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Abstract

In this paper the role of behavioral forecasting rules of chartist and fun-
damentalist type for the dynamic macroeconomic stability of a two-country
system is investigated both analytically and numerically. The main result of
the paper is that for large trend-chasing parameters in the chartist rule used in
the FX market, not only this market but the entire macroeconomic system is
destabilized. This takes place despite of the presence of monetary policy rules
in both countries which satisfy the Taylor Principle.
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1 Introduction

In recent times a significant paradigm change has taken place in macroeconomics:
After the almost exclusive development of theoretical macroeconomic models based
on the assumption of forward-looking, intertemporal utility maximizing agents with
rational expectations in the DSGE tradition (see e.g. Christiano, Eichenbaum and
Evans (2005)), the profession has started to acknowledge the importance of different
classes of heterogeneity (regarding preferences, the degree of risk aversion, informa-
tion, etc.) and “behavioral” rules or attitudes at the microeconomic level for the
dynamics of the economy at the aggregate level (see Akerlof (2002, 2007), and Yellen

(2007) for recent and important statements in this regard).

The need for an alternative foundation of macroeconomics is perhaps most evi-
dent in the international finance literature, where the so-called “New Open Economy
Macroeconomics” (NOEM) approach developed by Obstfeld and Rogoff (1995) has
been the workhorse theoretical framework for the study of open-economy issues in
recent years, after the long-lasting predominance of Mundell-Fleming type of mod-
els. This is due to the fact that NOEM models such as Gali (2005) and Benigno
and Beningno (2008), relying on the interaction of fully rational agents, seem unable
to explain important stylized facts of the dynamics of the nominal exchange rate
and its interaction with the real side of the economy (see Engel and West (2005)
for a contrary view on this respect). Indeed, as pointed out e.g. by De Grauwe
and Grimaldi (2005), Efficient Markets Rational Expectations (EMRE) models seem
unable to reproduce major stylized facts on exchange rate fluctuations, such as the
non-normality of returns and their volatility clustering, their apparent disconnection
with macroeconomic fundamentals, as well as the occurrence of speculative bubbles,

herding behavior and currency runs.

On the contrary, models based on “bounded rationality”, that is, models which
feature economic agents with heterogenous beliefs and behavioral attitudes or trad-
ing schemes, seem much more successful in this task, see e.g. Frankel and Froot
(1987), Allen and Taylor (1992), Cheung and Chinn (2001) and Manzan and West-
erhoff (2007). Indeed, the inclusion of such agent or beliefs heterogeneity, as well as
of behavioral rules and therefore of a somewhat “boundedly rational” behavior by
the economic agents, has proven quite valuable in providing insights and explana-
tions concerning some of the “puzzles” which arise when “rationality” is assumed (see
De Grauwe and Grimaldi (2006, ch.1) for an extensive discussion of the advantages

of the bounded rationality approach with heterogenous agents over the rational-



expectations approach in the explanation of empirical financial market data). The
analysis of this second type of models, however, has been often constrained to the
foreign exchange (FX) markets, so that the effects of such non-rational behavior by
FX market participants for the dynamic stability at the macroeconomic level have

not been explicitly analyzed in an extensive manner so far.

In this paper an attempt is undertaken to fill in this gap in the academic literature
by setting up a stylized two-country macroeconomic model with a foreign exchange
market consisting of two types of traders with different beliefs concerning the future
development of the nominal exchange rate: Fundamentalists and chartists. To do, so
the theoretical disequilibrium AS-AD model investigated in Chen, Chiarella, Flaschel
and Semmler (2006) is reformulated for the case of two large open economies, first
each in isolation and then in their interaction as two subsystems within a large closed
dynamical system. By means of the resulting two-country macroeconomic model, the
importance of “behavioral trading” for the stability not only of the FX market, but
for the whole two-country macrodynamic system will be investigated. This seems
a meaningful task given the recurrent occurrence of currency crises observable in
the decades and the disastrous consequences for employment and economic growth
which such FX market instability has brought with.

The remainder of the paper is organized as following: In section 2 the theoretical
macroeconomic framework for the case of a small open economy is described. After
identifying the conditions for local stability of the one-country subsystem in an ana-
lytical manner, in section 4 the model is estimated with aggregate time series data of
the U.S. economy. Section 5 in turn investigates the role of the FX markets for the
dynamic macroeconomic stability of two interacting large open economies by means

of numerical simulations. Section 6 draws some concluding remarks from this paper.

2 The Baseline Two-Country Model

The FX Markets

The description of model begins with the FX market due to its relative importance in
the analysis of this paper. As previously stated, “boundedly rational” agents are as-
sumed in this paper which, due to informational and/or cognitive constraints, do not
calculate “mathematically rational” expectations with respect to the future dynamics
of the nominal exchange rate (as it is assumed in the NOEM/DSGE framework) but

use behavioral forecasting rules for this task instead.



As it is done in the majority of heterogeneous expectations models, see e.g.
Manzan and Westerhoff (2007), we focus on two types of behavioral forecasting

patterns used by the traders in the FX market: “Fundamentalism” and “Chartism”.

