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Abstract. This paper aims to illustrate the turbulent peses from financial

markets, using stochastic simulation tools for.thisorder to achieve this goal,
we chose a suggestive model of the exchange ragvioeir, proposed by De
Grauwe and Grimaldi. Having at our disposal the etioty facilities offered by

EViews software, we managed to trace some signifiteajectories for the

actual behaviour of the exchange rate, which ansistent with the conclusions
reached by the authors of the model.
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1. Introduction

A long time, most macroeconomic studies were basethe assumption that market actors behave
rationally. This type of agents is assumed thatagbvact in order to continuously maximize their
utility. It is said that the forecasts made by thegents are rational, if they take into accouint al
available information, even that which derives frtm structure of the functional dependence of
variables, and they will not make systematic erinranticipation of future values of the variables.
According to Efficient Market Hypothesis (EMH), peis are formed in such a way to reflect all
public information (both fundamental and price digtare discounted). So, the prices change only
when new information appears. Moreover, in an igffic market, speculation can not be made
because, not only do the prices reflect all avélabformation, but the large number of investors
will make sure that the prices are fair (Peter96)9But the empirical evidence of the foreign
exchange market contradicts the rational expectatand efficient market hypothesis. In fact, the
agents may not know how to interpret all the atddanformation and may move according to
trends, thus adjusting their current actions adogrtb past information.

An alternative model was presented by De Grauwk @Gnmaldi (2006). They started from the
observation that the information is too complex rep single agent can understand it entirely.
Because agents are aware that they can not petbeivell complexity of market mechanisms, they
will form different strategies that are not consigt with rational expectations model. Thus the
authors of the model assumes that agents act instages. The first step is choosing a simple
forecasting rule, called heuristic rule, which usedy parts of the entire set of the available
information on the market. In the second stagey twél check whether the rule applied was
efficient, comparing it with other rules used byert agents. If they find a more effective rule ythe
will use it in the next period. But if their rules provided the highest profit, they will keeplgaain

the following period. This is called by the authardrial and error learning strategy, because the
agents will get to know the market, by trying diffet rules.

So to some extent, agents still behave rationafiythey check the used rule, and change it ifribts
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profitable. But they are limited to only choosevie¢n simple rules. Thus, the authors characterize
the behavior of agents as being limited ratior@lboundedly rational”, like it was first proposed
by Simon in 1955, becoming one of the basic corsceptbehavioral economics”.

2. De Grauwe and Grimaldi's behavioural finance modebf the exchange rate

Using these assumptions, De Grauwe and Grimaldéldped a simple exchange rate model. They
started by defining the concept failhdamental exchange rates the level of the exchange rate,

which corresponds to the equilibrium of the reabremmic system (which may be even the

Purchasing Power Parity-value). The fundamentahaxge rate,.sis supposed to be an exogenous
variable, wich behaves like a random walk withatft §we kept authors’s notations):

*

_ o _ S =Saté& 1)
wheres is a white noise error variable.

They assumed that agents can use two types ofesiiamgcasting rules. One type of forecasting rule
will be named fundamentalist, and the agents wkauaing this rule will be called fundamentalists.
The second type will be named the chartist rule twedagents who use this rule will be named
chartists or analysts who are using the technidel it is considered that the fundamentalists &gen
are aware of the fundamental level of the exchaate and they can compare it with the current
market rate. They will expect the exchange rateenad to the fundamental level, so that adjustment
will be made through a negative feedback loop:

E; t (ASHl) = —él’(St - St*) (2)

In equation (2), Eis the anticipation made in period t by the fundatalists using information up
to time t, sis the market exchange rate at the momedst,, is the change in the exchange rate,
andy > 0 is a coefficient expressing the speed withciithe fundamentalists expect the exchange
rate to reach the fundamental level.

Regarding the second category of agents, theyoldkerve the previous rate changes and they will
extrapolate ahead. So, the chartists will followasitive feedback rule, by extrapolating only last
period’s exchange rate movement, into the nextvatef time:

Ec,t (ASI+1) = IBAS( (3)

In previous equation, s the forecast made by the chartists using inféonaip to time t, ang
(B0O(0))) is the parameter that measures the extent tohwblartists extrapolate the past
movements of the exchange rate. These technichlstmare considered by the authors as being
noise traders, because they do not relate in anyytwdhe fundamental exchange rate, which is
considered the equilibrium level.

