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5) Period t+1 is now ready to start, etc. 

 

It can be seen immediately that the risk module’s results introduced during some period (say, 

t-1) into the central module as inputs of the latter, are the output prices of five major 

aggregated agricultural sectors. The central module is then run by taking these five prices as 

temporarily given and computes a first step of the new general equilibrium at period t-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. the example of the risk module in the version 2 of the momagri model. 

 

Among the results at the end of period t-1 are the revenues of the five agricultural sectors. 

These revenues are then introduced into the risk module as inputs of the latter at period t, and 

the outputs of the risk module at period t “complement” the general equilibrium process.  

In other words, we cut into two parts the general equilibrium process: agricultural prices 

 agricultural revenues through a first part of general equilibrium  agricultural prices anew 

to make general equilibrium complete. Needless to say, the central module has a “closure 

equation”. But the latter is considered here as a temporary device to be able to generate the 

prices and quantities looked for in two steps. With different words, our general equilibrium is 

computed in two stages, the closure of each is only temporary. This is related to the overly 

restrictive constraint that the Walrasian characteristics of the standard global models are 

imposing on economic analysis. 
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2.3. The risk module: introducing complexity in markets9 

 

The risk module consists in a partial out of equilibrium model of price formation for each 

agricultural sector, with producers, short term investors and final demand. The Walrasian 

equilibrium approximation is taken only as a “notional” reference, not as a realized state. 

 

 2.3.1. Notional reference 

 

Supply behavior of farmers is derived from the production function in the associated 

Computable General Equilibrium (CGE) model: 

d

p
y t

t                                                     (1) 

The parameter d is kept constant, unless otherwise stated (changes in productivity or for 

specific reasons). The demand is represented the equation of the tangent to the constant 

elasticity demand function at the initial equilibrium point. We write, for t=0: 

0

00

0
0

1
p

bb

a
x      (2) 

So that the “notional” price of market equilibrium can be approximated, if not in “too” 

strong a disequilibrium, by the equation: 

db

da
PN


     (3) 

 

As already argued – and confirmed by Walras himself above - we never can observe, at 

any period, the notional price PN10. Each farmer worries about his or her own farm and bases 

his or her decisions on his or her expectation. The latter may vary widely from one to the other 

and nothing says that there would always be a “market equilibrium” yielding PN (see for 

instance the Keynesian approach to supply), even if there were no other actors on the market. 

 

 2.3.2. Macro market sequences, expectation formation by producers 

 

Agricultural producers form boundedly rational adaptive expectations. We assume that 

they combine an adaptive expectation scheme in the Nerlovian tradition with the main 

features of Allais’ model of memory (Allais, 1972). 

                                                 
9
 The reader who would pressed for time may dispense reading the equations of this section. The text itself is self-

explanatory, except for some technical considerations, which can be skipped by non-economically trained 

readers. 
10

 We would similarly be at pain to isolate, within the demand we infer from statistical data collected on the 

market, the part of it due to final consumers and the part of it due to intermediaries and/or investors, a small part 

of them willing to hold physical inventories, so we would make a specification error by using simply (2) to 

estimate final consumers’ demand.  
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Natural risk (among which the climatic aspect is most important, but not the only 

component) is certainly considered, but it is not – by far – the only source of uncertainty at 

world level in this model. This represents a major difference with the Newbery and Stiglitz 

(1981) dominant tradition among agricultural economists. A large part of uncertainty in our 

model is indeed endogenous, the exogenous ‘natural’ risk interfering with it. Both types of 

uncertainty have an immediate impact on price formation. 

 

 

 

 

 

 

 

 

Fig.4. Macro-sequence on an agricultural market 

 

Each year, farmers consider their “revenues”, which we take here to be the total gross 

selling value of their production, denoted by R. They recall an indicator Rm,t  of the revenues 

series in the past three years Rt-3, Rt-2 R-1 under the form of an exponentially increasing rate of 

forgetfulness i , following Allais (1972): 
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They use a uniform law (law of equl probability given to all possible outcomes) to 
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as an index of anticipated tendency and 

the variance tmtiti R ,
2

,
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~

([     as an index of volatility. Not unlike many of our modern 

Pythias or gurus, farmers look in the rear mirror to form expectations: 
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R
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             (5) 

Their anticipated price for period t, denoted by Pa,t, may be regarded as depending from 