Concerning the “fundamentalist” forecasting rule, the according expected ex-

change depreciation rate is simply
Bl Aseer = B{(fi = s1), (1)

where Asi11 = Sp41 — 8¢, st = log(S;) being the log nominal exchange, f; the value
of the macroeconomic fundamentals at time t and 55 > 0 a scaling factor which
represents the speed of adjustment of the log nominal exchange rate towards its
long-run equilibrium level f; adopted by the fundamentalists in their FX forecasts.
As it is usually done in the literature (see e.g. Froot and Rogoff (1995), Taylor and
Peel (2000) and Taylor, Peel and Sarno (2001)), the PPP postulate (in its absolute
form) is assumed to represent the long-run point of reference for the nominal (and
real) exchange rate, that is

ft=pt —pf (2)
with py = In(FP;) and pf = In(P}*) denoting the log price levels in the domestic and

foreign economies, respectively.! Inserting this expression in eq.(1) delivers
EthStH = ﬂf(pt —p; — S¢)
= BL(—m) (3)

where 7, is the log of the real exchange rate at time t and 1, = 0 would represent its

PPP-consistent level.

Concerning the second forecasting strategy, it is assumed that the respecting

expected nominal exchange rate depreciation for ¢t 4+ 1 is determined by

EtcAStH = 5§A3t7 <4>

'Note that this is not the only possible specification for the fundamentalist rule: The “funda-
mentalist” expected nominal exchange rate depreciation could also be determined by the PPP in its
relative form, that is Ef (Asi11) = Apr — Ap} (Ap and Ap* being the domestic and foreign price
inflation rates). The Uncovered Interest Rate Parity represents another obvious possibility for the
modeling of Ef (As,y1): However, the implied dynamic behavior of the nominal exchange rate in
response to changes in the interest rate differential — large immediate jumps of the nominal exchange
rate up to the level consistent with the future expected depreciation rate determined by the UIP
— does not seem to be concordant with real world data: Indeed, as pointed out by Eichenbaum
and Evans (1995, p.976), “the maximal effect of a contractionary monetary policy shock on U.S.
exchange rates is not contemporaneous; instead the dollar continues to appreciate for a substan-
tial period of time [a finding which] is inconsistent with simple rational expectations overshooting
models of the sort considered by Dornbusch (1976).”



being therefore a forecasting rule of a “chartist” or “technical analysis” type (with
BS>0).
In the spirit of De Grauwe and Grimaldi (2006), the last-period one-period earn-

ings of investing one unit of domestic currency in the foreign asset are defined as
Wl = [Seoa(L+521) = (14 i1)Se-2] sgn [BLyAsi 1] j=c, f (5)

with '
1 for B/ ,Asi—1 >0
sgn| B} oAsi_q]| = 0 for B} ,As; 1 =0
-1 for B} ;As1 <0

According to eq.(5), if a FX market trader expects a domestic currency depreciation
(nglAst > 0) and this indeed takes place, that trader makes an profit of Sy(1 +
i¥) — (1 + ;) S;—1 or an analogous loss if EY_;As; < 0.

At every t, the relative share of both forecasting rules within the FX market (the
so-called “market mood” in Dieci, Foroni, Gardini and He (2005)) is represented by
the variable wy, which, in the spirit of Brock and Hommes (1997, 1998), is determined
by

v — eXP[W(ﬂjth - ‘7]2‘,1&71)] (6)

exply(¥_y — 0%, )]+ exply(v§_, — o2, )]

with
limw;, =1 and lim wy =0,
71’{71_’00 @bffl—’O

and

sz',t—l = (ngzstfl — 5-1)°

being the last period’s squared forecast error of the behavioral forecasting rule j, and
v measuring the intensity with which traders revise their choice of the forecasting
rules. The evolution of the market mood variable w; is thus assumed to be determined
by the relative profitability resulting from the forecast rules Eg:lAst = —35 Me—1
and Ef As; = B(Asi—1) by the fundamentalists and chartists, respectively. The
FX market traders are thus assumed to choose between the two forecasting rules

according to their relative profitability in the previous period.

The factual evolution of the log nominal exchange rate is assumed to be deter-



mined by

Asppr = —wiBin + (1 —w)BS(Asy)

_ ZebWiy — of I kel (i ol B As)
exply (V) — 0%, )] +exply(Vf; — 02,_)] ’

that is, by a weighted average of the expected nominal exchange rate depreciation
rates of the two forecasting rules, with the relative weight of these two terms being
determined by eq.(6). In other words, in this formulation the dynamics of the log
nominal exchange rate are thus determined by the relative importance of the two
discussed forecasting rules in the FX market (the “market mood”), which depends in
turn in a nonlinear manner on the relative profitability of the latter and therefore,

indirectly, on the nominal interest rate differential 7 — 7*.

It should be noted that eq.(7) indeed opens up the possibility for a regime switch-
ing behavior of the log nominal exchange (determined by the relative profitability
and interplay of the two forecasting rules), with periods of large persistence in the
nominal exchange rate (and of deviations of the real exchange rate from the PPP
level) as well as nonlinear adjustments of the nominal exchange rate, documented

empirically by Taylor and Peel (2000) Taylor, Peel and Sarno (2001), among others.

The Macroeconomy

In order to keep this exposition as transparent as possible, the real side of the
economy is modeled in a quite parsimonious manner. Accordingly, the output dy-
namics are represented by the change in the capacity utilization rate of firms w,

Auy = up — up—1, assumed to be determined by
Aut = _au(ut—l - Uo) - aur(it—l - Apt - (io - 7['0)) - auv(vt—l - Uo) + OynTt—1 (8)

where u, denotes the steady state log capacity utilization rate, 7;—1 the short-term
nominal interest rate (i, being the steady state nominal interest rate), Ap; the price
inflation rate (7, being the steady state inflation rate), v — v, the deviation of the

log wage share from its steady state level.?

*Note that in the aggregate the influence of the wage share on the output dynamics can be either
positive or negative, depending on whether the consumption or the investment (and net exports)
reaction to wage share increases is the predominant, see e.g. Franke, Flaschel and Proafio (2006).
We will, however, not engage into this debate here but rather adopt the most traditional view
according to which dAu/9v is unambiguously negative.



