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Abstract 

Successive CAP reforms raise the question of whether 
it can have a price-stabilizing capability. In this con-
text more and more attention is being paid to private 
risk-managing instruments such as storage. The  
effects of storage have already been widely studied  
in the economic literature. But hardly any of these 
studies take account of the links between producers’, 
households’ and stockholders’ intertemporal deci-
sions and, in particular, they do not use a dynamic 
CGE model. Furthermore, a large number of previous 
studies focus on the effect of stockholding on price 
volatility due to exogenous shocks and assume ration-
al expectations. It is more the endogenous aspect of 
risk, induced by expectation errors, that has often 
been used to justify public intervention in agricultural 
markets. In this paper we construct a model address-
ing these issues and we conduct some illustrative  
simulations. Some of our results are at variance with 
the conclusions of previous economic studies concern-
ing the effects of speculative storage on market vola-
tilities. We also reveal the vital role played by the 
form of economic agents’ expectations and by the 
links between the intertemporal decisions of market 
participants.  

Key words 

stockholding behaviour; general equilibrium; endo-
genous risk; intertemporal decisions 

Zusammenfassung 

Nach den verschiedenen Reformen der Gemeinsamen 
Agrarpolitik stellt sich zunehmend die Frage, ob von 
dieser Politik noch eine preisstabilisierende Funktion 
ausgehen kann. Zunehmende Bedeutung wird daher 
privaten Risikomanagementstrategien beigemessen, 
insbesondere der privaten Lagerhaltung. In der öko-
nomischen Literatur sind Wirkungen der Lagerhal-

tung bereits ausführlich untersucht worden. Aller-
dings ist den Beziehungen zwischen den intertempora-
len Entscheidungen von Produzenten, Haushalten und 
Lagerhaltern kaum nachgegangen worden, insbeson-
dere nicht im Rahmen eines dynamischen allgemeinen 
Gleichgewichtsmodells. Überdies hat sich die Mehr-
zahl vorhandener Studien auf den Effekt der Lager-
haltung auf die Preisvolatilität konzentriert, die von 
exogenen Produktionsschwankungen ausgehen, und 
es wurde vollkommene Voraussicht unterstellt. Endo-
gene Produktionsschwankungen, die auf fehlerhafte 
Preiserwartungsbildung zurückgehen, sind aber häu-
fig zur Begründung staatlicher Eingriffe auf Agrar-
märkten herangezogen worden. Dieser Beitrag greift 
diesen Aspekt endogenen Risikos auf. Es wird ein 
allgemeines Gleichgewichtsmodell formuliert unter 
Berücksichtigung von privater Lagerhaltung und feh-
lerhafter Preiserwartungsbildung der Produzenten, 
und ausgewählte Modellsimulationen werden vorge-
stellt. Die Ergebnisse zeigen, dass mehrere bisherige 
Erkenntnisse zu den Effekten privater Lagerhaltung 
auf die Volatilität von Agrarmärkten zu revidieren 
sind. Die Form der Erwartungsbildung ist entschei-
dend für die ermittelten Wirkungen privater Lagerhal-
tung und auch die Tatsache, wie die intertemporalen 
Entscheidungen der Marktteilnehmer miteinander 
verbunden sind. 

Schlüsselwörter 

Lagerhaltungsverhalten; allgemeines Gleichgewichts-
modell; endogenes Marktrisiko; intertemporale Ent-
scheidungen; Marktvolatilität 

Introduction 

One of the objectives of the European Common Agri-
cultural Policy (CAP) when it was introduced was to 
ensure the stability of agricultural incomes in the  
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European Union (EU). A system of public instruments 
was used to control the quantities of agricultural prod-
ucts supplied on European markets and thus to guar-
antee stable agricultural prices and incomes. In 1992, 
the EU started to replace this price support scheme by 
a system of payments more decoupled from produc-
tion and prices. This decoupling of farm payments 
was reinforced by the 2003 CAP reform and, as 
shown by the 2008 Health Check, is likely to be  
continued in the future. Yet, as revealed notably by 
CHAVAS and KIM (2006), abolishing a price-support 
program leads to increasing price volatility.  

Thus, the successive reforms of the CAP lead us 
to question its price-stabilizing role. Some private 
instruments could, however, be used by European 
agricultural producers to manage their price risk but 
they have not so far been extensively used, principally 
because of the existence of public instruments  
(ANDERSON, 1992). Private storage is one of these 
instruments. Indeed, stockholding behaviour allows 
for intertemporal arbitrage (ANDERSON, 1992): when 
prices are low the demand for stocks is high, and 
when prices rise the quantities stored are put back 
onto the market, which mitigates the rise. This mecha-
nism was formerly used by the European Union to 
stabilize market prices through public stockholdings. 
In fact, this public storage substituted speculative 
stockholdings (LENCE and HAYES, 2002). One can 
thus presume that private storage will be used more 
and more on European markets, which raises the ques-
tion of its effect on agricultural market volatility. One 
does indeed wonder if, and if so to what extent, the 
use of storage will make it possible to mitigate the 
increase of market volatility induced by the evolution 
of the CAP.  

The economic literature identifies two kinds of 
phenomenon explaining the volatility of agricultural 
market prices: volatility can be due to exogenous ran-
dom shocks like climatic hazards and price fluctua-
tions can also be endogenous, that is to say linked to 
market functioning and to expectation errors from 
economic agents. Indeed, in agricultural sectors there 
is a time-lag between production decisions and harvests. 
This time lag implies that producers have to base their 
decisions on expected rather than on observed market 
prices, and their possible expectation errors can in-
duce price fluctuations. This phenomenon was forma-
lised by EZEKIEL (1938) in his Cobweb theorem. Both 
of these two sources of volatility are linked in the 
sense that economic agents can sometime make mis-
takes, because exogenous shocks occur between pro-
duction decisions and harvests, which generates price 

fluctuations and if they are not rational these fluctua-
tions will spread over time. Whereas the impacts of 
stockhold-ing behaviour on exogenous price volatility 
have been quite widely studied in the economic litera-
ture (WILLIAMS and WRIGHT, 1991; DEATON and 
LAROQUE, 1992), the studies dealing with their effects 
on endogenous volatility are much rarer, even though 
non-rational speculative behaviour of private stock-
holders is sometimes said to destabilize markets (see 
RAVALLION, 1987 for instance). In fact, we have not 
been able to find more than one paper that addresses 
the issue of modelling stockholding behaviour in  
an imperfect expectation framework (MITRA and 
BOUSSARD, 2008).  

Furthermore, none of the aforementioned works 
are conducted in a general equilibrium framework, 
typically because existing Computable General Equi-
librium (CGE) models do not incorporate stockhold-
ing behaviour. However, the impacts of market stabi-
lization may be borne by different economic agents, 
like producers and consumers, and are not limited to 
the regions and sectors directly concerned by the sta-
bilization scheme (NEWBERY and STIGLITZ, 1981). 
Moreover, in a market economy, prices result from 
several decisions taken by economic agents acting on 
several markets that are potentially linked. So the 
decisions of several agents, including stockholders, 
can in fact influence producers’ or consumers’ expec-
tations if these expectations are not perfect but based 
on past information only. Taking account of all these 
relationships, as a CGE model can, becomes crucial 
when one focuses on the effects of storage on price 
risk. One of the reasons why CGE models do not in-
clude stockholding behaviour is that most of them 
were not originally aimed at simulating short-run  
policy effects (HERTEL et al., 2005). As a matter of 
fact, these models are generally not fully dynamic 
(FEMENIA and GOHIN, 2009). The purpose of this 
article is to tackle this issue by introducing stockhold-
ing behaviour in a dynamic CGE model able to take 
account of agricultural price volatility. 

