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Abstract. This paper aims to analyze the decision regarding corn storage (for the first 
and second crops) in the current context of the Brazilian market through an econom-
ic model of dynamic storage. We consider storage as a competitive economic activity 
and that agents can maximize profit through rational expectations. Our results provide 
a comprehensive analysis of how growth in the Brazilian second crop and high level 
of exports has impacted corn storage dynamics. The export rule suggests increasing 
exports when availability exceeds 37.3 million tons in the first crop and 56.3 million 
tons in availability in the second crop. The storage rule suggests that storage formation 
occurs increasingly in the first crop when supply exceeds 38.1 million tons and 60.9 
million tons in the second crop.
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1. INTRODUCTION

The volatility of agricultural commodity prices tends to be high over 
time, with greater sensitivity to supply shocks due to the biological nature 
of production, as well as seasonal and cyclical components. The high volatil-
ity of agricultural prices poses risks for both producers and consumers. The 
potential of storage for moderating such risks is widely recognized (Boben-
rieth et al., 2013; Cafiero et al., 2011; Miranda, Helmberger, 1988; Williams, 
Wright, 1991). However, studies that analyze the important recent changes in 
the Brazilian grain market are scarce.

This paper provides a numerical simulation of the storing strategies in 
the Brazilian corn market. For that, an economic model is applied to predict 
optimal storing behavior and ultimately the impact on prices and consump-
tion with different levels of supply.

The possible interest for an international audience is associated with the 
possibility of replicating the equilibrium equations and the model calibration 
for different contexts. Also due to the importance of Brazilian production 
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in global trade, Brazil is currently responsible for the 
second-largest volume of corn exports. A better under-
standing of the decision to store and export can help 
international agents operating in this market.

The Brazilian corn market underwent important 
structural changes, both in the production system with 
the introduction of the second harvest and in greater 
integration with the foreign market, via exports (Alves 
et al., 2018; Mattos, Silveira, 2018). Production jumped 
from 41.5 million tons in 2000/2001 to 101 million tons 
in 2018/2019. The development of new seed technolo-
gies and expansion of the joint soy and corn produc-
tion system in the same crop year allowed the Brazilian 
production of second-crop corn to increase significantly, 
going from 15% of the total production in 2000/2001 to 
73% in 2018/2019. The greater supply was accompanied 
by an increase of 491% in exports in the same period. 
With this, Brazil consolidated itself as one of the main 
corn producers and exporters worldwide (CONAB, 2020; 
USDA, 2020).

Much of the government policies for control-
ling agricultural prices and/or managing government 
stocks frequently implemented in the second half of the 
20th century has been extinguished. A detailed discus-
sion of agricultural price policies in Brazil is available 
in Schwantes & Bacha, 2019. Currently, the decision to 
store corn in the Brazilian market rests exclusively with 
the private sector reflecting market conditions.

In this context, the stock-to-use ratio in the Brazil-
ian corn market is lower compared to other main pro-
ducing countries. Between the 2000/2001 and 2018/2019 
harvests, the average stock-use ratio in Brazil was 0.14, 
while in the same period in the United States it was 0.16, 
and in China, 0.51(USDA, 2020). The lower stock-to-use 
ratio tends to reflect higher price volatility and, conse-
quently, higher price risk for producers and consumers 
(Bobenrieth et al., 2013) demonstrated the relevance of 
the standard storage model for understanding the rela-
tions between stocks and prices of commodities.

This study analyzes the decision to store corn in the 
recent context of the Brazilian market. Specifically, we 
propose a dynamic stochastic economic model to ana-
lyze private storage under the assumption of rational 
expectations of agents. Besides, using the calibrated 
model, we verify the market’s responses and the expect-
ed prices expressed by quantity stored with different lev-
els of supply.

Due to the peculiar evolution that corn production 
in Brazil has had in recent decades, none of the pre-
existing storage models in the literature are adequate 
to study the corn market in Brazil as it evolved to the 
current configuration. Thus, this study sought to adapt 
the existing models in the literature to this new real-

ity in the corn market, incorporating in the model the 
greater integration to foreign markets via exports and 
the expansion of second crop production. The impacts of 
these changes on corn storage activity in Brazil have not 
yet been discussed previously in the literature.