With respect to the link between the goods and the labor markets, the validity

of Okun’s (1970) law is assumed for simplicity, whereas
er)eo = (Y/YPO xqfen = ¢ = uleve,, (9)

with Y as the actual level of output and Y?° as its potential level.3

Nominal wages and prices are assumed to adjust only gradually to disequilibrium
situations in the real markets, following the theoretical disequilibrium approach pro-
posed by Chiarella and Flaschel (2000) and Chiarella, Flaschel and Franke (2005).

According to this modeling approach, the structural form of the wage-price dy-

namics can be expressed by:

AU)t = Bwe(et—l - 60) - Bwv (Ut—l - Uo) + Rawp Apt + (]— - ’iwp)ﬂ'f + Kwz9z, (10)
Apt = ﬁpu(utfl - Uo) + pr(vtfl - Uo) + Klpw(Awt - gz) + (1 - ”pw)ﬂ'z?' (11)

where w denotes the log nominal wage, p the log producer price level, v the log
wage share and g, = const. the trend labor productivity growth. The respective
demand pressure terms in the wage and price Phillips Curves e;—1 — e, and uz—1 — u,
in the market for labor and for goods (e represents the rate of employment on the
labor market and e, the NAIRU-equivalent level of this rate, and similarly w the
rate of capacity utilization of the capital stock and u, the normal rate of capacity
utilization of firms), respectively,” are thus augmented by three additional terms:
1) the deviation of the log wage share v or real unit labor costs from its steady
state level (the error correction term discussed in Blanchard and Katz (1999, p.71)),
2) a weighted average of corresponding expected cost-pressure terms, assumed to
be model-consistent, with forward looking, cross-over wage and price inflation rates

Aw and Ap, respectively, and a backward-looking measure of the prevailing inertial

3Despite of being largely criticized due to its “lack of microfoundations”, in a large number of
microfounded, “rational expectations” models such as Taylor (1994), Okun’s law is used to link

production with employment.
4This is a common characteristic between the approach pursued here and advanced New Key-

nesian models such as Erceg, Henderson and Levin (2000) and Woodford (2003). However, even
though the resulting structural wage and price Phillips Curves equations to be discussed resemble
to a significant extent those included in those theoretical models, their underlying modeling philos-
ophy (based on neoclassical microfoundations) is completely different, see Chiarella, Flaschel and
Franke (2005) for an extensive discussion of this issue.

®As pointed out by Sims (1987), such strategy allows to circumvent the identification problem
which arises in econometric estimations where both wage and price inflation equations have the
same explanatory variables.



inflation in the economy (the “inflationary climate”, so to say) symbolized by 7¢°
and, finally, 3)trend labor productivity growth g, (which is expected to influence
wages in a positive and prices in a negative manner, due to the associated easing in

production cost pressure).7

The inflationary climate 7 is assumed to be determined by CPI inflation, defined
as
Ap; = EApy + (1 — §)(Asy + Apy), (12)

with & as the share of imported goods in the CPI goods basket.

Because of the uncertainty linked with nominal exchange rate movements, I as-
sume for both workers and firms’ decision taking processes, that CPI inflation based

inflationary climate 7§ is updated in an adaptive manner according to®
ATy = Bre(Apf — 7w 1) = Bre(§Ape + (1 = §)(Ase + Apy) — 7w y). (13)

It should be pointed out that, as the wage-price mechanisms are formulated, the
development of the CPI inflation does not matter for the evolution of the domestic
log wage share v = (w/p)/z, measured in terms of producer prices, the law of motion

of which is given by (with K = 1/(1 — Kyp kpw) and e given by eq.(9)):

Avy = K[(1 = kpw) fuw(u,v) — (1 = Kyp) fp(u, v) + (Kws — 1)(1 — Kpw)gz] (14)
with fw(ua U) = 511}6(“?:61160 - 60) - ﬂwv(vt—l - Uo) and

fp(uv U) = 5pu(ut71 - uo) + pr(vtfl - Uo)-

As eq.(14) clearly shows, due to the particular specification of the wage and price
inflation dynamics, the labor share depends on both the situations in the goods and
labor markets, on the state of income distribution in the economy as well as on the
relative weights of cross-over inflation expectations in the wage and price inflation

adjustment equations.

Exploiting the fact that the structural wage- and price inflation adjustment equa-

tions given by egs. (10) and (11) also imply the following reduced-form Price Phillips

5Tt should be stressed that forward-looking behavior is indeed incorporated here, without the
need for an application of the jump variable technique of the rational expectations school in general
and of the New Keynesian approach in particular.

"For a discussion of the microfoundations of the wage Phillips curve in the line of Blanchard and

Katz (1999), see Flaschel and Krolzig (2006).
8In the empirical applications of this adaptive revision of the CPI inflation a simple moving

average of the CPI inflation with linearly declining weights will be used.



Curve:
Apy = kK [fp(%v) + Kpw Jw(u,v) + ’fpw(’fwz —1)g.] + 7y, (15)

the following equation for the evolution of the log real exchange rate can be obtained
in conjunction with the law of motion for the log nominal exchange rate given by

eq.(7) (assuming Apf = T* =const.):

Ay = Asp+ T — Apy
o af e 3(A
_ —exp( )6 77;*1 +exp(¥i1)F5(As-1) + 7% — Apy (16)
exp(¢¥;_1) + exp(¥f_q)

Monetary Policy

Concerning monetary policy, as it is usual in standard modern macroeconometric
models, I assume that the short-term nominal interest rate is determined by a clas-
sical Taylor rule:

if =0+ On(m — o) + Py(ur — uo). (17)

where the target nominal interest rate of the central bank i} is assumed to depend
on the steady state nominal rate of interest i,, on the inflation gap Ap; — m, (with
a reaction strength ¢,) — for now assumed to be defined in terms of producer prices

inflation — and on the output gap (with a reaction strength ¢y).9

3 Local Stability Analysis

In this section the model’s stability conditions are investigated in an analytical man-
ner. We focus our analysis on the stability properties of the small-open economy
subsystem, assuming that the foreign economy is and remains at its steady state

* ok * % * __ %) 10
level (u* =u}=1,e" =e¢;=1,v" =0)).

