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Abstract 
 

The present work completed in January 2021 determined a price hedging model in the coffee 

futures markets. Following the analytical method, first, the behavior of the historical prices from 

January 2015 to December 2020 in the spot market and in the futures market was observed and 

analyzed, later using the standard deviation of the historical data, the volatility that exists in the 

futures market and its impact on the final price that producers receive for their harvest at the end 

of each production cycle was calculated. Applying the statistical theory of the binomial tree, the 

expected prices of the following three four-month periods are estimated, subsequently, the utility 

function of the producer is modeled, assuming it as the expectation of income and its variance, 

later the utility function of the producer is found and optimized to know the number of contracts 

that guarantees the hedging of the price of production. The results of this work suggest that the 

final income of the producer will depend directly on the production that is expected to have in 

each productive cycle, on the speculative game on the stock exchange (number of contracts) and 

on the forecast of the spot price at the time of the evaluation, finally, it is concluded that the 

producers could be motivated to use futures contracts as a hedging strategy, since even if the 

profits are not extraordinary, the income will always be higher when such hedging is used. 
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The richness of Mexico’s soil and its privileged geographical location are conditions that make it 

the tenth coffee producer worldwide, with about 540 000 coffee growers in the more than 700 000 

hectares (CEDRSSA, 2018), in the states of Chiapas, Veracruz, Oaxaca, Puebla, San Luis Potosí, 

Guerrero, Tabasco, among others. These states produce two large varieties: Arabica and Robusta. 

The Arabica variety is the most planted worldwide and in Mexico it represents 94% of the total 

production. 

 

In this agricultural activity, there is a high possibility of obtaining losses, due to the different risks 

(production and market) faced by producers. Price and production are the most important variables 

for the producer since their income depends on it. Since ancient times, Japan 1600, farmers have 

sought to reduce that risk and, in that sense, the futures market becomes increasingly relevant 

among professionals in finance and producers of raw materials, and with this, an interest in study 

by renowned economists since the 70s. In this period some very relevant works in the area of 

finance were published. For example, the works of Fisher and Myron (1973); Merton (1973) and 

since then, options to hedge or transfer this, such as futures contracts or options, have emerged 

(FIRA, 2011). 

 

The use of contracts in the futures market is done with the intention of counteracting possible losses 

in the spot market (immediate transfer of the physical product) and in some cases, generating profits 

with price speculation. The main idea of this work is to determine a model of price hedging in the 

coffee futures markets, to use it as a tool in the face of fluctuations in price changes worldwide, 

derived from the different factors that motivate it. 

 

Coffee futures take place in an organized virtual market, called the grain exchange, where different 

types of coffee (variety and quality) are listed. In this work we will focus on the Arabica variety, 

which, as already mentioned above, is the most cultivated in the country. This variety is listed on 

the New York Stock Exchange through the standardized ‘C’ contract. A contract C is a fixed trading 

volume of washed soft coffee that meets certain standards of quality (moisture not less than 8% 

and not exceeding 12%, ISO 6673.3.3) and quantity (37 500 pounds, approximately 250 bags of 

69 kg) (Solares, 2011). The price is agreed today against the future delivery of the physical product, 

thus canceling the contract. 

 

Exploring hedging theories, they all seek profit maximization while also wanting to reduce risk. 

This approach to hedging was born from the work of Working (1953). Over the years, hedging 

theories have been studied in depth and new theories have been proposed; for example, Gutiérrez 

(2018) refers to the prediction of the optimal cross-hedging ratios in the Mexican oil market. Based 

on Bekk’s works, he evaluates the performance of four bivariate Garch models and the ordinary 

least squares method to predict the cross-hedging ratios of minimum variance of Mexican oil in the 

period from 2000 to 2015. For this case study, a simple hedging strategy traditionally known as 

‘naive’ is used. 

 

The review of the historical data during five years of the prices of coffee futures, in the New York 

Stock Exchange, reference of the price of coffee in Mexico in investing.com (2020), the volatility 

of this commodity is calculated to highlight the ‘financial’ risk that this crops entails, the 
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importance of analyzing volatility is clearly shown in the work of Doporto and Michelena (2011), 

who tell us about the volatility of commodity prices in 2010 and its multiple effects, the main one, 

economic risk, risk to which coffee growers in Mexico are exposed. 