Pr,t-1 , i.e. the resulting price on the market at the end of period t-1,which they mix with the 

idea they form of the notional equilibrium price PN. In equation (5),   is a given subjective 

parameter, Rt-1 stands for the revenue having obtained in the t-1 period, and Ra,t for the 

anticipated revenue (certainty-equivalent) for the present period. We have therefore to give 

an expression of that anticipated revenue (in terms of certainty equivalent) Ra,t . The certainty 

equivalent (in Arrow-Pratt’s sense) to the empirically felt distribution of farmers’ revenues over 

the last years can be approximated as: 

tmtmttttmta RRRRRR ,

2

,123,, 2/.).,,(      (6) 

where relative risk aversion (RRA) of farmers is taken as  and considered to be a constant. 
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Farmers display individual behaviors towards risk which can be better captured by some 

form of the rank dependent model (Bouzit and Gleyzes, 1997, Serraõ and Coelho, 2004) than 

by mere expected utility. The certainty equivalent they use does therefore depend both on the 

Arrow Pratt coefficient associated to their utility function and on some transformation of the 

probability distribution considered (Hilton, 1988). Field experiments have however taught us 

that, while revealed von Neumann Morgenstern utility functions appear as fairly robust over 

time, the probability transformation function substantially depends on context. To give an 

account of this observation, we somehow modify the definition of optimism/pessimism in the 

rank dependent model literature, to make it part of the interdependence of subjective 

judgments and of the economic context in which they are formed (socio-technical dynamics 

evoked above): 
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(7) 

With three independent coefficients, as we set: 

])1[(log.

1

123

4
CCC

C


                    (8) 

an equation which yields, for discretionarily chosen values of three of the coefficients11:
 

  
Figure 5. Optimism/pessimism context-dependent probability transformation function. 

 

The curve in figure 3 characterizes the collective mood of farmers. 

 

Given that expectation, farmers decide at the end of t-1 to offer in period t a quantity 

ya,t 

tata P
d

y ,, .
1

                  (9) 

On the other hand, final demand at the end of period t will be directed by the (averaged) 

price resulting of the market interplay Pr, t . We may then write12: 

                                                 
11

 It is possible to link C4 to the three first coefficients, C1, C2  and C3 , of the  function. 

Speed of increase of recent revenues 
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 2.3.3. Natural risk impact 

  

It is interesting to remark that historians relate heavily that dependence on climatic 

events since the early times where either data are available, but not after the late 1800s 

(Leroy-Ladurie, 2004, Vol. II). This suggests that natural risk, unlike economists have long 

continued to assert (Newbery and Stiglitz, 1981) may not be, in the present time, the bulk of 

the uncertainty faced by farmers or by investors on agricultural commodities. Uncertainty isn’t 

any more of a solely exogenous type, but may be linked also to actors’ behavior. It has 

nowadays become of to a large part endogenous. This point is crucial. Of course, natural risk 

(not only climatic risk, but also diseases of plants or cattle, etc.) will impact the production they 

anticipate, ya,t The quantity ya,t they wish to produce at crop time will obviously be affected13:  

     .,tat yy 
           (11)

 

The parameter   stands for a specific realization of a random variable which will have to 

be specified according to past data. We may take a Normal distribution, but it certainly is only 

an approximation of the effective impacts of natural risk on crops. We shall take, in the 

simulations reported in the next section, values for natural risk which are rather close to the 

lower end. Of course, the distribution of natural risk is different for each zone of the world. 

Clearly, supply-demand gaps will frequently happen. We take them to equal involuntary 

variations of inventories. We thus have:  

ttt xyInv                   (12) 

It is expected that, the sum of these involuntary variations in inventories Invt added to 

the initial inventory will remain non-negative in each of the five sectors over the whole 

simulation.  

Considering (9) to (12), there is, in this model, what mathematicians call a fixed point, 

implying here Pa,t = Pr,t and thus t=0, which is given by PN
db

ad
P 


 . This is the 

stationary “notional” equilibrium. It can be seen from (6) and from (9) to (12) that it implies a 

constant revenue at each period t, Rt, and thus a zero risk premium. No need then to anticipate 

next period’s price! Rational expectations are logically compelling in this limiting ‘dream case’. 

But it remains a dream. It certainly is not the sequence of agricultural evolution we are looking 

at here. 

