 1 is the state of confidence in the economy. Accordingly, the growth
rate of capital is assumed to be driven by expectations of profitability, financing costs, the rate of
capacity utilization relative to its normal level, the firms’ indebtedness (also relative to its “normal”

level), and by an exogenous term +.

The state of confidence of the economy — which determines the expected profit rate, since p9¢ =

p? + 1 — is determined by
= ta(u—uo) + Pp(u” —uy) (5)
The state of confidence 1) is assumed to depend positively on the current state of the business cycle in
both countries represented by the respective capacity utilization rates v and u* and negatively on an
overvalued real exchange rate, and viceversa (cf. Charpe, Flaschel, Hartmann and Proaifio, 2014). The
state of confidence in the economy is thus assumed to affect not only the dynamics of the exchange
rate, as it will be discussed below, but also the real economy through its impact on the expected profit

rate and by extension on aggregate investment.

We assume that firms distribute all profits to asset owners and that firms are not confronted with
any type of credit rationing. It follows that new credit is given by the level of aggregate investment

according to the following rule:
A = (a} + oz}(/\o —\))pl (6)

The wage-price inflation dynamics is of the kind considered e.g. by Chiarella and Flaschel (2000),
Flaschel and Krolzig (2006) and are described by

W = Buele—eo)thuwlop+(1—0)pP*+8)+ (1 —rw)“+2 (7)

~

p = ﬁpu(u - uo) + H;D(w - £) + (1 - H;D)ﬂ-c (8)

5Note that by denoting with y the actual output-capital ratio, it holds for the utilization rate of capital that
u=Y/YP =y/yP.



where w and p represent the wage- and price inflation rates, & = const. the growth rate of labor
productivity, v = w/x the wage share and 7¢ the economy’s long-run inflation rate, which for the sake
of simplicity will be assumed to be equal to the central bank’s target inflation rate in the following.
Accordingly labor- and goods market disequilibria have a positive direct impact on wage and price
inflation, respectively, as well as an indirect impact through the cross-over inflationary expectational
terms, with the respective weights £, and kp,. In this context, following the assumption that only
consumption goods are traded internationally, the firms’s expectations are given by a weighted of the
the growth rate of domestic unit labor costs w — &, and long-term inflation 7¢. By contrast, nominal
wage inflation takes into account not only the domestic price inflation, but also the imported inflation

given by p* + § by the extent (1 — o).

It can be shown that the structural wage- price inflation equations given by eqs. (7) and (8) can be
reduced to one equation which describes the law of motion of the labor share v (under the assumption
that £ =0)

0 = K[(1 = Kpw) Buee = o) = (1 = Kup) Bpu(u = to) + Fpw (1 = Kpw)(1 — 0)(=17)] 9)

*

where k = 1/(1 — kykp) and f§ = p — § — p*.

Finally, aggregate output is assumed to be determined in a delayed manner in reaction to the
aggregate demand

Yi=C+T1+G+6K+NX (10)

where G represents the government expenditures (to be described below), and NX the net exports,
given by
NX=(1-0"C"/n—(1-0)C, (11)

with s being the nominal exchange rate, n = p/(sp*) the real bilateral exchange rate and (1 — o)
representing the share of foreign goods in the domestic households’s aggregate consumption C, and

viceversa.

Finally, aggregate output is assumed to be determined by
Y = B,(Y'—Y)+nY (12)

with p9 given by eq.(1), I = K, with ¢ given by eq.(4), NX by eq.(11) and G by eq.(20).

