Modeling price expectationsin the oil market:
evidence from survey data

GeorgesPRAT and Remzi UCTUM®
CNRS/ University of Paris-X Nanterre (France)

April 2001

Abstract — In the light of the economicaly rationa expectation theory, this article shows how an
expert chooses an optima oil price forecast function given that informeation is codly. In this
framework we propose an expectationad process which nests al processes consdered in the
literature. By aggregating individua processes, it is shown that the overall expectationa process may
result from individua mixing effects and/or group heterogeneity effects. Using Consensus Forecast
survey data, for three and twelve month horizons, we find that the rationd expectation hypothesisis
rejected and that none of the traditional extrapolative, regressve and adaptive processes and
meacroeconomic fundamentas is rdevant. We show however, that a combination of the three
traditional processes explains satisfactorily oil price expectations, which appear to exert a Sabilizing
grength in the oil market.

KEYWORDS: expectations formation, oil price

CLASSIFICATION: D84, G14, Q43




® Corresponding author. MODEM, Université Paris-X Nanterre, 200 avenue de la
République, 92000 Nanterre, France. Tel: +33 1 40977848. Fax: +33 1 40975968. E-mail:

uctum@u-parisiO.fr.

Modeling price expectationsin the oil market:
evidence from survey data

1. Introduction

Oil price shocks are among the main impulse shocks introduced in macroeconomic models
to study the time path describing adjustment towards equilibrium (Garratt and Hall, 1997). Generdly,
these shocks (inventory shocks, credibility of OPEC's intervention in a target zone model, OPEC's
pricing arrangements, conflicts, drilling fiedd discoveries...) are introduced exogenoudy in these
models. In turn, by atering supply and demand on different markets in the economy (Wirl, 1991),
they produce feedback effects on oil prices because of changes in the fundamentas (Hawdon, 1989,
Walls, 1987) but aso because of changes in price expectations (Hawdon, 1987, 1989; Rauscher,
1988; Hammoudeh and Madan, 1995). Hence, a complete understanding of the oil price movements
requires a better understanding of how price expectations are formed. However, the processes that
govern these expectations remain widely unknown. Indeed, literature dedls with price expectations
implicitly, thet is, by focusing on ail future demand prospects (Stevens, 1987) or by supposing that
oil supply is based on arationa expectation scheme (Walls, 1987). Furthermore, studies concerning
rationa expectation hypothesis are not conclusive regarding this hypothesis. Moosa and Al-Loughani
(1994) find that futures prices on the WTI appear to be inefficient predictors of spot prices, and that
the time-varying risk-premium hypothesis tested using a GARCH-M framework in not fully capable
of explaining this result, leaving the question of whether or not expectations are rational unsolved.

Using private WTI ail price expectations revedled by Consensus Forecasts survey data, this
atide ams to shed light on these issues® The economically rational expectations framework
introduced by Feige and Pearce (1976) is appropriate to sudy the formation of expectations to the
extent that it is based on a cost-and-advantage analysis of information. In this framework, agents
collect and use information until equality is reached between the unit cogt of information and the
margind gan due to the use of this information. This provides a generd theoreticd bass for dl
processes from the naive process to the Muthian rationdity through the traditional extrgpolative,
regressive and adaptive processes and any combination of them. This article sets out to show which
of these a priori possible processes are validated by empirica data.

The paper is organized as follows. Section 2 examines the microfoundations of expectationa
processes and discusses the aggregation conditions of individuad expectations. Section 3 explores
which processis effectively validated by survey data. Section 4 provides concluding remarks.

! Numerous studies based on survey data have attempted to model expected prices in various markets (exchange
rates, stock prices, commodity prices, interest rates), but no such literature is devotedto oil price expectations.
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2. The economic rationality of expectational behavior

Despite an extengve literature on the microeconomic foundations of the rational expectation
hypothess (REH), studies consdering a generd form of rationdity to explan the formation of
expectations, where the REH appears to be a limit case, are surprisngly scant. To patidly fill this
gap in the literature we devote this section to thisissue.

2.1. The case of costlessinformation and unlimited cognitive ability

Here, the dynamics function is observed without bias and thus expectations are homogenous
and rationd. For different representations of the variable to be forecasted, say the logarithm of the ail
price p,, the optima forecast models can be determined in the sense that they provide the minimum

forecast error variance. Consder the following smple examples:

()  Assume that the dynamics of the changein p, is a series of random observed shocks which
are common knowledge :

Pi - Pr1 =X - (1' b)xt-l’ (1)

where x, isawhite noise with zero mean and constant variance s > and represents the effect on the

endogenous varigble of qualitative or quantitative announcements or events that are observed but
unpredictable. Solve for x, using the lag operator on the one hand, and take expectations at t-1 on

equation (1) on the other hand. Writing the former relationship one period backward and reporting it
into the latter, one can verify that the expectations follow the adaptive process (Muth, 1960):

Etpt+1' Py :(1' b)(Etlpt - pt) (2)

Furthermore, from equation (1) and from the adaptive process write both the shock x, and
the forecast E, p,,, conditionaly on the current and past observations of p,. Then it can be easly
shown that E, p,,; - Puy = - X4, Therefore the adaptive process is optimum since the forecast

error vaiance is minimum (equal to' s ?).
(i)  Assumethat the changein p, has an autoregressive representetion of the form:
P - Pri=9(P1- P2) +h, (©)

where h, is a white noise with zero mean and congtant variance s . It follows that the optimal
expectational process isthe extrapolative process (Baillie and MacMahon, 1992):

E P~ P =9(P - Piy) 4



gnce this process provides the minimum forecast error variance s hz .

(i) Assume that the changein p, exhibits amean-reverson dynamicsof the form:

Pe- Py = H(P- P.y) *U,, O0<m<1 (5)

where P is some target vaue and u, an unobsarvable white noise with constant variance s 2. It

therefore follows that the optimal expectationa process is the regressive process (Holden, Ped and
Thomson, 1995):

Etpt+1' P ZU(E' pt) (6)

since this process provides the minimum forecast error variance s .

(v) Smilaly, if the changein p, is represented by lagged macroeconomic factors, the expected
changein oil priceis given by actud and lagged macroeconomic variables.

Of course one can condder a complex dynamics defined as some combination of the
preceding basic dynamics and it can be easily shown that the optimal expectationa processisthen a
mixed process. In this case, expectations are still homogenous and rationd in the Muthian sense.

2.2. Thecaseof costly information and limited cognitive ability

Contrary to the homogeneity and rationdity of expectations assumed in 2.1, the empirical
results based on survey data on oil price expectations suggest that expectations are heterogeneous
and biased. In accordance with the economicaly rational expectation hypothess, we relax the
assumption that agents use the true dynamics function and show that this framework is consistent
with heterogeneous and biased expectations.