2. RELATED STUDIES

Literature about storage is extensive and beyond 
the scope of this paper. The purpose of this section is 
to present the reader with works that contributed to a 
better understanding of the decision to stock grain, on 
the hypothesis that storage competitive market and that 
agents rationally make decisions.

It is widely recognized in the economic literature 
that speculative storage activity provides an efficient 
market-based way to reduce price volatility in commod-
ity markets (Bobenrieth et al., 2013; Cafiero et al., 2011; 
Miranda, Helmberger, 1988; Williams, Wright, 1991). 
Agricultural price risk is a concern of both produc-
ers and consumers, which justifies an active academic 
debate on the role of storage regarding agricultural price 
volatility.

The seminal storage model proposed by Gustafson 
(1958) presents a numerical solution for the problem 
of deciding how much to store out of a given available 
amount of a storable product. 

Wright & Williams (1982) revisited Gustafson’s 
(1958) approach by analyzing the storage economy as 
a dynamic problem. The authors develop numerically 
and develop polynomial approximations to the func-
tion relating expected price and current storage level. 
The authors demonstrated that the possibility of storage 
affects producers and consumers.

The extension of the numerical model to the case of 
competitive supply by producers maximizing expected 
profits, and holding rational expectations, was intro-
duced by Wright & Williams (1984). In their model, 
both production and storage begin to respond rationally 
to economic incentives. Thus, the decisions to produce 
and store are made by agents who seek to maximize 
profit in a competitive environment and all form ration-
al expectations.

Miranda & Helmberger (1988) assess the effects of 
regulatory stocks policy on the U.S. soybean market in 
which the government attempts to stabilize agricultural 
prices through open market purchases and sales. The 
model allows for private storage, government stocks, and 
expected price-responsive production. Miranda & Glau-
ber (1993) develop a method for systematically estimat-
ing a rational expectations commodity market model 
that explicitly incorporates both private and government 
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stockholding dynamics, in an empirical application to 
the U.S. soybean market.

Fackler & Livingston (2002) discuss storage man-
agement related to the marketing decision of harvested 
crops. They pointed out that agricultural producers with 
access to storage have flexibility in choosing the timing 
and quantities of sales. The decision rule is demonstrat-
ed to result in substantial gains from storage.

Williams & Wright (1991) synthesize the modern 
theory of competitive storage. The authors have a detailed 
discussion about supply, demand, and market clearing 
conditions to the intertemporal arbitrage equation. Wil-
liams & Wright (1991) and Cafiero et al., (2011) present a 
wide review of the empirical relevance of the competitive 
storage model and results from optimal competitive stor-
age under stochastic supply and demand shocks. 

Peterson & Tomek (2005) apply the rational expec-
tations competitive storage model to solve the unknown 
functional forms of expected price in the United States 
of America corn market. This model is used to examine 
the performance of this framework in explaining price 
behavior in an actual commodity market.

With a less price-sensitive consumption demand 
curve, Cafiero et al. (2011) show that storage can gener-
ate in their model levels of sample correlations and vari-
ation of price in the observed ranges for some commodi-
ties. Thus, the relevance of the storage model is re-estab-
lished as an empirical question.

Serra & Gil (2013) studied US corn price observed 
from January 1990 to December 2010 by allowing for 
the influence of ethanol markets, corn stocks forecasts, 
and macroeconomic conditions. The results showed the 
impacts of stocks-to-disappearance forecasts in the short 
run are very high relative to the effects of energy price 
and macroeconomic instability.

Bobenrieth et al. (2013) have presented a procedure 
to construct, using global commodity price data and a 
commodity storage model estimated on those price data 
and stocks-to-use ratios. The results suggest that stock 
data can be valuable complements to imperfect price 
data as indicators of vulnerability to shortages and price 
spikes.

Guerra et al. (2015) explored the limits of econo-
metric estimations of the standard commodity storage 
model. They present the application of a maximum like-
lihood estimator of the storage model using the case of 
the United States corn price.

