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ABSTRACT

This study assessed the accuracy of 3 methods that
predict the uniform milk price in Federal Milk Market-
ing Order 6 (Florida). Predictions were made for 1 to
12 mo into the future. Data were from January 2003 to
May 2007. The CURRENT method assumed that future
uniform milk prices were equal to the last announced
uniform milk price. The F+BASIS and F+UTIL meth-
ods were based on the milk futures markets because the
futures prices reflect the market’s expectation of the
class TII and class IV cash prices that are announced
monthly by USDA. The F+BASIS method added an
exponentially weighted moving average of the differ-
ence between the class III cash price and the historical
uniform milk price (also known as basis) to the class III
futures price. The F+UTIL method used the class III
and class I'V futures prices, the most recently announced
butter price, and historical utilizations to predict the
skim milk prices, butterfat prices, and utilizations in all
4 classes. Predictions of future utilizations were made
with a Holt-Winters smoothing method. Federal Milk
Marketing Order 6 had high class I utilization (85 +
4.8%). Mean and standard deviation of the class III
and class IV cash prices were $13.39 + 2.40/cwt (1
cwt = 45.36 kg) and $12.06 + 1.80/cwt, respectively.
The actual uniform price in Tampa, Florida, was $16.62
+ 2.16/cwt. The basis was $3.23 £+ 1.23/cwt. The
F+BASIS and F+UTIL predictions were generally too
low during the period considered because the class I11
cash prices were greater than the corresponding class
III futures prices. For the 1- to 6-mo-ahead predictions,
the root of the mean squared prediction errors from
the F+BASIS method were $1.12, $1.20, $1.55, $1.91,
$2.16, and $2.34/cwt, respectively. The root of the
mean squared prediction errors ranged from $2.50 to
$2.73/cwt for predictions up to 12 mo ahead. Results
from the F+UTIL method were similar. The accuracies
of the F+BASIS and F+UTIL methods for all 12 fore-
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cast horizons were not significantly different. Applica-
tion of the modified Mariano-Diebold tests showed that
no method included all the information contained in
the other methods. In conclusion, both F+BASIS and
F+UTIL methods tended to more accurately predict
the future uniform milk prices than the CURRENT
method, but prediction errors could be substantial
even a few months into the future. The majority of the
prediction error was caused by the inefficiency of the
futures markets to predict the class III cash prices.
Key words: futures market, prediction, forecast, milk
price

INTRODUCTION

Accurate prediction of future milk prices is important
for income risk management, for example, for timely
management of possible cash flow shortfalls or when
using the futures and options markets to manage the
variation in milk price risk (St-Pierre and Jones, 2001).
Milk prices also affect herd expansions and culling deci-
sions. Evaluation of methods that predict future milk
prices in Florida and elsewhere is lacking, however.

The predictability of milk prices depends on the milk
pricing system. In many parts of the United States,
the milk price is determined by federal milk marketing
orders (FMMO). Florida is in FMMO 6, except for the
far western part of the state, which is in FMMO 7. The
regulations in the FMMO are complicated and detailed
and have been periodically adjusted since their incep-
tion in 1933 (Swantz, 1962). The current 10 FMMO
have their origins with the 1996 Farm Bill, which re-
sulted in a fundamental overhaul of the US milk pricing
system (Bailey and Tozer, 2001).

Milk is priced in an FMMO according to how it will
be used. Class I milk is used for fluid milk products.
Class 11 is used for soft products such as ice cream. Class
IIT milk is used for cheese products, and class IV milk is
used for butter products and NDM (Bailey and Tozer,
2001). Four of the 10 FMMO, including FMMO 6, use
the skim milk/butterfat pricing system because milk in
these areas is used mainly for fluid consumption (class
I milk). Under this pricing system, producer prices are
based on the uniform skim milk price and the uniform
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butterfat price. The uniform skim milk price is an aver-
age of class I, II, III, and IV skim milk prices weighted
by use in the market. Similarly, the uniform butterfat
price is a weighted average of the butterfat prices for
each class. Skim milk and butterfat prices of each class
are calculated from FMMO formulas and the prices for
dry whey, NDM, butter, and cheese surveyed weekly
by the National Agricultural Statistics Service (Appen-
dix). Weights of the class prices are the utilizations of
skim milk and butterfat in each class. The uniform milk
price is a weighted average value of the uniform skim
milk price and butterfat price in 3.5% butterfat content
milk (USDA-AMS, 2007). The actual (mailbox) price
dairy producers receive equals the uniform milk price
plus producer-specific price adjustments, such as coop-
erative premiums, dues, and hauling charges (Maynard
et al., 2005).