2.2.1. Microeconomic behavior of forecasters

The optimizing behavior of an economicaly rationa forecaster can be represented as follows.
Assume that the forecaster j bases their forecast on three independent types of information: history

of observed and expected values of ail prices (type z ), other macroeconomic information that can
be used to forecast ail prices (type V) and stochastic observable oil shocks (type | ). Assume

further that the sguared forecast error is a function of the amounts H),, H), and H/ of

FAR

information of type z,v and ) used at the time the forecast was generated, such that:

(Etj pt+1 - pt+1)2 = f(sz,t ’ ij,t’Hjj,t) flil‘ < 0’ 1:H, >0 i= Z,V,j
The dgns of the firg and second derivatives represent the assumption that the margina
efficiency of the amount of information in terms of the forecast accuracy decreases. Let the unit price
of collecting (purchase price of the information, time spent to get the information) and processing



(cost of andlyzing the information) each type of information for agent j be c/, c), and ¢/,
respectively. Thetota cost supported by the agent is then:

| ——— j j j i i j j i j
Ct _pt 1E(Hz,t’Hv,t’Hj ,t) +Cz,tHz,t +Cv,tHv,t +CJ ,tHj t

where p! >0 represents the aversion of agent j of misestimating future oil pricesand  p, f () is
alossfunction.

The solutions of the minimization of this totd cogt yidds to the equilibrium conditions of the
forecaster:

ch=-p! f,, (i=2zvj) 7)

where the optimal vaues HJ,, HJ, and H.”, are chosen by the forecaster such that the margind

zt it
gain, i.e. the margina decrease in the loss function, due to the decrease in the forecast error equals
the unit cost.? For an agent |, agiven timet and a given type of information, Figure 1 illustrates the

relationship between the quantity of information, its unit cost and the margina gain, the amounts of
the other types of nformation assumed to be given. In the upper quadrant, the bisecting line
represents the equilibrium locus corresponding to (7), while in the lower quadrant the effect of the
amount of information on the margina gain is sketched. For a given unit price c,, the point D

corresponds to an initid sub-optima Stuation in which the margind gain is less than ¢, and the
information used is H , . By diminishing the amount of information used, i.e. as H , reducesto H, ,

the agent increases the margind gain up to the optimum level N . At this point, the Stuation D has
converged towards the equilibrium point E,. Consider next a new cost ¢, <c, that moves the

eguilibrium point E, downto E, . Itisclear that a thisnew point, the optima quantity of informetion
hasincreased from H; to H,.> The maximum unit price ¢, isthe limit price such that for al prices
exceeding or equd to ¢, , the optimal amount of information chosen is zero. Such a Situaion may
be obtained for alower vaue of ¢, if themargind gain lineisflatter with respect to H such thet it

crossesthe margind ganaxisa M' ingead of M : this corresponds to alower sengtivity of the loss
function to new information. The case of H™ =0 may particularly be viewed as a noise trader’s
behavior for whom al unit cost is higher then their ¢, and whose forecest is purely stochestic. All
these cases show why it may be rationd for an agent not to use dl available information. Conversely
tothecase H™ =0, thepoint H,__, refersto the maximum amount of costless information the agent
is able to collect and process in the limits of their cognitive capacity. The part of the H axis below
H, .. represents the inefficiency locus of information, i.e. some kind of “information trap”: beyond
this threshold, the agent cannot reduce their squared forecast error. In the case the cognitive capacity
of the agent is unlimited and the cost supported is zero, H,, corresponds to dl the relevant

information, the agent thus forms rationa expectations in the Muthian sense and the squared error is

%It isinteresting to point out the analogy between the total information cost minimizer forecaster’s behavior and
the utility maximizer consumer’s behavior.
% If the cost of the information obtained by imitating is less than the one supported when the information is

purchased to its own price, then E; represents an isolated forecaster’s equilibrium while E, corresponds to a
mimetic agent’ s equilibrium.



the lowest possible. For a higher level of p |, the margina gain line shiftsto the right. The agent who

has a higher averson to misestimating future oil prices either collects more information for a given unit
price, say ¢, or accepts to purchase their optimal amount of information, say H, , & a higher unit
price.

To the optima amounts of information H, HJ) and H/, is associated the dynamics
function the agent will choose to represent the change in prices. The higher (lower) the optimad
amount of information of each type, the more complex (Smple) the dynamics and the higher (lower)
the number of the possble dates of the nature consdered by the agent. For instance,
assumeH) =H/" =0 and that H is wesk: the agent is likdy to refer only to a smple
autoregressive dynamics to form their forecast, in which case their expectations will be extrapolative.
To alarger H/, corresponds a higher ordered extrapolative process. Smilarly, if H,', isthe only
nor-zero st of informeation, the agent will observe a series of random shocks which will lead them to
form adaptive expectations. If now H. isthe optimal nonzero set of information, then the expected

vt
change in prices depends on the expected change of macroeconomic varigbles. Obvioudy, when
various types of information are used, a source of complexity concerning the dynamics other than an
intendve use of a given type of information arises.

Assume that the optimal sets of information H;, HJ, and H,”, dlow agent j to select a
any time a given representation of prices, and let p, be the value generated by this representation.
A geneard representation of prices which nests dl individualy optima dynamics functions may be
written as

ptj - ptll =1 j.th_l +d j.th +j tj - ajj tj—l (8)

where | ' and d’ are (m,1) and (k,1) vectors of coefficientsand a' isascdar (a’ 3 0)°, z/,
and v, arevectors of variables (in levels, rates of change, spreads,...) of types z and v and j | an
individua zero-mean stochastic variable representing the total effect at time t of economic shocks
which have occured between t1 and t. The fact that variables of type z are at least one-period
lagged is a necessary condition for equation (8) to alow for forecasting. Conversdly, the variables of
type v and | may be actud to account for a contemporaneous effect. The endogenous varigble is
the theoreticd change in prices tha is generated by the chosen dynamics function. Note that by
retaining this function, the agent accepts p) to differ from the observed prices p,, the spread

4 According to the theory of information, the quantity of information related to a random variable X (here a
variable of a given type) taking afinite number N of values (representing the different states of the nature) with

N

probabilities P;, P, = Py is given by the coefficient of entropy H, = - ké pLogp, (k>0).Fora
i=1

given N, the entropy is maximum when p, =1/N " i =1...,N (the state of the nature is unpredictable)

and minimum, that is H, = 0, when the probability of one of the N realizations is 1 (the state of the nature is

fully predictable).
® For the sake of simplicity, the coefficient of the actual shock is assumed to equal one. Any positive value would
keep the analysis unchanged.



variable p, - p, containing voluntarily uncollected costly information and corresponding in Figure 1
to the difference between H,, and H'.