 

Historical coffee price data are grouped by four-month periods; usually it is three times a year 

in which small producers take their crops to the market. With the volatility calculated and with 

the help of a binomial tree, the future price, both upward and downward, of the following 3 

four-month periods is estimated, then the utility function of the producer is proposed, in order 

to determine the number of optimal contracts in the futures market that maximizes the profit of 

the producer. 

 

Table 1 shows the average annual price of coffee futures on the New York Stock Exchange (simple 

average, obtained from the daily closing of coffee futures prices). As well as the prices paid to 

coffee growers (www.ico.org, 2016). 

 
Table 1. Volatility and average prices in the futures and spot markets. 

Year Period Average price, futures market Volatility (%) Price paid to coffee growers 

2015 1 1.297167 15.09067 1.0892 

2 10.41241 

3 5.734139 

2016 1 1.36275 7.762556 1.1441 

2 8.407628 

3 9.0527 

2017 1 1.322542 8.970063 1.0735 

2 7.323548 

3 5.677033 

2018 1 1.079313 3.646334 0.92225 

2 5.504481 

3 7.362629 

2019 1 1.037417 5.411277 0.843 

2 8.692736 

3 11.97419 

2020 1 1.086 7.730763 0.91224 

 

The volatility calculated above allows us to know if the price of coffee is facing sudden market 

movements, movements in the price that can be harmful to producers. For this case study, a total 

of 1 365 data on the daily closing of the price of coffee futures were taken, separated respectively 

into the corresponding four-month periods by year (2015 to 2020) and finally, the deviation of the 

price with respect to the average of its historical price in the afore mentioned period was calculated. 

σ2= 
1

n
∑ 1n

i=1 (ri-R)
2
. (variance, formula 1). v= √σ2= σ . (volatility, formula 2). 

 

http://www.ico.org/
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Using the information in Table 1 and using an annual volatility of 8.69% (simple average of the 

volatility calculated above), U (future price of coffee in the following three four-month periods, 

which for producers represents one year) was estimated, which implies: U= eσ√T    3) (Hull, 2011); 

U= e0.0869√0.333= 1.0514516.  Where: U= proportional increase in the price of the future; T= time. 

σ= volatility. Which means that, if the price of coffee increased, it would do so in a proportion of 

5.1416% ((u-1)x100), with respect to the price of the previous four-month period. 

 

And the proportional decrease in the price of the future can be estimated by: D= 
1

U
  4); D= 

1

1.0514516
= 0.9474. Where: D= proportional decrease in the price of the future. Similarly, D can be 

interpreted as the decrease by 5.26% ((1-u) x100) in the price of coffee compared to the previous 

four-month period. 

 

From the price received by coffee growers in the first four-month period of 2020, 91.224 USD 

cents per pound, a binomial tree is built assuming a probability of X, which estimates two possible 

price scenarios in the next three four-month periods of the year, that is, if prices increase or if they 

decrease. Binomial trees are commonly used to value options, a clear example is the work of Ochoa 

(2009), who uses binomial trees for the valuation of American options on TRM, although they can 

also be used to evaluate actions as Mariz (2016) does in her work entitled stochastic modeling of 

actions through binomial trees. 

 

As Figure 1 shows, the price for the second quarter could statistically be 96.278 USD cents per 

pound or in a pessimistic scenario 86.434 USD cents per pound; this difference of 9.844 USD cents 

in prices is technically called price volatility, a situation that could eventually drastically affect the 

income of producers. Hence the importance of reducing the implicit risk represented by an eventual 

loss as a result of price behavior, as demonstrated by Ramírez (2006), in his work ‘modeling the 

volatility and forecast of the price of coffee’ in which he presents a review of the Garch (generalized 

autoregressive conditional heteroscedasticity) model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Binomial tree, projection three next four-month periods. 
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Maximization of the target function 

 

To calculate the optimal number of contracts, it is necessary to model the income that the producer 

expects to obtain at the time of selling their harvest, this income is generally composed of 2 

variables. If it is considered that the producer does not use any hedging strategy to protect 

themselves against price fluctuations; also, that all their product is sold in a competitive market and 

that they are price takers (spot market), the income of the producer will be: price by quantity 

produced or in its mathematical form: I= Pq   5). Where: P= random price (volatile in time); q= 

production. 

