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Abstract 
This paper revisits that of Barrett, published in Food Policy in 1997. Even if Barrett resorted to the use 
of the appropriate methodology, ARCH-M models, it would appear that he misinterpreted its 
philosophy, just as he misspecified the variance equation of the ARCH. This led him to a spurious 
modeling at several levels, methodological and theoretical. Using food price time series (as Barrett 
did), we first explain the inconsistencies in Barrett (1997) and then we propose three modeling 
procedures: that of Engle, Lilien and Robins (1987) and then two others similar to Barrett’s, but 
differing by the fact that one is carried out with good identification of the time series data generating 
process, and the second without. These three models allowed us to apprehend the gap between 
results of a “correct” ARCH-M model and those of Barrett. The interest of this comment on is to 
highlight few irregularities of drawn conclusions that were subject to economic recommendations at 
that time, and also that are being largely replicated in agricultural economic papers. 
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Titre 
Un commentaire sur l’article de Barret “Liberalization and food price distribution: ARCH-M evidence 
from Madagascar” 
 
Résumé 
Cet article revisite le papier de Barrett publié dans Food Policy en 1997. Même si Barrett a eu recours 
à la méthodologie appropriée, la modélisation ARCH-M, il semble qu'il ait mal interprété sa 
philosophie, ainsi qu’à une mauvaise interprétation de l’équation de la variance du ARCH. Ceci l'a 
conduit à une modélisation erronée à plusieurs niveaux, méthodologique et théorique. À partir de 
séries temporelles de prix de denrées alimentaires (à l’instar du travail de Barrett), nous expliquons 
tout d'abord les incohérences du papier de Barrett (1997) et proposons ensuite trois procédures de 
modélisation : celle d'Engle, Lilien et Robins (1987), puis deux autres semblables à celle de Barrett, 
l’une réalisée avec une identification correcte du processus générateur des séries temporelles, 
l’autre avec une modélisation « à la Barrett ». Ces trois modèles nous ont permis d’appréhender 
l’écart entre les résultats d’un modèle d'ARCH-M « correct » et ceux obtenus par Barrett. L'intérêt de 
cet article est de pointer certaines irrégularités notamment dans les conclusions de l’auteur qui en 
tirait des recommandations de politiques économiques. Cette procédure été reprise dans de 
nombreux articles d’économie agricole générant ainsi un biais de publication. 
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Résumé 
Les mutations des agricultures familiales interrogent le monde académique et les politiques. Cette interrogation 
traverse l’histoire des représentations de l’agriculture depuis un siècle. Les manières de voir ces agricultures ont 
accompagné leurs transformations. Aujourd’hui, l’agriculture familiale acquiert une légitimité internationale mais elle 
est questionnée par les évolutions des agricultures aux Nords comme aux Suds. L’approche Sustainable Rural 
Livelihoods (SRL) permet une appréhension globale du fait agricole comme une composante de systèmes d’activités 
multi sectoriels et multi situés dont les logiques renvoient à des régulations marchandes et non marchandes. Le poids 
relatif et la nature des capitaux mobilisés permettent de représenter de manière stylisée six formes d’organisation de 
l’agriculture familiale en Nouvelle-Calédonie, au Mali, au Viêt-Nam, en Afrique du Sud, en France et au Brésil. Une 
caractérisation plus générique, qu’esquisse notre proposition de méthode de représentation des agricultures est enfin 
proposée, qui pose de nouvelles questions méthodologiques. 
 
Mots-clés : agricultures familiales, sustainable rural livelihoods, paysans, entreprises, pluriactivités, mobilités, diversité 
 
Abstract: 
The transformation of family-based agricultural structures is compelling the academic and policy environments. The 
questions being advanced cross the history of agricultural representations since a century. The ways of seeing and 
representing the different forms of agriculture relate to these transformations. Family farming has acquired an 
international legitimacy but is presently questioned by agricultural evolutions in developed countries as well as in 
developing or emerging ones. The Sustainable Rural Livelihoods (SRL) approach allows a global comprehension of the 
agricultural entity as a constituent of an activity system that has become multi-sectoral and multi-situational, relating 
to market and non-market regulations. The relative significance and the nature of the mobilized capitals led us to 
schematically present six organizational forms of family agriculture in New-Caledonia, in Mali, in Viet-Nam, in South 
Africa, France and Brazil. A more generic characterization that foresees our representation framework proposal poses 
new methodological challenges. 
 