We now determine the expectationa process agent j will use on the besis of the dynamics
they have chosen. Write equation (8) one period ahead. Expectations a time t of agent | aregiven

by:
Elply=p +17Z +dElV), -2} )
Equation (9) may aso be written as

j j i oi g
j_pt'pt-l'l Zt'd Vi

j .= . 10
¢ T ail (10

where L isthe lag operator. Substituting (10) into (9) and rearranging we get:
Etj ptj+1 - ptj =a j(Etj-lptj - ptj ) +1 j'th +d jl(Ethtj'Fl -a jEtj-lvtj ) (11)

Equation (11) is the generd representation of the expected change in ail price, which nests all
the individua optima processes. It states that the expected change in ail price depends on the last
forecast error, on currently available information about history of prices and on actud and lagged
macroeconomic forecasts. Note that for any lagged variable of type v, expected val ues correspond
to actua or past vaues. Otherwise, macroeconomic forecasts entering equation (11) must be
determined as well. We assume the macroeconomic type variables are themselves generated by a
dynamics function smilar to (8), thus involving thelr own past observed and expected vaues, other
macroeconomic variables and macroeconomic shocks. Hence, their expected change can be
modded using a specification anadlogous to (11). This shows that processing macroeconomic type
information is very coglly and, to judtify the cogt, it mugt yidd to a subgtantial margina gain. Under
the very srong condition that the quantity of information of type v isunlimited, solving the equation
(112) for the expected change in p, will yied to a full description of this forecast in terms of dl

relevant variables of the economy. This solution is congstent with the rationa expectation hypothes's.
Equation (11) also states that the agent’s opinion about the future rate of changein p, includes p!
and not the observed price. This is because, in a context where information is cogtly (i.e.
p,- p 0 "j)and where this cost may vary across agents, the retained dynamics function (8)
results from an individua choice and may differ from one agent to ancther. This explains why, in
response to the question regarding the future rate of chengein p, , thatiswha will E/ p,,, - p, be,
the forecaster j will give their theoretical expectation E/p/,, - p/ based on their own dynamics
function (8). Hence, these two forecast concepts are equivaent in the mind of the agent, and thisaso

holds for any expected macroeconomic type variable. Equation (11) can thus equivadently be written
as.

Etj P Py =Q j(Etj-lpt - pt)+| j-th +djl(Etht+1' ajEtj—lvt) (12)



We show now how equation (12) encompasses al kinds of standard expectational behavior
congdered in the literature. In this perspective, assume that the vector of type z islimitedto m=3
variables, such that:

172 =11(p - pey) +15(P) - BL)+13(PL, - ELpy) (13)

where P/ is the target vaue of p, according to an agent. The first two components describe the

effects of changesin price and in the target. The third component states that the agent believes there
exigs a strength making the price converge towards a “norma” value represented by the target.
Replacing (13) into (12), and for the following set of parameter identifications:

a'=w/@1- b)+w]

1 =w,9

I, =wim

1l =wim, (14)
d =w)r,

dkj :ij+3rk

where the k+4 scadarsb,g,m, m,,r ,...,r, denote some structural parameters assumed to be
invariant across agents and w,; (i =1,..,.k+3) ae some weighting coefficdents such tha

k+3 . .

a°1 w/! =1and O£w/ £1 "i," j, equation (12) can be written in the form of a weighted average
i=1

of dternative standard expectational processes:

Etj pt+1' pt :le (1' b)(Etj-lpt - pt) + W; g(pt' pt-l)
%/—J

adaptive component extrapol atve component

+Wel; [Etj-lpt - B +rnl(ﬁtj - Etj-l)+ ”E(ﬁtj-l' Etj-lpt)] (15)

error- correction form regressive component

+8 wir [Elvi, - Wi b)+wiIE v,
i=1 /

fundamentdist component

with O£ m £1 (i=1,2) and O£ b £1. Although the theoreticd sign of the parameter g is more

likely to be pogtive, a negetive value is concalvable in so far as it reflects a naive regressve process
(systemtic turning tendency). The theoretica value of p | should aso be less than one for the

expectations not to explode or collapse.

Equation (15) is a weighted average of a standard adaptive process, a standard extrapolative
process, an error-correction form regressive process’ and k fundamentalist processes. Concerning
the error-correction form regressive process, notice that it leads to the same equilibrium value P/

% Rearranging the ECM E/p.,, - E},p, =m(P., - p.,)+ M (P - P.,) such that the endogenous

variable becomes Ej Pi.1 - P:. weobtain the error-correction component of equation (15).



that the one imbedded in the traditiona regressive model. On the other hand, there is no reason here
to consider the adaptive component as a particular case of the ECM.” For appropriate one or zero
vaues given to the weights, modd (15) can represent any traditiona expectationd behavior in the
literature, including naive expectations (i.e. the change in prices is a martingde difference sequence)
when dl weights are zero. Moreover, for vaues of the weights lying between zero and one the mode
describes any process mixing behavior of the forecaster and in the case dl relevant information is
used it corresponds to the Muthian rationality. For al these reasons the model can be viewed as an
encompassing modd of expectation formation.

2.2.2. Aggregation of individual behavior

Let n be the number of forecasters concerned by ail price. Taking the average of (15) across
al agents, the expected change in ail price at the aggregate level can be written in the following form:

Et Pis1 - Py :(Wl(l' b)+W3)(Et-1 P - pt)+W29(pt - pt—1)+W3rrl(ﬁt - ﬁt—l)+W3n2(ﬁt—1_ Et—lpt)

K
+ QWof [EV e - W,(- b) +w,)E v, ]+ b, (16)
i=1
_1d
where Et pt+1 __a Et pt+1’
N
18 :
EView =—a E'Viin (i=1.k),
no
ﬁ :lén. oL
t n% b
_ 1 OrI J .
w, =—aWw, (i=1.k+3
n

and where by represents the aggregation bias, expressed as.

b =(1- b)cov(w), Bl p,) +(L- m)ooviws, Elyp) +(m, - m)ooviws, By) +m cov(ws, P/)

tarileoving, BV w) - coviwiws BV, - (- b)ovwlwy L BV )]
i=1 - - -

- & 1 ELv(- b)oavwls wd) - coviwls,wl)] )
i=1 i=Ln i1=Ln

Equation (17) states that the bias depends on covariances between individud weights on the
one hand and opinion variables or other weights on the other hand. In a study devoted to aggregation
bias, Prat (1995) shows, on the basis of stochastic Smulations, that the aggregation of individua
processes assumed to be dternatively adaptive, regressive and extrapolative does not dter the form
of the process even by imposing strong heterogeneity. It follows that the aggregetion bias does not

" In the expectational ECM, Etj P..; convergestowardsits normal value ﬁtj , whilein the expectational adaptive

model, Etj P..; convergestowardsthe observed value P, .



hide any of the adaptive, extrgpolative and regressve components. Moreover, the author finds that
the average of individua parameters remain close to those of the aggregate modd. Assuming that
aggregation is dill robugt in the case of macroeconomic variables, we will admit that the part of the
varianceof E, p,,, - p, explaned by thevarianceof b isnegligibleevenif b hasanon-zero mean.