Futures contracts for class 111 and IV whole milk that
are traded at the Chicago Mercantile Exchange may
be used as a price discovery tool of future class III
and IV milk prices and, through their relationship with
skim milk prices, of future uniform milk prices. Futures
contracts are traded every trading day and expire up to
24 mo in the future (CME, 2007). Contract prices settle
at the corresponding class III and class IV cash prices
announced monthly by USDA. The class III futures
price reflects the market’s expectation for the class 111
whole milk price for the month of production (Sanders
and Manfredo, 2005). These authors concluded that
the class I1I milk futures predictions were at least as
good as quarterly predictions from time-series models
and from USDA experts at the 1-quarter and 3-quarter
forecast horizons.

Fortenbery et al. (1997) studied the expected price
dynamics between fluid milk futures contracts and cash
prices received for milk from 1988 to 1995. Based on
their results, they expected a strong relationship be-
tween the futures market and the milk price in areas
that are part of the FMMO system. The accuracy of
price predictions in their study was not directly ap-
parent. Jesse and Schuelke (2002) provided a system-
atic method for predicting class III and class IV prices
based on trend projections and historical economic re-
lationships between total US milk production, product
prices, and inventory levels, but did not discuss the
accuracy of their price predictions. Petrov (1999) used
production quantities and inventory levels to predict
milk prices. His Bayesian method appears to generate
prediction errors of less than 5% of the milk prices (=~
$0.60/cwt; 1 cwt = 45.36 kg) over a forecast horizon of
up to 6 mo (St-Pierre and Jones, 2001).

Methods that predict future milk prices have not been
frequently analyzed. There is evidence, however, that
the milk futures markets provide useful information for
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milk price discovery. The objective of this study was
to investigate the accuracy of 3 methods to predict the
uniform milk price in Tampa, Florida, in FMMO 6 for
up to 12 mo into the future. Two methods depend on
the class IIT and class IV futures contract prices, and a
simple method was added for comparison. The relative
importance of the different sources of prediction errors
was also investigated.

MATERIALS AND METHODS

Data

Data for this study included the daily traded class III
and class IV futures prices for up to 12 mo in the future;
cash prices for the 4 classes; advanced and announced
prices for butter, NDM, cheese, and dry whey; utiliza-
tions of skim milk and butterfat; the class I price differ-
ential; and actual uniform prices in FMMO 6 for Janu-
ary 2003 to May 2007. The source was the University of
Wisconsin dairy markets Web site at http://future.aae.
wisc.edu (accessed Sept. 1, 2007). Daily futures prices
were averaged by calendar month. Thus, observations
were available for 53 mo. Predictions of future prices
were calculated starting after January 2003, depending
on the forecast period. For example, 6-mo-ahead pre-
dictions were calculated for August 2003 through May
2007. Not all class IV futures contracts were traded
every month, with the number of unavailable contracts
increasing almost linearly from 0% for the 1-mo-ahead
contracts to 92% for the 12-mo-ahead contracts. When
a contract was unavailable, the futures price in the pre-
vious month was used. Advanced prices are announced
by USDA on or before the 23rd of the month preceding
the month of production. Actual prices are announced
on or before the fifth of the month following the month
of production.

Prediction Methods

Three methods were used to predict uniform milk
prices up to 12 mo into the future. The simple CUR-
RENT method assumed that future uniform prices
would be the same as the most recently announced
uniform price, regardless of the forecast horizon.

The F+BASIS (futures and basis) method used the
exponentially weighted moving averages of the differ-
ences between historical uniform prices and class III
cash prices (ewmabasis) since January 2003, and added
those to the class TIT futures prices to predict future
uniform prices in month t — i for month t, where t
is the month for which the price is predicted and i is
the number of months ahead. Bailey and Tozer (2001)
refer to the difference between the historical uniform
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Table 1. Prediction formulas for the 4 classes of skim milk for the F+UTIL method!

Formula

Class I skim milk price, ($/cwt) = greater of (advanced class III skim milk price, and advanced class IV skim milk price,)

+ class I price differential

Class II skim milk price, ($/cwt) = advanced class IV skim milk price, + $0.70

Class III skim milk price, ($/cwt) = (class III whole milk price, — class III butterfat price, x 3.5)/0.965

Class IV skim milk price, ($/cwt) = (class IV whole milk price, — class IV butterfat price, x 3.5)/0.965

Class III butterfat price, ($/1b) = [(butter price,_;/class IV whole milk price, ; x class IV whole milk price;) — 0.1202)] x 1.2

Class IV butterfat price, ($/1b) = class III butterfat price,

Advanced class III skim milk price, (§/cwt) = class III skim milk price,_,

Advanced class IV skim milk price, ($/cwt) = class IV skim milk price,_,

'"F4+UTIL is the prediction method based on class III and IV futures prices, butterfat, and utilizations. Prediction for month t, where t — i is the
current month and 1 < i < 12. The butterfat price formula for May 2007 is shown, which was slightly changed in February 2007. The predicted
class IIT and IV whole milk prices are the monthly average class III and IV futures prices. In addition to the uniform milk price, whole milk
prices for each separate class can be calculated as 0.965 x skim milk price + 3.5 x butterfat price. One cwt = 45.36 kg.

price and the class III cash price as “basis.” Therefore,
ewmabasis,_; = \ x basis,_; + (1 — X\) x ewmabasis,_;_,
where X is the smoothing parameter.