Keywords: Family agriculture/farming, sustainable rural livelihoods, peasants, enterprises, pluriactivity, mobility, 
diversity. 
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1. Introduction 

In 1997 Christopher Barrett proposed testing the effects of liberalization measures of several food 
prices in Madagascar. As from his introductive section, he presented the issues subsequently 
investigated: “The […] question, curiously overlooked thus far, is whether market-oriented reforms 
indeed stimulated food prices, as is generally presumed.” (1997, p. 155). He pointed out the absence 
of any “well-articulated” theory allowing to understand how stochastic behavior of prices responded 
to economic liberalization. The author was looking for an estimation method to address the 
liberalization effects on agricultural commodity prices, which he entitled “prices response to 
liberalization mechanism”. His research logically led him to assume that these prices exhibited an 
increase in mean and a decrease in variance. In other words, the price level increased more 
homogeneously since the observed average spread of these prices was reduced. He supposed that 
there existed an influence mechanism of price risk on the average level of prices. 
 
Barrett (1997) resorted to the use of ARCH-M models (AutoRegressive Conditional Heteroskedasticity 
in Mean) by Engle, Lilien and Robins (1987), which account for fluctuations of the mean in the 
conditional information, attempting to capture the liberalization effects on food prices using 
volatility measurements on the price series concerned. And based on this modeling procedure, the 
author reached a conclusion stating that liberalization of commodity markets has had diversified 
short run effects on food prices. Hence, the observed differentiated impacts on food prices are also 
indentified with respect to the various studied regions, as well as to the various seasons. As for its 
long run impact on prices, drawn conclusion is that liberalization exerts significant influence on 
average levels reached by food prices, as well as their average variability around their mean (in other 
words, liberalization primarily contributes to increasing the average variability of food prices). And 
finally, results reached by this paper revealed convergence of all studied regions’ prices towards a 
common average value, a phenomenon that the author linked to the intrinsic dynamics of the prices 
(dictated by market forces). 

In our attempt to revise his results, we briefly point out few methodological and theoretical 
inaccuracies found in Barrett’s paper in section 2. In a third section, we will propose comparison on 
three models estimation results: the ARCH-M model estimation as suggested by Engle, Lilien and 
Robins (1987), Barrett’s proposed model with correct identification of the data generating process of 
the series and finally a third model that replicates Barrett’s procedure in this paper. We conclude on 
the differences in results and the economic consequences of policy recommendations by Barrett. 

2. Where the problem lies 
It would seem that Barrett’s understanding of theoretical elements proposed by Engle (1982) then 

Engle, Lilien and Robins (1987) led him to certain misinterpretations of the volatility process. By 

reintroducing the exogenous variables in variance equation, despite prior inclusion in the mean 
equation, the author inserts a certain redundancy in his model. This redundancy misrepresents the 
philosophy of ARCH modeling as developed by Engle (1982) and deviates from the concept of 
volatility as commonly used in time series. The resulting estimates cannot lead to the measurement of 

volatility, unlike Barrett’s intuition. 
Plus, the epistemological consequences that arise from this misinterpretation are twofold: first, the 
inadequacy on the econometric tool can prove to be a real drawback since it leads, in this case, to 
conclusions of economical and geopolitical nature. These conclusions will be used in many cases to 
assist political decision-makers in designing economic policies. Then, the misinterpretation in its 

theoretical form will be replicated in many papers, thus generating publication bias (Barrett’s paper is 
broadly used and cited till today). 
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2.1. Methodological errors … 

The methodological developments suggested by Barrett are at the very least surprising. Results of his 
preliminary analysis are shown in appendix of the paper (p. 172-173). Thus, we can read that all his 
series, subject to volatility analysis, are structured following an autoregressive process of order 1, 
and that tests carried out on regressions residuals (mean equations) indicate that said residuals are 
white noises processes:  
“The specification of the system proceeded by first testing for stationarity of the dependent variables. 
Augmented Dickey-Fuller tests for each of the five series generated test statistics well below 5% 
critical values, leading one to reject the null hypothesis of non-stationarity. The next step involved 
Box-Jenkins analysis of the sample autocorrelations and partial autocorrelations. This suggested an 
AR(1) structure in each case. The Ljung-Box-Pierce portmanteau Q-statistics associated with the 
residuals generated from the above model using AR(1) specification were all below the critical χ² 
values, so the null hypothesis that the residuals are white noise cannot be rejected.” (p. 172). 
Whatever be the case, if as claimed, residuals appear to be white noise process, then they cannot be 
heteroskedastic. Furthermore, homoskedastic series cannot be subject to ARCH modeling. 