Equation (16) can account for any partition of the population of forecasters, and the weights
may be given different meanings depending on the partition. To illudtrate this, we will congder two
limit cases. In the first case, suppose that al agents refer to the same complex dynamics (8) with their
own coefficients. There is thus a unique group of forecasters each of whom use a forecast function as
in (15). We cdl this polar case the pure individual weighting effect, whose aggregation over al
agents leads to eguation (16). Assume now that the population of forecagters is split into k +3

k+3
groups of szes n, (i =1,..k +3) respectively, with n = é n, , each of them usng one and only one
i=1
of the k + 3 components of the forecast function (15). In this other polar Stuation, which we cal the
pure group-heterogeneity effect, the weights w,  are such that:

w) =1 w)=0, wl=0 w}=0;..w),=0 forany adaptive agent (group 1);

w) =0, w)=1 w!=0;, w)=0;..w),,=0 forany extrapolaive agent (group 2);

w/ =0, w)=0 w!=1 w)=0;..w/,,=0 forany regressve agent (group 3);

w) =0 w)=0 wl=0 w]=1 .w),=0 foranyfundamentdist agent who forecasts on

the basis of the expected value of the variable
vi; (group 4);

w) =0 w)=0 wl=0 w;=0;..w),,=1 forany fundamentdist agent who forecasts on
the basis of the expected value of the variable
v, (group k+3).
k#3
It then follows from the condition § w/ =1 thatw, =n, /n " i.All the coefficients w; in
i=1
equation (16) now represent the frequencies of agents belonging to each of the k+3 groups® The
expected changein p, provided by the consensus may then be represented as the weighted average

of the forecasts made by the k+3 groups. Here again, the average expectation is given by (16). It is
interesting to note that since dl the k+3 groups cannot make accurate forecasts smultaneoudy,
mode (16) necessarily generates a systematic aggregate forecast error. Hence, the occurrence of
any set of heterogeneous groups of forecagters is sufficient for expectations not to be rationa at the
aggregate levd. In fact, the group-heterogeneity and the individud mixing effects may act
simultaneoudy so that there may exist avery large number of possible partitions of agents forming the
consensus. Let dT N denote the number of different components of a mixed process. For any
di {1,2,..., k+ 3}, there are a most C/,, possible d-mixed processes candidate to describe the

consensus @ time t. In the case d =1, there are at most k +3 basic possible processes, and this
refers to our second polar example. In the case d = k +3, there is only one single group of agents

& A well-known illustration introduced by Frankel and Froot (1987) involves two groups of forecasters, repectively
called by the authors the “chartists” (assumed to adopt an extrapolative process) and the “fundamentalists’
(assumed to follow aregressive process where the target may or may not include limited information).

10



who al use a combination of k + 3 basic processes, and this refersto our first polar example. Since
k+3

various d-mixed processes with dfferent vdues of d may coexist, there are @ most g Cl.,
d=1

partitions of the consensus.
2.2.3. Generalizing for the forecast horizon

Hitherto, we set the whole framework on the implicit assumption that the forecast horizon is
equd to the frequency of the observations (i.e. one unit of time). Wenow call t theforecast horizon
suchthat t 3 1. The generd form for any t of the dynamics function generdting the rate of changein

p' betweent-t andtis (the subscript t will be omitted from parameters to smplify notation):

m t-1 k t-1
i i o O, i _i o o P
th - th-t —aa l i]izé,t—t—i taa thinJn i aa J t-i (18)
g=l i=0 h=1 i=0

Following the same steps as (8) through (12) to find the individua forecast function and
aggregating yidd to the following generd forecast function of the consensus

t-1
Et T S é.ai(Et-ipm-i - pt—i)+at (Ett P - pt)

i=1
g\ ‘lto-l 3 2(t 1) t 1
+aia (l qi_aallq,i-l)zq,t—i_ ( aalqll)zqug (19)
g=11i=0 = |=t I=i-t +1
k yt-1 A N
o lo e uu .
ta 1a dhi éEVht+t i aa Et 1 Vht+t -i- | at[Et—ch,t—i - Vh,t-i]' +bt
h=11 i=0 e =1 u

Theterms z, (gq=1.3) and v, (h=1..k) ae the averages of szt and of v, over all
agents respectively,® and by isan aggregatlon bias assumed to be negligible. Definenow m=3 and
Z\ =P P 2% =P - Pl =Pli- EliPe Smilaly to equaion (13). If an
identification sysem gmilar to (14) holds, the coefficients in (19) may be written as
a; =w;(1- b)+wy for i=1...t, I, =wy,g, I 5=wym, |5 =wym, d;=w,r,....
dg =w,4r, for i=0,...t -1, where wyg (s=1...,k+3) isthe weight corresponding to the

i "th lagged vdue of the s’th expectational component. It is easy to check that for t =1 equations
(18) and (19) smplify to (8) and (16) respectively.

3. Evidence on the expectational process used by experts

° We limit the number of lagsin the exogenous variables of equation (18) to the horizon for the sake of conformity
with the special case t =1. However the number of lags for variables of types z and v can be easily extended
beyond t without changing the general form of the forecast function (19). If the | ’s lags were extended,

equation (19) would become extremely cumbersome.
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Assuming that the aggregate process chosen by experts is Sable over time (i.e. the dements
of equation (7) are time-invariant), we now atempt to identify empiricaly this process in the light of
survey data.

3.1. Thedata

At the beginning of each month, « Consensus Forecasts » (CF) asks 180 or so economy and
capita market specidists in approximately 30 countries to estimate future values of alarge number of
economic variables for 3-month and 12-month horizons. These variables are the production growth
rate, inflation rate, unemployment rate, wage rates, new housng starts, company profits, interest
rates, foreign exchange rates, West Texas Intermediate (WTI) ail price.... The WTI represents the
internationa reference spot price of the US oil (US$ per barrdl), and its globa benchmark role is
reinforced by the rgection of the regiondisation hypothesis (Gilen, 1999). Towards the end of each
month, CF sends each of the bodies (scattered throughout the world) who have agreed to participate
in the survey, a questionnaire which asks for their opinion on the future numerica vaues of WTI oil
price. The consensus is the arithmetic average of the individua expected vaues of oil price and is
published in the monthly CF newdetter. These consensus time series are used in this paper over the
period November 1989 to January 1998. The coefficient of variation a each point in time (i.e. the
ratio of the standard deviation of individual answers over the consensus) lies between 4% and 8%
for each horizon, except during the Gulf criss where it increases dmost up to 20%. This indicates
that the heterogeneity of individud expectations is neither negligible, nor large enough for the
consensus to be irrdlevant.

Respondents are commercid or investment banks, industrial firms and forecast companies,
whose forecadts influence many market participants decisons. These experts are identified with a
confidentia code, which only mentions their country. They are only asked to reply when they are
aufficiently concerned by an economic varigble. Only two thirds of the 180 experts of CF answer the
questions concerning future values of ail price. This confirms that experts who respond are those
who are informed about the oil market and who are professondly concerned by the requested
horizons. In this way, noise traders cannot bias the consensus because only informed agents are
asked to respond. Since the individua answers are confidentid (i.e. only the consensus is disclosed
to the public with atime lag) and since each individud is negligible within the consenaus, it is difficult
to say that, for reasons which are hherent to speculdive games, individuas might not reved their
«true » opinion. The CF requires a very specific day for the answers, i.e. a the beginning of the
following month. As a rule, this day is the same for dl respondents’® Findly, given thet questions
concern the expected levels of oil price, the expected change rate can only be determined with
respect to the last oot price which is assumed to be known by the individuas the day they answer
(reference price). It is thus clear that any mistake in the choice of the reference price date implies a
mistake in the measurement of the expected change. However, the price values consdered in this
paper being dated from the day required by CF for the answers, the concentration of the answers on
the same day implies that we can retain the same reference price for dl respondents.