2.2 FX Market Dynamics

Concerning the determination of the nominal exchange rate, we assume in the following that its growth
rate is determined by two sources: real trade-linked demand and supply of foreign currency, as well as

by financial trading. Specifically, we assume that the dynamics of the nominal exchange rate is driven

§=PBs(r" —r+75) — Byna. (13)



where the first term represents arbitrage possibilities results from deviations of the expected rates of
return of foreign and domestic bonds from the Uncovered Interest Rate Parity (UIP) to an extent (s,
and by nz, the net exports to domestic capital ratio, which represent the excess supply for foreign

currency and its appreciative effect on the domestic currency.5”

The expectations driving financial trading are modeled through an aggregate opinion dynamics
approach along the lines of Lux (1995), and more recently, Franke (2012). Accordingly, financial
trading in the FX market can be assumed to be characterized by two main forecasting strategies:
fundamentalism (denoted by a superscript f), and chartism (denoted by a superscript ¢). Fundamen-
talist traders expect the nominal exchange rate to stabilize in the long run, or equivalently, that the
growth rate of nominal exchange rate becomes zero — its steady state position in the present model
— while chartists traders use a simple adaptive rule to forecast the depreciation rate of the nominal

exchange rate §.

Given that agents have heterogeneous expectations, it is not obvious a priori what market expec-
tations should be. Indeed, while in standard equilibrium models with efficient markets heterogeneous
information and beliefs are spontaneously aggregated and made uniform under the pressure of market
forces, this is not the case in our framework given the implicit bounded rationality underlying our

modeling approach.

For the sake of simplicity, we asumme as is Flaschel, Hartmann, Malikane, & Proano (2014), the

following simple law of motion for the expected depreciation rate:®
1 1
7 = Bre [(1— ;Z) (0— %)+ 2= (5 )

1
_ Bﬂz[ ;Zg—wg}, (14)

where e > 0 represents an adjustment speed parameter, 7§ the market expectation of growth rate of
the nominal exchange rate, and z is the relative share of chartists in the whole population of chartists
and fundamentalists, defined as

n Ny N,
z NE[ ,1], 2= + z N (15)

6The economic rationale for this exchange rate specification can be related with the economy’s balance of payments

— which comprises the trade as well as the capital accounts —, namely
NX +(r* —i)By — (r—§)B; = uBy— B},
where By and B, the domestic economy’s holdings of foreign and domestic bonds, respectively. As it should be clear,

trading recorded in the trade and the capital accounts does not have to follow the same rationale or rules, and may

therefore be modelled independently.
"Note that capital gain expectations are zero in the inflation-free steady state of the whole model.
8Obviously, this is only one possible formalization of the dynamics of aggregate expectations in markets with het-

erogeneous agents, and alternative approaches can be proposed (see, for example, the approach adopted by De Grauwe
and Grimaldi (2006) in their analysis of the behaviour of agents on foreign exchange markets). Yet, we regard eq.(14)
as a very parsimonious way of capturing both the influence of aggregate observed variables and the role of heterogeneity

and self-driving forces in expectation formation.



where, N, is the number of speculative traders using chartism and Ny those with fundamentalist
expectations, with N, + Ny = 2N as in Franke (2012), and n = @ The distribution of chartists
and fundamentalists in the population is thus described by the difference in the size of the two groups

normalised by N.°

We denote by p/ ¢ the transition probability of a fundamentalist becoming a chartist, and viceversa

for p°f, and we assume that these transition probabilities are determined by

pITe = exp(¥), (16)

c—f

P = exp(—u). (17)

where 1) represents the state of confidence as described by eq.(5). Accordingly, an increase in v is
assumed to increase the probability that a fundamentalist becomes a chartist, and to decrease the
probability that a fundamentalist becomes a chartist. Further, the evolution of z is assumed to be

determined by
o= BA(L=2)p" 7 = L+ 2)p™Y) (18)

Inserting this expressions in eq.(18) delivers'®

2= BA(1=2)exp(y) — (14 2) exp(=¢))). (19)

We thus assume that exchange rate expectations are driven in a complex manner through the

relative importance of chartists and fundamentalists in the FX market.'!