On another hand, questions also arise concerning stationarity investigations relating to price series 
used in Barrett works. Are they really structured as AR(1) processes? The observed situation stems 
from one of two things: either the residuals are white noise processes, or the structures of the initial 
prices series are incorrectly identified. Let us note that volatile prices (volatility being define as time-
dependent variance process), necessarily exhibit non-stationary behaviors (since volatility is a 
consequence of non-stationarity1). Regardless the outcome, Barrett undertakes “spurious 
regressions” as addressed by Granger and Newbold (1974): the methods used are not consistent with 
the econometric issues. So, his study is invalidated by the very form of the studied series. 

2.2. Theoretical errors … 
It seems that Barrett tried to rewrite in a compact form theoretical formalization of the ARCH-M 
process as given in Engle, Lilien and Robins (1987). Thus, he made two interpretation mistakes (p. 
159): 
 

 Equation of the initial price process in Barrett (1997) is:  

  

i

itititiitit uhXPP 2/1

110 
 

 

This writing is wrong or at least non rigorous. He omits some regional indices. His equation 

would thus be written as: 




 

2

2/1
110
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 Equation of the conditional variance includes exogenous variables of the initial process in 
addition to the residual and to the one-period lagged endogenous variable: 

 

i

itiititit XPuh  1

2

110
 

while the ARCH equation is: 



q

i

itith
1

2

0 
 

 

                                                             
1 A stationary variable is one that exhibits invariant mean and constant variance over time. Volatility on the other 

hand (also considered as heteroskedasticity) refers to a process exhibiting time dependence pattern of its variance  
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Indeed, in the paper of 1982, Engle explained that the variance of the residual process (ht) 
was conditional on the information available. Engle then gave the writing (p. 989):  

),( 1 







tt

ttt

hh

xy
 

  and thus       ),...,(),,...,( 1 pttxpttt xxhhh    
 
 

But the above expression of ht is its functional form, and not that of the estimates given 

earlier in the paper:   ,,,, 21 ptttt hh   . The variable ht is the variance of the 

residual process εt across time, itself resulting from the computation of the mean equation. 

However, Engle used a vector denoted tZ
~

 to describe autoregressive processes of residuals 

over the first lag (Engle, 1982, p. 997) : i

tpttt heeZ /),...,,1(
~ 22

1  .  

But in no way were the exogenous variables to be introduced in the variance equation ‒ nor 

the first order lag of the endogenous, 1tP  ‒ of the ARCH model. In the same way, Engle, 

Lilien and Robins reminded that (1987, p. 395-396): 
 
“The general setup is given by 

(8) ²),'(, tttttt hhXNXY    

(9) ttt ZWh ''2     

where Xt and Zt are kx1 and jx1 vectors of weakly exogenous and lagged dependent variables, 
as in Engle, Hendry, and Richard (1983). The vector Zt includes a constant whose coefficient 

represents the constant variance component of ht. The p x 1 vector ),...,(' 22

1 pttt    where 

t  are the disturbances given by ttt hXY   ' .” 

 

Barrett seems not to have seen that in ARCH modeling, the residual process was considered 
in turn as a univariate ARMA process for which one seeks the structure 2. 

 

These two forms of misinterpretation led Barrett to estimate something other than the traditional 
volatility process (or conditional variance) of a price series. Beyond the methodological inconsistency, 
he also introduced an information redundancy into the ht process which considerably distorted his 
work. His misinterpretation of the ht process, and of its origin, led him to reintroduce the exogenous 
variables of the initial price process in the expression of the conditional variance whereas this 
process already results from it. Hence, the ht structure modeled by Barrett cannot be considered as 
representing the volatility component of the initial process. Barrett considered twice the set of 
available information and introduced an informative loop into his model. He artificially created an 
identification and specification problem. These models fall into the category of the spurious 
regressions. Not only did he use methods based on heteroskedasticity to model variables that did not 
contain any, he also carried out erroneous estimations, biased by the reintroduction of an 
information set (exogenous variables) into a step of the procedure where he shouldn’t have, since 
this information was already used to model the deterministic component of the price series. 