The F+UTIL (futures and utilization) method used
the class III and class IV futures prices and the most re-
cently announced butter price to predict the skim milk
prices and butterfat prices in all 4 classes. The F+UTIL
method was thought to be more complete and accurate
than the CURRENT and F+BASIS methods. Future
butter prices were predicted from the class IV futures
price and the ratio of the most recently announced but-
ter price and the class IV cash price (Table 1). The
Holt-Winters smoothing method with multiplicative
seasonality (Williams, 1987) was applied to historical
utilizations to predict the utilizations of skim milk and
butterfat in each of the 4 classes. The Holt-Winters
method accounts for both the trend and seasonality
in time series data. The method has proved effective,
automatic, and simple to use to predict time series of
data (Makridakis et al., 1982). Optimal smoothing
constants were estimated for each of the 8 utilizations.
The uniform milk price prediction for month t in month
t — iis then given by the products of the skim milk
prices and skim milk utilizations and the products of
the butterfat prices and butterfat utilizations summed
across all classes.

All calculations were performed with Microsoft Excel
2003 (Microsoft, Redmond, WA). The parameters of
the F+BASIS and the F+UTIL methods were estimat-
ed with the add-in Solver, which minimized the sum
of the squared prediction errors of all available data.
Comparisons with P < 0.05 were declared significantly
different from 0.

Evaluation of Prediction Accuracy

A prediction must include an estimate of both expec-
tation (mean) and dispersion (variance) if it is to be
useful in risk management (St-Pierre and Jones, 2001).
Prediction error (e;) was calculated as predicted (p,)
minus actual price (a;), ¢ = p, — &, for all months
t. Bias, or the systematic deviation from expectation,
was measured as the mean error (ME). Dispersion of
the prediction error was measured by the standard
deviation (SD). Because large positive and negative
prediction errors offset each other, the mean absolute
error (MAE) is also presented. The root of the mean
squared error (RMSE) is the expected value of the
prediction error. The RMSE is a combined estimate
of both expectation and dispersion and is therefore a
more comprehensive measure of prediction error than
the ME and MAE. The RMSE is a traditional mea-
sure of accuracy of a prediction method (Diebold and
Mariano, 1995; Sanders and Manfredo, 2005). These
authors also point out problems with using only the
RMSE to compare prediction methods.

Diebold and Mariano (1995) found Wilcoxon’s signed-
rank test (WSR) to perform well among several tests
to test whether 2 competing prediction methods had
the same accuracy. The WSR assumes symmetry of the
loss differential w, = g(e;,) — g(ey), where e, and ey
are prediction errors of methods 1 and 2 for month t
and g() is an arbitrary function mapping the prediction
errors into an economic loss. In the current study, g(e,)
= ¢, was used. The WSR tests the sum of the ranks of
the absolute values of the positive w,.

Harvey et al. (1997) modified the asymptotic test
discussed by Diebold and Mariano (1995) and recom-
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Table 2. Descriptive statistics of monthly prices and utilizations in Federal Milk Marketing Order 6 (Tampa,