The model we construct here has several charac-
teristics that allow the integration of these different 
elements. First, we depart from a widely used general 
equilibrium framework: the GTAP model and data-
base (HERTEL, 1997). Then, we rely on the work of 
FEMENIA and GOHIN (2009) to create a dynamic mod-
el that takes intertemporal decisions of economic 
agents into account. These intertemporal decisions are 
based on imperfect expectations, which enables us to 
represent the endogenous aspect of market volatility, 
the exogenous part being introduced via exogenous 
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shocks. Finally, private stockholding behaviour is 
introduced into the model. In addition to being con-
ducted in a general equilibrium, our work differs es-
sentially from the previous work dealing with storage 
and endogenous volatility by specifying the intertem-
poral behaviour of all economic agents and by the 
timing of stockholders’ decisions – taken once har-
vests are put on markets and not simultaneously with 
production decisions as in MITRA and BOUSSARD 

(2008).  
Once we have constructed this model, we run 

some simulations to study the effects of European 
wheat storage when exogenous productivity shocks 
occur in the Rest of the World. These simulations 
reveal that considering imperfect expectations  
and taking account of the general equilibrium links 
between sectors and the intertemporal dimension  
of the decisions of economic agents can lead to results 
different from what is commonly found in the  
economic literature, notably those findings concerning 
the transmission of market fluctuations between  
sectors/regions or from prices to production quantities. 
The remainder of the article is organised as follows:  
in the next part we describe the characteristics of  
the model, namely its dynamic characteristics, the 
way market price volatility is introduced, how private 
stockholding behaviour is modelled, and finally  
the execution of the model. The second part of the 
article is devoted to the results of the simulations  
we have conducted and to some sensitivity analyses  
of these results. These are followed by our conclu-
sions. 

1 The Model 

As pointed out by NEWBERY and STIGLITZ (1981), it 
is worth considering the potential impacts of stock-
holding behaviour on price volatility in a general equi-
librium framework. Indeed, the costs of price insta-
bility arising in one sector or one region are not li-
mited to this sector or region, because this instability 
can be spread over the whole economy. Price stabili-
zation can thus be beneficial to different economic 
agents in different regions. In this case, stockholders 
are not isolated and their decisions can influence those 
of producers and consumers, and vice versa. However, 
most of the CGE models used today to assess the ef-
fects of agricultural policies are not adapted to dealing 
with price volatility and, a fortiori, with the effects of 
stockholdings on this volatility, because they are 
mostly static, are not able to represent the endogenous 

aspect of price volatility and do not introduce stock-
holding behaviour. To tackle this issue we create a 
model capable of taking into account the dynamic 
evolution of markets and the intertemporal decisions 
of economic agents. This model is also suited to 
representing exogenous and endogenous price volatili-
ty and includes stockholding behaviour.  

Our starting point is a version of the widely used 
GTAP framework (HERTEL, 1997), adapted to the 
study of agricultural markets: the GTAP AGR frame-
work. The main differences between this model and 
ours are described in the following. 

1.1 Characteristics of Dynamic Behaviour  

The first concern when dealing with price fluctuations 
is to model market evolution period by period. This  
is the reason for relying the work of FEMENIA and  
GOHIN (2009) who construct a dynamic CGE model 
based on the GTAP framework.  

In this model sectoral capital stocks accrue from 
one period to another in each region: 

 1 1   irt ir irt irtK K I ,  

with K  the capital stock, I  the new investment and 
  the depreciation rate of capital, the subsets i , r  
and t  denoting respectively the sector, the region and 
the time period concerned. 

Using capital accumulation as a link between pe-
riods is quite a common way of introducing dynamics 
in CGE modelling (see, for instance, the Linkage 
model from the World Bank or the Mirage model 
from the CEPII). However, most of the existing dy-
namic CGE models do not take account of intertem-
poral decision processes of economic agents and are 
thus not able to consider the formation of their expec-
tations. As in FEMENIA and GOHIN (2009), this draw-
back is overcome in our model: investment decisions 
of producers and saving decisions of households are 
based on intertemporal arbitrage.  

Indeed, to take his investment decision the pro-
ducer seeks to maximize the present value of his firm 
(DEVARAJAN and GO, 1998), which corresponds to 
the discounted value of all his expected future profits 
(capital income) minus his expected future investment 
costs: 

 

1

1
max

11
2



  
            
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
irt irt

ir t irt
t irt irt
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irt irt ir irt irt

wk K

I
PI Ir

K

st K K K I

 
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With r  the interest rate, wk  the capital income, PI  
the price of investment and   an adjustment para-

meter: the term 
2

irt

irt

I

K


 represents the adjustment cost 

of capital (MCKIBBIN and WILCOXEN, 1999). 
Solving this optimisation problem leads to a con-

dition determining optimal investment in our CGE 
model:  

(1)  

 

 

1
1 1

1

1
1

1

1 1
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1 1
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 
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 

irt
irt ir irt

irt

irt irt
irt rt

irt irt

I
wk PI

K

I I
r PI PI

K K

 


.  

As we will detail later, because in our model produc-
ers have limited knowledge about the output price, 
capital returns and the interest rate in the distant fu-
ture, we then assume that they consider that, at some 
date, their investments will equal their capital depreci-
ation. It means that they expect the economy to reach 
a steady state from this period. Indeed, this producers’ 
steady-state condition may never appear, because they 
periodically revise their plans, but this formulation 
defines the current optimal investment plan for firms, 
including current investment.  

Households also base their saving decisions on 
an intertemporal trade-off: they spend a part of the 
income they earn in one period to consume goods, 
which brings them some utility, and save the remain-
ing part. The part of the income saved in one period 
will be used later to consume and represents a future 
utility. So, the representative household in each region 
seeks to maximize the value of its intertemporal utili-
ty, subject to an intertemporal budget constraint: 

 
 

   
 

1
max

1

1

1 1

  

  
  



 

rt rtt
t

rt
rt rt rtt t

t t

U u Q

E
st P Q S

r r


 

With   a time preference parameter (households 

have a preference for immediate utility), Q  the quan-

tity consumed, P  the composite consumer price, E  
the total income (including interest earned from for-
eign assets, factor returns, distributed profits and tax  
receipts) and S  savings. The first-order condition of 
this program allows us to determine the evolution of 
savings: 

(2)   1 1

1

1  
     

rt rt rt rtE S E S
r


.  

Like producers, households have limited knowledge 
about prices and income in the distant future; we thus 
also assume that they consider that the economy will 
reach a steady state where regional savings equal re-
gional investment at some date. Once again, the 
steady state expected by households may never be 
reached but this condition, combined with equation 
(2) enables us to derive saving plans of households 
and thus current savings.  

These different characteristics of agents’ inter-
temporal decisions, combined with a foreign-debt 
accumulation period by period, are the main features 
of our model that facilitate the simulation of the dy-
namic evolution of markets. 

1.2 Modelling of the Volatility of  
Market Prices 

Two sources of price volatility on agricultural markets 
are identified in the economic literature (BUTAULT 
and LE MOUËL, 2004): price fluctuations can be due 
to exogenous stochastic shocks and can also be gener-
ated by non-rational market behaviour. These two 
aspects are introduced in our model. The first part  
of this section is devoted to the introduction of exo-
genous disturbances in the model and the second part 
to the modelling of non-rational behaviour. 