 

 2.3.4. Short term investors, asymmetry of information between actors 

  

                                                                                                                                                            
12

 As there is some time lag between retail sales and gross production, one might argue that dependence of the 

demand function from the previous campaign prices would rather be in order, at least in some cases. 
13

 This is a very stylized account of the phenomenon. For more on the impact of climate, see Maunder (1989). 
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We are considering here two different kinds of expectation formation schemes for short 

term investors. Some investors will simply infer that, if forward prices of the commodity under 

consideration increase above farmers’ expectation, they will be further increasing and 

therefore they should buy now to make money. Conversely, some other investors will tend to 

think that, if forward prices increase above farmers’ expectation as defined above (equations 

(5) to (8)), they will have to sooner or later return to a more “reasonable” level14. We shall 

describe the first category as “naïve” and the second as “conservative”. Both categories 

produce “informational externalities”, attracting spot prices toward forward ones according to 

the scheme described below15. 

Assume short term investors take the gap 

     gt = Pa,t – Pr,t-1                 (13) 

as a useful guide to expectation formation by short term investors. Investors will then 

determine their long or short positions depending on the type of expectation scheme they 

adhere to. Investors’ determination of the prevailing tendency can, as a matter of fact, change 

all along the period, depending on the last evolutions of the markets prices. This evolution will 

determine how many investors are “naïve” and how many are “conservative”. If we denote by 

BBt the buying behavior (“going long”) at time t of investors and by wt the relative “weight” of 

“naïve” behaviors – based on the idea that the change in price will continue in the same 

direction -, total net increase in long positions (buying behavior) by investors in period t may 

be represented by: 

 

    )(.])1(.[
t

C

tt

N

ttt i
mBwBwBB         (14) 

where positions by naïvely acting investors are given the exponent N and positions by  

conservatively acting investors the exponent C. the symbol it stands here for the basic interest 

rate of the most importnt money market in the corresponding economic zone.  The mass of 

speculators at some period t is the ratio between m, and the level of it, as it is reasonable to 

consider that it has an (inverse) influence on that “mass”. Long positions by naïve investors will 

be positively correlated to a rising price expectation, while the converse will be true for 

investors endowed with the conservative expectation formation scheme. Thus, taking linear 

behavior schedules with short profitability coefficients kN and kC respectively:  

 

t

NN

t gkB .    ,    ).( t

CC

t gkB       (15) 

 

with kN and kC > 0. Naïve investors tend to think that the present trend will continue, while 

conservative start to consider selling as soon as the gap tg  becomes positive.  

 

                                                 
14

 Note that we won’t distinguish here between the spot and the forward market, a distinction which would be of 

secondary importance for the purpose of this model, which is a medium term analysis.  
15

  In the oil industry, this attraction scheme is partly written in long-term contracts, where delivery prices are 

indexed on forward prices. 
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It is common experience that the (Euclidean distance) absolute value of the gap ||g|| 

influences the determination of the relative weights of long and short positions: the larger 

||g||, the smaller the relative weight of “naïve” behaviors simply extrapolating the tendency 

of prices, and conversely. Discrete choice models (Anderson, de Palma and Thisse, 1992) and 

other authors (Frankel and Froot, 1986, Kirman, 1991, Westerhoff, 2003) write that the relative 

weight of the naïvely acting investors depends on some power of the absolute value of some 

price gap, as can be justified from observation as well as on intuitive grounds16. We then write: 

      jt
g

w



1

1
         (16) 

With j=2, total net demand expressed by short term investors would then be, with it 

denoting the short term interest rate at time t: 
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we have however to take also into account the variation of inventories. The lower the 

inventories in terms of the yearly demand for a given commodity at the end of a given period, 

the larger the volatility of future spot prices of the next period (Deaton and Laroque, 1992; 

Routledge, Seppi and Spatt, 2000). From this larger volatility, we may predict that there will be 

a larger upward pressure of speculation on the pricing of the given commodity. Naïve investors 

will be acting more aggressively. Defining: 

1111 /1),(   tttt xInvxInv                        (18) 

 

We rewrite expression (17) to take that effect into account: 
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(19) 

 2.3.5. Resulting market price. 

  

The pressure on prices derives from (i) temporary excess supply (demand) of present year from 

producers over consumers’ final demand (ii) the pressure of investors net demand, which 

works as attracting spot prices. Indeed, whether they buy or sell, short term investors, by 

definition, will resell or buy back their contract at some point of time, for they fear nothing 

                                                 
16

 As an alternative interpretation, one could rely on the hypothesis that g=0 would yield insufficient reasons to 

every investor go long or short on the commodity considered, hence that the probability of either way would be 

.5.  With the square of g positive, however, the probability of going long would outweigh the probability of going 

short and the difference could evolve, for reasons similar to the ones given above. A Normal law would determine 

that evolution on either side of the g=0 line. This interpretation would consider that everyone may go more or less 

long or short, instead of considering that there are two “polar” sorts of expectation with a proportion of investors 

on one side and the rest on the other side. 
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more than physical delivery. Thus, their net demand pressure has no mechanical, but an 

informational impact on the spot market.  