All agents on the market are using in a time irderane of these two rules. Then they compare the
efficiency of the used rule, being willing to motethe other one, if that was not profitable. This
idea was implemented using concepts of discretecehtbeory. Thus the set of all market actors is
divided into these two groups, fundamentalist ahdrtist, using risk adjusted functions of the
relative profitability of their forecasting rules:

_ EXPYIT;
Wi ¢

=— . (@)
eXpyIt;  + eXpYrL
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_ expyrT,
expyIt; , +expyr,,

where w; and w; are the weights of the fundamentalists, respdgtittee chartists, on the market,
thereby w; + w;; =1. The variablesﬂ'f .and lTé,t are the adjusted profits of the both types of

W,

ct

()

forecasting rules in period &7, , = 77, , — o7, and 1, = 1T, — [{0;,, where 77, , and 77, are

the profits made by each rule, amf’t and Jst are the risks the two categories of agents are

exposed to, by using these rules. The risks areesgpd as error variables and the level of risk
aversion is introduced through parameter

In equations 4 and 5, the parameterreflect the intensity with which the chartists and
fundamentalists are currently reviewing the ruhesytare using. Thus, a high valueypfmeans that
the agents are very sensitive to the adjustedtprofithe two rules. Iy tends to infinity, all the
agents choose the most profitable forecasting Hnleéhe opposite, ify tends to zero agents are
insensitive to the adjusted profits of the ruled #me weights of fundamentalists and chartists are
equal to 0.5.

The profits are defined as the earnings of invgs$ih in the foreign asset, in one interval of time
(for simplicity, we have not taken into account thoerection with the interest rates):

TG, = [St - St—l] Sgn[(Eti—l(S[) - St—l] (6)
1 for.x>0
wheresgn[x] =< 0, for.x=0 , with i=c,f
-1, forx<0

Thus, when agents are expecting an increase iexbleange rate and this increase occurs, they
make a profit (per unit) equal to the observedease in the exchange rate. But if instead the
exchange rate decreases, they register a lossifggrwhich equals this decrease, because in this
situation they invested in assets which have beealdedThe risk associated with each forecasting

rule is the forecast error, and agents take intowat only the last period’s forecast error:

of =[E'a(s) - s T’ @

The forecast at market level is obtained by agdnegahe chartist and fundamentalist forecasts:
EASs., =-w, tl//(st - S:) + Wc,tIBASt (8)

The movement of the market exchange rate in petidds equal with the market forecast made at
time t, perturbed with a white noise type of er@rtime t+1, which may include the information

that could not be anticipated at time t:

DS,y =W, (S —S) + W, A0S + &y ©)
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3. Stochastic simulation of the model in EViews

We defined the model in EViews by choosibgjects/ New Object. Model, and added one by one
the equations, which can be identities or stoch&stuations.

VIEW' Prucs] Db]acts] Save‘ Label+/- Shuw] Fatch] Sturaj Delets] Genr] Sample
Range: 1 10000 Filter: = Default Eq: None
Sample: 1 10000
[ed] c BA pif1
e = res,d == Model: MODELO1 Workfile: REF31 (=13
e g Yiew| Proos| Obiects| Print| Neme| Freeze| Soivel Equations|Varisbles| Text|
@ esf EA s_0s || Equations: 9 Baseline
BEA esf_Om [ “pif = @recode(es +" Eql pif = F{esf =)
B esf Os "pic = @recodefe .. Eg2: pic = F{esc,s)
&l graph01 "pift = pif -0.1 *.." Eq3: pifl = F( esf, pif, s )
&0l graph02 "picl = pic -0.1 " 3 picl = F(esc, pic, s
il graph03 "wif =1 - we " ¢ wlf = F(wc)
il grapho4 ) s we = F( picl, pifl )
4l graph0s - o esf = F( s sf)
[M] model01 &
] modelD2
pic
pic1
EA pif

