Evaluation of Marketing Instruments
for Coffee Production in Veracruz:
| mplementing Stochastic Dominance

with Limited Data

Charles B. Moss'

Risk has traditionaly been a sgnificant consideration in agricultural production. This paper dem-
onstrates how stochastic dominance can be applied to make production decisions under risk. The
procedure is demonstrated using crop data from North Florida. Given this example, the paper then
disusses how similar data can be constructured to make marketing decisions for coffee in Veracruz.
Findly, the paper develops different dimensions of the coffee marketing problem.  Specificaly, the paper
focuses on the benefits of storage aong with the combination of cash and futures marketing instruments.

keywords: stochastic dominance, marketing decisions, coffee

1. Introduction

Higtoricaly, risk has been consdered an en-
demic part of agricultural production. Historical
references frequently refer to yield variations caused
by naturd factors such as droughts, pestilence, and
floods. More recently, however, the economic con-
sequences of open markets and currency devaua
tions have increased the importance and frequency
of price variations for producers. The historical
references can be classified as production risk while
the more recent manifestations can be generdized
as price risk. Within this general classification
scheme, the producer has severa alternatives for
coping with each type of risk. Production risk can
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be controlled with agronomic practices such as
variety sdlection, fertilizer decisons, etc. Market-
ing through dternative marketing instruments such
as forward contracting, hedging, or the use of op-
tions can be used to control price risk within a given
crop. Alternatively, diversfication into other crops
or livestock activities could be used to mitigate risk
a the whole fam level. This paper examines dter-
netive economic gpproaches for analyzing the con-
trol of price risk by coffee producers in Vera Cruz.

2. Theoretical Approachesto Decision
Making Under Uncertainty

The traditional economic approach to deci-
son making under risk is to assume that producers
choose the dternative that maximizes their expected
utility. However, the approach has its detractors.
Most of the objections are linked to the lack of
trangitivity in utility ordering (Fishburn). The de-
bate over trangtivity aong with subtle issues sur-
rounding the estimation of risk averson coefficients
has led to the development of risk efficiency crite-
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ria such as stochastic dominance (Hadar and
Russl). In generd, arisk efficiency criteriais a
decision rule that reduces the set of al feasble a-
ternatives by diminating those decisons that imply
higher risk without an increased return. In this sec-
tion, | develop the theoretical framework of first
and second-degree stochastic dominance.
Following Hadar and Russell, | assume that
the decison-maker has a utility function U(x) de-
fined on the outcomes of some random varigble, x.
Next, assume that the decision-maker will choose
between two possible actions a, and a,. The re-

turns of random variable x under action a, are de-
fined by the probability dendity function f while the
returns of under action a, are defined by the prob-
ability dendty function g. For explanatory pur-
poses, table 1 presents the returns per acre for pro-
duction in Jefferson County, Florida. Figure 1 pre-
sents the probability dendity functions for the net
return of corn and soybeans in Jefferson County.
Let a, be planting corn and a, be planting soybeans.
The choice of whether to plant corn or soybeans
becomes a choice between the probability density
functions in Figure 1.

Table 1. Net Returns per Acre for Agriculturein
Jefferson County, Florida

Corn  Soybeans Cotton  Peanuts
1972 84.03 28.06 167.33 640.99
1973 277.63 189.35 469.34 666.89
1974 369.19 452.77 110.14 1,064.03
1975 13540 182.15 66.12 1,255.71
1976 257.70 31289 513.01 768.88
1977 -42.13 155.45 38.69 695.48
1978 87.66 14337 250.90 940.96
1979 16755 21917 24376 812.20
1980 253.16 160.89 543.11 625.64
1981 111.21 8549 21538 665.27
1982 95.70 75.74 218.27 507.90
1983 209.18 14981 33542 34121
1984 90.95 21.73 39206 650.46
1985 51.80 51.21 62.13 304.89
1986 -63.01 -10.85 98.37  389.77
1987 297 -17.82 11120 412.07
1988 10.10 11190 -117.42 410.29
1989 5836 -21.09 -49.11 204.23
1990 1843 -51.67 -1410 310.63
1991 39.39 -9.25 -8.99 31747
1992 -11.36 -2524 -37.62 18170
1993 -4438 -4328  49.66 63.70
1994 28.12 -28.00 -62.63 93.74
1995 79.69 -58.07 14236 156.63
1996 110.20 59.58 -22.45 38.12
1997 -9.31 -9.13 -66.18 78.78
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Figurel. Probability Density Functionsfor Net Returnsper Acrefor Cornand Soybean Productionin

Jefferson County.