FL) from January 2003 to May 2007

Description Type? Mean SD  Minimum Median Maximum  Corr®
Whole milk ($/cwt)' Class 1 13.28  2.38 9.64 13.62 21.13 0.99
Class 11 12.62 1.51 10.43 12.90 16.62 0.78
Class III 13.39  2.40 9.11 13.60 20.58 0.86
Class IV 12.06 1.80 9.73 12.30 18.48 0.74
Butter ($/1b) Advanced 1.40  0.29 1.05 1.30 2.16 0.82
Butter ($/1b) Announced 141 0.30 1.05 1.34 2.20 0.73
Cheese ($/1b) Announced 142 022 1.08 1.40 2.13 0.81
NDM ($/1b) Announced 091 0.16 0.80 0.86 1.67 0.32
Dry whey ($/1b) Announced 0.29 0.14 0.14 0.26 0.78 0.31
Class I differential ($/cwt) Class I 4.00  0.00 4.00 4.00 4.00 —
Skim milk ($/cwt) Class I 12.17 1.64 9.91 11.96 16.98 0.85
Class 11 740 091 6.61 {1l 11.50 0.30
Class III 8.22 1.7 5.28 8.04 12.54 0.70
Class IV 6.85 1.35 5.91 6.39 13.45 0.32
Adv. Class III 8.11 1.71 5.37 7.96 12.98 0.85
Adv. Class IV 6.70 091 5.91 6.41 10.80 0.30
Butterfat price ($/1b) Class I 1.58  0.35 1.16 1.46 2.50 0.82
Class 11 1.57  0.36 1.14 1.47 2.51 0.72
Class IIT 1.56  0.36 1.14 1.47 2.50 0.72
Class IV 1.56  0.36 1.14 1.47 2.50 0.72
Skim milk utilization (%) Class 1 85.03  4.82 74.31 86.40 91.89 -0.11
Class 11 6.99 0.84 4.86 6.78 8.78 0.38
Class II1 4.28 4.15 0.07 3.16 15.23 0.10
Class IV 3.60  1.67 1.20 3.45 7.54 —0.04
Butterfat utilization (%) Class I 50.33  3.54 43.24 50.79 57.21 —0.08
Class II 34.22 3.82 26.82 34.48 40.41 0.29
Class I1I 4.04 2.61 0.35 3.35 11.02 0.00
Class IV 11.41 5.59 2.65 11.00 24.98 —0.15
Uniform skim milk ($/cwt) 11.46  1.48 8.76 11.45 15.21 0.85
Uniform butterfat ($/1b) 1.57  0.35 1.16 1.44 2.46 0.79
Calculated uniform ($/cwt) 16.57  2.18 12.51 16.85 22.87 1.00
Actual uniform ($/cwt) 16.62  2.16 12.96 16.89 22.93 1.00

'One cwt = 45.36 kg.
*Adv. = advanced price.
3Corr. = correlation with the actual uniform price.

mended that it be used to compare the equality of pre-
diction MSE. Therefore, the modified Diebold-Mariano
(MDM) test was also used to compare the 3 prediction
methods pair-wise. By defining z, = e,,(e;; — ey ), where
ey, is the prediction error of the preferred method for
month t and e, is the prediction error of the competing
method for month t, the MDM test can be used to pair-
wise test for forecast encompassing (Harvey et al., 1998;
Hoffman et al., 2007). When the MDM test statistic is
significantly different from 0, the preferred method en-
compasses the competing method. A significant MDM
statistic implies that all the information in the compet-
ing method is included in the preferred method.

The relative impact of different sources on the pre-
diction errors was casually investigated by setting the
values of 1 or more sources equal to the actual observed
values in the month for which prices were predicted.
Consequently, the remaining prediction error was the
results of the remaining sources. For example, the
sources of prediction error in the F+UTIL method were
the class III and IV futures prices, utilizations of the
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4 skim milk and 4 butterfat classes, and the advanced
and announced butter prices. Therefore, if the actual
class I1I prices were used, any remaining variation must
be a result of the prediction errors of the other prices
and utilizations.

RESULTS AND DISCUSSION
Descriptive Statistics

Descriptive statistics of monthly prices and utiliza-
tions are shown in Table 2. The mean and SD of skim
milk utilization for class I were 85.0 + 4.8%. The re-
mainder went to products in class II (7.0 £ 0.8%), class
III (4.3 £ 4.2%), and class IV (3.6 + 1.7%). The mean
and SD of butterfat utilization for class I was 50.3 +
3.5%, with 34.2 + 3.8% going to class II, 4.0 + 2.6% to
class 111, and 11.4 £+ 5.6% to class IV.

The mean and SD of the announced skim milk price
for class I were $12.17 + 1.64/cwt. For classes II, III,
and IV, prices were $7.40 £+ 0.91, $8.22 + 1.71, and
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Table 3. Prediction accuracy statistics ($/cwt) for monthly announced class IIT whole milk prices based on

class III futures prices'

Month? ME MAX SD MAE RMSE
1 —0.25 2.94 0.68 0.49 0.72
3 -0.72 7.78 1.85 1.22 1.97
6 —1.24 9.22 2.34 1.83 2.62
12 —1.59 9.15 2.61 2.32 3.03

'Data from January 2003 to May 2007. ME = mean prediction error calculated as predicted minus actual price;
MAE = mean absolute prediction error; MAX = maximum prediction error; SD = SD of the prediction error;
RMSE = root of the mean squared prediction error. One cwt = 45.36 kg. One, 3-, 6-, and 12-mo-ahead predic-
tions begin in February 2003, April 2003, July 2003 and December 2004 and continue to May 2007.

*Month into the future for which the uniform price is predicted.

$6.85 + 1.35/cwt, respectively. Results for the advanced
class IIT and IV skim milk prices were similar to the
announced prices. Mean and SD of butterfat prices in
the 4 classes were very similar at $1.57 & 0.36/1b (1 b
= 0.4536 kg). The class III cash price was greater than
the class IV cash price in 44 of the 53 mo. Therefore,
the class I skim milk price was usually being deter-
mined by the class III price. Mean and SD of the class
IIT and class IV cash prices were $13.39 + 2.40/cwt and
$12.06 + 1.80/cwt, respectively. When the formulas in
the Appendix were used, the calculated uniform price
at 3.5% butterfat was $16.57 + 2.18/cwt. The actual
uniform price in Tampa was $16.62 + 2.16/cwt. The
difference is due to changing adjustments, such as for
inventory and location (USDA, 2007). For the remain-
der of this study, the actual uniform prices were used.
Table 2 further shows that the announced class III and
IV whole milk prices had correlations of 0.86 and 0.74,
respectively, with the uniform milk price.