_{ || Path = c:\documents and settingshcorinatdesktopieviews\example files\wvar || DB = data_sva | WF = ref31

T2 EViews - [Model: MODELO1 Workfile: REF31]
[ File Edit ©Objects Wiew Procs OQuick ©Options Window Help

Viewl F'rocsi Dbiectsi F'lintl Name‘ Freezel Solvel Equatinns| Valiablesl Text I
EIDENTITY pif = @RECODE(esf-1) - s(-2)>0 , s(-1) - s(-2) , @@recode(esf(-1) - s(-2) =0 ,
0 . s(-2) - (100

ERIDENTITY pic = @RECODE(esci-1) - s(-2)=0 , s(-1) - s{-2) , @recode(esc(-1) - s(-2) =0
LB sE2) - s

GIDENMTITY pift = pif - 0.1 * (esfi-1) - s(-1))"2

GIDEMTITY picl = pic -0.1 * (esc{-1) - s-1))"2
GIDEMTITY wf =1 - wc
GRIDEMNTITY wo = @exp(S * picl) 7 ({@expE * pifl) +@expld * piclh

Esf - s(-1) —(02) Fi{si-1) - sfi-10
c@IMNMOY ESF 0.

Esc - s(-1) =0.9 * (s{-1) - s(-20
@INNOY ESC 0.1

dis) =wf *esf +wc *esc

[ 1

wheresf is the fundamental rate, which is random generasitg the normal distributiors,is the
market exchange rat&sf and Esc are the fundamental and chartist forecasfsandwc are the
corresponding fractions of the populatiguic and pif are the profits of the rules, apifl andpicl

are the risk adjusted profits. Thgnfunction was defined using the default function .

In EViews, a model can be simulated determinidiical stochastically. In case of the stochastic
simulation, the equations of the model are solvedtist they have residuals which match to
randomly drawn errors. Optionally, the parameterd the exogenous variables of the model can
also vary randomly. In this case, the software gere a distribution of results for the endogenous
variables in every period. A stochastic simulatiollows a sequence which has some differences
from the deterministic ofe
m The variables in the model are bound to seriesa 4emporary series is created for every
calculated variable. For every tracked endogenaunisbe is created an additional serie in the
work file which will hold the statistics.

1 from EViews Users Guide
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m The model is solved repeatedly for different dranfidts stochastic components. If there are

uncertainty coefficients in the model,

then a neat of values is generated before each

repetition. Every time, errors are generated fahezbservation in accordance with the residual
uncertainty and the exogenous variable uncertamthe model. The statistics for the tracked
endogenous variables will be updated after eacttitepm, with the additional results.

Model Solution

Solution algorithm

| Gauss-Seidel

=

Mewton

— Preferred solution starting values
* Actuals
" Previous period's solution

Solution control -

Maw iterations: {10000
LConvergence: [1e-10

[ Stop solving on missing data

B asic: Uptions] Stochastic Elpticlns] Tracked Variablesl Diagnostics  Solver I

Ma's always stop stochastic solves

RIX

Excluded variables
IV Initialize: from Actuals

~ Forward solution
Terminal conditions:
" User supplied in Actuals
" Constant level
" Constant difference
" Constant growth rate

¥ Solve model in both directions

Solution round-off
[~ Roundresultsto| 7 digits

[ Treat values less than |1e-07
in absolute value as zero

=]

Cancel I

We can select the algorithm that will be used toesthe model for one period, from t®Iution

algorithm box, which offers the following choices:

m Gauss-Seidelwhich is an iterative algorithm, that at eachdtmn solves each equation in the
model for the value of its associated endogenotiahla, keeping fixed the other endogenous

variables.

m Newton: which is also an iterative algorithm, where athedteration is taken a linear
approximation of the model, and then the lineatesysis solved to find a root of the model. It
is considered that this method can solve a lartpgscof problems than Gauss-Seidel, but
requires more resources, so has a much greaterutatiogmal cost when it is applied to

complex models.

After the simulation is run, the results can benseesuggestive graphs.