% We notice that this day may fall anywhere between the I and the 8" of the month. The effective horizons
however always remain egual to 3 and 12 months. If, for instance, the answers are due on the 3rd of May (which
was the case in May 1993), the future values are asked for August 3, 1993 (3 month-ahead expectations) and for
January 3, 1994 (12 month-ahead expectations).



As shown in the theoretical andysis presented in section 2, the opinion variable for agent j is
assumed to be the expected return of the oil price p/, = E/p., - p, (i.e agents consder the

digribution of p tft prior to forming forecasts). Since agent is asked by Consensus Forecasts to give
their opinion on the level (and not the log-leve) of the future il price, they expresses their response

ej —

as B, —P;exp[pt"’t] for both t =3 and t =12 months This gives in logaithms
pftj =1In Ptij =p, +ptjyt = Ej p.. &according to the expected return reationship. Thus, the
logarithm of the forecast values of the price provided by the respondent | a timet for t+3 months

ej

and for t+12 months ( pf; and p,;, respectively) correspond to the expected value of the logarithm
of the future price for these horizons (E/' p,., and E/ p,.,,).

Thus, we can write a the aggregate level %é pe) = ! a E/p.,; = E, p..,. However the

=1 n i3
consensus value published by Consensus Forecadts is an arithmetic (and not geometric) average of
oil prices, i.e. P} :%é_ P:! . Hence substituting In RS for E, p,,, generates asystematic biason
i=1
the aggregate expected oil price. It can be shown that the wider the digperson of individua
expectations the larger is the bias. Because this dispersion is rather low and stable over time for the
two horizons (see above), this bias will be supposed to be congtant. A second and similar source of
measurement bias may result from the aggregation of individud targets. A last type of bias may be
due to the non-zero mean of the b term (equation (17)). We will therefore introduce in each

process an intercept to capture the total bias, which dlows us to replace In R} by E, p,, inthe

empiricd analyss to be in conformity with equation (19). Furthermore, the error term of the
expectational process may capture a sochastic measurement error in expectations.

3.2. Empirical results



All basic or mixed processes are derived from the generd equation (19) for t =3 and
t =12. The empirical exercise presented heresfter ams to identify the relevant process used by the
respondents to Consensus Forecasts. We will firsg examine the relevance of the REH, which
describes a stuation in which the consensus is generated by an underlying process based on dl
available information (this process being unknown to the investigator)."* We will begin by
implementing ADF tedts to the three variables of interest: p,, E, p,..; ad E, p,,,,. Atal%leve of

sgnificance (with an intercept and one lag), dl variables were Sationary. It follows that the
unbiasedness tests may be run on the log-levels of the variables™® For the two horizons, we obtain
the following results:

t =3, sample period: February 1990 — October 1997 (N=93)

P..s =0.38E, p,.; +1.87 +1, R?2=0.094 SE=0.148 DW =041

(3.25) (5.42)
t =12, sample period: February 1990 — January 1997 (N=84)

Prio = 0.07 E Py, +2.77 +A, R?=-001 SE=0119 DW =0.34

(0.45) (5.88)

Generdly, the hypothesis of unbiasedness involves testing the joint hypothess that the dope
is 1 and the intercept is zero.”* Nevertheless, because of the possible measurement bias on the
expected variable leading to a non-zero intercept, only the vaue of the dope accounts for the
unbiasedness. Our results strongly reject the unbiasedness hypothesis for the consensus. Further, we
implemented a Chow test on two equa sub-periods for the two horizons to verify the sability of
these estimates. The test led us to accept the stability hypothesis of these parameters at the 1% level
of sgnificance, which suggests the absence of alearning mechanism dlowing a convergence towards
the REH: the barrier of cogtly information acts a any time. This confirms that aggregate expectations
described by equation (19) are not rationd.

However, these results do not preclude the existence of a dgnificant group of rationa
forecagters in the consensus. If this group exists, we should be able to capture it empiricaly. In this
case, the group uses dl rdlevant informationimbedded in (19) to produce unbiased expectations and
the question is to determine whether the REH may be represented by a linear combination of
variables included in (19). In this perspective, we regress the ex-post change in ail price
F.. = Pu - Py, Which stands for the change expected by the rationa group, on alarge number of

observed and expected variables and we find that for the two horizons, F,, cannot be fit by any

combination of these variables. However, rationa agents may have used information other than that
which we empiricaly exploited, as this information was unknown to us. To circumvent this

"1t is worth noting that if all individuals are rational we should find that the consensus is rational. However we
may find rational consensus although none of agentsisrational. For instance, if the consensus was made by two
agents, and if one of them had underestimated the importance of a given information (with respect to what would
have been necessary to forecast correctly the future price), while the other had overestimated this information, we
would find arational consensus.

2 Note that the specification in level avoids statistical biases due to overlapping data that would occur with first
differences. Moreover the choice of the observed price as the endogenous variable allows to estimate the slope
without the bias which would result from the unknown forecast error variance of the rational expectation.

3 This condition is not sufficient to prove the REH but its failureis sufficient to reject the REH.
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methodological difficulty, we will consder the variable F,, as a proxy of al information used by
rationa agents. Hence, the introduction of the variable F, in the aggregate expectationa process
(19) dlows us to test whether or not a sgnificant group of rationa agents belongs to the consensus.
In other words, within our group-heterogeneity framework it makes sense to combine the REH with
any other expectationa hypothesis to account for the behavior of the consensus. Obvioudy, thereis

no sense to consider such a combination at the individua level because if the latter hypothess is
relevant the two hypotheses are redundant.

In order to run caculations, we needed a hypothesis about the target value of the oil price as
it gppearsin the regressive process for each horizon. For the three-month horizon, we supposed that
the target vaue is given by the aggregate 12 month ahead expected oil prices provided by the survey
data, thet is:

Et,S = Et pt+12 (20)

wheress for the twelve month horizon we retained - after having tried severa other dternatives — a
congtant (long-run) target vaue, which is given by its mean over the period:

— 14 —
Pz =—a P =P (21)
t=1
This assumption is in accordance with the fact that the time series p, was found to be

dationary over the sample period. A direct consequence of equation (21) is that when
t =12 months, the rate of change in thetarget in (19) is zero.