Prediction Accuracy of Class Ill and IV Cash Prices

The smoothing parameter A = 0.122 was found to
minimize the prediction error of the exponentially
weighted moving average of the F+BASIS method. Pa-
rameter estimates for the F+UTIL method to predict
utilizations of the skim milk classes were 3 = 0 and v =
0 for all 4 classes (same notation as in Williams, 1987).
The optimal estimates for o were 0.30, 0.47, 0.31, and
0.03 for classes I to IV, respectively. The parameter
estimates for the butterfat utilizations included ~ =
0 for all 4 classes and 3 = 0 for classes I, II, and IV.
For class III butterfat utilization, the optimal 3 was
equal to 1. The optimal estimates for o were 0.38, 0.75,
0.00, and 0.55 for the 4 butterfat utilization classes,
respectively.

The mean and SD of the uniform price minus the
class III cash price (the basis) was $3.23 + 1.23/cwt
with a median of $3.34/cwt. The correlation between
the basis and the announced class III cash price was
—0.44. Thus, an increase in the class III cash price was
associated with a decrease in the basis. Maynard et al.

(2005) reported a median basis of $5.18/cwt with SD
of $1.28/cwt for Florida from January 2000 to February
2003. These authors also reported a negative correla-
tion between basis and the class III price.

Prediction accuracy of the class III futures prices is
summarized in Table 3. As expected, these results show
that the short-term futures prices more accurately pre-
dicted the announced class 1II whole milk prices than
did contracts that expired later. Short-term contracts
varied more over time than did long-term contracts.
The negative ME indicates that the futures prices, on
average, underestimated (P < 0.01) the announced
class III whole milk prices during the study period.
Maximum prediction errors were observed in April
and May 2004, which had unusually high milk prices.
The RMSE increased from $0.72/cwt for 1-mo-ahead
contracts to $3.03 for 12-mo-ahead contracts. Sanders
and Manfredo (2005) reported smaller RMSE of $0.82/
cwt, $2.10/cwt and $2.36/cwt for 1-quarter-, 2-quar-
ter-, and 3-quarter-ahead predictions. Using another
version of the modified Diebold-Mariano test, Sanders
and Manfredo (2005) found that the class III futures
markets contained all information included by USDA
experts and 2 time-series models for the 1-quarter- and
3-quarter-ahead horizons, but not the 2-quarter-ahead
horizon for prices from 1997 to 2003. At the 2-quarter
horizon, the predictions by the USDA expert were the
most accurate by all measures. Recently, another study
by Sanders and Manfredo (2007) showed that 1-quarter-
ahead price predictions provided by USDA from 1982
to 2004 were underestimated and too extreme (actual
prices varied less than predicted prices). Furthermore,
they found evidence that USDA prediction errors were
positively correlated from one quarter to the next.

The daily settle prices of futures contracts were aver-
aged by month in this study. The average futures price
served as a proxy of the average daily settle price in
the middle of the month. The largest average monthly
range of daily settle prices was found for contracts
that expired 2 mo from the month of trading: $1.42/
cwt. Contracts that expired in the same month as the
month of trading had an average range of $0.33/cwt,
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Figure 1. The F+BASIS method based on the class III futures prices and the basis: actual uniform milk prices and the 1-, 3-, 6-, and 12-mo-
ahead predictions from January 2003 to May 2007 in Federal Milk Marketing Order 6 (O, 1 mo ahead; O, 3 mo ahead; A, 6 mo ahead; ¢, 12

mo ahead; M, actual uniform milk price).

with decreasing variation toward the end of the month
and up to the fifth of the next month when the cash
price was announced. The average range was $0.40/cwt
for contracts that expired 12 mo from the month of the
trade. Use of the average futures price is therefore a
plausible alternative to the use of the daily settle price
at an arbitrarily chosen day of the month.

Short-term class IV futures contracts also predicted
the announced class IV whole milk prices better than
did long-term contracts. The ME for the 1-mo-ahead
and 3-mo-ahead predictions were $0.06/cwt and $0.14/
cwt. Corresponding RMSE were $0.89/cwt and $1.37/
cwt. The amount of trading was thin, however; there-
fore, class IV futures contracts may be poor estimators
of future class IV prices.