°Tt should be pointed out that no interest rate smoothing term is included in eq.(17), implying
that nominal interest rate is at every point in time equal the target level of the domestic monetary
authorities. Indeed, there is an ongoing and still unsolved debate in the academic literature about
whether there is an interest smoothing parameter in the monetary policy reaction rule of the central
banks or whether the observed high autocorrelation in the nominal interest rate is simply the result
of highly correlated shocks or only slowly available information, see e.g. Rudebusch (2002, 2006)

and for a thorough discussion of this issue.
ONote that since the same structure is assumed for both economies, the conditions for local

stability of “domestic economy” subsystem also hold for the “foreign economy”.



Based on the notion that the qualitative dynamics and stability properties of a
macroeconomic model should not depend on whether it is formulated in continuous-

or discrete time,'!

we use a continuous-time representation of the model for the
following local stability analysis. For this the underlying period length is defined in
general terms as At, so that for At — 0, the following continuous time approximation

for the output dynamics equation can be formulated
U Auppar B —ay (U — Up) — (i — P — (o — o)) — o (V — 0o) + ayyn (18)
with p &~ Ap;_as and

P = E[Bpu(u — o) + Bpo(v = vo) + Fpw (Buwe (U = 1) = Buv(v = vo))] + 7, (19)

see eq.(15), and e given by eq.(9) and e, = 1.
Analogously, for the wage share given by eq. (14) (setting g, = 0 for notational
simplicity), we obtain

v = K&[(1 = Kpw) fulu,v) = (1 = Kup) fp(u,v)]. (20)

With respect to the nominal exchange rate dynamics expressed by eq.(7), due to
the non-differentiability of eq.(5) and the significant nonlinearity comprised in eq.(6),
see De Grauwe and Grimaldi (2006, p.25ff), as well as to the fact that this will be
investigated extensively in the next section by means of impulse-response analysis,
for now I prescind from the dynamics of w, the market mood variable, and assume

it to remain constant at its steady state level w = w,,.

Under this simplifying assumption, it follows for the dynamics of the log nominal

exchange rate
§=—woBn+ (1 —wy)fs,

where § = As; = As;_ay is assumed to hold. Reordering delivers

_ *Woﬁgn
1= (1w

For the continuous-time approximation of the log real exchange rate dynamics
described by eq.(16), it follows (with Ap* = const. = 7*)

8 (21)

io= aE P
f
_woﬁs"? _x .
= ———+ 7 —p, 22
1_(1_W0)ﬁ§ P ( )

L As pointed out by Foley (1975, p.310), “No substantive prediction or explanation in a well-
defined macroeconomic period model should depend on the real time length of the period”, see also
Flaschel and Proafio (2009).



and for the dynamics of the inflationary climate

¢ = Bre(§p+ (1 = E(5+77) — 7).

In sum, the 4D dynamical system is given by

U = —agy(u—

0 = K[(1—kKpw)fuw(w,v) — (1 — Kup) fp(u,v)],

_wo

with eq.(19) to be inserted in several places.

1- (1 - Wo)ﬁg

W= P (s(p—wc>+<1—§><1_

f
/8517 _’_'ﬁ-*_p,

_woﬂgn
(1 —w,

e +7T*> - 7rc>

The corresponding Jacobian of this 4D dynamical subsystem is given by

J14
Jo4
J34
Juq

ou/Ou  Ou/dv  Ou/dn  Ou/Ow Ji1 Jig Jis
Tap — 00/0u  Ov/Ov  Ov/On  0U/OTC _ Jor Jag  Jog
on/ou  On/ov  On/on  On/ome J31 Jz2 Js3
oic/ou 97 /dv OR°)dn e /One Ju Je Ji
with

Jii = o — o ((0x — 1)K (Bpu + EpuwBuwetteu) + dy) <0

Jio = oy — aur(dn — D (Bpo — ApuoBun)

Jis = auy >0, Jis = =y (9r — 1)

Joan = K((1 = Kpw)Buwetteu — (1 — Kup) Bpu)

Joo = =k ((1 = fpw)Buw + (1 = Kup)Bpo) <0,

Jog = 0, J2g =0,

J31 = —k(Bpu + EpwPuwetteu), J32 = =K (Bpo — Buwkipw) »

J33 = —% <0 J3g = —1

Ju = Brelk(Bpu + FpwBuweeu), J12 = Bre&k (Bpo — Buwvkipw) 5

Juz = —ﬁwc(l _ f)woﬂ! <0, Jig = —Bre < 0.

Proposition 1:

Let B85 = 0 (with 7© = 0), as well as ayy = 0 and Buwy = Bpw = 0. This

decouples the dynamics of the log wage share v and of the inflationary

1 — 841 —wp)

10

(23)

uo) - aur((¢7r - 1)(p - 71'0) + ¢y(u - Uo)) - auv(v - Uo) + QynT)



climate ¢ from the rest of the system, which comes 2D and given by

u = _auu(u_uo) _aur((¢ﬁ - 1)(]'7_770) +¢y(u_uo)) + oy
. _woﬂgn o
no= w - H[ﬂpu(u - uo) + ﬂpw(ﬂwe(u ““eo — 60))].