Zhou & Babcock (2017) use the competitive storage 
models to estimate the impact of ethanol and fueling 
investment on corn prices in the United States. The 
results showed that corn prices could decrease by 5% or 
6% if the US biofuel mandates were to be reduced.

Oglend & Kleppe (2017) have investigated the com-
modity price implications of bounded speculative stor-
age. Storage capacity introduces another source of 
limits-to-arbitrage in commodity markets. In general, 
a fixed capacity reduces the shock smoothing effect of 
storage. 

Only two papers of this nature studied the Brazilian 
grain market. Guimarães & Barros (2006) analyzed the 
corn market through dynamic models of rational expec-
tations with data from 1986 to 2000. The authors show 
that the opening of the market transfers to the external 
trade part of the role of buffering internal supply and 
demand shocks.

Bragagnolo et al. (2009) analyzed the decision to 
store rice in Brazil using dynamic models of rational 
expectations capable of capturing the effects of imports 
and policies to sustain producer prices adopted by the 
Brazilian government. The authors demonstrate that, in 
the presence of storage activity, there is less dispersion 
of consumption over time, which makes the variation of 
prices lower.

3. THE RATIONAL STORAGE MODEL

The storage problem can be understood as the allo-
cation of a given quantity of product between current 
consumption and the formation of stocks for future con-
sumption.

In a perfectly competitive economy, it would be 
economically viable for an individual agent to store one 
more unit of product, as long as the difference between 
the expected price and the current price is greater than 
or equal to the storage cost.

Our empirical estimation follows the approach of Wil-
liams & Wright (1991), and adaptations for the Brazilian 
case proposed by c. This method allows predicting opti-
mal storing behavior with different levels of supply and the 
respective variations on prices and quantity consumed.

In recent years, corn production in Brazil on a large 
scale occurs in two periods in the same crop year1. In 
this context, we propose a dynamic stochastic econom-
ic model to analyze private corn storage in the first and 
second harvests. The characteristics of each period are 
evaluated.

The simulation models assume that the data of the 
first corn crop refer to the first semester of the year (the 
period in which the harvest and commercialization of 
the crop are concentrated), while the data of the second 
crop refer to the second semester.

1 More details on the characteristics of grain production and marketing 
in Brazil are showed by Alves et al. (2018).
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Keeping these parameters constant for all periods, 
the problem becomes stationary and, therefore, it is pos-
sible to find the optimal storage rule for equilibrium. 
In addition to the hypothesis that stocking activity is 
a competitive activity, the model assumes a constant 
return of scale in land use and the existence of neutral-
ity about risk. That is, the economic agents involved in 
the economic process are neutral for the risk inherent in 
the storage activity (Bragagnolo et al., 2009).

Technical details of the estimation procedure can be 
found in Williams & Wright (1991). We present a general 
overview of the method in Appendix Awith the steps of 
the different functions.

4. PARAMETERS SPECIFICATION 

The parameters used to calibrate the model are 
based on the Brazilian corn market between the crop 
years 2000/2001 and 2018/2019. Pieces of information 
on corn supply and demand in Brazil are presented in 
Appendix B.

The method used requires the following parameters: 
the relationship between domestic consumption and 
prices, domestic consumption shocks, expected profit 
per area, supply shocks, average export price, the cost of 
storage, the real interest, and storage losses.

The relationship between domestic corn consump-
tion and domestic corn prices were estimated by ordi-
nary least squares, where the semiannual average of 
domestic consumption was the independent variable. 
It was estimated based on the amount of domestic con-
sumption per crop year released by the National Supply 
Company (CONAB, 2020). It was assumed that domes-
tic consumption occurs linearly throughout the year. 
The daily prices of corn for the region of Campinas/SP 
released by the Center for Advanced Studies in Applied 
Economy - Cepea/Esalq/USP were used as a reference 
for domestic prices with values for the period 2001- 2019. 
The prices were deflated by the official Prices General 
Index – Internal Availability (IGP-DI) for December 2019 
and it was used to calculate the semiannual price average.