Given the strong nonlinearity of the opinion part and also in the rate of return function of the
4D dynamics (despite the simple linear behavioral rules we have adopted), we shall address these
questions by means of numerical simulations in the next section. They will show that interesting
irregular and persistent fluctuations in the real and financial variables of the model can be generated,
quite in contrast to what is possible in such a model type under the assumption of the homogeneous

rational expectations of the mainstream literature.

2.3 The government sector
The government’s behavior is described by

G=T,+T.— ge(u—u,)K (20)

9As in Franke (2012), we assume that N is large enough so that the intrinsic noise from different realisations when

individual agents apply their random mechanism can be neglected.
10This law of motion is derived in detail in Franke (2012) and its use of the exponential terms guarantees that neither

the chartist nor the fundamentalist group can be totally eliminated in the FX-market.
1 As fundamentalist form their expectations in a simple regressive way, these expectations do not really show up in

the formation of averages and the average expectation of their formation.



Government expenditures (which include unemployment benefits that are totally consumed) follow
an anti-cyclical fiscal policy, which is financed through the issuance of new government bonds. This
anti-cyclical behavior fluctuates around a balanced-budget level determined by the tax revenues T, +

T.. With respect to monetary policy, the following Taylor rule is assumed
r=7+r,(y/y’ —uo) + rp(p — 7). (21)

Accordingly, the monetary authorities simply raise the interest rate above a given level 7 if domestic
prices are higher than their steady state value and vice versa. This fixing of the rate of interest r at each
moment of time only requires that money supply M (not explicitly modeled here) is endogenous and
adjusted to the money demand of asset holders via open market operations in the form of short-term

government bonds B.

3 The model’s intensive form and steady state

We now reformulate the two-country framework just outline in terms of domestic capital units, so that
y=Y/K,y' =YK, t,=Ty/K,t.=T./]K, . =1/K, g=G/K, and k = K*/K. The dynamic

laws of motion which describe the evolution of the two-country system over time read on the intensive

form level:

J = By’ —y)—ylt—5-n)

& = k[Bule—e)(1—rp) = Bpu—u)(1 = Kuwyw) + Ku(l = yw) (B + 8)(1 — p) = m(1 = yw)kw(l — kp)]
A= (@f +az(he = N)e— [+ PIA

go= B ) Y =6 =)
o = K [Bu(e’ =) (1 —kp) = By — @) (1 = kiva) + Ku(l— 7)) (= 8) (1 —rp) — 7" (1 — yu)kn (1 — k)]
No= (o Fap(he = NS = [T +pTIN

o= p—35-p",

2 = B((1—-2)exp(¥) — (14 2)exp(=7))

i = ﬂwg[lgz§—ﬂ'::|

Eo= =6 —(—9),



Yy = o(vy —twtce(p? FTA—t)) i+ g+ I+ k(1 — o)Wy —th +ce(p? A+ TN —t5)/n
P! = y—wvy—rA—=9§
to= (PP Y —pd) —in(r =D —7) +iu(y/y" — wo) —ix(A—Xo) +
g = twtte—ge(y/y’ —uo)
ro= T+ry(Y/y” = uo) + P
ne = (1—o")ck/n—(1—-0)c
y" = oWy =t Hee(p” TN =)+ + g7 45+ (L= o)n(vy — tw + co(p? + A= t0)) /K,
P =yttt AT
o= (7 =08 — e (T =T = T) i (Ut —u)) — (N =N+
9" = b+t =gy YT —ug)
rt o= 7 try(ut —uy) +rpp”

Vo= Py YT = o) + (YT YT —ug) — y(n—1)

and
§ = Bs(r* —r+7d) — Banax
P = K[Bp(u—u)+rpBule—€)+ rprw(l —Yw) (D" +8) + Thpkw(yw — 1)) + 7
= e (B = ) (e — )+ (1= 25— §) + w g (o — 0]

The model’s steady state expressions representing the balanced growth path of the two economies can
be calculated in a recursive manner using this intensive form representation. Setting v = 0, we get
the steady state for output y = uyP, and the steady state for the employment rate e = y/x. Using
the equation for the debt dynamic and setting ¢ = v we get the steady state for the debt to capital
ratio A = af. Setting 77 = 0, we get the steady state for aggregate demand y? = y. The steady state
for public spending is equal to the sum of the tax revenues: g = 7, + 7.. Setting 7 exogenously and
n = 1, we get the steady state for the labour share w and the steady state for the rate of profits using

the following two equations:

y? vy —ty te(p? +rX—t)+i1+g+90

y—vy —1rA—0.