Assume for this reduced subsystem that the destabilizing influence of the
chartists in the FX market is not predominant, i.e., that (i) 85 (1—w,) < 1
holds. Additionally, assume that (i) ¢ > 1, that is, the Taylor Princi-
ple, holds.

Then: The Routh-Hurwitz conditions are fulfilled and the unique steady
state of the reduced 2D dynamical system is locally asymptotically stable.

Proof:

According to the Routh-Hurwitz stability conditions for a 2D dynamical system,
asymptotic local stability of a steady state is fulfilled when

a; = —trace(Jop) > 0 and ay = det(Jop) > 0.

As already stated, as long as the destabilizing influence of the chartists in the for-
eign exchange market is not predominant (condition (%) in the above Proposition),
the dynamics of the nominal exchange rate are asymptotically stable. In this case

on/0n < 0, and the trace of Jop is unambiguously negative (and a; > 0 holds), since

tr(Jop) = Jii+ J33
f
woﬁs
1- (1 - wo)ﬁg

Additionally, condition () ensures that 01/0u < 0 and therefore, that

= Oy — aur((¢7r - 1)’{(5pu + /{pwﬁweaeu) + ¢y) - < 0.

det(Jop) = Ji1Jsz — Ji3J31
[Qwu + aur ((Dr — 1)E(Bpu + FpwBuween) + ﬁby)]woﬁsf
1— (1 —wo)ps
+O‘U’W’%(ﬁpu + ﬂpwﬂweaeu) > 0.

In other words, the steady state of the 2D dynamic system is asymptotically
stable if, on the one hand, the intrinsic dynamics of the nominal exchange rate are
not all-too explosive (3¢ < (1 — w,)~!) and, on the other hand, if the conduction

of monetary policy is aggressive enough to bring about price inflation and output

11



stability (¢, > 0 and ¢, > 1). Note that these two conditions must jointly hold,
being by no means substitutes from each other: If 3¢ > (1 —w,) ™!, not only the FX
market but also the real economy is subject to explosive forces which would make
the steady state unstable, and this for irrespective values of ¢, and ¢,. This result
thus implies that an exclusive focus on price (and output) stability might not be
sufficient to achieve macroeconomic stability if the FX (and in more general terms,

the financial markets) are highly unstable.

Proposition 2:

Let 85 = 0, but allow cvyy, Buwe and Bpw > 0. This reintegrates the dynam-
ics of the log wage share into the dynamical system, which becomes 8D. In
addition to conditions (i) and (ii) of Proposition 1, assume furthermore
that Kpy is of a sufficiently small dimension, so that (i) Bpy > KpwBuwow
and (1 — Kpw)Bwetey > (1 — Kyp)Bpy- Then: The Routh-Hurwitz condi-
tions are fulfilled and the unique steady state of the new 3D dynamical
system of the dynamical variables u, v and n s locally asymptotically
stable.

Proof:

According to the Routh-Hurwitz stability conditions for a 3D dynamical system,
asymptotic local stability of a steady state is fulfilled when

a; >0, +=1,2,3 and ajas —az >0,

where a1 = —trace(Js3p), ag = Eizl Jj, with
I = Joo  Jo3 _ Jin Ji3 L — Jin Jio
Jza Jaz | Js1 Jaz | Jor Jo2

and az = —det(J).

As already stated, as long as the influence of the chartists in the foreign exchange
market is not predominant (condition (i) in Proposition 1), the dynamics of the
nominal exchange rate are asymptotically stable, so that 97/9dn < 0. Condition (ii)
(¢r > 1) ensures that 94/Ju is unambiguously negative, and condition (iii), on the
other hand, that dv/0v < 0.

12



Under these conditions, the trace of J3p is thus unambiguously negative (and
a; > 0 holds), since
tr(JgD) = Ji1 + Joo + J33 < 0.

Finally, condition (iii) — linked ¢, > 1 — guarantees that 9u/0v < 0, as well as
0v/0v < 0.

It can be eagily confirmed using the second-order minors of J, Ji, Jo and J3
J1 = Jog - Jsz — Js2- Jas
_ woﬁg"f (ﬁwv(l - "pr) + /pr(l - K/wp))
= >0
(1= 82(1 = wo))vo
Jy = Ju-Jsz— Js1- Jis

oguu_'_ ur + Ox u 1 KpwPweXeu
- e <(1¢3 ﬂ;& Fi(fi)) pulucte)) o (Bt Buckputien) > 0
Js = Jin-Jaa — Jor - Ji2
= [Oéuu + ur ((Pr — 1)f€(6pu + ﬂweﬁpwaeu) + ¢y)] K (Buw(1 = pr) + ’pr(l B fiwp))
+KJ((1 — lfpw)ﬁweaeu - Bpu(l — /pr)) [auv + aur(¢7r - 1)“ (ﬁpv - prng)] >0

that ag = Z?I:,*:l Ji > 0 and ag = —det(J3p) > 0, as well as the critical condition

araz — as > 0 for local asymptotic stability of the steady state of the system hold

under the assumed parameter dimensions.

Proposition 3:

Finally, let B.c > 0, but of a sufficiently small dimension. This reinte-
grates the dynamics of the inflation climate into the dynamical system,
which becomes 4D again. Assume furthermore the validity of conditions
(i) - (#ii). Then: The Routh-Hurwitz stability conditions for a 4D dy-
namical system are fulfilled and the unique steady state of the system is

locally asymptotically stable.