To estimate shocks in consumption, residues were 
computed based on the regression of demand for con-
sumption. From the residues, a normal probability dis-
tribution of a zero mean and standard deviation of each 
sample (first and second crops) was simulated for 8 
equally spaced values. The lowest and highest values are 
considered equivalent to the 99% confidence interval of 
the distribution.

The relationship between the planted area and the 
expected profit per acre is estimated by ordinary least 

squares. The production cost is an independent variable. 
The planted area data and the cost of production were 
obtained from Conab. All data were deflated by the IGP-
DI to December 2019 values.

The productivity frequency distribution of the first 
and second corn crops was calculated by the average 
productivity between crops 2000/2001 and 2018/2019 
released by (CONAB, 2020), disregarding the trend of 
productivity gain over the period. From the mean and 
standard deviation of both the first and second crops 
yield series, two normal distributions were generated, 
one for each crop, with 16 values each, equally spaced, 
with the highest and lowest values equivalent to the con-
fidence interval of 99 % of the distribution.

The average prices of the first and second semesters 
were calculated from the average monthly price of Bra-
zilian corn exported values for the period 2001 to 2019, 
released by the Ministry of Industry, Foreign Trade and 
Services. All data were deflated by the IGP-DI to Decem-
ber 2019 values.

The storage cost was calculated based on the infor-
mation released by the Storage Information System 
(Siarma/Esalq-Log/Esalq/USP, 2020). 

The Selic interest rate (which is the basic interest 
rate in Brazil) has been adjusted to remove the effects 
of inflation to reflect the real interest rate in December 
2019. It was based on domestic inflation rates (IGP-DI) 
between 2001 and 2019.

Our model considers the fixed deterioration of 
inventories or storage losses of 1.5% per year. It was 
based on the works of Faroni, Barbosa, Sartori, Alenar, 
2005; Siarma/Esalq-Log/Esalq/USP, 2020.

The generation of random numbers, the frequency 
distribution of variables, the relationship between con-
sumption and prices, the demand function, and the 
relationship between expected profit per area were made 
using the statistical program R. All other numerical cal-
culations and procedures were performed using an elec-
tronic spreadsheet.

We calibrate the model described in Section 3 
assuming parameters specification reported in Table 1.

5. THE OPTIMAL STORAGE RULE IN THE FUNCTION 
OF THE EXPECTED PRICE AND PLANTED AREA

As mentioned above, the analyses consider as peri-
ods the first and second semesters of each year. The esti-
mation of the algorithm for the functions of the expect-
ed price and the expected area begins with the definition 
of a vector of n elements, equally spaced, for the end-
ing storage in the previous period (t-1). In this model, 
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29 storage values were defined, spaced by 500 thousand 
tons, between zero and 14 million tons. The definition of 
this set of values was based on the context of the Brazil-
ian corn market.

The multiplication of the planted area and the 16 
possible values of productivity gave rise to 16 values of 
total production for each of the 29 initial values of stor-

age, thereby generating 464 different values of products 
in the period. The initial availability of the model is gen-
erated from the sum of preliminary storages and domes-
tic production, less physical losses during storage.

In this simulation, 8 values were used for each 
demand shock in period t. Total availability resulted 
from the sum between initial availability and demand 
shocks, generating a simulation of 3.712 values.

The decision of the farmer to store or not is taken 
on the basis of the expected price, storage costs, interest 
rate, storage losses, and area and demand functions. The 
optimal storage rule to different levels of product avail-
ability (initial stocks plus current production) is exposed 
in Figure 1. It is worth mentioning that stocks in the 
domestic market only occurs when the profit prospect of 
storing the commodity is greater than that from export-
ing it.

The formation of storage in any given period (year) 
occurs when availability exceeds 38.01million tons from 
the first crop and when it exceeds 60.9 million tons from 
the second crop (Fig. 1). Availability lower than these 
values would lead to no stock formation.