 

Arabica coffee (the variety that is produced in Mexico by up to 94%) futures are traded on the New 

York Stock Exchange and on the London Stock Exchange. When a producer wants to protect 

themselves from a fall in prices, they will choose to make a short sale of N contracts, in this way, 

if the price of coffee falls, the producer will compensate the loss of value of their product in the 

spot market with the profit generated in the futures market. In case of a rise in the price, the loss in 

the futures market will be compensated with the sale of the product in the spot market, in this way 

their income will be given by: the sale in the spot market plus the profit or loss in the futures market; 

that is: I= p
c
q+(PP-Pt)N   6). Where: Pp= price agreed in the futures market; Pt= price at time t; Pc= 

price in the spot market; q= production; N= number of contracts. 

 

Having the equation of income complete, the utility of the producer is modeled to know the number 

of contracts that optimizes the utility, in this case, the utility of the producer can be interpreted as 

a portfolio formed by two assets, the number of contracts they will take and the amount of their 

production. To optimize this portfolio, we will use the Markowitz mean-variance model in its 

simplest form, this model assumes that the expected utility of the producer is a function of the 

expected income and its variance; that is: E(U)= E(I)-VAR(I)   7). Decomposing equation 7 and 

representing the respective terms, one has that: E(I)= qE(PC)+N(Pp)-NE(Pt)  8). Where: E= 

symbol of expectation; N= number of contracts. VAR(I)= q2VAR(Pc)+N2VAR(Pp)-2NqCOV 

(Pc,Pt)  9). Where: VAR= symbol of variance; COV= symbol of covariance. 

 

Substituting equations 8 and 9 in equation 7, it is observed that: 

E(U)= qE(Pc)+N(Pp)-NE(Pt)-(q2VAR(Pc)+N2VAR(Pt)-2qNCOV(Pc, Pt))   10). In order to know 

N (number of contracts that maximizes the expected utility), equation 10 is differentiated with 

respect to N and equaled to zero. 
∂E(U)

∂N
= Pp-E(Pt)-2NVAR(Pt)+2qCOV(Pc, Pt)= 0    11). Clearing 

N of 11: N= 
qCOV(P,Y,Pt)

VAR(Pt)
+

Pp

2VAR(Pt)
-

E(Pt)

2VAR(Pt)
   12). Rewriting equation 12, one has that: N=

PP-E(Pt)

2σpt
+ 

q[E{(Pc-E(Pt))(Pt-E(Pt))}]

σpt
   13). 

 

Results 
 

Developing equation 13 and replacing it in equation 6, we have that the income of the producer in 

each four-month period will be:  I1= Pcq+0.3069Pp+0.3145qPp-0.3069Pt-0.3145qPt 14); I2= 

Pcq+0.6937Pp+2.1193qPp-0.6937Pt-2.1193qPt 15); I3= Pcq+0.947Pp+1.0869qPp-0.947Pt-1.0869qPt  16). 
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These equations tell us that now the income depends on the production that is expected to have (to 

take to the market), on the speculative game on the stock market and the spot price that exist at the 

time of making the evaluation. Reviewing the prices of the New York Stock Exchange for coffee 

futures contracts for September 2020, March 2021 and July 2021, one has the following: 

KCU2020= 110.45 Arabica coffee contract due in September 2020, which is listed at 110.45 USD 

cents per pound. KCH2021= 114.20 Arabica coffee contract due March 2021, which is listed at 

114.20 USD cents per pound. KCN2021= 115.95 Arabica coffee contract due July 2021, which is 

listed at 115.95 USD cents per pound. 