T8 EViews

File Edit Objects “ew Procs Quick Options Mindow Help

160

1° 1= o g Lie=1 I g= e s =)
Sample: 1 10000

B4 pic1_0s
pic_Om A we_Os

B4 pic_0s BA wf

BA pif BA wf_Om

BA pif1 BA wif 0s

=il

Graph: GRAPHO orkfile: R =1
ViewiF’rocs Objects| Frint | Name| AddTest] Line/Shade Hemnvel Template | Options
gama=35
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Varying the parameters of the model, we can obstrgeevolution of the market exchange rate
towards the fundamental rate.

The fundamental exchange rate has a random wadk df/prajectory, as it contains a white noise
error. In different simulation runs of the modelit using the same values for input parameters, it
can be observed that the exchange rate deviatgsoften from the fundamental exchange rate
(which corresponds to authors' conclusions):

Fundamental rate

‘ Market exchange rate
12 1.2

g4 0.8

4_ 04'
U‘Wm 0.01
_4__ -0.4‘

8 -0.8

2500 5000 7500 4000 ' 2500 5000 7500 1000

market exchange rate Fundamental rate
2 12
14 3
0- 4
B U-M«“JW‘MWW
Ea 4]
- _a
-4 -12

2500 5000 7500 1000 2500 5000 7500 1000

Fig.1- Fundamental and market rate

So, the market exchange rate evolves differenthynfrithe fundamental rate. De Grauwe and
Grimaldi separated these exchange rate movemehi®iregimes. In one regime the exchange rate
follows the fundamental exchange rate closelyhsy talled these episodes “fundamental regimes”.
The other type of behaviour is called “bubble” @nffundamental regime, corresponding to the
situations in which the chartists’ fractions teral X. The fundamental regimes occur, on the
contrary, when the chartists’ weights are below 1.

If we plot the one period changes of the simulaechange rate and of the fundamental rate, as the
authors of the model suggested, we can observech mgher short-term volatility in the case of the
exchange rate, relative to the fundamental excheatge The market exchange rate has periods with
very high diferences. In contrast, the one peridtergénces in fundamental rate are normally
distributed, as it follows a random walk.
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Fig2. — Change in fundamental and market rate

The stochastic simulations of the market and furetdal exchange rates, for different valuey of
are presented in Fig. 3. As the parameteneasures the sensitivity of the switching rulerisi
adjusted profits, is expected that, whelnas a greater value, agents will be very activehanging
the forecasting rules according to their profitdéie. On the contrary, whenhas lower values, the
agents do not take into account profits when cimgptie rule.

These expectations are confirmed in the simulatiom® Fig. 3. So, for a greater the market
exchange rate moves away from the fundamental,lee@ing almost all the time bubble regimes.
Instead, for a lowey, the market exchange rate converges in time téuthgdamental level.
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Fig.3 - Simulations for different values of
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As the chartist are noise traders, is expected tiimparametep, which measures the degree of

extrapolation in the technical forecasting rulell Wwave a great influence on the evolution of the

market exchange rate. In Fig.4 can be seen thanWwthas values close to 1, the exchange rate
diverges strongly from the fundamental level, arfeemf} decreases (but not so much) the market
exchange rate converges in time to the fundameatial

200 - beta=0.95

160 -
Market rate
120 -
80-
40-
0-
Fundamental rate
_40 """"" LI T T LI L
2500 5000 7500 10000
120 beta=0.8
1004
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Fig. 4 — Simulations for different values [of

Conclusions

The model formulated by DeGrauwe and Grimaldi isyweseful for illustrating the behavior of the
real exchange rate, as long as in practice, teahfocecasts are still very frequently used. These
rules can create self-fulfilling expectations, asan be seen in second generation financial crises
models. Another important aspect of the modelas ithcaptures the nonlinear behavior of variables.
The economic theory has been dominated many yeatleblinear paradigm, but the real market
processes are too complex to be described onlinbgid functions. Also quantitative descriptions of
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real systems must take into account the large degfeuncertainty, therefore the simulations
performed on stochastic models are closer to theabloehavior of systems.
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