The parameters of the expected price equations 
E(Pt+1) as a function of the storage(St) of the previous 
period were approximated by fourth-degree polynomials 
from the results obtained in the model simulations. So 
for any period t:

E(Pt+1) = 1.85497*10-16*St
4 + 5.12895*10-12* St

3 + 
8.13277*10-8* St

2- 1.06156*10-2*St + 724.527603. 

For the first crop (period 1), the results of the simu-
lation indicate that when there is no preliminary stor-
age (S0 = 0), the expected price for the next period is R$ 
724.53 per ton. 

Tab. 1. Parameters specification.

Parameters First crop Second crop

The relationship between domestic consumption and prices

- Constant 1.042,92 1.053,30

- Angular coefficient -0,0118 -0,0136

Domestic consumption shocks    

- Mean 0,0000 0,0000

- Standard deviation 4.294,58 3.455,44

Expected profit per area (acres)    

- Constant 10.713,88 25.310,29

- Angular coefficient 0,234 0,4133

Supply shocks    

- Average productivity (tons/acres) 1,7357 1,63

- Standard deviation 0,1646 0,3066

Real interest rate (%/ year) 5,3367 5,3367

Storage losses (%/ton/year) 1,5 1,5

Storage cost (R$/ton) 5,06 5,06

Average export price (R$/ton) 601,8248 582,465

Note: Standard errors are in parentheses.
Source: Research results.
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For the second harvest, the results indicate that 
when the final storage of the previous crop is zero, the 
expected price is R$ 646.72 per ton. The equation of the 
expected price for the second crop as a function of the 
storage of the previous crop is presented below:

E(Pt+1) = -4.39569*10-16*St
4 + 1.03133*10-11* St

3 + 
2.04989*10-7* St

2- 8.04279*10-3*St + 646.72501

The higher the storage levels, the lower the price 
level expected for the next period. Figure 2 shows the 
expected price according to the storage found in the 
model for the simulations referring to the first and sec-
ond crops.

Model simulations indicate that exports during the 
first crop start when supply reaches 37.3 million tons. 
During the second crop, the period of greatest corn sup-
ply in the Brazilian market, exports occur in greater 

quantities. Exports start when availability reaches 56.3 
million tons and increase up to 35.2 million tons when 
supply is approximately 91.5 million tons.

From the simulated values, it is possible to define an 
export rule to corn availability, assuming the assump-
tions and parameters considered in this model. Figure 
3 shows the export quantities according to the supply 
found in the model.

The parameters of the equation of the area to be 
planted (At+1) as a function of the ending storage of the 
previous period (St) were approximated by fourth-degree 
polynomials from the results obtained in the simulations 
of the model. The simulations indicate that the higher the 
final storage of the previous crop the lower the expected 
price, and consequently, the lower the planted area.

For the first harvest, the simulations indicate that 
the largest planted area is 15.6122 million acres when 
the ending storage of the previous period is zero and 
decreasing successively as the ending storage of the pre-
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vious period increases. The polynomial used to describe 
the planted area of the first crop as a function of the 
ending storage of the previous period is presented below:

At+1 = 1.06647*10-15*St
4 + 4.03052*10-11* St

3+5.11583*10-7* 
St

2- 7.15466*10-2* St + 15.6122

For the second crop, the simulations indicate that 
the maximum observed area is 32.500 million acres 
when the ending storage of the previous period is zero. 
The polynomial used to describe the planted area of the 
second crop to the ending storage of the previous period 
is presented below:

At+1 = -4.84389*10-15*St
4 + 1.02693*10-10* St

3 + 
2.44394*10-6*St

2 – 8.58213*10-2* St + 32.5069*104

Figure 4 shows the area planted according to the 
storage found in the model for the simulations referring 
to the first and second crops.

6. CONCLUDING REMARKS

The model purposed to analyze the decision to store 
corn from the perspective that storage is a competitive 
economic activity and that agents are profit maximizers. 
The decision to store corn is taken in the context of the 
recent structural changes in the Brazilian market, with 
the greater participation of the second crop in total pro-
duction and increasing exports.