Sketch of Proof:

Given the adaptive nature of the dynamics of the inflationary climate 7¢ described
by eq. (23), as long as conditions (3)- (4i1) are fulfilled and the adjustment speed (e
is sufficiently low, the dynamics of 7¢ do not alter the local stability of the system’s

steady state.'?

2Note that conditions (i)- (iii) are necessary conditions for stability: If for example 35 (1—w,) < 1

or ¢ > 1 are no longer fulfilled, the dynamics of 7° would not only not be able to bring about
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It should be pointed out, however, that these results (and in general the local
stability analysis just performed) are based on the (simplifying) assumption that
the market mood (represented by w) remained constant and at its steady state level
w = w, = 1/2, so that the interaction between the macroeconomic dynamics of a
small open economy and the profitability of the assumed behavioral forecasting rules
has been still not investigated. This is done by means of a numerical analysis in

section 5.

4 Model Estimation

In this section the theoretical model just discussed is estimated with aggregate time
series data of the U.S. economy.'> The aim of this exercise is twofold: On the one
hand, we attempt to determine the empirical plausibility of the theoretical model
just discussed. On the other hand, we intend to obtain parameter values needed for

the numerical simulations of the next section.

I will not attempt, however, to estimate all parameters of the theoretical model
discussed in the previous section, since a proper estimation of some parameters like
Bre (given its unobservable nature), as well as B! and B¢ (due to their actual state-
dependent and time-varying character) would be out of the scope of this paper.'*
Instead, I estimate only the wage-price inflation adjustment- as well as the goods
market equations (which I expect to be the most stable relationships across time)

and calibrate the remaining parameters as discussed in the next section.

4.1 Data Description

The empirical data of the corresponding time series for the U.S. economy stem from
the Federal Reserve Bank of St. Louis data set (http://research.stlouisfed.org/fred2/),
the OECD and the Euro Area-Wide Model (http://eabcn.org/area-wide-model) databases.

The data is quarterly, seasonally adjusted and concern the period from 1980:1 to

stability, but they would rather reinforce the destabilizing forces of the nominal exchange rate

and/or price inflation under an insufficiently active monetary policy.
13See Proafio, Flaschel, Ernst and Semmler (2006) for a comparison between the U.S. and the

euro area based on the estimation of the original closed-economy model by Chen et al. (2006).
"“The monetary policy rule given by eq.(17) will also be calibrated since, as pointed out by

Orphanides (2001), estimations of monetary policy rules not based on real time datasets might
deliver biased coefficients, providing thus wrong conclusions concerning the actual strategy pursued

by the monetary authorities.
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2006:4.

Table 1: Data Set

Variable Description of the original series

e Employment rate

U Capacity utilization: Manufacturing, percent of capacity

w Nonfarm Business Sector: Compensation per hour, 1992=100 (in logs)

P Gross Domestic Product: Implicit Price Deflator, 1996=100

p* World Demand Deflator : Composite indicator

z Nonfarm Business Sector; Output per hour of all persons, 1992=100 (in logs)

v Nonfarm Business Sector: Real compensation per output unit, 1992=100 (in logs)
1 Federal Funds rate

s EUR/USD Nominal exchange rate (in logs)

For the following estimation the (actually unobservable) inflationary climate vari-
able 7{ of the theoretical part of this paper is approximated by a linearly declining
moving average of price inflation rates with linearly decreasing weights over the past

twelve quarters. denoted as ;2.

Taking this into account, the equations to be estimated are given by

Awy = ﬁwe(et—l - 60) - ﬂwv(vt—l - Uo) + Kprpt + ,i’u}ﬂ'127rt12 + Kuwz Az
Apt = Bpu(utfl - uo) + ﬂpv(vtfl - Uo) + pr(Awt - ZA't) + /‘Qpﬂ-127r;2
up = U1+ O (U—1 — Uo) — (=1 — App) — (Ve — Vo) + QunNi—4

with Az, = z;— 2,1 denoting the growth rate of labor productivity — introduced here

as an exogenous variable — and sample means being characterized by a subscript o.

In order to check the stationarity of the analyzed time series, Phillips-Perron unit
root tests were carried out in order to account for residual autocorrelation (as done
by the standard ADF Tests), and also for possible residual heteroskedasticity. The

Phillips-Perron test specifications and results are shown in Table 2.

As Table 2 shows, the applied unit root tests reject the hypothesis of a unit root for
all series at the 10% level, with the sole exception of the real exchange rate. However,
due to the general low power of the unit root tests for small samples, we interpret
the corresponding t-statistic as only providing a hint for the strong autocorrelation

present in the real exchange rate.
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Table 2: Phillips-Perron Unit Root Test Results. Sample: 1980:1-2004:4

Aw - comst. -7.529  0.0000
Ap - const. -3.119  0.0278
Au - - -5.348  0.0000
e—e, - - -1.849  0.0615
V—V - - -1.813  0.0665
7 - - -1.933  0.0512

n - const. -2.159  0.2223

*McKinnon (1996) one-sided p-values.

4.2 Estimation Results

In order to account for possible regressor endogeneity, the model is estimated by
means of Three-Stage-Least-Squares (3SLS), using the past values of the endogenous

and exogenous variables as instruments.