1.2.1 Introduction of Exogenous Stochastic  
Disturbances in the Model 

Many economists have argued that fluctuations on 
agricultural markets are essentially due to demand and 
supply shocks (MOSCHINI and HENNESSY, 2001). 
Indeed, the time lag between production decisions of 
farmers and their harvests induces a short-term rigi-
dity of agricultural supply that can hardly adjust to 
market price changes. Furthermore, most agricultural 
products are staples and demand for these goods is 
quite inelastic. Because of these two characteristics 
agricultural markets are very sensitive to market 
shocks: a supply decrease due to a climatic hazard for 
instance will result in a large price increase. This phe-
nomenon is formalized by King’s law. Yet agricultur-
al production is exposed to several epidemic and cli-
matic risks and these exogenous shocks occur quite 
frequently, thus generating price fluctuations.  

Our purpose here is to introduce random supply 
shocks in the dynamic model to incorporate exo-
genous price fluctuations.  

In our model, agricultural technology is repre-
sented by a nested CES production function. The first 
nest combines production factors to create value added; 
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the second combines the aggregate factors with inter-
mediate consumption to produce output: 

(3) 
 

  

1

1

1


  


    

ir ir ir ir

ir ir ir

irt ir ir irt ir irt ir irt

irt ir ir irt ir irt

VA a K b L c T

Y VA IC

   

  



 
  

With VA  the value added, L  the labour factor, T  the 
land factor, Y  the quantity produced and IC  the  
aggregate intermediate consumption. a , b , c  and   

are share parameters,   and   determine respectively 

the degree of substitutability between capital, labour 
and land and between value added and intermediate 
consumption. Finally   and   are productivity para-

meters. Supply shocks are introduced in our model 
through the productivity parameter  . We assume 
that these shocks can be linked to productivity shocks.  

We thus introduce random disturbances    

such as  1   ir irshock  , with Φshockir the 

“shocked” productivity parameter, and assume that 

 0, ² N   , which implies that  irshock  fluctuates 

around ir  with a variance equal to ² ² ²  
irshock ir   . 

That is to say that the ir  values calibrated from the 

GTAP database correspond to average expected val-
ues over many years.  

1.2.2 Introduction of Imperfect Expectations 

The intertemporal dimension of decision processes in 
our model implies that agents have to form expecta-
tions about the future path of the economy at the time 
decisions are made. Many studies dealing with uncer-
tainty assume rational expectations (WRIGHT, 2001; 
WILLIAMS and WRIGHT, 1991; PRATT and BLAKE, 
2007), which means that economic agents have the 
same knowledge as economists about the functioning 
of markets and that expected prices are those corres-
ponding to the economic model (MUTH, 1961). How-
ever, processing and collecting information can be 
costly and it can in fact be more rational for economic 
agents to form imperfect expectations (JUST and 
RAUSSER, 2002) and, as formalized by EZEKIEL (1938) 
in his famous Cobweb theorem, the non-rationality of 
farmers can cause expectation errors to spread over 
time and to induce endogenous fluctuations of market 
prices. This endogenous price volatility has often been 
used to justify public interventions in agricultural 
markets (BOUSSARD et al., 2006). 

Assuming that farmers have the right information 
concerning their own productivity (that they know the 
distribution of the exogenous shocks affecting their 

production) seems quite obvious. On the other hand, 
we consider that their expectations about market pric-
es are non-rational and hence incorporate endogenous 
volatility into our model.  

As pointed out by NEWBERY and STIGLITZ (1981), 
if some farmers have imperfect expectations, private 
stockholding behaviour can induce serial correlation 
and make past prices informative. So, even if exo-
genous productivity shocks are independent over time, 
the use of past information to form expectations about 
the future is justified in our case. For that purpose we 
rely on the work of NERLOVE (1958) who proposed a 
formalisation for adaptive expectations based on past 
information. These Nerlovian expectations are such 
that agents take their past expectation errors into ac-
count to form their new expectations:  

(4)  1
ˆ ˆ ˆ ˆ1

       t t t t t tP P P P P P   .  

P̂  denotes expected prices and P  observed market 
prices, 0 1   can be seen as a measure of the ad-
justment speed of expectations. In fact the lower  , 
the slower expectations adjust to market changes. An 
extreme case of Nerlovian expectation arises when   
equals 1: the economic agent only considers the cur-
rent period to form his expectation for the future. 
These are called naïve expectations.  

1.3  Introduction of  
Stockholding Behaviour 

We focus now on the introduction of stockholding 
behaviour in our dynamic CGE model. We distinguish 
between private speculative stockholdings which are 
held by private stockholders seeking to make profit 
from price changes and public stockholdings only 
aimed at stabilizing market prices. To take account of 
storage, it is first necessary to represent the behaviour 
of private stockholders, and the first part of this sec-
tion is devoted to this issue. Then in the third part we 
explain how a new storage sector is introduced into 
the model. Finally, we discuss the other elements that 
have to be introduced into the model to take account 
of stockholdings.  

1.3.1 Determination of Stockholding Behaviour 
A new agent, the stockholder, is introduced into the 
model. There is one representative stockholder in each 
region. This agent holds stocks, can sell a part of these 
stocks or can buy other stocks at the current market 
price in each period. Let ST  be the quantity stored 
and k  the unitary storage cost in the region. A  is the 
quantity bought and V the quantity sold by the stock-
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holder. These bought and sold quantities affect the 
stocks:  

(5)  1  irt irt irt irtST ST A V  or 1  irt irt irtST ST  

with   irt irt irtA V   

The stockholder seeks to maximize his intertemporal 
profit which corresponds to the discounted sum of his 
sales minus his purchases and the storage costs. His 
program can thus be expressed as: 

( )
( )

irtirtirt

i
irtrtirtirt

t
t

ΔSTSTts

STkΔP̂
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+=

--
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1
max

1-

∑∑   

Solving this optimisation program leads to the condi-
tions: 
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We find here the standard relationship explaining 
stockholding behaviour (WILLIAMS and WRIGHT, 
1991): if the cost of buying goods at time t and storing 
them during one period is less than the (discounted) 
price at which these goods can be sold at time  

t+1 (  
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goods, thus increasing the current prices until 
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then stockholders will sell their stocks, thus lowering 

current market prices until  
1

ˆ

1
 


irt

irt rt

P
P k
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 or until 

their stocks are nil, in which case the market is  

in equilibrium even if  
1

ˆ

1
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
irt

irt rt

P
P k

r
. These con-

siderations allow us to explain why stockholding  
behaviour is able to mitigate market price volatility.  

1.3.2 Creation of a Storage Service Sector 
Storing a commodity generates costs paid by private 
or public stockholders and made up, for instance, by 
the rent of grain silos and the wages of workers who 
carry out stock handling. In order to determine these 
factor incomes, we introduce a storage service sector 
in our model. This sector uses labour and capital fac-
tors which are combined through a Constant Elasticity 
of Substitution (CES) function to produce the service 
good.  

The optimisation problem of producers in this 
sector can thus be written as: 
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, 

with STrtY  the supply of storage service, STrtL  and 

STrtK the quantities of labour and capital, STrtwl  and 

STrtwk  their unitary income, d  a share parameter,   

a productivity parameter and   the elasticity of sub-
stitution between labour and capital. 

Solving this program leads to the zero-profit con-
dition:  

(7)   STrt irt STrt STrt STrt STrt
i

P ST wl L wk K  

Equation (6) will allow us to determine the unitary 
storage costs rt STrtk P .  

Furthermore, since the capital stock in this sector, 
as in other sectors, is subject to adjustment costs, sto-
rage capacity in one period is limited even if no sto-
rage limit is explicitly imposed. 