The simulations show that expansion of produc-
tion, consequently greater cereal supply is accompanied 
by increasing levels of storages and exports. The simula-
tions corroborate the trend of expansion of the produc-
tion of second-crop corn in Brazil, and, consequently, 

higher levels of supply, export, and storage. Actual data 
on prices, corn supply, and demand in Brazil are pre-
sented in Appendix B.

The results suggest the strong influence of external 
demand, via exports, under the dynamic equilibrium 
of the Brazilian corn market. With the expansion of 
domestic production, mainly of corn produced in the 
second crop, the levels of storage and export balance are 
increasing, supported by the greater cereal surplus and 
pressure on domestic prices.

The supply of corn in Brazil has increased expres-
sively in recent years with the expansion of second-crop 
corn production. Actual data show that corn production 
in Brazil was significantly higher than consumption in 
recent years, for example in 2016/2017 crop production 
was 70% higher than consumption. The greater supply 
of the commodity enabled increases in exports and the 
quantity stored. After the 2012/2013 crop, Brazilian pro-
duction has surpassed 80 million tons, a period in which 
there was a large increase in the stock-consumption ratio 
(Appendix B).

The calculated export rule suggests increasing 
exports when availability exceeds 37.3 million tons in 
the first crop and 56.3 million tons in availability in the 
second crop. The calculated storage rule suggests that 
storage formation occurs increasingly in the first crop 
when supply exceeds 38.1 million tons and 60.9 million 
tons in the second crop.

Between the 2000/2001 and 2018/2019 harvests, Bra-
zilian corn exports rose from 5.9 to 41.2 million tons, 
while public stocks ranged from 347 thousand tons to 
19.2 million tons (Appendix B). Exports proved neces-
sary for the balance between supply and demand and, 
consequently, profitable prices for farmers.

The expected prices are inversely related to the end-
ing storages of the previous period, as expected. As 

Fig. 4. Area planted based on storage.
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already discussed by Bragagnolo et al. (2009), in the 
presence of stocking activity, there is a lower disper-
sion of consumption over time, which makes the varia-
tion of prices lower. Actual data show that prices showed 
higher price levels when the quantity in inventories was 
lower. For instance, the prices of the first crop 2014/2015 
increased from R$ 586 per ton to R$ 923 per ton in the 
following harvest, in the same period the stock-to-use 
ratio dropped from 23.3% to 16.3 % (Appendix B). Our 
results suggest that for levels of equilibrium storages, 
higher price levels are expected in the first crop com-
pared to equilibrium prices for the second crop.

In Brazil, most of the supply has been concentrated in 
the second harvest in recent years, which is why exports 
take place in greater quantities in the second half. With 
greater integration with the foreign market, prices have 
shown a higher level in the second half (Appendix B). The 
context was observed in our simulation.

With the greater volume of exports, the foreign mar-
ket imposes a price range for the Brazilian market. As 
described by Guimarães & Barros (2006) the effect is simi-
lar to that intended by a policy of regulatory storages, but 
without the government building inventories. Our simula-
tions show that the storage formed by agents in a competi-
tive economy also occurs within this price range, which in 
turn follows the oscillations of the international market.

The results of this study should not be compared to 
the values observed in previous years. The implemented 
model considers the initially established parameters con-
stant over time, while in previous years these parameters 
were not constant (Guimarães, Barros, 2006). 

The possibility of updating the parameters estab-
lished initially and finding market equilibrium in the 
different contexts is the main contribution of this type of 
study. This paper advances the modeling of storage when 
analyzing the storages in two periods within the same 
crop year and the current context of the Brazilian corn 
market. This study provides a comprehensive analysis of 
how growth in the Brazilian second crop and high level 
of exports has impacted corn storage dynamics. 