                                                             
2 Let us note that these comments remain valid in the multivariate case where the main difference lies in the 
addition of the cross products of the error terms of the various equations. 
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By introducing deterministic information into the conditional variance, Barrett created anomalies 
that flawed his future results. While he intended to study volatility, it seems that he studied 
anachronistic shocks: on one hand, the exogenous variables altered the fulfillment of volatility, and 
on the other hand the use of contemporaneous values of exogenous variables (at time t) in the 
determination of past observations created a coherence bias; indeed what interpretation could one 
possible make of current effects influencing past realization of an economic phenomenon? There 
truly exists a causal discrepancy. This assessment is, at the least disturbing, all the more so as 
conclusions of economic nature are suggested with respect to the obtained econometric estimates. 
 

3. Comparison of the models: Engle’s ARCH-M versus Barrett’s « model »  

 

In order to point out inconsistencies and modeling bias that Barrett (1997) suffers, we commutated 
three different volatility models. We first, estimated an ARCH-M model as formalized by Engle, Lilien 
and Robins (1987). Then, modeling procedure à la Barrett (i.e. trying to replicate error on 
identification of the data generation process) was carried out, and finally a corrected version of the 
previous model. Since we were unable to get hold of the same data used in Barrett (1987) paper, we 
resort to alternate series, namely monthly national price of the local husked rice in Senegal from 
January 1995 to August 2009, and the exchange rate of the CFA frank to the dollar over the same 
period. The endogenous variable was the monthly national price of the local husked rice in Senegal, 
while the exchange rate was used as exogenous variable of the price of rice. The two series were 
found to be non-stationary (integrated of order 1)3 

Although interpretation is not possible based on “Barrett’s models” results, they however displayed 
distortions comparatively to the ARCH-M model. Thus, we could observe that: 
 

                                                             
3 Data and prior analysis are presented in appendix A. 
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Table 1 – Comparison of the models 

  

ARCH-M 

Barrett-like model 

  With incorrect 
identification AR(1) 

With correct 
identification I(1) 

M
e

an
 e

q
u

at
io

n
 

Autoregressive 
dependence  

 
Autoregressive dependence at 
7 months: a major change in 

price level will take 7 months in 
average to be accounted for. 

Thus, the implementation of an 
economic measure today will 
be effective only in 7 months. 

 

 
Autoregressive dependence 
at 1 month: a major change 

in price level will take 1 
month in average to be 

reflected. Thus, the 
implementation of an 

economic measure will 
have a quasi immediate 

effect. 

 
Ditto ARCH-M 

exchange rate 
(exogenous 

variable) 

is not related to the price of 
rice. 

Weakly, but negatively 
related to the price of rice. 

Ditto ARCH-M 

Impact of the 
Volatility process’ 

dynamics 

Negative GARCH coefficient: the higher the degree of instability, the more it induces 
a fall in prices. 

significant4 non significant Ditto ARCH-M  

Trend Significant and positive 
Non significant and 

negative 
Non significant 

and positive 

 
Constant 

 
Non significant and negative Significant and positive Ditto ARCH-M 

V
ar

ia
nc

e 
e

q
u

at
io

n
 

Volatility 

Variance at time (t) is conditional to forecasting error (agent’s expectation) : 

ARCH(1) = 19,15% 
ARCH(2) = 49,99% 

Distortion on the contemporary 
value of prices induced by 
historical values (volatility) 

account for almost 70% of total 
variance dynamics 

ARCH(1) = 29,94% 
 

Introduction of the 
exogenous variables 

distorts estimated value of 
the ARCH coefficient 

ARCH(1) = 78,30% 
 

Introduction of 
the exogenous 

variables distorts 
the estimate of 

the ARCH 
coefficient 

 R² 0.0876 0.9332 -0.0019 

4. Conclusion 

 
Barrett wished to measure the effect of liberalization on the food prices, but his misinterpretations 
had serious consequences, all the more so as his results led to economic policies relating to the 
effects of liberalization of African food prices. From the distorted estimates and inconsistencies 
stemming from his modeling procedure, we could not validate his conclusions. As indicated in the 
summary of his article “There is no well-articulated theory of how stochastic food prices respond to 
economic liberalization measures, a surprising oversight in the vast literature on market-oriented 
reforms.” 