The edimation of equation (19) including the varidble F,, dlows for the identification of

relevant sets of information used by experts. For both horizons, the forecast error, the more-than
one-period lagged expected changes in  p,, the lagged regressive components and the actud o

lagged macroeconomic components™ did not appear to be significant. Furthermore, the more-than-
two-periods lagged extrapolative components in the case t =3 and the more-than-one-period
lagged ones in the case t =12 were dso found to be indgnificant. These variables are therefore
ignored in the remainder. In fact, for the 3month horizon, the estimate of |, - a,l ,, (composite

coefficient of the one-period-lagged extrgpolative component), the estimateof | ,, - a,l ;- a,l ;,
(composite coefficient of the two-periods-lagged extrgpolative component) and the sum of the
esimatesof a, and | ,, (coefficients of the first order autoregressive component and of the actua

extrgpolative component, respectively) were not found to be significantly different from each other.
For the 12-month horizon, we found thet the estimate of | ,, - a,l ,, isnot Sgnificantly different from

the sum of the estimates of a, and | ,,. Hence, writing the term |z, in the right-hand side as
(@, +1 )z, - a,z,, we can write equation (19) equivaently as follows. First, the extrapolative
component now defines the quarterly change in prices in the 3-month horizon mode and the two-

¥ These are observed and expected values of the rate of inflation, of the money stock, of the change in real GNP,
of real investment, of the rate of interest and of the rate of unemployment revealed by the same CF survey. The
weak influence of macroeconomic variables on asset price expectations also results from the survey by Gennotte
and Leland (1990) who asked traders on NY SE market to provide the information their expectations are based on,
and found that agents base their forecasts on observed stock prices rather than on fundamentals.
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month change in the 12-month horizon modd, instead of monthly changes. Second, the adaptive
component is modified such that the last forecast s compared to the actual price and not to the
lagged one. Although this is not the traditiona adaptive behavior, we cdl it an early reappraisal
adaptive behavior: agents do not wait until the end of the t month horizon to revise thar
expectations, but they rather revise them in response to the first observed price. This particular
adaptive behavior says that expectations are defined as a weighted average of actud and past
monthly vaues of p, and not an average of quarterly or annua vaues of it (depending on the

forecast horizon) as the traditional adaptive process states.

Table 1 provides the sgnificant components for the two horizons respectively. The estimate
associated to F,, *° is reported when it is significant at the 5% level, while a hyphen () is used to

denote that this variable was indgnificant and has therefore been excluded from the presented
regression. Stationarity (ADF) test and Ljung-Box serid correlation test have been performed to the
resduds of each of the twelve regressons. When the intercept was not sgnificantly different from
zero, it was dropped in the course of the fina estimation and again this has been indicated with a

hyphen.

Our results cdl for the following comments. While the ADF tests do not dlow us to reject
any of the processes, the Ljung-Box test is very discriminating. Regressons 5 and 10 indicate the
only process without serid correlation of the residuals for both horizons™ Since in this process all
macroeconomic variables and F, = p,, - p, ae inggnificant, we cdl it an extrapolative-

regressve-adaptive modd with limited information (ERAMLI).Y In fact, the adaptive component

** Since the REH is represented as the sum of the variable F,, and a white noise forecast error, a bias may be
generated in the estimation of any model in which Ft‘I appears as a regressor. In order to appreciate the
importance of this bias, we generate a new variable Ft'I =F, +U, ,where U, isdrawnfrom N(O,s )
allowing different values for S, , and estimate the models by substituting Ft:t for F, foreachvalueof s, .

Even for rather high values of S, (including the standard error of Ft’t ), we observe that the estimates are not

significantly different from those obtained by using the regressor Ft,t instead of Ft:t . This result allows us to
use F, inall regressions.

181t should be noticed that the 3-month horizon ERAMLI (regression 5) involves on both sides not only the spot
price at time t but also an expectational variable, that is the 3-month expected price on the left hand side and the
12-month expected price on the right hand side. This raises the question of whether or not there exists some
possibility of spurious validation of the ERAMLI. To check this issue, we derived from the ERAMLI an
equivalent equation in which all expectational variables dated at time t are gathered on the left hand side while
actual and lagged spot variables and lagged expectational variables are gathered on the right hand side. Thereis
thus no possibility for this last equation to be necessarily validated because of common information on both
sides of the eguation. By applying an iterative procedure, this transformed eguation yielded to a set of estimates
which is not significantly different from those of the regression 5. We then can conclude that these latter
estimates cannot be attributed to any statistical necessity. For the 12-month horizon ERAMLI it should be
noticed that regression 10 involves on both sides only the spot price. We then expressed the level of expected

price in terms of actual price |, and the four exogenous variables of the ERAMLI. The estimate of [, appeared
to be very significantly equal to 1, all the other parameters being insignificantly changed with respect to those of
regression 10. This again confirms that the presence of [, at both sides of the equation involves no spurious

correlation.
" Abou and Prat (2000) and Prat and Uctum (2000) have found similar mixed models with stock market and foreign
exchange market survey datarespectively.
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being included in the regressve process, there is no way to identify econometricaly between the
extrapolative-regressive process and the ERAMLI. Regressions 5 and 10 may thus correspond to
ether of these two processes, but in the remainder we smplify by referring to the ERAMLI when
talking about a 3mixed process. The observation of Table 1 suggests that F,, is sgnificant only

when the limited information model is misspecified. This leads to the concluson that there is no
ggnificant group of rationd agents in the consensus. The estimates of regressons 5 and 10
correspond to the parameters | ,,, a,, | ,,, and | ,, of the theoretica equation (19) respectively

and they dl have the expected positive Signs. It isimportant to note that the extrapolative component
actsin the ERAMLI with a positive sign, contrary to whet is generdly obtained when this processis
esimated done. This result is satisfactory since it conformsto the intuitive idea thet the extrapolation
should maintain the past direction of the market. We aso found that the intercept for each horizon is
not sgnificantly different from zero, and this suggests that the measurement biases if any compensate
each other in average.

Another implication of the fact that the regressive process imbeds the adaptive component is
that if the former was relevant by itsdlf, the coefficient of the adaptive component should not be
sgnificantly different from one. According to regressons 4 and 9, this is not the case and thus these
equations represent a regressive-adaptive 2-mixed process for both horizons.

To check for the colinearity between exogenous variables of the ERAMLI, we calculated the
R? between each exogenous variable and the others and compared it to the one of the ERAMLI, as
suggested by Johnston (1963, p. 295), and Kennedy (1985, pp. 150-153). For the three (twelve)
month horizon, the R? values corresponding to each of the four (three) regressions were found to be
less than 0.9 and less than the R of the ERAMLI. These are the rdevant conditions to conclude
that colinearity does not introduce significant biases in the estimates.

For the 3 month and 12-month horizons respectively, the observed and the fitted vaues of
the expected rate of change of ail price according to the ERAMLI are such that the main fluctuations
are well-represented (Figures 2 and 3). We particularly observe that there are no systematic time
lags between the fitted and observed vaues, which is the sign of a good specification of the
ERAMLI. Thisremark holds especidly for the twelve-month horizon.