P
Solving for the labour share, we get:

x d
vo= — —cly—0—t)+tw—t—g—9).
y(l_cc)(y (y ) g—9)

Assuming that the interest rate are equal across the two country at the steady state, setting nx = 0,
gives the steady state of the relative size between the two countries k = % The definition for

k implies that the two country have the same size when the parameters are identical.



As most of the equilibrium conditions determining the economy’s balanced growth path are self-
explaining, there is no need to discuss them explicitly. It is however noteworthy that while both
higher tax rates on asset-holders and on workers reduce v,, the effect of an increase in the propensity
to consume of asset-holders is ambiguous, because it depends ultimately on a complex combination

of various parameters.?

Further, it should be pointed out that we have neglected in the presentation of the model all stock-
flow relationships or budget equations which do not have an impact on its dynamics, most importantly
the government budget constraint which is still set aside by way of the assumed taxation rules. Also,
the stocks of assets — up to the capital stock and the debt to capital ratio of firms do not yet influence

the laws of motion of the model, since investment only depends on the loan rate and not on Tobin’s

q.

4 Numerical Simulations

It should be clear that due to the high dimensional nature of the model, a huge range of outcomes
can be expected in theory, ranging in particular from simple Hopf-bifurcation-generated limit cycles
or persistent business fluctuations to truly complex attractors and trajectories converging towards
them. Therefore, we restrict the following analysis to three scenarios: i) a baseline scenario where the
economy behaves in a relatively tranquil manner, returning to its steady state in an oscilatory manner
after an initial exogenous monetary policy shock in the domestic economy, ii) a scenario where the
state of confidence reacts more strongly to business cycle developments, and iii) the exchange rate

depreciation expectations have a higher speed of adjustment.!'3

When not stated elsewise we assume symmetric economies using the parameter values summarized
in Table 1. Our choice of parameters, while not based entirely on econometric estimations, reflects
nonetheless the modeling philosophy we pursue here. So for example is ¢, the asset holders’ marginal
propensity to consume out of their current income, lower than the workers’ marginal propensity as
usually assumed in models Kaleckian models thematizing the income distribution conflict, see e.g.
Chiarella, Flaschel and Franke (2005). Also, we assume that workers are confronted with a higher
relative tax burden than capitalists (¢, > t.), as it is the case in the majority of industrialized
economies. Further, we assume that the responsiveness of aggregate investment with respect to
expected profits is larger than to the capacity utilization, to the real interest rate and to deviations
from a given debt target (i, > iy, i, > 4, and i, > iy). In contrast, the parameters concerning

the wage and price Phillips curves are based on the econometric results for the U.S. economy by

12This is an important feature of the present model as in purely demand-driven models the spending multiplier is
typically an increasing function of the marginal propensities to consume. However, the present framework does not only

consider aggregate demand, but also income distribution.
13 All simulations were computed using the SND software, see Chiarella, Flaschel, Khomin, and Zhu (2002). The

programming code is available upon request from the authors.
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Table 1: Calibration Parameters