 

Considering these data as possible agreed prices (short sale, selling now those contracts in the 

futures market) and replacing the data in equation 14, 15 and 16, the hypothetical income of the 

producer is simulated, assuming that the producer produces in each four-month period the 

equivalent of a futures contract (37 500 pounds). Table 2 shows the behavior of the hypothetical 

income of the producer, derived from the use of hedges as a tool to reduce their risks, in the 

futures market. 

 
Table 2. Income without hedging vs income with hedging, with prices falling. 

Cycle 
Futures 

contract price 

Price at the end of the 

production cycle. Downward 

binomial tree estimate 

Income without 

hedging (dollar 

cents) 

Income with 

hedging (USD) 

September 2020 110.45 86.434 I= 86.434q I= 101.3576q 

March 2021 114.20 81.896 I= 81.896q I= 172.769q 

July 2021 115.95 77.59 I= 77.59q I= 155.69q 

 

In order to compare the results of Table 2, Table 3 presents the bullish scenario in the price of 

coffee. It is recalled that in this research it is the producer who took a short position. 

 
Table 3. Income without hedging vs income with hedging, with rising prices. 

Cycle 
Futures 

contract price 

Price at the end of the 

production cycle. (Upward 

binomial tree estimate) 

Income without 

hedging (dollar 

cents) 

Income with 

hedging (USD) 

September 2020 110.45 96.278 I= 96.278q I= 105.084q 

March 2021 114.20 101.613 I= 101.613q I= 136.776q 

July 2021 115.95 107.244 I= 107.244q I= 124.95q 

 

As can be seen in Tables 2 and 3, hedged income is higher in the two scenarios (both bullish and 

bearish), these results agree with the theory of the use of the futures market, which can be 

demonstrated in such a simple way, or in more complex ways, as Cárcamo (2008) does, who 

worked on continuous time models for agricultural commodities, or as De la Vega and Porras 

(2009) do in their paper entitled ‘stochastic models for the spot and futures prices of commodities 

with high volatility and reversion to the mean’. 
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It is also observed that the producer obtains a lower income in the bullish scenario, the main reason 

is the shorts they take in the futures market; that is, they foresee a fall in prices and the opposite 

happens, in this way, their income is still higher compared to that of a producer without hedging. 

We can also see that the further away (time) the productive cycle to be hedged is, the difference 

between income without hedging vs income with hedging increases, this is an indicator that tells 

us that the more the time passes, the estimate is less accurate and unreliable. 

 

Discussion 
 

The results of this analysis are in accordance with the theory, which tells us that the futures market 

can be used as a hedging tool, however, it is necessary to specify that, at present, traders in the 

futures market almost never reach the closing of the contract (delivery of the physical product); 

that is, they settle the operations earlier. In this sense, questions such as the following would have 

to be answered, when is the time to settle the contracts?, how long should the position be open?, 

this question opens the way to the analysis of the result of Figure 1, which shows that the income 

of the producer decreases when the price in the futures market goes in the opposite direction to the 

position that was taken and therefore the final income is negatively affected and of course the other 

question arises, what is the practical application for producers?, how should small producers be 

organized so that they can enter to operate the futures market? 

 

Conclusions 
 

In this work, it has been shown that analyzing the futures market in a simple way leads to 

convincing results about the efficiency of its use to hedge the economic risk involved in 

producing agricultural commodities, in this specific case, coffee. The equation with which the 

number of optimal contracts was calculated suggests that the income depends on the production 

that is expected to have (to take to the market), on the speculative game in the stock market; 

that is, the number of contracts to be taken and the spot price that exists at the time of making 

the evaluation. 

 

It was also found that the income with hedging is higher in the two scenarios (both bullish and 

bearish) and that the further away (time) the productive cycle to be hedged is, the difference 

between income without hedging vs income with hedging increases, this is an indicator that tells 

us that the more time passes, the estimate is less accurate and unreliable, this is mainly due to a 

bias of the mathematical type in the formulation of the model. The model can also fail if the hedging 

strategy is not correct; that is, if the number of contracts taken short in the futures market is not 

adequate. Finally, the results suggest that producers could be motivated to use futures contracts as 

a hedging strategy, since, even if the profits are not extraordinary, the income will always be higher 

when such hedging is used than when it is not used. 
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