Corn dominates soybean production in the first
degree if:

D=E_U(x)- E;U(X =
Z‘If(X)- g(x)]U (x)dx2 0 @

fordl x intherange x in (@,b) with at least one
drict inequality. One interpretation of equation (1)
is that corn will be preferred to soybeans if it is
aways expected to yidd at least the same levd of
income with greeter probability of earning a higher
level of income for at least one income levd. Inte-
grating equation (1) by parts yieding then derives
the rule for first degree stochastic dominance:

D, = (U)[F()- G |+

E{G(x) - F(¥]Upgdx @

where F(x) and G(x) denote the cumulative dengty
functions for f(x) and g(x) respectively. The first
term in equation (2) goes to zero since the cumula
tive dengty functions F(x) and G(x) are both equal
to zero a a and one a b. Hence, by assuming that
U’ (X) is greater than zero for dl levels of net re-
turn, then corn is preferred to soybeans if:
D, =G(x)- F(x)3 0 x (3)
with & least one drict inequality. Figure 2 depicts
the cumulative dendty functions for corn and soy-
beans in Jefferson County. For these two dterna
tives, neither crop dominates the other in the first
degree. However, asfigure 3 indicates, peanut pro-
duction does dominate cotton production in the
region.
Intuitively, first degree stochastic domi-
nance is a fairly wesk criterion, or diminates ra
tively few decision dternatives. Second degree
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Figure 2. Cumulative Density Functionsfor Net Returns per Acrefor Corn and Soybean Productionin

Jefferson County

gochastic dominance is somewhat more redtrictive.
Specificaly, building on equation (2) we have

D, =0 (N JGM- F(x)]d%
e a a

I 6. @
+@-U ' JG(2)- F(2)]dz=dx
ae a g

which is positive if U” (x) is negative and
D,=dG(®)- F(9]dz2 0 " x (5

with at least one strict inequality. The restriction
on the derivatives of the utility function trandates
to any degree of risk averson. Intuitively, this cri-
terion implies that the area under the cumulative
dengty function for f is aways less than the area
under the cumulative dendity function for g. Fig-
ure 4 depicts the vaue of equation (5) for corn and
soybeans. The vaue is postive for dl x thus corn

dominates soybeans in the second degree.

Decison making under risk using stochastic
dominance then involves imination of actions that
are dominated by another aternative in the first
degree. This implies solving a sequence of binary
comparisons.

~

0 =inf G- F(¥
ff=ap GK- FK ©

If both the inf and sup in equation (6) are positive
then f dominates g. Alternativdy, if the inf and sup
in equation (6) are negative, g dominates f. If the
inf and sup have different signs then there is no
dominance in the first degree.  All didributions thet
are not dominated comprise the set of first degree
efficient aternatives.

The set of second-degree efficient dternatives
can be smilarly derived from the first-degree effi-
cient set. Specificdly, a sequence of binary com-
parisons.
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Figure 3. Cumulative Density Functionsfor Net Returns per Acrefor Cotton and Peanuts Productionin

Jefferson County

2

D' =inf E‘{G(z)- F(2)]dz

DS =sup sz(Z) - F(2)]dz S

Again, if both the inf and sup have the same sgn,
then one distribution dominates the other in the
second degree while a mixed sign implies a non-
dominance relationship. In addition, the second-
degree stochastic dominance criteria can be ex-
tended to focus on certain ranges of risk aversion
using the results of Meyer.

3. Empirical Implementation of Deci-
sion Making Under Risk

The forgoing explanation of risk efficiency
criteria relies on secondary data for collected for
Jefferson County in Florida.  Yields were taken to
be county average yidds while the cash price in the
month of harvest was used as the output price. In
order to develop amode of risk for coffee produc-
ers in Vera Cruz, more detal is required. Specifi-
caly, data for aternative methods of production

and price mechanisms must be developed. Other
studies have relied on various biologica and eco-
nomic smulators to develop the probability distri-
butions for net return. Specifically, Riche and
Boggess used a plant growth smulator to develop
the yield digtribution of soybeans under dternative
irrigation regimes. Others have used economic
models such as the USDA’s SWAPSIM to gener-
ate price digtributions.

At the most basic level, we are interested in
developing a didtribution for net revenue per acre.
Net revenue per acre can be expressed as.

x=p y-C(y)(8)
where p is the output price, y is the levd of yidd,
and C(y) isthe cogt of production. A common Sim-
plification is to model the cost of production as
some fixed cost associated with an intended yield:

x=p y(y*)- C(y)(9)
where the producer applies inputs to obtain a tar-
get yidd, ye. Under this scenario, the distribution
of yiedd is a function of this target level of yidd,
y(y®). The distribution of prices becomes a func-
tion of the marketing instrument used such as hedg-
ing, options, seasona pooling, etc. The distribu-
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tion of yieds is then dependent on production de-
cisons such as fertilizer, pegticide, etc.