Asset holders’ marginal propensity of consumption c.=0.1
Workers’” marginal propensity of consumption Cw =1
Home bias o=0.75
Trend gross investment v =0.125
Depreciation rate of capital 0 =0.075
Workers’ paid taxes per domestic capital unit tw=0.2
Asset holders’ paid taxes per domestic capital unit t. =0.1
Output-capital ratio yp =1
Labor productivity z, = 1.1
Steady State capacity utilization rate Uy =1
Parameter in the new credit equation a4 =03
Parameter in the new credit equation af =03
Investment responsiveness to expected profit rate 1, =1.1
Investment responsiveness to interest rate i, = 0.1
Investment responsiveness to capacity utilization i, = 0.1
Investment responsiveness to debt-capital ratio iy = 0.05
Goods markets disequilibrium adjustment parameter By =
Parameter in the wage Phillips curve LBwe = 0.6
Parameter in the wage Phillips curve Kw = 0.5
Parameter in the price Phillips curve kp =0.5
Parameter in the price Phillips curve Bpu = 0.2
Parameter in the nominal exchange rate equation Bs =15
Parameter in the nominal exchange rate equation Bz =0.5
Steady state nominal interest rate 7 =0.03
Steady state inflation rate T =20.0
Countercyclical fiscal policy parameter ge=1.1
Interest responsiveness to capacity utilization ry = 0.1
Interest responsiveness to price inflation 7p = 1.5
State of confidence responsiveness to capacity utilization e = U =0.1
Adjustment parameter in the opinion dynamics Bre = 0.1
Adjustment parameter in the opinion dynamics 6, =1.3

Franke, Flaschel and Proano (2006) and Flaschel and Krolzig (2006), and reflect in particular the

empirical finding that wage inflation is more reactive to labor market disequilibria than price inflation

11



with respect to goods market disequilibria. Further, concerning the nominal interest rate set by the
monetary authorities, we assume a standard value for 7, = 1.5, as well as r, = 0.1. Finally, we assume
both in the nominal exchange rate and the aggregate opinion dynamics equations parameters which
do not generate an explosive behavior of the whole system, and leave a proper estimation of such an

issue for further research.

In the following we discuss by means of alternative numerical simulations some of the properties

of this two-country framework.

4.1 Baseline simulation

Figure 1 gives an overview of the transmission channels of the model. The calibration corresponds to
the list of parameters presented in the previous section and the shock is the a decline in the interest

rate from 3 percent to 2.7 percent in the home country. As expected, the decline in the interest rate in
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Figure 1: Dynamic adjustments to an exogenous decline in the nominal interest rate in the home

country.

the home country affects economic activity in an expansionary manner via its effect on the domestic
aggregate investment. Further, the interest rate decline also affects the profitability of firms in an
indirect manner through its effect on the expected profit rate via the interest payment channel. In

our calibration, this second effect is non-trivial as the parameter i, is set equal to 1.1.
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The resulting expansion in economic activity in the domestic economy is self-reinforcing through
the reaction of the state of confidence — which depends positively on the domestic and foreign business
cycles —, increasing domestic investment further. The improvement in the state of confidence leads to
an increase the population of chartist relative to fundamentalist agents. This effect is however weak in
the baseline calibration since the nominal exchange rate is assumed to depend weakly on the expected

depreciation rate in the baseline calibration (8e = 0.1).

Due to the increased level of economic activity nominal wage and price inflation rise, as well as
the labour share as nominal wage inflation is assumed to be more reactive than price inflation to its
corresponding demand pressure (the flexibility of nominal wage inflation is governed by the parameter
Bw = 0.6, while price inflation reacts to economic activity at a speed 5, = 0.2). The interaction
between labour costs and aggregate demand generates a cycle along the lines of Goodwin (1967).
In the upper part of the cycle, the fast increase in the labour costs tend to crowd profitability and
investment putting an end to the expansionary phase of the cycle. The Goodwin cycle is illustrated
by the clockwise dependance between the labour share (on the horizontal axis) and economic activity

(on the vertical axis) in the graph of the third row, first column.