We aso performed White tests (not provided in Table 1) on the resduas of the ERAMLI to
check for the presence of heteroskedadticity: the null hypothesis of homoskedadticity is rgjected a
the 5% leve of dgnificance since the p-vaues are found to be zero for both t =3 and t =12.
Heteroskedadticity may be generated by aggregation biases not captured by the intercept or by the
influence of (non-economic) extreme events such as the Gulf crigs. The abnorma spreads we
observe during the Gulf crisis period (August 1990 - April 1991) between the observed and fitted
vaues (Figures 2 and 3) are likely to be the source of the heteroskedagticity found over the whole
period. Such extreme events may be accounted for by adding, in the dynamics function, a series of
dummy varidblesy ;,; (i=0,1,...t ) taking the value 1 when an extreme (and unique) event occurs

t
between t and tt and zero otherwise. Adding thusQ d,y ...i inequation (18), where d,! isthe
i=0
impact on the change in oil price of the i month-lagged extreme event according to agent j, it can be
verified that the aggregate forecast function (19) is modified so as to include aso the effects of the
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t-1

war, thatis § (a,d, - a,d, )y i i - Inorder to examine the importance of these effects a each time
i=0

of the period of the criss (August 1990 - April 1991 included), we introduce nine dummy variables

D9008, D9009,..., D9104, which are equa to one an August 1990, September 1990, ..., April

1991 respectively and zero dsewhere. By diminating successively inggnificant dummies, we found

the following regressons for the two horizons:

pt,s = 0-06( P, - pt-s) + 0-30( Et-lpt+ll - Et-lpt+2) + 0-31( Et P2 - Et-lpt+11) + 0'58(Et-1pt+2 - pt)

(3.2) (8.6) (9.4) (24.1)
+6.39D9009 +13.05D9010 + 4.53D9011+8.36D9012- 0.91+¢ , (Regressonn’ll)
(3.5) (6.8) (2.1) (4.5) (-4.8)

R? =0.915, SE =1.53%, Ljung-Box probability = 62.60% (3 lags), ADF test: Cl(1%) with O lag

P, =0.025(p, - p,_,)+0.014(p- E_,p.yy) +0.816(E, 1 Piys - B;)

(5.2) (2.1) (23.7)
+1.69D9009 - 1.42D9010 - 2.43D9011+ ¢, (Regresson n°12)
(35) (-3.0) (-4.7)

R? =0.968,SE =0.42%, Ljung-Box probability = 97.71%(3 lags), ADF test: Cl(1%) with O lag

Using these estimates, we calculated the part of the endogenous variable p; unexplained by
the ERAMLI, that is:

ft,3 = pt,3 - [0-06( P - pt—3) + O'3O(EI—1 Pras - Et—l pt+2) + 0'31(Et Praz - El—lpt+11)
+ 0-58(Et-1pt+2 - p’[) - 0-91]

ft,12 :pt,12 - [0-02( P - pt-2) + O-Ol(ﬁ - Et-lpt+11) + 0-82( Et-lpt+1l - B )]

It should be underlined that these two spread variables represent a «total shock », which
may contain any exogenous influence due to intra-month higtorica events and any measurement or
specification error in the ERAMLI. Although these effects are not distinguishable, it is interegting to
present their overdl evolution during the Gulf criss. In this perspective, Figure 4 shows, for each
horizon, the normdized vaues of f 5 and f ;;, a the beginning of each month over the period June

1990 to December 1991, which contains the Gulf criss. Between August 1990 and May 1991, the
two spreads exhibit a higher volatility than they do autsde of this period. This period starts with the
crigs and ends around the end of the war. This suggedts that, during the criss, the ERAMLI and the
extrame event effects explain complementarily expectations in the oil market.® We findly

8 More specifically, increased tension among Gulf states pushed up oil price expectations sharply in the course
of August 1990 (see the positive change of the two spreads between August and September), and the sign of this
shock is conform with the high probability of a substantial fall in oil supply. It is worth noting that during
September 1990, although the three month ahead expectations imbed a positive shock, the twelve month
expectation exhibits an important negative shock. For the short term horizon, the fact that Irag made it clear that
the destruction of the Saudi oilfields would be a primary objective in the event of hostilities may explain the
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implemented the heteroskedadticity White test by transforming regressons 11 and 12 so as to

diminate from the endogenous variable the influence of the dummy variables. The test gives the NR?
p-value = 0.010 for the 3month horizon and pvaue = 0.803 for the 12-month horizon, which
suggests the absence of heteroskedadticity at the 1% significance leve for the former horizon and 5%
for the later horizon. These findings show that the Gulf criss is sufficient to explan the
heteroskedasticity reported above. More generdly, the well-behaved resduasin regressons 11 and
12 suggest that the total aggregation bias (see subsection 3.1) is not Significant.™

Expectations generated by the adaptive and regressive components of the ERAMLI are
dabilizing in that by definition they converge to the spot price and the target respectively. The
extrapolative process does not involve any convergence and therefore is not sabilizing. In order to
gppreciate the magnitudes of these two strengths, we decomposed the variance of the deterministic
part of the endogenous variable corrected from the Gulf effect as the variance of the stabilizing factor
(weighted sum of the regressive and of the adaptive components), the variance of the destabilizing
factor (extrapolative component) and twice the covariance. These are respectively 37.29, 1.06, and
—9.00 for t =3 months and 6.15, 0.17 and —1.46 for t =12 months. Hence, expectations can be
viewed as exerting a Sabilizing effect in the dynamics of the oil market for both horizons.

Recdl that the ERAMLI applied to the three-month horizon (regression 5) depends on the
actud vaue of the twelve-month expectations, which represents the target of the regressive process
as supposed in equation (20). On the other hand, we have explored the determinants of this target,
which is the ERAMLI applied to the twelve-month horizon (regresson 10). It becomes then
interesting to examine jointly these two hypotheses by testing the robustness of the estimates of the
3-month ahead expectation mode where the target is replaced by its fitted vaues. Indeed, if the
resduals of the target modd have a congtant but too large variance with respect to the ones of the
regressive components on the 3-month model, we would expect the estimates of this mode to be
significantly worsened. Another advantage of such a « nested modd » is to explan three-month
expectations only with actud prices and the past vaues of expectations. Inferring the estimated

target from regresson 12 as E, p,,, =P, 4, + P, and testing the 3-month horizon ERAMLI with this
edimated target yidds.

upward shock. In the long run, the panel of experts may have thought that, in all circumstances, the insufficiency
in oil supply will vanish, and this may explain the negative slope of the 12-month oil price expectations. In
October 1990, the perspective of a peaceful settlement to the Gulf crisis may have led also the 3month
expectations to sharply decrease. After the declaration of war (january 1991), the 3-months and 12-month spread
variables exhibit negative and positive slopes, respectively : whilein the short run the belief that the Allied forces
would win in a short time may have led agents to foresee a reduction in their precaution oil storage, in the long
run agents may have thought that the observed destruction of some oil wells will cause a rigiditiy of the il

production and hence increased prices. Stabilization of the spread variables is observed starting from May 1991.
Overall, these historical events do not appear distinctly from the observation of expectations, but they do when
we substract the fitted values provided by the ERAMLI from the observed expectations (i.e. when we consider
the spread variables). This reinforces the relevance of this model.