The predicted advanced class III skim milk prices
were greater than the predicted advanced class IV skim
milk prices 60% of the time for 9-mo-ahead predictions
and 90% of the time for 11-mo-ahead predictions of the
data. Thus, the predicted advanced class I skim milk
price, and therefore the predicted uniform milk price,
was most often based on the class III futures prices.

Prediction Accuracy of the Uniform Milk Price

Figures 1 and 2 show the 1-, 3-, 6-, and 12-mo-ahead
predictions of the uniform price from the F+BASIS and
F+UTIL methods, respectively. Short-term predictions

Journal of Dairy Science Vol. 91 No. 12, 2008

were the most volatile and predicted the actual uniform
price better than did long-term predictions. The ahead
prediction from the CURRENT method was simply the
uniform price in the most recently announced month
(not shown).

Statistics of the 3 methods that predict the uniform
milk prices are presented in Table 4. The ME from
all 3 prediction methods was negative for all 12 fu-
ture months, which indicates that the average actual
uniform prices were greater than the predicted prices.
The CURRENT method had the smallest ME for the
2-mo-ahead through the 12-mo-ahead predictions, rang-
ing from —$0.12/cwt to —$0.57/cwt. The ME for the
F+BASIS and F+UTIL methods ranged from —$0.11/
cwt to —$1.47/cwt and from —$0.30/cwt to —$1.55/
cwt, respectively. All 12 ME of the CURRENT method
were not significantly different from 0. All 12 ME of
the F+BASIS and F+UTIL methods were different (P
< 0.05) from 0 except the 1-mo-ahead prediction for
the F+BASIS method. Therefore, the F+BASIS and
F+UTIL methods were biased. This was partly caused
by underprediction of the announced class III and IV
whole milk prices by the futures markets. The MAE
from the CURRENT method were greater than from
the F+BASIS and F+UTIL methods for all 12 pre-
diction horizons. The minimum prediction errors were
close to 0.
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Figure 2. The F+UTIL method based on class III and IV futures prices, butterfat, and utilizations: actual uniform milk prices and the 1-,
3-, 6-, and 12-mo-ahead predictions from January 2003 to May 2007 in Federal Milk Marketing Order 6 (CJ, 1 mo ahead; O, 3 mo ahead; A, 6

mo ahead; ¢, 12 mo ahead; B, actual uniform milk price).

Maximum prediction errors increased the first 4
mo but depended on the method further into the fu-
ture. The maximum prediction errors were $9.91/cwt
(12-mo-ahead) for the CURRENT method, $7.77/cwt
(9-mo-ahead) for the F+BASIS method, and $8.58 /cwt
(7-mo-ahead) for the F+UTIL method. The prediction
errors were the greatest for the spring of 2004 and the
spring of 2007.

The RMSE for the CURRENT method were greater
than for the other 2 methods, which appeared similar
in performance. The RMSE were greater than the MAE
in all cases and tended to increase rapidly the first 6
mo, after which the increase was less. Most of the MAE
were between $1 and $2/cwt and most of the RMSE
were between $2 and $3/cwt. Both statistics indicate
that the uncertainty in the prediction of the uniform
milk price was several dollars per cwt, even only a few
months into the future.

Wilcoxon'’s signed rank test showed that the F+UTIL
method was more accurate (P < 0.05) than the CUR-
RENT method, except for the 1-mo-ahead predictions
(Table 5). The F+BASIS method tended to have better
prediction accuracy than the CURRENT method. The
WSR statistics showed no significant difference in ac-
curacy between the F+UTIL and F+BASIS methods

for all 12 prediction horizons. Application of the more
stringent modified Mariano-Diebold tests yielded no
significant differences between the methods. Therefore,
no method contained all information included in any
of the other methods, and in theory, a more accurate
composite method that includes the weighted predic-
tions of both methods could be constructed (Harvey et
al., 1998).

The prediction errors in this study appear to be ap-
proximately 3 times larger than the prediction errors
from the Bayesian method by Petrov (1999). That study
considered earlier data, different inputs, and other ac-
curacy measures, and predicted the US milk price. It is
possible that his Bayesian method would also improve

the prediction accuracy of the uniform milk price in
FMMO 6.

Relative Importance of the Source
of Prediction Errors

The decomposition of the prediction error by source
revealed that the dominant source of error was the
inability of the class III futures prices to predict the
announced cash prices (Table 6). When butterfat prices
and all utilizations were assumed known, the remain-
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Table 4. Prediction accuracy statistics ($/cwt) of the CURRENT, F+BASIS, and F+UTIL methods to predict the Federal Milk Marketing

Order 6 uniform milk price for up to 12 mo into the future'