The specification of this storage service sector 
differentiates our work from that of HERTEL et al. 
(2005) who also incorporate stockholdings in a CGE 
model but consider that storage is at no cost and fixed 
and an exogenous limit to the storage capacity.  

1.3.3 Equilibrium Conditions 
To take stockholding into account in our CGE model, 
some conditions ensuring market equilibrium have to 
be modified. 

First, the supply and demand of goods for storage 
modify the equilibrium market prices. So, the market 
equilibrium conditions determining market prices now 
include beginning-of-period stocks on the supply side 
and end-of-period stocks on the demand side.  

Then, as in HERTEL et al. (2005), private stock-
holdings are considered in our model as a form of 
investment and are thus financed by savings. This 
modifies the equation ensuring the equality between 
investments and savings at world level and determin-
ing the world interest rate1. 

                                                            
1  See FEMENIA and GOHIN (2009) for more information 

on closure rules and on the necessity of introducing this 
endogenous interest rate in the case of imperfect expec-
tations. 
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1.4 Execution of the Model 

Our dynamic model is solved period by period, be-
cause agents readjust their decisions in each period, 
and in two steps for each period. This sequencing of 
the model resolution deserves some explanation. 

As we have already mentioned, consumers and 
producers base their decisions on expected future 
market prices. Furthermore, contrary to other agents, 
farmers do not observe market prices at the time they 
make their production decisions. To take this specific 
feature of agricultural sectors into account in our 
model, we solve it in two steps: first, agricultural pro-
duction decisions are determined, based on farmers’ 
expectations about market prices, and the prices of 
factors used for agricultural production are adjusted to 
ensure equilibrium between farmers’ demand and 
factor owners’ supply; the second step puts agricultur-
al quantities produced onto the markets, consumption, 
savings, investment and stockholdings decisions are 
taken, and the prices of goods and factors allocated to 
non-agricultural activities are adjusted so as to ensure 
market equilibrium. Here our work differs from that 
of MITRA and BOUSSARD (2008), who are also inter-
ested in the effects of stockholdings in the case of 
imperfect expectations. Indeed, in their work storage 
is assumed to occur at the time agricultural production 
decisions are taken and not once harvests are put on 
the market. 

Thus, if a productivity shock occurs in, say, the 
first period after agricultural producers have decided 
how much to produce based on their expectations 
about the future, the effective realized output quanti-
ties would not be equal to what farmers had expected. 
On the other hand, the other economic agents observe 
market conditions and thus know current market pric-
es at the time they take their decisions. In the first step 
determining agricultural production decisions, the 
model is thus solved with a productivity value equal 

to    ir irE shock , and the outcome corresponds to 

what agricultural producers plan for the future period 
and therefore it provides the level of production fac-
tors they use. In the second step, the model is solved 
with the shocked productivity, with the levels of agri-
cultural production factors used being set equal to 
those determined in the first step and consequently 
they are exogenous. Agricultural supply is determined 
by the production function, and the outcome of the 
model corresponds to what effectively happens on 
markets, at least for the first period. In the second 
period, the first step is re-executed taking into account 
the new levels of stockholdings and capital stocks 

resulting from the first period and the new expecta-
tions of agricultural producers, and the second step is 
re-executed taking into account the new value of the 
random productivity parameter, and so on.  

2 Simulations and Results 

The main purpose of this article is to construct a fully 
dynamic general equilibrium model with the aim  
of assessing the effects of stockholding behaviour on 
the volatility of agricultural prices and able to take 
account of the endogenous dimension of this vola-
tility. Having described the structure of this model  
in the first part, this second part is devoted to the  
results of some simulations which are conducted for 
illustrative purposes, in order to have initial insight 
into the impacts of the model specification on the 
simulated effects of stockholding behaviour on market 
volatility. 

2.1 Definition of Simulations 

In these simulations we focus on the European wheat 
sector, which is assumed to be the only sector produc-
ing a storable commodity, and study the impacts on 
this sector of stochastic supply shocks arising in other 
regions of the world during 25 periods. Assuming that 
stockholdings only concern one sector and one region 
in the world is obviously unrealistic, but this assump-
tion is made for better identification of the different 
simulated effects and thus to make it easier to inter-
pret the results. 

2.1.1 Data  
To run our simulations, we use the 6th version of the 
GTAP database calibrated on 2001 economic flows 
and including tariffs, export subsidies and direct pay-
ments for the different regions represented. These data 
are aggregated to 11 sectors, among which seven are 
agricultural sectors, and three regions: the European 
Union (EU), the United States (US) and the Rest of 
the World (RoW). As mentioned in part 1, we add a 
new sector producing storage services.  

As the GTAP database was initially aimed at be-
ing used in a static framework, we need to make some 
assumptions to calibrate the data for our dynamic 
model: we posit that the initial interest rate r , the 
time preference parameter   and the unit capital in-

stallation cost   are all equal to 5%. Furthermore, we 

reduce by half the supply price elasticities in the agri-
cultural sectors. The supply price elasticities used in 
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the GTAP model are actually  
rather high, because this model is 
aimed at simulating the long-term 
effects of policy reforms. On the 
other hand, our dynamic frame-
work is intended to simulate short-
term effects, and agricultural 
supply adjusts less easily, notably 
to price changes, in the short term. 
The supply price elasticities are 
reduced by half by reducing the 
elasticities of substitition between 
primary factors and between value 
added and intermediate consump-
tion in the targeted sectors. Then, 
as in FEMENIA and GOHIN (2009), 
we assume that the 2001 initial point is a steady state. 
This assumption, which facilitates the calibration of 
the other dynamic parameters, implies that prices are 
stable and, in fact, that private stockholdings are nil. 
However, the CES form of the production function in 
the storage service sector does not allow for zero pro-
duction. To overcome this issue we also assume that 
some precautionary wheat stocks, representing 10% of 
wheat production, are held by the public sector in the 
European Union. These precautionary stocks are con-
stant over time and thus have no effect on price vola-
tility. Finally, in the standard case, the expectation 
adjustment parameter   is set to 1/5. We conduct 
some sensitivity analyses for this parameter, the re-
sults of which are presented in the last part of this 
section. 

2.1.2 Characteristics of Market Volatility 
The price volatility in our models results from produc-
tion shocks occurring in the Rest of World’s wheat 
sector. These shocks can lead agricultural producers  
to make mistakes when they anticipate forthcoming 
prices. 

The first step in our simulations is thus to gener-
ate the shocks affecting the productivity parameter 

,wheat RoW . The value of ,wheat RoW  calibrated from  

the GTAP database, and corresponding as we have 
seen to the mean value of the random parameter 

, wheat RoWshock , is 1.95.  

We recall that  , , 1  wheat RoW wheat RoWshock  , 

with  0, ² N   . 

Calibrating the value of ²  is not a trivial task. 

Indeed, the data available, like those from the Food 
and Agriculture Organization (FAO) that have been 

used by HERTEL et al. (2005) to characterize the exo-
genous production volatility in their model, concern 
the production quantities or yield, but these data result 
in fact from producers’ decisions, for example, and 
not only from exogenous shocks. So, as we will see 
later, the volatility of quantities produced can be much 
higher than the volatility of productivity shocks, espe-
cially when market agents are assumed to have imper-
fect expectations. For these reasons, in our ‘standard’ 
case we set the value of ²  to 0.9% and then conduct 

some sensitivity analyses of the results to this value.  
The 25 stochastic exogenous shocks are thus gen-

erated according to a normal distribution  0,0.9%N . 