                                                             
4 Proceeding as Barrett’s did, this significant GARCH coefficient would indicate that, to some extent, 
liberalization has managed to stabilize the market. Note however in Barrett’s models (1997), none of these 
coefficients are significant. 
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Amongst conclusions drawn from his analysis, one highlighted most his misunderstanding of the 
ARCH models: “Likewise, one sees in the trend coefficients of the conditional variance equations that 
price volatility grew uniformly in the pre-reform period, as the parastatal distribution system became 
increasingly unreliable, then declined uniformly through the liberalization era. […] The evidence points 
strongly in the direction of private traders exerting new, substantial influence over food pricing, 
although this evidence should not be misinterpreted as a finding of efficient markets.” (p. 169) 
 
However, the conditional variance equation does not include exogenous variables, no more than a 
trend. Indeed, at the time economists thought that market liberalization was going to enhance small 
local African producers’ life style. But today, many are those who revised this point of view, rather 
admitting that it has impoverished said producers and vulnerable populations due to structural 
volatility. 

Econometric analysis of price volatility can no longer be restricted to the sole measure of ARCH 
coefficient in a conditional variance equation. Indeed, one needs to address the issue of persistence 
of this volatility through addition of GARCH coefficients5 (and their significance). Thus, volatility 
(variance equation) can be interpreted on two levels: 

 Current volatility, represented by the ARCH coefficients, which translates a short-term effect 
of the disturbing events on the price evolution. It makes it possible to catch the common 
effects (exogenous). It is a volatility induced by spontaneous but controllable behavior of 
actors on the market. 

 Structural volatility, represented by the GARCH coefficients, which measures the degree of 
persistence of volatility over time. It is a volatility induced by noncontrollable behavior over 
time of actors on the market. 

 
Identifying Barrett’s confusion can be quite a challenge since his analysis seems perfectly coherent 
until his writing of the ARCH-M model. The use of this type of model was perfectly justified in regards 
to his object of study. The economic conclusions reached were perfectly logical and corroborated his 
former analysis. However, it would seem that the study carried out is only merely an illusion of 
volatility analysis. Although Barrett measured ARCH coefficients at a given time of his models ‒ a 
clear sign of volatility ‒, his estimates were completely distorted by the misspecification bias his 
model suffers, thus rendering obtained results erroneous, as well as inferred conclusions inadequate. 
Unfortunately, at the light of his study, not only did Barrett draw economic policy recommendations, 
his paper was (and still is) widely cited since 1997.  

 

                                                             
5 These coefficients were tested in our model and were not significant. 
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Appendix A –ARCH modeling methodology (1982) 
 
ARCH modeling aims at describing the « distortions » induced by anticipative behaviors of the 
economic agents. This approach is closely related to the financial markets on which the practices of 
actors result in nondeterministic but conditional information which generates erratic behaviors 
associated with gains or risk premium. These erratic behaviors are located in the variance process of 
the studied economic series. They are characterized by the presence of a heteroskedastic structure 
of this variance. The presence of this heteroskedasticity means that the process is exposed to non 
anticipated behaviors at the margin. Thus, the process violates de facto a fundamental hypothesis on 
the nature of the innovations process. The analyst must thus study the residuals of the process, in 
order to identify and to incorporate the additional structure contained in regression errors, by 
regarding it as a fully temporal process. The ARCH method then allows modeling this new time series 
by seeking the nature of the autoregressive process structuring it. This autoregressive structure is 
believed to describe the dynamics of anticipative behaviors of the economic agents over time. 
 
Engle is confronted to three methodological difficulties related to heteroskedasticity: 

 Taking into account changes in macroeconomic models (or including rational expectations of 
economic agents), i.e. models with conditional variance  changing over time, 

 Reasoning on the importance of the conditional distribution to available information, 

 Introducing the non-linearity in order to be able to study the alternation of periods of 
clusters of high volatilities and those of low volatilities. 