Table 3: 3SLS Parameter Estimates: Two-Country System

Estimation Sample: 1980 : 1-2004 : 4

Wy ﬁwe /Bw'u Rwp Royrl2 Ruwz R2 DW
U.S. 0.693 -0.189 0.032 0.902 0.387 0.335 1.994
[18.368] [-4.780] [0.417] [15.459] [13.830]

Pt Bpu Bpv Kpw Kprl2 R? DW

U.S. 0.017 0.042 0.055 0.589 0.774 1.165
[1.969] [2.287] [3.372] [27.769]

on Qy Qur Qo Qun R? DW

U.s. -0.077 -0.094 -0.073 0.007 0.925 1.077

[-6.982] [-6.720] [-2.667]  [2.985]

As Table 3 shows, the obtained parameter estimates by and large support the
theoretical formulation of the model discussed in the previous section. On the one
hand the influence of the market specific demand pressure terms (the capacity uti-
lization in the price- and the employment rate in the wage Phillips curve equations)
seems to be corroborated by the model estimation, as well as the fact that wage
flexibility is larger than price flexibility (concerning their respective demand pres-
sure measures), a result concordant with the findings of Chen and Flaschel (2006)
and Flaschel and Krolzig (2006)). Furthemore, Table 3 delivers statistical evidence
for the significance of the Blanchard and Katz (1999) error correction terms v — v,

in both the wage and price adjustment equations of the U.S. economy. Concerning
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the cross-over formulation of the inflationary expectations, it cannot be statistically
rejected in the price inflation equation, but only the inflationary climate term 7'?
seems to enter significantly (though with a coefficient near to 1) in the wage inflation

equation.

Concerning the estimated open economy IS equation, the 3SLS estimation shows,
as expected, the negative influence of the expected real interest rate on the dynamics
of capacity utilization. The same holds true for the effect of v — v, the deviation
of the labor share from its steady state level, showing that a relatively high labor
share (or real average unit labor costs) has a negative impact on the domestic rate
of capacity utilization. And finally, as expected, a positive influence of the log real

exchange rate on the capacity utilization of the economy was also found.

Having obtained empirical estimates of the model parameters, as next I focus
on the stability properties of the two-country model concerning variations in the

parameter values of the FX markets.

5 Behavioral FX Dynamics, Two-Country Interactions and Macroe-
conomic Stability

As previously shown by the analytical calculation of the local stability conditions
of the one-country submodule of section 3, the specific values of the behavioral FX
forecasting rules play a key role in the macroeconomic stability of a small open econ-
omy. In this section this previous analysis is further extended by the incorporation
of two-country interactions, this time by means of numerical simulations. This done
also in a deterministic setup as throughout the paper, in order to analyze the intrinsic

dynamics of the model without the influence of permanent stochastic shocks.'®

In order to assure laboratory conditions, two identical large open economies
(countries A and B) are also assumed in this section and these are calibrated the
wage- and price Phillips Curve-, as well as the goods market equations of the result-
ing two-country system with the U.S. parameter estimates discussed in the previous

section. Respecting the remaining coefficients, the parameter values summarized in

15See Proafio (2009) for an attempt in this direction using a one-country model along the lines of
Rudebusch and Svensson (1999). As it is shown there, in a stochastic environment with behaviorally
determined nominal exchange rate dynamics, important stylized facts on the nominal exchange rate
such as the disconnection of its dynamics from the macroeconomic fundamentals, as well as the non-

normality of returns and their volatility clustering can be generated.
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Table 4 are used in the following simulations. 6

Table 4: Calibration parameters
Monetary Policy @ FX Markets Labor Markets CPI Inflation Climate

¢r =15 8 =05 Qeuw = 0.3 Bre = 0.75
by = 0.5 BE=1.5 £=0.1
r=1

For the monetary policy rule, I chose the standard parameters assumed for mon-
etary policy rules of the Taylor (1993) type. Concerning the link between the goods
and the labor markets, that is Okun’s law (eq.(9)), the value of 0.3 also common in
the literature is assumed. Given the insights of the local stability analysis of section
3, I choose FX market parameter values which should not imply an unstable behavior
of the nominal exchange rate in the baseline scenario, namely ﬂ; = 0.5, B¢ = 1.5 and
~v = 1. Finally, with respect to the CPI inflationary climate adjustment parameter,
a value of Bre = 0.75 is chosen, and for the share of the foreign goods in the CPI
basket £ = 0.15, following Rabanal and Tuesta (2006).

Using the calibrated two-country system, the dynamic reactions of the model to

asymmetric shocks are analyzed.'”

To begin and in order to illustrate the dynamics of the two-country model for
given parameter values of ﬁsf and B¢, Figure 1 shows the dynamic reactions of the
two economies to an asymmetric shock, namely an aggregate demand shock solely

in country A.

As it can be observed, following a positive aggregate demand shock in country
A (and the resulting increase in price inflation) the nominal interest rate in that
country increases according to the assumed monetary policy rule. This leads to an
increase in the nominal interest rate differential, and therefore to a differentiated
profitability of the two behavioral trading rules, which in turn leads to variations
in the FX market mood, i.e., in the relative share of fundamentalists and chartists
in that market. As illustrated in the third panel of the first row of Figure 1, the

'6Tn section 3 the stability conditions of the small open economy subsystem were identified. Since
the two economies are assumed to be identical and both economies also fulfill the stability criteria
discussed there, instability should only arise from the FX markets or the interaction between the

two economies via the real exchange rate channel.
17Tt should be intuitive that for the case of symmetric countries, symmetric real shocks do not

have any effects on the level of the nominal exchange rate, due to the fact that the monetary policy
in both countries is assumed to react in an identical manner: Accordingly, in this case the resulting

nominal interest rate differential after the occurrence of the shocks is zero in all periods.
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Figure 1: Dynamic responses in countries A and B after a one-percent aggregate
demand shock in A

reaction of the nominal exchange rate is driven primarily by the fundamentalist rule,
after which the price of country B’s currency in terms of country A’s currency (the
nominal exchange rate) should rise following a higher price inflation in country A,

for the real exchange rate n to return to its PPP level.