Following the negative shock on the domestic interest rate the nominal exchange rate depreciates
as it is mainly driven by the interest rate differential with 5; = 1.5 in the baseline calibration.
The depreciation of the nominal exchange rate tends to further increase aggregate demand via an
improvement in the trade balance. Further, as a result of the fast rise in prices in the expansionary
phase the competitiveness of the home country (measured by the real exchange rate) declines. This
competitiveness effect together with the locomotive effect related to the fast growth in the home
country generates positive spill-overs on the foreign country where output also expands. This spill-

over effects are lagged in time, with the biggest increase taking place over the second business cycle.

Finally, the inflationary pressure in the expansionary phase of the cycle leads to a quick increase
in the interest rate since r, = 1.5, a dampening effect which is supported by the counter-cyclical fiscal
policy behavior according to which fiscal authorities reduces public spending in the boom stabilizing

the level of aggregate demand.

4.2 The role of the state of confidence

Figure 2 illustrates the transmission channels associated with the state of confidence in the economy
1. Figure 2 shows the reaction of home production, foreign production, confidence and the chartist
population following a decline in the interest rate from 3% to 2.85%. The difference between the first

and the second column in Figure 2 is an increase in the parameter for the state of confidence from
¢a = wb = 0']- to wa, = ’(/Jb = 0.3.
As Figure 2 clearly illustrates, when the state of confidence reacts more sensitively to the level

of economic activity in both economies the dynamic adjustment of the two economies (represented
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Figure 2: Dynamic adjustments to an exogenous decline in the nominal interest rate in the home

country for ¢, = 1, = 0.1 (solid line) and for ¥, = ¥, = 0.3 (dashed line).

by the subset of macroeconomic variables shown in Figure 2) is more volatile than in the baseline
simulation. This is due to the reinforcing effect of higher economic activity on the state of confidence,
and subsequently, on the expected profit rate and on aggregate investment. Further, as in the previous
case, the foreign economy profits also from the reduction in the nominal interest rate in the domestic
economy, as the foreign country benefits from both higher demand in the home country which trans-
lates into higher imports. This positive effect takes place despite the fact that the reduction of the
interest rate at home leads to a depreciation of the nominal exchange rate, which is detrimental to
the foreign country. There are signs of non-linearities in the model. In the home country, oscillations
are dampening over time. Contrastingly, the amplitude of oscillations increase between the first and

the second cycle in the foreign country before to lose magnitude.

It should be noted that since expectations adjusts slowly 8rc = 0.1 the relational size of the
population does not affect significantly the dynamics of the nominal exchange rate in this simulation.

The importance of exchange rate expectations is illustrated in the next exercise.
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4.3 Exchange rate expectations and FX market population dynamics

Figure 3 illustrates the importance of expectations for the dynamics of the exchange rate. In the
present figure, the speed of expectations adjustment 3z is increased from 0.1 to 2.0, keeping the

parameters for the state of confidence at v, = 1, = 0.3. As it can be clearly observed Figure 3, while
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Figure 3: Dynamic adjustments to an exogenous decline in the nominal interest rate in the home
country for Bre = 0.1 (solid line) and for Be = 2.0 (dashed line) (both with v, = 3, = 0.3).

exchange rate depreciation expectations converge back to their steady state after about three cycles
in the first case, when 3. = 2.0 these depreciation expectations feature persistent oscillations with
an increasing magnitude. Following the specification of the nominal exchange rate dynamics (see eq.

(13)), these fluctuations are translated to fluctuations in the actual nominal exchange rate.!4

Obviously, larger nominal exchange rate fluctuations affect the volatility of output in the domestic
and the foreign economy. However, this effect is nonlinear as the graphs in Figure 3 clearly illustrate.
Indeed, as it can be clearly observed, when B = 2.0 the fluctuations of domestic and foreign output
are larger than in the alternative case in some intervals and smaller in other intervals. Further, the
dynamics of output as well as of the wage share (and therefore, of wage and price inflation) feature a

highly erratic behavior, highlighting the nonlinear structure of the present framework.