 
Although the founding paper for ARCH models was published in 1982 in Econometrica, conditional 
heteroskedasticity related issues had been dealt with by Engle himself since 1979. His rationale is 
perfectly explicit: “These are zero-mean, serially uncorrelated processes with non-constant 
conditional variances to past information, but constant unconditional variances. […] To test whether 
the disturbances follow an ARCH process, the Lagrange multiplier procedure is employed. The test is 
based simply on the autocorrelation of the squared OLS residuals.” (1982, p. 987) 

ARCH models thus meant to model volatility varying over time. Conditional volatility of returns at 
period t is expressed as a linear function of square past observations. Thus, Engle defined a process 
which takes into account the phenomenon of conditional heteroskedasticity by extending the 
traditional bilinear processes introduced by Granger and Andersen (1978). 

From the traditional expression of the model, Engle concentrates on the residual series, which 
contains the heteroskedastic structure since it results from the computation of an initial model 
(mean equation) between endogenous and exogenous variables. 

Let 1r , 2r , 3r ,… nr  be independently and identically distributed random variables (i.i.d) representing 

financial returns of a given asset. Let )/Pr()( 1 tt rrrF  the cumulative distribution function 

conditional to the informational set 1 t  available at time (t-1). Suppose that { tr } follows a 

stochastic process: 

tttttt zhr 2/1   

where    
ttt zh 2/1     

and        )1,0(~ Nzt  

with       
2

1

0 it

p

i

ith 



 
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and (p) is the order of the ARCH process. Let , be the partial autocorrelation of rank  of , then 
the ARCH process will be of order (p) if . This reasoning is the basis of what is 
commonly called “ARCH(p) effect” which consists in testing the null hypothesis of white noise 
( ) against the alternative ( ). 

 

 

 

 

Appendix B –Barrett’s errors 

 
Barrett’s ARCH-M equations (1997, p. 159) 

 
 

Example of Barrett’s ARCH-M models (1997, p. 161) 
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Appendix C – Data and econometric results 

 
Data tables 

Name Price of rice in Senegal Exchange rate 

Variable Riz_sen Exch 

Type endogenous exogenous 

Period January 1996 to august 2010 

Frequency monthly 

Identification I(1) I(1) 

    

120

160

200

240

280

320

1996 1998 2000 2002 2004 2006 2008

RIZ_SEN

400

450

500

550

600

650

700

750

800

1996 1998 2000 2002 2004 2006 2008

EXCH

 
Identification : unit root test 

 Local rice Exchange rate 

 Level First difference Level First difference 

UR test (ADF) 
0.324602 

(-1.942655) 
[ 0.7782] 

-11.54886 
(-1.942666) 

[0.0000] 

-0.215510 
(-1.942677) 

[ 0.6073] 

-9.083773 
(-1.942677) 

[0.0000] 

Tests statistics significant at the 5%, with (tabulated critical value) and [critical probability] 

 
Diagnostic des résidus : 

Tests OLS model ARCH-M model 

Durbin-Watson 
1.686370 

{d1 = 1.68 ; d2=1.79} 

1.485639 
{d1 = 1.68 ; d2=1.79} 

Portmanteau (2) 3.4399 
[0.179] 

2.7036 
[0.259] 

Portmanteau (4) 6.0347 
[0.197] 

3.0759 
[0.545] 

Portmanteau (8) 8.7225 
[0.366] 

3.8868 
[0.867] 

ARCH-LM test (4) 51.05402 
[0.000000] 

1.934217 
[0.858170] 

Normality test  
Skew : -0.060324 
Kurt : 12.69182 
JB : 657.6217 [0.00000] 

Skew : 0.134001 
Kurt : 4.902623 
JB : 25.84261 [0.000002] 

Tests statistics significant at the 5%, with [critical probability] 
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Appendix D – Models estimates 

  
ARCH-M model by Engle, Lilien and Robins (1987) 

 

 
 

ARCH-M model using Barrett’s procedure (1997) 
 

 

Wrong identification of generating process: AR(1) instead of I(1) 

 

 

Right identification of generating process: I(1) 
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