These dynamics are in stark contrast with the ones resulting from NOEM models:
On the one hand, the nominal exchange rate depreciation following the nominal
interest rate increase in country A does not occur instantly as assumed e.g. in
Gali and Monacelli (2005), but — more accordingly with empirical data, see again
Eichenbaum and Evans (1995) — occurs with a certain delay. And on the other
hand, in contrast to rational expectations NOEM models (and the myopic perfect
foresight model) which assume for the nominal exchange rate (the “jump variable”)
a monotonic convergence towards equilibrium after its initial, overshooting reaction
to shocks according to the Uncovered Interest Rate Parity, this model generates
a non-monotonic, fluctuating convergence towards equilibrium which results from
the interaction of inflation, output, monetary policy and the behavioral FX market

trading.

As next I investigate the influence of ﬁf and B¢ for the dynamic stability of the
two-country system . For this purpose, I make use of an intuitive and straightforward

procedure which allows me to analyze in a clear and transparent manner the effects
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of that parameter for the dynamic stability of the two-country system: I simply
recalculate the the dynamic responses of both economies to the same exogenous
aggregate demand shock under the ceteris paribus variation of one single FX market

parameter at a time.

Interest Differential FX Market Mood NFX Growth Rate Real Exchange Rate
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Figure 2: Dynamic responses of FX markets and real economy to a one-time domestic

monetary policy shock for varying values of 8 € (0,1) (with 8¢ = 1)

Figure 2 shows the resulting 3D diagrams of the dynamic reactions of the two-
country system for ceteris paribus variations of ﬁg , the “fundamentalism” FX market
parameter. As it can be clearly observed there, for larger values of ﬂﬁc the dynamic
reactions of the two-country system are not only not destabilized, but they are even
of smaller amplitude, and also of shorter duration, showing the clearly stabilizing
influence of “fundamentalistic” behavior in the FX markets at the macroeconomic
level. This result is quite intuitive, since we would have expected Bﬁc to act in an
intrinsically stabilizing manner at the macroeconomic level also in the two-country
case, because it represents (indirectly, through the influence of the “fundamentalist”
rule on the market outcome) the speed of convergence of the log nominal exchange
rate towards its PPP consistent level. As Figure 2 shows, the interaction of two

“large” economies does not seem to undermine this behavior.

Figure 3 in turn shows similar 3D graphs for varying values of the “chartism”

parameter (¢

As it can be clearly observed, increasingly extrapolative expectations of the
chartist rule (represented by larger values of 35) lead to an increasingly overshooting

behavior not only of the factual nominal (and real) exchange rate, but also of output
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Figure 3: Dynamic responses of FX markets and real economy to a one-time domestic

monetary policy shock for varying values of 55 € (0,2.5) (with gl = 0.5)

and domestic price inflation in both countries, in part due to the procyclical reaction
of monetary policy (whereafter nominal interest rate rise as a response to higher
price inflation rates and fall after a decrease in inflation) in both countries, which
lead to increasing nominal interest rate differentials and thus to a potentiation of the

nominal (and real) exchange rate fluctuations.

These diverging two-country dynamics illustrated in Figure 3 highlight in a clear
and straightforward fashion the destabilizing influence of the “chartism” rule (with
large extrapolative expectations) also at the macroeconomic level, corroborating also
the analytical investigation of the one-country case discussed in section 3, where it
was shown that the steady state of the one-country subsystem was locally stable only
for sufficiently small values of 3¢, the trend-extrapolating parameter in the chartism
rule, and this despite of how aggressive monetary policy reacted to domestic price

inflation developments.

6 Concluding Remarks

In contrast to the predominant NOEM/DSGE modeling approach which is based on
the assumption of homogenous, forward-looking, intertemporal utility maximizing
agents with rational expectations, in this paper a behavioral heterogenous agents
approach a la De Grauwe and Grimaldi (2005) for the modeling of the nominal

exchange rate dynamics was incorporated into a stylized two-country macroeconomic
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model along the lines of Chen et al. (2006).

Since system stability in the resulting model was not imposed by a-priori by the
rational expectations assumption as it is done in the NOEM/DSGE approach, a
particular focus of this paper was set on the analysis of the stability conditions of
the two-country system and in that context the role of the behaviorally determined
nominal (and real) exchange rate dynamics. Through an analytical and numerical
analysis undertaken in this paper it was possible to corroborate on the one hand not
only the standard notion concerning the destabilizing influence of the chartists for the

FX dynamics, but on the other hand also that for a large enough chartist parameter

S
c?

the nominal (real) exchange rate, macroeconomic fundamentals and the respective

not only the FX market, but also both economies — due to the interaction of

monetary policy rules — could exhibit an unstable behavior.

While the analysis of this paper was restrained to the FX markets, its implications
extend to other financial markets, due to the inherent uncertainty and subjectivity
of economic agents interacting in real world markets. Indeed, the analysis of this
paper shows that the existence of “behavioral rules” used for decision making in the
financial markets, together with the economy’s reaction at the macroeconomic level,
can lead to unstable (but possible) scenarios not controllable under standard Taylor
type monetary policy rules. Furthermore, if we take into account that the market’s
behavior and perception (in our model represented by the parameters ﬁg and ﬁg are
not likely to be constant but instead state-dependent (and thus varying over time),
the occurrence of such unstable scenarios (to be found, among other things, in stock
market bubbles) seems more likely than it is suggested by rational expectations
models. Therefore, the incorporation of behavioral features in macroeconometric
models used for policy advice seems to be a necessary task to be undertaken if
economic policy indeed intends to bring under control not the the perfect, by rational
expectations driven markets, but the real world markets where behavioral rules or

trading schemes play an important role.
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