Secondary data for coffee production in
Mexico is rather sparse. Table 2 presents coffee
yield in thousand 60-kg bags by district. Table 3
presents the implied yield in 60-kg bags per hect-
are. These estimates were computed by dividing
the total production in each gtate by the number of
hectares in coffee in each state. Table 4 presents
the expected yield per hectare, standard deviation
of yield and coefficient of variation. In order to
examine the relative variability of coffee produc-
tion, table 5 presents the same figures for each crop
in Jefferson County. This comparison indicates that
the yidd varigbility of coffee production in Chigpas,
Vera Cruz, Oaxaca, and Guerrero are roughly com-
parable with the yied variahility in Jefferson County.
However, the relative variability in the other dis-
tricts is far higher.

Turning to prices, table 6 presents the New
Y ork price for Columbian and other robusto coffees.
These results indicate that other robusto coffees
receive 67 percent of the price of Columbian
robusto prices on average. The results in table 7

clearly indicate that coffee prices tend to be much
more volatile than agricultural output prices in
Jefferson County. This reduction in volatility could
be attributed to two factors. Agricultural programs
in the United States over the past haf-century have
dabilized commodity prices. This is especidly true
for corn, cotton and peanuts. Second, the signifi-
cance of internationd trade in coffee reative to the
commodities produced in Jefferson County may
expose this market to relatively greater volatility.

While improvements in both yield and price
data are necessary, these results suggest increased
attention to the modeling of coffee prices. Specifi-
caly, additiona information is necessary on the
structure and performance of the Mexican coffee
industry. The first studies should focus on com-
petitiveness of coffee markets at the farm and in-
termediate levels. If the market isfound to be com-
petitive, further research can ascertain the effec-
tiveness of various marketing tools in reducing the
reldive risk of coffee production in Mexico. If the
market is found to be non-competitive, then re-
search should focus on the relative risk bearing in
oligopolistic markets.
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Table 4. Yield Variability for Coffee Production

Average Standard Coefficien

Yield per Deviation  tof
Hectare Variation
CHIAPAS 7.039 1.001 0.142
VERACRUZ 8.451 1.482 0.175
OAXACA 4.126 0.704 0.171
PUEBLA 11.078 3.304 0.298
GUERRERO 4.046 0.489 0.121
HIDALGO 2.983 1.682 0.564
SL.P. 4.068 1.064 0.262
NAYARIT 5.148 1.347 0.262
JALISCO 2.665 0.558 0.210
TABASCO 3111 1.937 0.623
COLIMA 4.194 1.954 0.466
QUERETARO 3.623 1.785 0.493

Table5. Yield Variability for Jefferson County Crops

Average Standard Coefficient

Yield Deviation of
Variation
Corn (Bu./Acre) 70.062 12.835 0.183
Soybeans (Bu./Acre) 25.960 4.934 0.190
Cotton (Ibs./Acre) 654.800 114.627 0.175
Peanuts (Ibs./Acre) 2606.000 313.589 0.120

Table 6. Coffee Price (cents/pound)

Year Columbian Other Relative
Robusto Robusto  Price

1989-90 77.59 51.30 0.661
1990-91 79.39 52.46 0.661
1991-92 58.05 43.22 0.745
1992-93 66.34 48.25 0.727
1993-94 80.14 62.25 0.777
1994-95 161.07 135.22 0.840
1995-96 144.05 98.99 0.687
1996-97 160.21 76.65 0.478
1997-98 177.78 85.79 0.483
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Following the discussion of the competitive
market, dternatives include cash marketing, hedg-
ing, use of options, or the creation of pools. To
this point, we have assumed that farmers market
their output in a cash market and receive the pre-
vailing market price. In order to develop a modd
of hedging and options, we model the price received
by farmers as the sum of a market price and the
gain on the marketing instrument:

p, = p. +(p? - p})
p, = p,+(p2- p2) 10

where p, isthe price received for a hedge, p_ isthe
price received in the cash market, p! is the price
paid for the futures contract a the date the hedge
is repurchased, p° is the price recaived for the fu-
tures contract at the date the hedge is s, p, isthe
price received using options, p,* is the price of the
put option at the date the put option is repurchased,
and p.° is the price of the put option at the dete the
hedge is made. Rewriting this expresson dightly,
we have

ph = pc + gf
Po =P +9,
where g, is the gain on the futures instrument and

g, is the gain on the put option. Computing the
variance of each drategy in equation (11), we have

(11)

S{=s’2+s7+2s
(12)

2 _

S sc+sp+25Cp

where 52 is the variance of the hedging strategy,
s? is the variance of the cash price, s? is the vari-
ance of the futures insrument, s, is the covariance
between cash and futures prices, s? is the variance
of the option pricing strategy, s is the variance of
the put price, and s is the covariance between cash
and put prices. Under traditional assumptions, a
covariance term that implies less than perfect cor-
relation yidds risk gains in the use of dther ingru-
ment.