They are plotted in figure 1 and table 1 presents their 
main distribution characteristics. 

Table 1 below presents the main characteristics 
of the 25 productivity shocks generated according to 
the above mentioned distribution. 

2.1.3 Benchmark Results 
Before focusing on the impacts of stockholding beha-
viour, some attention must be paid to the outcome of 
our dynamic CGE model before the introduction of 
storage. These results will be used as a benchmark to 
assess the effects of private storage.  

The evolution of wheat output in the three re-
gions of the world is represented in figure 2 and the 
development of the wheat price is illustrated in figure 3.  

Figure 1.  Productivity Shocks 

 
Source: author’s calculations 
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Table 1.  Distribution Characteristics of 
Productivity Shocks 

Mean S. D. a a-cb 

-0.4 % 2.7 % -0.18 
a Standard Deviation, b autocorrelation. 
Source: author’s calculations
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The first thing to note is that, even if exogenous  
productivity shocks occur in the RoW only, wheat 
production in the EU and the US also fluctuates. The 
same phenomenon arises for prices: price fluctuations 
are synchronous. Besides, as illustrated in table 2, 
wheat prices in all regions are highly correlated. This 
synchronism is, of course, partly due to trade ex-
changes between regions but, while this trade could 
create a dampening in market fluctuations at world 
level via a risk sharing mechanism if agents were ra-
tional, when expectations are imperfect market fluctu-
ations synchronise and are amplified at the world level. 
This illustrates one important criticism of the liberali-
sation of agricultural trade (BOUSSARD et al., 2005).  

Thus productivity shocks range from -6% to 
+6% (see figure 1) but output fluctuations are 
much more important: a production increase of 
more than 50% is observed in the RoW in  
period 12 and a nearly 40% decrease arises in 
the EU in period 17, as shown in figure 2. The 
mechanisms explaining these market evo-
lutions are as follows: if in one period a nega-
tive productivity shock occurs in the RoW, 
leading to an increase in the wheat price and 
the capital income in the wheat sector, in the 
next period agricultural producers of wheat 
readjust their price expectation according to 
the previously observed price increase. They 
expect a market price higher than the initial 
price, and so plan to produce more. If positive 
productivity then occurs, leading to an even 
larger harvest than producers had expected, 
the market price of wheat decreases. At the 
same time, the increase of capital income  
observed during the previous period leads 
producers to expect an increase of capital  
income for the forthcoming periods and so  
to make new investments, which will lead to 
an increase in their capital for the third period. 
This increase of capital stock can result in 
producers not decreasing their production  
as much as they should if they expect a price 
decrease for the future. So the market vola-
tility originating from exogenous productivity 

shocks is amplified by the linked imperfect price and 
factor return expectations, and this endogenous aspect 
can even generate sudden price peaks as in periods  
5, 8, 11, 15 and 17 (see figure 3). Indeed, these pe-
riods follow periods where positive shock occurs (see 
figure 1), so wheat producers expect a market price 
decrease. This price expectation, combined with the 
fact that investment in previous periods was low and 
that their capital stock has just decreased, induces 
them to plan to produce less than they initially in-
tended. Because of a negative productivity shock, the 
harvest is actually much lower than expected (see fig-
ure 2). As wheat demand is quite price inelastic, this 
large decrease of production is conducive to a very 
large price increase. Following these peaks, producers 
readjust their expectations and market prices return to 
lower levels for the following periods. 

In the EU and the US, the actual output of pro-
ducers is equal to what they plan but, as market prices 
are affected by those of the RoW, this does not pre-
vent them from making expectation errors leading to 
endogenous price fluctuations.  

Figure 2.  Wheat Output  
(% Change compared with the Baseline)  

Source: author’s calculations 
 

Figure 3.  Wheat Price  
(% Change compared with the Baseline) 

Source: author’s calculations 
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Table 2.  Correlation between Wheat Prices 

 EU RoW US 

EU 1.0 1.0 1.0 
RoW 1.0 1.0 1.0 
US 1.0 1.0 1.0 

Source: author’s calculations 
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These results illustrate the relative importance of 
endogenous compared with exogenous market fluc-
tuations. As table 3 clearly demonstrates, exogenous 
productivity shocks in the RoW wheat sector, charac-
terized by a 2.7% standard deviation, can generate 
output fluctuations characterized by a standard devia-
tion almost 10 times higher. This reveals the difficulty 
in calibrating the distribution of productivity shocks 
based on production data. The standard deviations of 
prices around 55% for wheat are in accordance with 
the fluctuations observed in figure 3. 

Table 3 also shows that other sectors related to 
wheat are affected in all regions as well, since wheat 
production is at the mean higher than its initial value, 
and the mean production of oilseeds and other cereal 
production is lower at the mean, and this leads to 
some mean price increases. The cattle and beef sectors 
are also affected by the fluctuations of grain prices: 
the mean price increases of grains induce a slight 
mean increase of cattle and beef prices. Although not 
as high as in the wheat sector, the standard deviations 
of output and prices in these sectors are not negligible. 
So exogenous productivity shocks arising in the RoW 
wheat sector spread to all regions and to several sec-
tors, generating market fluctuations amplified by the 
non-rationality of market participants. As a matter of 
fact, farm income is also influenced by these shocks, 
even if they occur in only one region and one sector: 
the standard deviation of farm income change in the 
wheat sector is equal to 104% in the EU, 86% in the 
RoW and 35% in the US, and the standard deviation 

of farm income changes in the other cereals and oil-
seeds sectors is in the range from 5% to 13% (see 
table 6). 

2.2 Impacts of Stockholding 

Having described the outcome of the model without 
storage, we now consider the impacts on the results of 
stockholding behaviour in the European wheat sector.  

2.2.1 Standard Case 
In what we call our standard case, we set the historical 
weighting parameter   to 1/ 5  for all agents, and the 
substitution elasticity between labour and capital in 
the storage service sector is set to 0.8 . Some sensitiv-
ity analysis of the results to these parameters, as well 
as to the volatility of production shocks, will be pre-
sented in the next parts. 

Figures 4 and 5 below represent the fluctuations 
of wheat output and price when stockholding beha-
viour is introduced into the model. 

We can observe from figure 4 that, compared 
with the case without stocks, output fluctuations in the 
wheat sector seem to be slightly smoothed for all  
regions. But the most interesting result appears in 
figure 5: here the European wheat price is not syn-
chronized with prices in the RoW and the US. This is 
also reflected in the correlation between prices shown 
in table 4: whereas wheat prices in the RoW and in the 
US are still highly correlated, the correlations between 
the wheat price in the EU and prices in other regions 
are reduced by about 25%. Stockholding behaviour, 
which takes place only in the European wheat sector, 
tends in fact to “disconnect” the European wheat mar-
ket from world markets. 

We can also see in figure 5 that price decreases 
in the European wheat sector are limited but do not 
totally disappear. They are in fact restrained by the 
expectations of stockholders concerning the future 
wheat price and the storage costs. We recall that if 
stockholders expect a price rise they buy wheat until: 
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Table 3.  Distribution Characteristics of  
Output and Price Changes  
Compared with the Initial Values 

  Output Changes Price Changes 

  Mean S. D. Mean S. D. 