The influence of farmers, Part (i) above, can be established from (9) to (12) and the value 

of their fixed point ( t-1=0), if we assume that there were no short term investors: 
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We have to remember that Part (ii), the impact on the spot price of forward investors, 

has been written in terms of an equivalent to an over-demand. Equation (19) has then to be 

added with the opposite sign. This leads finally to the price dynamics equation: 
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(20) 

 

This view of agricultural commodity markets leads to a price dynamics in which 

parameters and m, considering m   as an exogenous factor, which can be kept constant 

for simulations purposes, will be determinant in the dynamics considered. 

 

With the specification above, the story of price volatility is as follows: (i) natural risk, 

together with boundedly rational expectations, is the “match” which starts the fire, while (ii) 

the real bust of the brand comes from the short term investors behavior. 

2.4. The central module 

 

In our model, the central module takes care of the general interdependency of economic 

activity. As for the equations of the central module, they are relatively conventional in a 

computable general equilibrium (CGE) - model, though this central module is a world model 

and not only a one-country model where relations between a given country and the “rest of 

the world” would be examined17. We limit therefore ourselves here, to save space, to a few 

comments on the role of the central module in Momagri’s approach18. Although the module 

consists in a CGE- model, we insist on the fact that, even out of any interaction with the risk 

                                                 
17

 There are many CGE models, but very few global models, encompassing the world economy: GTAP, LINKAGE, 

MIRAGE, and a couple of others (notably ID3) together with MOMAGRI. 
18

 On demand by e-mail, I shall be happy to send the mathematical framework of the cental module. 
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module, it wouldn’t produce a state of (Walrasian) macroeconomic general equilibrium, for 

two reasons: 

 

1) The model is not, strictly speaking, estimated, but only “calibrated”, i.e. it fits the data 

of the base year, 2001 for that matter. Nothing can be said about the equilibrium 

nature of the state of affairs in 2001. Hence, a strong qualification would have to be 

made if we were to claim that this central module leads to an equilibrium state (this is 

one of the limits of CGE models in general, though most authors do not care to 

mention it). At most, it can be regarded as an approximate Walrasian equilibrium 

state.  

 

2) More importantly, the agricultural out of equilibrium prices from the risk module are 

introduced as constraints in a first run of the central module. And a second run of the 

central module, complemented by a run of the risk module, is required to produce a 

complete round of adjustment (see figure 3 above).  

 

Compounding 1) and 2) above shows that our economic states, from one period to the 

other, are no Walrasian equilibria, but are economic states evolving (with possibly large a 

volatility) “around” such notional equilibria, illustrating Walras’ quote on top of this paper: the 

equilibrium is something “idealized”, “it never materializes”, but it plays a role akin to the one 

of an “attractor” in a complex system. Such a view is a much more faithful account of reality 

than what traditionally accepted models can yield. Some early simulations of the Momagri 

model give an idea of what this model can produce. 

 

2.5. Some simulations stemming out from Momagri’s model 

 

2.5.1. March 2008 Version 1 
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Figure 6. Simulations of March 2008. Momagri version 1. A scenario of full 

liberalization after 2009 under two different natural risk hypotheses. Index of 

annual average aggregate prices. 2001=100. 
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The curves on this graph show annual averages of market prices of both cereals and 

animals. Hypotheses (1) refer, at world level and in each sector, to a small natural risk  

Hypotheses (2) refer, at world level and in each sector, to a higher level of natural risk. Impacts 

on prices are surprisingly low, although a few years only are being simulated. The conclusion is 

that a large part of volatility is endogenous. This finding has highly important policy 

implications. 

It is interesting to note that, under this March 2008 simulation, attention was drawn on 

the possible fall during 2008 of natural productions prices, particularly of prices of cereals, 

while at the same period, standard models (and gurus) were all predicting stable or slightly 

increasing prices for wheat, etc. 