CURRENT F+BASIS F+UTIL
Month?® ME® MAX SD MAE RMSE ME* MAX SD MAE RMSE ME'* MAX SD MAE RMSE
1 -0.12 559 1.39 084  1.38 —0.11 364 112 079 112 —0.30 189 066 054  0.72
2 -022 644 200 125 1.99 -0.35 336 1.16 092  1.20 —0.50 5.36 1.23 0.87  1.31
3 -030 6.75 234 159 234 -0.58 5.17 146 1.15 155 -0.69 681 168 1.18  1.80
4 —0.38 745 254 1.86  2.54 -0.79 657 176 139 191 —0.87 730 197 146 213
5 —046 739 256 1.87 258 -0.95 7.09 196 158 216 —0.98 7.86 212 161 232
6 —0.52  6.77 256 2.03 259 -1.11 749 208 170 2.34 —1.08 840 222 171 245
7 —0.57 647 260 215 263 -124 771 219 179 250 -1.23 858 219 1.75 249
8 —0.55 6.85 267 220 270 ~128 772 29 187 257 —1.14 854 229 182 254
9 -0.51 7.70 290 233 291 -1.29 777 228 194 260 ~1.22 830 231 194 258
10 —0.52 877 3.09 239 3.10 =133 776 231 202 264 -1.30 838 233 198 264
11 —0.46 947 339 249  3.38 —1.38 742 233 212 268 ~143 851 238 210 275
12 —0.43 991 347 248 345 —1A7 %21 233 292 273 —155 836 233 215 278

'Data from January 2003 to May 2007. Prediction methods: CURRENT is the last announced uniform price, F+BASIS is based on the class IIT
futures prices and the basis, and F+UTIL is based on class III and IV futures prices, butterfat, and utilizations. ME = mean prediction error
calculated as predicted minus actual price; MAE = mean absolute prediction error; MAX = maximum prediction error; SD = SD of the predic-
tion error; RMSE = root of the mean squared prediction error. One cwt = 45.36 kg.

“Month into the future for which the uniform price is predicted.

3All ME of the CURRENT method are not significantly different from 0.

“All ME of the F+BASIS and F4+UTIL methods are different (P < 0.05) from 0 except the 1-mo-ahead predictions for the F+BASIS method.

ing RMSE for the F+UTIL method was approximately
1.02 times greater than when all sources were predicted.
When the class III and IV prices were assumed known,
but butterfat price and utilizations were predicted, the
reduction in RMSE increased from 59% for the 1-mo-
ahead prediction to a reduction of approximately 85%
for further ahead predictions. Between the class III and
class TV futures prices, the class III was the main source
of the prediction error. Predicting only the class III fu-

the 1-mo-ahead predictions to a reduction of slightly
more than 30% for further ahead predictions for the
F+UTIL method. Similar results were found when the

class III price was the only source of prediction error for
the F+BASIS method.

CONCLUSIONS

This study assessed the accuracy of 3 prediction

tures prices resulted in an RMSE reduction of 13% for methods to predict the uniform milk price in Tampa,
P

Table 5. Wilcoxon’s signed rank test and modified Mariano-Diebold test results (P-values) of pair-wise
comparison of the CURRENT, F4+BASIS, and F+UTIL methods'

F+UTIL vs. CURRENT F+BASIS vs. CURRENT F+UTIL vs. F+BASIS

Month? WSR? MDM* WSR? MDM* WSR? MDM*
1 0.139 0.358 0.530 0.001 0.995 0.085
2 0.042 0.458 0.176 0.092 0.761 0.096
3 0.022 0.329 0.110 0.263 0.794 0.104
4 0.009 0.157 0.041 0.122 0.431 0.102
5 0.037 0.104 0.065 0.084 0.298 0.126
6 0.036 0.087 0.067 0.089 0.287 0.146
7 0.010 0.092 0.040 0.079 0.489 0.307
8 0.024 0.090 0.117 0.091 0.417 0.361
9 0.019 0.146 0.023 0.142 0.363 0.372
10 0.004 0.243 0.031 0.215 0.380 0.373
11 0.011 0.303 0.086 0.288 0.580 0.356
12 0.039 0.313 0.259 0.283 0.718 0.389

'"Prediction methods: CURRENT is the last announced uniform price, F+BASIS is based on the class III
futures prices and the basis, and F+UTIL is based on class III and IV futures prices, butterfat, and utiliza-
tions.

*Month into the future for which the uniform price is predicted.

*WSR = Wilcoxon’s signed rank test (Diebold and Mariano, 1995).

‘MDM = modified Diebold-Mariano test (Harvey et al., 1998).
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Table 6. Percentage reduction in the total root of the mean squared error (RMSE) of the F+UTIL method when some prices or utilizations are
assumed known, compared with when all prices and utilizations are predicted’

Variables known

Butterfat price;
utilizations

Class III futures;
class IV futures

Butterfat price;
utilizations;
Class IV futures

Butterfat price;
utilizations;
Class III futures

Variables predicted

Class III futures; Butterfat price; Class III Class IV
Month? class IV futures utilizations futures futures
1 1 59 13 62
2 —4 75 17 74
3 -3 80 22 75
4 -3 82 23 75
5 -3 84 26 75
6 -1 84 28 72
7 -1 85 28 83
8 -1 85 29 66
9 -2 85 29 66
10 -1 84 31 74
11 -1 85 33 81
12 -1 84 32 85

'The F+UTIL method is based on class ITT and IV futures prices, butterfat price, and utilizations.