Wheat 

EU 5.1% 19.2% 2.2% 56.7% 

RoW 8.4% 22.0% 1.0% 54.5% 

US 1.9% 14.1% 1.5% 54.5% 

Oilseeds 

EU 0.5% 2.2% 0.8% 9.4% 

RoW 0.2% 2.0% 0.6% 8.9% 

US 0.3% 1.0% 0.4% 9.1% 

Other 
Cereals 

EU 0.4% 1.2% 0.8% 4.7% 

RoW -0.2% 2.5% 0.4% 7.9% 

US -0.1% 0.7% 0.3% 5.1% 

Cattle 

EU -0.1% 0.2% 0.2% 1.1% 

RoW 0.1% 0.9% 0.1% 2.0% 

US 0.0% 0.5% 0.1% 0.9% 

Beef 

EU -0.1% 0.1% 0.0% 0.4% 

RoW -0.1% 0.6% 0.1% 0.8% 

US 0.0% 0.3% -0.1% 0.4% 

Source: author’s calculations 

Table 4.  Correlation between Wheat Prices 

 EU RoW US 

EU 1.0 0.7 0.8 
RoW 0.7 1.0 1.0 
US 0.8 1.0 1.0 

Source: author’s calculations 
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other hand, we can still observe some price peaks in 
the EU, as in other regions. However, these peaks are 
lower than before the introduction of storage, which 
can this time be attributed to the liquidation of stocks 
as illustrated by figure 6. 

Due to the effect of big production shocks on the 
non-rational behaviour of producers, private stock-

holding behaviour thus seems to limit the oc-
currence of price peaks while inducing other 
peaks through stock disposal. 

The distribution characteristics of output 
and price changes in the wheat, oilseeds and 
other cereals sectors are presented in table 5. 

WILLIAMS and WRIGHT (1991) point out 
that, as long as the mean price is endogenous 
and the responses and feedback of economic 
agents are taken into account, a stabilization 
mechanism cannot keep this price unchanged. 
Our results illustrate their point: compared 
with the distributions observed prior to the 
introduction of storage in the model (table 3), 
mean prices are now lower in all regions and 
all sectors. In our simulation framework, the 
mean price decrease is furthermore accen-
tuated by the limitation of the sudden huge 
price increases attributable to non-rational 
expectations when storage is not allowed. On 
the other hand, the effects of stockholding 
behaviour commonly found in the economic 
literature are that storage tends to stabilize 
price and destabilize production (WILLIAMS 
and WRIGHT, 1991). While our results suggest 
that stockholding behaviour effectively limits 
price fluctuations, particularly in the European 
wheat sector, output fluctuations are not syste-
matically increased: apart from a slight increase 

in the RoW cattle sector, output fluctuations decrease 
in all regions and all sectors in the table. One explana- 

Figure 4.  Wheat Output  
(% Change compared with the Baseline)  

Source: author’s calculations 
 

Figure 5.  Wheat Price  
(% Change compared with the Baseline) 

Source: author’s calculations 
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Table 5.  Distribution Characteristics of 
Output and Price Changes (%) 

  Output Changes Price Changes 

  Mean S. D. Mean S. D. 

Wheat 

EU 2.0 9.4 1.0 14.0 

RoW 0.5 8.0 0.7 17.2 

US 1.1 2.5 0.4 16.3 

Oilseeds 

EU -0.3 0.9 0.2 4.0 

RoW 0.0 0.8 0.0 3.8 

US 0.0 0.4 0.0 3.9 

Other 
Cereals 

EU -0.2 0.5 0.2 2.1 

RoW 0.0 1.0 0.0 3.2 

US 0.0 0.3 0.0 2.1 

Cattle 

EU -0.1 0.1 0.2 0.4 

RoW 0.0 0.3 0.0 0.7 

US 0.0 0.1 0.0 0.4 

Beef 

EU -0.1 0.1 0.1 0.2 

RoW 0.0 0.2 0.0 0.3 

US 0.0 0.1 0.0 0.2 

Source: author’s calculations

Figure 6.  Wheat Stocks in the EU  
(in Millions of Tonnes) 

Source: author’s calculations 
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tion for the decrease of output fluctuations is that the 
stabilization of price also allows producers to stabilize 
their expectations and in consequence to stabilize their 
production. So, even if stockholding behaviour can 
play the destabilizing role stated in the economic lite-
rature, it also gives rise to an improvement of other 
agents’ expectations, and the two phenomena interact. 
Moreover, as pointed out by NEWBERY and STIGLITZ 
(1981), agricultural producers are more concerned 
with the stability of their income than with price  
or production stability. Here our results, as presented 
in table 6, suggest that the introduction of storage is 
conducive to stabilization of farmers’ incomes in all  
cases, even when their production is destabilized.  

The last point that differs in our results from what 
is found in the economic literature is that a decrease of 
price volatility caused by stockholding behaviour is 
shared by all regions, even though it is more important 
in the EU. This differs from the view expressed by 
TYERS and ANDERSON (1992), who stress a risk shar-
ing between regions. Our findings show that stock-
holders allow all market agents to improve their ex-
pectations and in consequence they decrease the en-
dogenous part of price volatility.  

2.2.2 Sensitivity Analysis 
The simulations presented above suggest that model-
ling the effect of stockholding behaviour in a dynamic 
intertemporal CGE framework that assumes non-ratio-
nal expectations can lead to results on market risks 
quite different from those commonly found in the eco-
nomic literature. Indeed, our results suggest that storage 
actually induces a stabilization of agricultural prices 
(and incomes), but does not necessarily destabilize 
output. Furthermore, we find no evidence of a trans-
mission of price volatility from the sector concerned 
with stockholding to other sectors or regions. How-
ever, in order to run these simulations, some parame-
ters determining the variability of exogenous shocks, 
the form of stockholders’ expectations and the elastic-
ity of storage service supply have been set to arbitrary 
values. Some sensitivity analyses are now conducted 
to test the sensitivity of our results to these values. 

Sensitivity to the variability of supply shocks 

In our standard case the supply shocks implemented in 
the RoW wheat sector are generated according to a 
normal distribution with a standard deviation   equal 

to 3%.  
We now run other simulations for different  

values of  , namely 1%, and 4%.  

We demonstrate in table 7 below the changes in 
standard deviation of outputs, prices and income in-
duced by the introduction of storage for the different 
volatilities of exogenous shocks. 

Table 6. Standard Deviation of Farm Income Changes (%) 

 Without Stockholdings With Stockholdings 

 Wheat Oilseeds Other Cereals Wheat Oilseeds Other Cereals 

EU 104.4 11.2 13.4 31.71 4.3 4.9 
RoW 85.9 11.1 11.4 24.89 4.8 4.6 
US 35.1 13.0 5.4 9.15 5.6 2.2 

Source: author’s calculations 

Table 7.  Changes in Standard Deviations  
Induced by the Introduction of  
Storage in the Model (%) 

   1   3   4   

Prices 
S.D. 

Wheat 

EU -37.5 -75.4 -82.6 

RoW -25.0 -68.3 -71.5 

US -27.1 -70.0 -73.4 

Oilseeds 

EU -15.8 -57.2 -53.1 

RoW -17.3 -57.3 -53.2 

US -17.4 -57.0 -52.9 

Other 
Cereals 

EU -20.3 -55.3 -50.0 

RoW -19.3 -59.9 -56.7 

US -22.2 -59.6 -57.4 

Output 
S.D. 

Wheat 

EU -35.1 -51.1 -66.7 

RoW -10.1 -63.7 -67.1 

US -21.8 -82.0 -75.0 

Oilseeds 

EU -0.6 -60.8 -62.6 

RoW -7.7 -60.1 -56.3 

US -7.5 -60.4 -53.3 

Other 
Cereals 

EU 8.2 -60.7 -63.2 

RoW -8.7 -60.1 -54.1 

US -11.0 -57.6 -60.5 

Income 
S.D. 