 

2.5.2. March 2009 Version 2 
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Figure 7. Simulation of March 2009. Momagri version 2. Scenario of full 

liberalization in 2010. Average prices of cereals among the 10 regional zones 

of the world. Annual index 2001-2003= 100. Constant part of international 

trade, no monetary or exchange policy, low natural risk, weak and constant 

mass of short term investors. 

 

The results of this scenario can be somehow contrasted to the 2.5.1 results: volatility in 

weaker here until 2014, evolution does not follow exactly the same path as the one shown 

above. 

These simulations should be taken as assessments of the impact of a complete 

liberalization on cereal prices. They are the results of a few draws in a larger set of possible 

results. However, these draws show similar evolutions. We simply take here the general 

tendency as an important element to be considered in international trade reform. 

 

2.6. Some empirical data from OTC markets 
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From the specifications given to Momagri’s equations in version 1 (March 2008) as well 

as in version 2 (March 2009), the role of short term investors emerges as a leading one in 

explaining price volatility, together with monetary policy, more so than the traditional low 

elasticity of supply and demand curves. Do empirical data give support to this view? Figure 8 

displays the spectacular rise of derivatives on over the counter (OTC) markets since 2004. 

Examining closely the type of underlying supports the hypothesis according to which 

agricultural commodities have been targeted by investors as substitutes to equities and real 

estate goods after the stock exchange slump of the early 2000. Such an explanation would 

suffer no outright rejection, to say the least. 

 

 
 

Figure 8.Indexes of outstanding amounts of over the counter derivatives contracts by 

type of underlying. (Interest Rates, Equities, Gold, Other Precious Metals, Other Commodities). 

Source: Author’s computations from BIS statistics.  

 

 

The upward swing of the curve related to “other commodities” emerging in mid-2004 

(the ‘outstanding amounts’ of the end-of-year originates in contracts decided earlier than at 

the end of 2004) is due to both oil and agricultural commodities. The swing in OTC derivatives 

with either one commodity as underlying represents a jump from 952 billion US Dollars in June 

2004 to 12580 in June of 2008, a multiplication by a factor 12 or more. The index falls then 

back until December 08, where it takes a different course. It is interesting to note that the late 
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spring of 2008 was also the peak of prices for several agricultural commodities, as well as for 

oil. It is difficult to deny that these markets are ‘financialized’ ones. 

 

The next graph (figure 9) relates the said curve of outstanding derivatives taking as 

underlying either oil or agricultural commodities (left scale, in billions of US$) to prices of 

wheat and maize (in US$/ton, right scale). The link seems straightforward, though a correlation 

cannot be taken as final evidence. 
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Figure 9.Index of outstanding amounts of over the counter derivatives contracts on 

“other commodities”  

(= oil + agricultural products): blue curve on left scale. Prices of wheat and maize (right 

scale, in US$/t). Source: Author’s computations from BIS statistics and OECD data. 

 

 

More recently, in a widely circulated paper, Tang and Xiong show on more detailed data 

than ours that 2004 was a turning point for a number of issues: 

 

1) The interconnection between financial and commodities markets. They show in 

particular that commodity index returns (in the sense recently defined by Gorton and 

Rouwenhorst in a seminal paper) are more exposed to variations in the world equity 

index than before 

 

2) The increased interdependence of these markets has induced a much larger volatility 

of commodity prices for a number of agricultural commodities studied (as well as for 

oil) 
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3) This last phenomenon can be mostly explained by the entrance of short term 

investors in indices. Indeed, commodities the prices of which enter the indices19 are 

more linked to such variations of the world equity index (as well as to oil price 

volatility) than before 

 

4) After 2004, the trading by index investors has made the trading volumes of individual 

commodities co-move more narrowly than before, and these changes in co-variations 

are larger for commodities within the index than for commodities not entering the 

indices. 

 

The empirical evidence leads these authors to conclude that the large increase in 

commodity price volatility in 2008 has been definitely related to the presence of index 

investors. The latter have exerted what Jerome Stein once called “informational externalities”, 

i.e. they have changed the behavior of traditional participants to the markets involved as well 

as, consequently, the behavior of the said markets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
19

 They consider the GSCI (Goldman Sach commodity index) and the DJ-AIG (Dow Jones-AIG index) indices as well 

as price indices of given commodities. 