1Gee Proafio (2009, 2011) for related studies of two-country dynamics using different behaviorally-founded exchange

rate specifications.
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Finally, it should be pointed out that despite of the sizeable value of . in the second case
(Bre = 2.0), the two-country framework remains remarkably stable. This is due to the specification of
the aggregate opinion dynamics, which by construction induce a certain boundedness in the dynamic

behavior of the system, at least for a certain range of parameters.

4.4 Are Aggregate Opinion Dynamics Stabilizing?

Finally, we investigate to what extent the endogenous opinion dynamics mechanism contributes to the
dynamic stability of the two-country model when the latter is subject to multiple shocks. This exercise
is particularly interesting due to the nonlinear structure of the model, which becomes particularly
relevant when subject to multiple shocks due to the synergy which arises from their simultaneous
interaction. Specifically, Figure 4 illustrates the dynamics resulting from a negative shock to the
domestic interest rate, a positive shock to the foreign output and a positive shock to the exchange
rate depreciation expectations under the additional assumption that 5, = 5, = 0.6, what makes the

wage-price spiral in the foreign country unstable.

Figure 4 illustrates the importance of opinion dynamics for the stability of the two-country macroe-

conomic system. The first phase diagram in Figure 4 (first row, second column) illustrates the joint
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Figure 4: Dynamic adjustments to multiple shocks: The role of aggregate opinion dynamics for

macroeconomic stability
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dynamics of the exchange rate expectations (on the horizontal axis) and the population dynamics
(on the vertical axis). As it can be observed, when the share of chartists increases depreciation ex-
pectations decrease, and viceversa. Interestingly, when the number of chartists becomes too large,
the specification of the population dynamics given by eq.(19) leads to a nonlinear re-balancing in the
agent population in the favour of fundamentalists agents. This is due to the fact that the impact
of opinion dynamic on expectations formation is mainly related to the equal split between chartist
and fundamentalist at the steady state. This stabilizes the dynamics of expectations in comparison
to the case of purely adaptive expectations and contributes to the macroeconomic stability of the
domestic economy, which indeed behaves in an stable manner, as the second row subgraphs in Figure

4 illustrates.

However, while the opinion dynamics is however unable to stabilize the dynamic of the economy
in the foreign country. In the foreign country, the unstable wage-price spiral (since 3;, = 3, = 0.6)
generates instability in the Goodwin cycle as illustrated by the phase diagram in the third row, first
column of Figure 4. Another additional source of instability is the debt dynamics in the foreign
country, which becomes quickly explosive as illustrated in the third row, second column subgraph in
Figure 4. The opinion dynamics is simply not strong enough to stabilize these two effects and the

model becomes explosive in the foreign country.

5 Concluding Remarks

In this paper we investigated the role of the state of confidence for the macroeconomic interaction
of two large open economies interacting with each other through real and financial channels from a
behavioral macrofinance perspective based on the work on aggregate opinion dynamics by Weidlich
and Haag (1983) and Lux (1995).

Our analysis highlighted the international dimension of bounded rationality through the modeling
of a state of confidence which depended on the business cycles of the domestic and foreign economy.
Accordingly, our framework allowed for an international transmission channel seldom investigated in
the literature, namely how foreign economy developments may affect not the expectations, but the
state of confidence at home. As our numerical simulations showed, this channel does not only have
sizable effects for the dynamics of the two economies, but may even bring about persistent cycles or
unstable dynamics if the state of confidence becomes too sensitive to business cycle developments at
home and abroad. Further, our framework was flexible enough to generate various types of persistent
fluctuations which preserve the insight of basic seminal contributions of the literature such as the

Goodwin distributive cycle, the related inflation-stagflation cycle, and debt cycles in particular.

As the importance of bounded rationality, social norms and other “non-rational” behavior by the

economic agents for the dynamics of the economy at the macroeconomic level are becoming increasingly
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accepted by the economics profession, this and other related approaches seem a promising field of
research. In particular, the empirical quantification of these theoretic dynamics seems an interesting

and worthwhile task to pursue.
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