Wheat 

EU -25.0 -23.3 -82.6 

RoW -29.3 -22.4 -74.8 

US -24.3 -28.2 -73.2 

Oilseeds 

EU 0.0 -33.3 -68.2 

RoW -17.2 -33.6 -52.7 

US -19.4 -33.7 -52.9 

Other 
Cereals 

EU -16.7 -36.0 -77.8 

RoW -17.2 -34.9 -57.3 

US -23.8 -38.1 -60.2 

Source: author’s calculations
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Regarding these results, it 
appears that the more volatile the 
productivity shocks the more the 
introduction of storage in the 
model creates stabilization of 
production, prices and, as a mat-
ter of fact, farm income. Actually, 
this result is not surprising, since 
moderate productivity shocks, as 
we have seen, can generate high 
output and price fluctuations be-
cause of the additional volatility 
arising from the expectation er-
rors of economic agents. In fact, 
the more volatile productivity 
shocks are the higher are market 
fluctuations and the more impor-
tant are the reductions of expecta-
tion errors caused by stockhold-
ing behaviour and of fluctuations.  

Sensitivity to the  
expectations of stockholders 
In our standard case we consider 
that stockholders form their ex-
pectations in the same way as the 
other agents in the model: the 
historical weighting parameter   
is set to 1/5 for all of them. How-
ever, as shown by CHAVAS (1999), 
expectations of economic agents 
are heterogeneous, and one can 
presume that speculative stock-
holders may have expectations different from other 
agents. We investigate here the impacts of different 
stockholders’ expectation schemes on the volatility of 
markets. Thus we run some simulations that consider 
different values for the historical weighting parameter 
 , namely 1/3, 1/4, 1/10 and 1/50. The changes in 
standard deviations of price, output and income in-
duced by stockholding behaviour are presented in 
table 8. 
The first thing to note is that, as for 1 / 5  , the intro-
duction of storage allows prices to stabilize in all re-
gions, for 1 / 4  , 1 / 10   and 1 / 50  ; and the 
lower   is, that is to say the more past information is 
taken into account by stockholders the more the price 
volatility is reduced by the introduction of storage in 
the model. Output and farm income fluctuations are 
also dampened when   decreases. In contrast, if 
stockholders take little account of past information 
when making their decisions, when 1 / 3  , their  

behaviour tends to increase price, output and farm 
income fluctuations in several sectors and regions.  

These results confirm what FEMENIA and GOHIN 
(2009) pointed out in their paper on the role of expec-
tation schemes, namely that the dynamics of markets 
are smoothed when agents react slowly to price news. 

3  Conclusion 

The successive reforms of the CAP raise the question 
of its price-stabilizing role, and more and more atten-
tion is paid to private risk-managing instruments such 
as storage. The effects of private storage on market 
volatility have already been widely studied in the eco-
nomic literature but hardly any of these previous stu-
dies takes account of the links between producers’, 
households’ and stockholders’ decisions in the way 
that is possible with a CGE model. Furthermore, there 

Table 8.  Changes in Standard Deviations Induced by the  
Introduction of Storage in the Model (%) 

   1 / 3  1 / 4  1 / 5  1 / 10 1 / 50

Prices 
S.D. 

Wheat 

EU -68.7 -71.1 -75.4 -76.19 -79.28 

RoW -65.2 -65.0 -68.3 -67.94 -67.37 

US -66.8 -66.7 -70.0 -69.78 -69.59 

Oilseeds 

EU 10.6 -50.9 -57.2 -57.52 -60.10 

RoW -2.5 -51.3 -57.3 -57.48 -60.29 

US 22.0 -51.0 -57.0 -57.23 -60.07 

Other 
Cereals 

EU 5.2 -49.1 -55.3 -55.43 -55.52 

RoW -53.6 -55.2 -59.9 -59.63 -59.20 

US -48.4 -55.1 -59.6 -59.53 -59.86 

Output 
S.D. 

Wheat 

EU -13.8 -34.1 -51.1 -57.2 -60.4 

RoW -58.6 -58.7 -63.7 -63.3 -63.5 

US -75.7 -80.0 -82.0 -82.2 -81.4 

Oilseeds 

EU 223.1 -46.1 -60.8 -63.3 -61.0 

RoW -41.6 -54.1 -60.1 -60.3 -61.4 

US 63.3 -52.3 -60.4 -60.9 -61.9 

Other 
Cereals 

EU 178.4 -47.6 -60.7 -61.3 -58.4 

RoW -44.4 -55.2 -60.1 -59.4 -56.8 

US 76.7 -50.1 -57.6 -58.5 -56.9 

Income 
S.D. 

Wheat 

EU -53.5 -60.0 -69.6 -74.9 -76.2 

RoW -67.7 -67.3 -71.0 -70.8 -71.0 

US -67.7 -71.2 -73.9 -73.8 -73.2 

Oilseeds 

EU 45.4 -52.5 -61.8 -64.3 -66.8 

RoW 10.9 -50.8 -56.8 -57.0 -60.0 

US 30.1 -50.8 -56.8 -57.1 -60.0 

Other 
Cereals 

EU -4.3 -51.9 -63.6 -69.3 -72.0 

RoW -50.5 -55.3 -59.9 -59.8 -59.7 

US -32.1 -55.4 -60.2 -60.1 -60.7 

Source: author’s calculations 
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is little consideration of the intertemporal decisions of 
these agents, which is a drawback when studying the 
effects of an instrument like storage that allows inter-
temporal arbitrage. Finally, almost all these studies 
focus on the effect of stockholding on exogenous 
price volatility and assume rational expectations, 
which does not allow for the representation of the 
endogenous part of risk induced by market mechan-
isms. Speculative stockholders themselves have some-
times been blamed for increasing the volatility on 
agricultural markets because of their non-rational 
behaviour. 

To address these issues we constructed a dynamic 
CGE model, taking the intertemporal decisions of 
economic agents into account, including imperfect 
expectations and private stockholding behaviour, and 
then conducted some simulations. These simulations 
reveal some interesting results which, even if they do 
not completely contradict the outcome of previous 
studies, modify some of them.  

First, our results illustrate the point made by 
WILLIAMS and WRIGHT (1991) that a stabilization 
scheme cannot keep market prices unchanged: indeed, 
in our framework, the expectation-improving role of 
stockholding behaviour tends to limit the occurrence 
and magnitude of sudden price peaks due to an accu-
mulation of expectation errors from other agents. Price 
peaks still exist under storage but they are mostly due 
to a liquidation of stocks, and this tends to decrease 
market prices.  

On the other hand, contrary to MITRA and  
BOUSSARD (2008), we do not find evidence of a sys-
tematic destabilizing effect of speculative behaviour 
on prices. Even if stockholders have imperfect expec-
tations about the future. The only case where this des-
tabilizing effect arises is when speculators take past 
information less into account than other agents when 
making their decisions, which seems unrealistic. More-
over, we find that the price-stabilizing effects of stock-
holding behaviour are all the more important when 
stockholders take full account of past information to 
form their expectations. In this case some studies, like 
WILLIAMS and WRIGHT (1991), argue that if stock-
holding behaviour stabilizes prices it also destabilizes 
production. This is not necessarily the case in our 
framework: when stabilizing prices, stockholding be-
haviour also stabilizes producers’ expectations and 
production. In the same way, the improvement of 
expectations allows market prices to stabilize in other 
sectors than the sector of the storable commodity 
(wheat in our simulations). Thus, there is no transfer of 
volatility between regions or between sectors. Further-

more, we find that stockholding behaviour in the EU 
tends to stabilize income in each region except, once 
again, if stockholders take less account of past infor-
mation than other agents to form their expectations. 