Marketing pools can be seen as an extenson
of the diversfication framework over time. Spe-
cificaly, assume that farmers produce their output

in the firs quarter of every year. One question of
orderly marketing is then how to spread marketing
out over the remainder of the year. Define the av-
erage price received during the year as

p=a,p, +a,p, +a,p; +(1 -4, -a,- as) P,
(13)
where is the average annua price, is the share of
crop marketed in period i, andis the prevailing mar-
ket price in period i. Augmenting equation (13)
for storage cost

p :alpl+a2e'%1r P, +a3e'}/2r P,
+(1 -a, -4, - as)e_%r P

where r is the interest rate (implicitly we are ignor-
ing other storage cogt at this point). The variance
of this market pool then becomes

(14)

s2=als 2126 s2+ak s 2+
(1-a,-a,- ag)ze'%rsf +
2na,6 s ,+2aa.6 "%+
2,(1-a,-a,-a,) e'%'s14 +
22,86 Y nt (15)
28, (1-a,- a,-a5)€'s, +

2,(1-a, -a, —as)e'%rs34

1 In fact, farmers may choose the optimal portfolio of
marketing in each quarter. Taking the expectation of
price for the pool yidds

AE[p,]+

7 Elp,]
where E[.] is the expectation operator. The optimal
quarterly sales can then be derived from

E[f)] :alE[p1]+aZe_
ase'%rE[p3] +a,e

min s}
ap,ap,as

st. E[p]® p

where p_ issometarget price.



where s? denotes the variance of price in a quarter
and s; is the covariance between prices in quarter i
and j. Typicdly farmers weigh the expected and
variance gains to holding a portion of the crop for
orderly marketing throughout the period! How-
ever, credit condraints typicaly lead to smdl farm-
ers marketing most of their product in the same
period as the harvest.

To investigate the risk reduction offered by
each of these marketing instruments, data on the
price recelved by coffee producers throughout the
year, futures price, option prices and export prices
will be required. In addition to the straightforward
analysis developed above, additional work on the
effects of currency volatility and the potentia ef-
fects of cross hedging in currency markets should
be incorporated. It is possible that the greatest
volatility in prices received by Mexican producers
may result from currency fluctuations. In addition,
there is a cross-hedging nature in coffee produc-
tion. Specificaly, producers want to hedge a cer-
tain variety of green coffee in Mexico while the
hedge instrument specifies another quality deliv-
ered in New York. This introduces additiona risk
in the guise of trangportation, processing and qud-
ity difference risk. For example, bad wesather in
Mexico may cause qudity to be low. Thus, even if
a hedge protects the producer from price variation
for high quality coffee, it is not effective in protect-
ing from price variation that results from quality
discounts. In fact, a widespread crop shortfall may
cause the qudity discount to widen as the market
bids up the price for higher quality coffee.

4. Summary, Conclusions, and | mplica-
tions

The design of instruments that can be used by
coffee producers in Mexico to control risk implies
severd questions. The preliminary results indicate
that the dominant form of risk is the result of price
variations. Specifically, while the coefficient of
variation for coffee yidds in Chigpas, Vera Cruz,
Oaxaca, and Guerrero are consstent with observed
yield variations for agronomic crops in Jefferson
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County, Florida, the coefficient of variation for
coffee prices is much higher than the variation ob-
sarved in the United States. This difference in varia
tion may be partidly explained by the presence of
commodity programs in the United States.

Given the significance of price volatility in
coffee production, future research into the design
of instruments to control risk at the farm level
should follow two tracks. The first track should
examine the possibility of oligopolistic power in
the coffee market. The results of Karp and Perloff
suggest that some market power may exist. The
exisence of market power may have implications
for the creation of an instrument to control risk at
the farm level. The second track involves the anay-
Ss of dternative instruments or strategies such as
the use of hedging, options, and pools. Anadyss of
the effectiveness of these insruments is dependent
on the collection of farm and market level price
data.

While the data suggest that the grestest gains
could be expected by the design of instruments to
control price risk, it needs to be pointed out that
such risk reduction will imply a cost in reduced
expected income. If the strategy involves futures
market transactions such as the purchase and sde
of futures or options, transaction cost will reduce
the expected price. Similarly diversfication over
time in a pool implies storage and interest cog.
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