*Month into the future for which the uniform price is predicted.

Florida, located in FMMO 6. Predictions were made for
1 to 12 mo into the future from January 2003 to May
2007. Actual uniform prices were typically greater than
the predicted uniform prices, regardless of method. The
CURRENT method was generally less accurate than
the F+BASIS and F+UTIL methods, which were based
on class III and IV futures prices. The F+BASIS and
F+UTIL methods did not encompass all the informa-
tion available in the CURRENT method, however. The
F+BASIS and F+UTIL methods were biased because
they predicted lower uniform prices than were actually
observed for all 12 mo into the future. The main sources
for this prediction bias were announced class III cash
prices that were greater than the corresponding class
IIT futures prices. The RMSE tended to increase rapidly
the first 6 mo, after which the increase was less. Most of
the RMSE after 6 mo were between $2 and $3/cwt. The
smallest RMSE was $0.72/cwt for the 1-mo-ahead pre-
diction from the F+BASIS method. Thus, prediction
errors of uniform milk prices using the futures markets
were substantial but were more accurate than when the
future uniform milk prices were assumed to be equal to
the last announced uniform milk price. Prediction er-
rors for other FMMO that use the skim milk/butterfat
pricing system are expected to be similar in size. These
FMMO differ only by their utilization of the 4 classes
and the class I differentials. Methods that include pre-
dictions of other factors directly, such as demand for
milk products, number of cows, and milk per cow, could
be more accurate than the methods presented here. Fu-

ture studies might compare predictions from experts,
time-series methods, futures markets, and structural
methods to determine the most accurate method.
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APPENDIX

Price formulas for Federal Milk Market Order 6 (Florida) for May 2007
Equation Formula
1 Uniform price at 3.5% fat ($/cwt) = uniform skim milk price x 0.965 + uniform butterfat price x 3.5.
2 Uniform skim milk price ($/cwt) = (class I skim milk price x class I skim milk utilization) +

(class II skim milk price x class II skim milk utilization) + (class III skim milk price x class III
skim milk utilization) + (class IV skim milk price x class IV skim milk utilization).

3 Uniform butterfat price ($/Ib) = (class I butterfat price x class I butterfat utilization) +
(class II butterfat price x class II butterfat utilization) + (class III butterfat price x class III
butterfat utilization) + (class IV butterfat price x class IV butterfat utilization).

4 Class I skim milk price ($/cwt) = higher of (advanced class III skim milk price and
advanced class IV skim milk price) + class I price differential.

5 Class II skim milk price ($/cwt) = advanced class IV skim milk price + $0.70.

6 Class III skim milk price ($/cwt) = (protein price x 3.1) + (other solids price x 5.9).

T Class IV skim milk price ($/cwt) = nonfat solids price x 9.

8 Class I butterfat price (8/lb) = advanced butterfat price + (class I price differential/100).

9 Class II butterfat price ($/1b) = butterfat price + $0.007.

10 Class III butterfat price ($/1b) = butterfat price.

11 Class IV butterfat price ($/1b) = butterfat price.

12 Protein price ($/1b) = [(cheese price — 0.1682) x 1.383] + {[(Cheese price — 0.1682) x 1.572 - butterfat price x 0.9] x 1.17}.
13 Butterfat price ($/1b) = (butter price — 0.1202) x 1.20.

14 Nonfat solids price (3/1b) = (NDM price — 0.157) x 0.99.

15 Other solids price ($/1b) = (dry whey price — 0.1956) x 1.03.

'Source: USDA-AMS (2007) and http://www.ams.usda.gov/ (accessed Dec. 17, 2007). One cwt = 45.36 kg. Some constants (“make allowances”
and “yield factors”) have changed since January 2003. The formulas are the same in all 4 Federal Milk Marketing Orders that use the skim
milk/butterfat pricing system. The utilizations vary by order. Class I price differential varies by location and is $4.00 in Tampa, Florida. The
class I skim milk price, class II skim milk price, and class I butterfat price are calculated from the 2-wk average (“advanced”) product prices for
butter, NDM, cheese, and dry whey. All other prices are calculated from monthly averages. For 2007, the 2-wk product prices for butter, NDM,
cheese, and dry whey are released on the last Friday no later than the 23rd of the preceding month. Final prices and utilizations are released on
the last Friday no later than the fifth of the following month. The product prices are determined by weekly surveys conducted by the National

Agricultural Statistics Service.
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