Furthermore, our results reveal the difficulty in 
estimating a distribution of exogenous (for instance 
climatic) production shocks based on production data, 
especially if market agents are not fully rational, be-
cause these data already result from many decisions 
based on agents’ expectations.  

Finally, we must acknowledge that the simula-
tions presented here are for illustration only: storage 
applies to the EU wheat sector only and the produc-
tivity shocks apply to wheat in the rest of the world. 
Moreover, we have not taken into account the risk 
aversion of economic agents that can have an impact 
on their decisions. Further work should be done to 
overcome these limitations and to construct a CGE 
model that studies the effect of a commodity price 
stabilization program. As pointed out by several  
authors (NEWBERY and STIGLITZ, 1983; WILLIAMS 
and WRIGHT, 1991; WEAVER and HELMBERGER, 
1977), this analysis of commodity price stabilization 
should take storage activities into account. 

References 

ANDERSON, R.W. (1992): Market Stabilization and the 
Reform of the Common Agricultural Policy. C.E.P.R. 
Discussion Papers. Center for Economic Policy Research, 
London. 

BOUSSARD, J.M., F. GÉRARD, M.G. PIKETTY, M. AYOUZ 
and T. VOITURIEZ (2006): Endogenous Risk and Long 
Run Effects of Liberalization in a Global Analysis 
Framework. In: Economic Modelling 23 (3): 457-475. 

BOUSSARD, J.M., F. GÉRARD and M.G. PIKETTY (2005): 
Libéraliser l’agriculture mondiale? Théories modèles et 
réalités. Cirad, Cemagref, Ifremer, INRA, Montpellier. 

BUTAULT, J.P. and C. LE MOUËL (2004): Pourquoi et com-
ment intervenir en agriculture? In: Butault, J.P. (ed.): 
Les soutiens à l'agriculture. Théorie, histoire, mesure. 
INRA Editions, Paris: 11-67. 

CHAVAS, J.-P. (1999). On the Economic Rationality of 
Market Participants: The Case of Expectations in the 
U.S. Pork Market. In: Journal of Agricultural and Re-
source Economics 24 (1): 19-37. 

CHAVAS, J.-P. and K. KIM (2006): An Econometric Analy-
sis of the Effects of Market Liberalization on Price Dy-
namics and Price Volatility. In: Empirical Economics 31 
(1): 65-82. 

DEATON, A. and G. LAROQUE (1992): On the Behaviour of 
Commodity Prices. In: The Review of Economic Stu-
dies 59 (1): 1-23. 

DEVARAJAN, S. and D.S. GO (1998). The Simplest Dynamic 
General-Equilibrium Model of an Open Economy. In: 
Journal of Policy Modeling 20 (6): 677-714. 



GJAE 59 (2010), Number 3, Special Issue  
Professional Interest, New Issues and Recent Methodological Developments in Agricultural and Resource Economics 

201 

EZEKIEL, M.  (1938): The Cobweb Theorem. In: Quarterly 
Journal of Economics 52 (2): 255-280. 

FEMENIA, F. and A. GOHIN (2009): Dynamic Modelling of 
Agricultural Policies: The Role of Expectation Schemes. 
Paper presented at the 27th International Conference of 
Agricultural Economists, Beijing, China.  

HERTEL, T.W. (1997): Global Trade Analysis: Modeling and 
Applications. Cambridge University Press, Cambridge. 

HERTEL, T.W., J.J. REIMER and E. VALENZUELA (2005): 
Incorporating Commodity Stockholding into a General 
Equilibrium Model of the Global Economy. In: Eco-
nomic Modelling 22 (4): 646-664. 

JUST, R.E. and G.C. RAUSSER (2002): Conceptual Founda-
tions of Expectations and Implications for Estimation  
of Risk Behavior. In: Just, R.E. and R.D. Pope (eds.):  
A Comprehensive Assessment of the Role of Risk in 
U.S. Agriculture. Kluwer Academic Publishers, Boston:  
53-80. 

LENCE, S.H. and D.J. HAYES (2002): U.S. Farm Policy and 
the Volatility of Commodity Prices and Farm Revenues. 
In: American Journal of Agricultural Economics 84 (2): 
335-351. 

MCKIBBIN, W.J. and P.J. WILCOXEN (1999): The Theoretical 
and Empirical Structure of the G-Cubed Model. In: 
Economic Modelling 16 (1): 123-148. 

MITRA, S. and J.M. BOUSSARD (2008): A Nonlinear Cob-
web Model of Agricultural Commodity Price Fluctua-
tions. Discussion Paper No. 11. Department of Economics, 
Fordham University, New York. http://ideas.repec.org/s/ 
wop/briedp.html. 

MOSCHINI, G. and D.A. HENNESSY (2001): Uncertainty, 
risk aversion, and risk management for agricultural pro-
ducers. In Gardner, B.L. and G.C. Rausser (eds.): Hand-
book for Agricultural Economics, Vol. 1A. Elsevier 
Science Publishers, Amsterdam: 88-153. 

MUTH, J.F. (1961): Rational Expectations and the Theory 
of Price Movements. In: Econometrica 29 (3): 315-335. 

NERLOVE, M. (1958): Adaptive Expectations and Cobweb 
Phenomena. In: The Quarterly Journal of Economics 72 
(2): 227-240. 

NEWBERY, D. and J. STIGLITZ (1981): The Theory of 
Commodity Price Stabilisation: A Study in the Econo-
mics of Risk. Clarendon Press, Oxford. 

PRATT, S. and A. BLAKE (2007): Dynamic General Equili-
brium Model with Uncertainty: Uncertainty Regarding 
the Future Path of the Economy. Paper presented at 

EcoMod2007, International Conference on Policy Mo-
deling, Sao Paulo, Brazil. 

RAVALLION, M. (1987): Markets and Famines. Clarendon, 
Oxford. 

TYERS, R. and K. ANDERSON (1992): Disarray in World 
Food Markets: A Quantitative Assessment. Cambridge 
University Press, Cambridge. 

WEAVER, R. and P. HELMBERGER (1977): Welfare Implica-
tions of Stabilizing Consumption and Production: 
Comment. In: American Journal of Agricultural Eco-
nomics 59 (2): 397.  

WILLIAMS, J.C. and B.D. WRIGHT (1991): Storage and 
Commodity Markets. Cambridge University Press, 
Cambridge.  

WRIGHT, B.D. (2001): Storage and Price Stabilization. In: 
Gardner, B. and G.C. Rausser (eds.): Handbook of 
Agricultural Economics. Vol. 1B. Elsevier, Amsterdam: 
817-861.  

Acknowledgements 

Financial support received from Pluriagri and the 
“New Issues in Agricultural, Food and Bio-energy 
Trade (AGFOODTRADE)” (Small and Medium Scale 
Focused Research Project, Grant Agreement no. 
212036) research project, funded by the European 
Commission, is gratefully acknowledged. The author 
thanks A. Gohin and L. Piet for their comments on 
earlier versions, as well as the anonymous referee and 
R. Herrmann for their very thorough review and their 
constructive comments. Otherwise, the views expressed 
in this paper are the sole responsibility of the author.  

FABIENNE FEMENIA 
INRA and Agrocampus Ouest, UMR 1302 SMART 
4 allée Adolphe Bobierre – CS, 61103, 35011 Rennes 
Cedex, France 
e-mail: fabienne.femenia@rennes.inra.fr 

 