Low levels of commodity storages to consump-
tion can imply high price volatility, and greater risk for 
farmers and consumers as discussed by Bobenrieth et al. 
(2013). Our results should offer useful insights for poli-
cymakers, risk-management strategies adopted by farm-
ers, processors, and merchandisers operating in Brazil.
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APPENDIX A.  THE RATIONAL STORAGE MODEL

Each producer individually decides how much area 
he is willing to allocate to planting by maximizing the 
expected profit ( ). In our model, the planted area by 
producer i in crop year t is defined by ; and productiv-
ity in crop year t is defined by yt, and price of the com-
modity by P. The function of profit expected ( ) by 
the producer i in period t can then be restated as:

� (1)

Specifically for the simulation model:

The present value of the income expectation is given 
by the expectation of the revenue per acre Et(Pt+1×yt+1), 
that is the product of the price (P) in crop year t + 1 
and productivity yt+1 multiplied by the planted area. The 
expectation is discounted by the interest rate r. The cost 
of production (Ct) is defined as a function of the planted 
area. In the case of competitive equilibrium, with zero 
economic profit, . Then:

� (2)

Based on the first-order condition of the agents’ 
problem of profit maximization, the farmer chooses the 
planted area. With perfect competition, the marginal 
cost per acre is equal to the marginal profit per acre. The 
function can then be presented as:

� (3)

� (4)

From the equilibrium condition defined by equation 
(4), the farmer defines the area to be planted:

� (5)

It is assumed that the planted area has a positive 
relationship with the expected price:

� (6)

The production x in the year t, is the result of the 
planted area in the previous period multiplied by the 
expected productivity in t:
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� (7)

The quantity consumed (Qt) in period t can be rep-
resented by the following relation Qt=It - St where St is 
the quantity stored in period t for period t + 1, and It is 
the domestic availability in period t. That is, the domes-
tic availability  (It) is the result of the sum between the 
quantity consumed (Qt) and the storage (St),

It=St + Qt.� (8)

The product availability in period t can also be 
expressed as:

� (9)

The product due to storage in the previous period 
(St-1) is added to the current period production to obtain 
the quantity of domestic supply. The physical loss of 
product due to storage is incorporated into the models 
by the parameter 0≤θ≤1.

Intertemporal price arbitrage results in the optimal 
amount of storage. The agents will store the commodity 
until the marginal storage cost (k) added to the current 
product price (Pt) is equal to the expectation of price in 
the following period (EtPt+1) discounted to present val-
ue by the interest rate r considering the physical loss of 
product (θ).

� (10)

The price is defined utilizing the inverse demand of 
consumption for a given produced quantity (Qt). In addi-
tion to the quantity, we consider a random shock associat-
ed with the inverse demandin year t, as expressed below:

� (11)

Especifically, for the simulation model:

For an open economy, the possibility of exporting 
should be incorporated for the calculation of the level of 
domestic supply. The model considers only exports since 
it is understood that Brazilian corn imports were insig-
nificant compared to the quantity produced in the ana-
lyzed period.

As a condition of international trade, agents will 
export when the level of export price is higher than the 
domestic price; otherwise export will not occur. There-
fore the following constraints are imposed on the model:

� (12)

where  is the export price and, Mt is the quantity 
exported, in year t. International trade is incorporated 
into domestic availability by the equation:

� (9’)

Considering (9’) and (8), the domestic availability 
(It) can be used for current consumption or storage:

� (13)

Storage will occur in period t, when the expecta-
tion of prices in (t+1), that is, (EtPt+1), net of the physical 
storage loss of product (θ), discounted to value present 
is higher than the price in period t, added to the mar-
ginal cost of storage k. The intertemporal rule for storage 
activity can be represented as:

� (14)

�

It is assumed that the agents’ choices are opti-
mized from the perspective of rational expectations. The 
expected price for period t + 1 is a function of the stor-
age to be formed in the period t and the storage, produc-
tion, and exports in the following period t + 1.

� (15)

The positive quantity to be stored in period t is 
defined by the following expression:

� (16)

By replacing equations (13) and (15) in equation (16) 
the quantity to be stocked can then be restated as:

� (17)

The goal is to identify the amount of storage that 
maximizes the gains of the agents using equation (17). 
By keeping the parameters constant over time, the prob-
lem of storage optimization becomes stationary. The 
convergence of the parameters is sought through com-
putational methods of simulation, thus defining the 
optimal rule of constant storage over the years.
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