9 Hitherto, we ignored the feedback effect, that is the influence of price exp ectations on actual prices. The fact
that the actual prices have been viewed as econometrically exogenous is unlikely to have altered the quality of

the estimates presented above, in the extent that no specification bias has been detected with the tests

implemented in this paper.
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pt,3 = 0-057( pt - pt-3) + '348(Et-1 pt+11 - Et-l pt+2) + 0(-5%%1(Et pt+12 - Et-lpt+11) + 91'%9)7(Et-1pt+2 - pt)

(222) (7.29)

+7.70D9009 +12.7%5 D9010+4.83D9011+10.47 D9012 - ?_21288+ 6, (Regression n°13)

(2.90) (4 (153) (4.14)

R? =0.842,SE =2.07%, Ljung-Box probability = 83.24% (3 |ags), ADF test: CI(1%) with O lag

Itisclear that estimatesin regressions 11 and 13 are not sgnificantly different. Moreover, as
with the 3month horizon mode, the nested modd provides gationary and seridly uncorreaed
resduas. Heteroskedadticity White test gives NR* p-vaue = 0.181, which leads to accept the null.
These results vdidate jointly the two models.

A find point we conddered was the andyss of the time-stability of the ERAMLI by
performing the (in-sample) Chow test on the three-month modd, twelve-month (or target) mode
and the “nested” mode. Because the Gulf crigs may be a source of ingtability of the structurd
parameters of the ERAMLI, the test has kieen implemented by diminating from the endogenous
variable the influence of the sgnificant dummies over the crisis period. We considered 3 sub- periods
of roughly the same szes. March 1990 — September 1992 (N=31), October 1992 - April 1995
(N=32) and May 1995 — January 1998 (N=32). For each of the three models, the pvaues
obtained are 7.64%, 28.10% and 22.33%, respectively. We can thus accept the time stability
hypothesis at the 5% level of sgnificance whatever the modd consdered. This suggests that the
retained hypotheses on the targets are econometricaly consistent.

4. Concluding remarks

In this paper we attempt to anayze the formation of ail price expectationsin an economicaly
rationa expectation framework, which dtates that a forecaster chooses the optima quantity of
information such that the margind gain due to the decrease in the forecast error equas the unit cost.
This quantity of information corresponds to a dynamics function of ail price, and alows the agent to
oecify an expectationd process. Starting with a generd form of dynamics, we propose an
encompassing modd which nests al kinds of expectationa processes considered in the literature and
which we generdize for any horizon. A centrd implication of the framework is that expectations may
be biased dthough economicdly rationd. We dso show that the aggregation of individud
expectationa optimal processes leads to an aggregate mixed process, which may be interpreted as
resulting from individuad mixing effects and/or group heterogeneity effects. We then attempt to
identify empiricaly the effective components of this aggregate process.

Using Consensus Forecasts survey data for three and twelve month horizons, we found that
not only the rationa expectation hypothesisis regjected - whether it is supposed to hold for dl experts
or only for a group of them - but dso tha no macroeconomic fundamentd is Sgnificant.
Nevertheess, expectation formation appears to be characterized by an empirica complementarity
among adaptive, regressive and extrapolative processes for both horizons, i.e. a mixed expectational
model. Moreover, we show that the twelve month expectations appear to be a vauable target in the
three month model. An important property of this model is that expectaions exert a Sabilizing
drength in the oil market. Generdly spesking, the mixing behavior seems to explain why the basic



processes are ingppropriate to describing expectations and why rationa expectation hypothesis is
not validated by data.
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Figure 1. relations between the quantity of information, its unit cost and the marginal gain
for a given agent in the Economically Rational Expectations framewor k

Tablel. Determinantsof oil price expectations
for the 3-month horizon
Py Ei1Prsg| Eio1Praa1 | Bt Prar2 Pus| C R? ADF | Ljung- | Sample ggf
- P3| Pt - Et.1P2 | - Ev1Pra] - P (SE %) Box | period Ne
Probabilit
y
-0.136 _|-193| 0.192 | Cl 1% | 0.00% | 90.02- 1
(-4.86) (-4.02) (4.71) 0lag 98.01
0.284 0.046] -1.23| 0.633 | Cl 1% | 0.00% | 89.12- 2
(12.13) (231) | (349) | (3.33) Olag 97.10
0.121] 0.375 0.0711-0.79| 0.68 Cl1% | 0.2% | 90.02- 3
(432) | 1.77) (3.76) | (244 | (2.98) Olag 97.10
0.527 0.11 0.376 _|-059| 0817 | CI5% | 03% | 812 4
(17.5) (2.78) (8.98) (-2.28) | (2.34) 1lag 98.01
0.117] 0.615 0.181 0.353 _ _ 0.854 | Cl 1% |45.72% | 90.02- 5
(6.2) (22.11) (5.00) (10.12) (2.00) 0lag 98.01
for the 12-month horizon
E.1Praar]| Py P Pt+12 C R? ADF Ljung- Semple F;g?):]e
" Py - Pr-2 - EcaPuaa) - B (SE %) Box Period ne
Probability
-0.049 0.274 _ 0.542 | Cl 1% | 0.00% 90.02- 6
(-5.71) (6.84) 97.01
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(1.636) | Olag
0.704 0.042 B 0917 |cri1w| 025% [ %002 | 7
(24.81) (2.15) (0.694) Olag 97.01
0.030 | 0.873 B B 0943 |[Cl1% | 26.07% | %002 | 8
(7.73) (32.94) (0.550) Olag 98.01
0.687 0.052 _ -013 | 0936 |Cl1% | 001% | 90.02- 9
(33.94) (6.53) (-2.20) (0.582) Olag 98.01
0.022 0.812 0.030 _ _ 0949 | Cl 1% | 37.24% | 9002 | 10
(5.38) (27.15) (3.76) (0518) | Olag 98.01
Notess The  endogenous variable is the  expected change  of the  ail price

P = EP - Pt 2{3,12} representing the horizon. Whatever t , are reported at the first column the

extrapolative component and at the second column the adaptive component. The third and fourth columns for
t =3 and the third column for t =12 provide the regressive component(s) in which targets are given by

equations (20) and (21) respectively. Variable P, - P, isaproxy of al information used by the rational agents

if any. All variables are expressed in percent per quarter. C denotes an intercept. The sign «- » denotes a
coefficient not significantly different from zero at the 5% level; the estimates provided by the table are those of
the regression without the corresponding variable. The values in brackets under the estimates are the «t-
values ». «SE» is the standard error of the regression. Augmented Dickey-Fuller test: «Cl a % » or «NCl
a % » means Colntegration or No Colntegration at the a % level of significance and with the indicated number
of lags in the equation of change in residuals. Ljung-Box probability test: if this probability exceeds 5%, the null
hypothesis stating that the residual s are independent is accepted (the test takes into account three lags).
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