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Forecasting Crop Basis Using
Historical Averages Supplemented
with Current Market Information

Mykel R. Taylor, Kevin C. Dhuyvetter,
and Terry L. Kastens

This research compares practical methods of forecasting basis, using current market
information for wheat, soybeans, corn, and milo (grain sorghum) in Kansas. Though
generally not statistically superior, an historical one-year average was optimal for
corn, milo, and soybean harvest and post-harvest basis forecasts. A one-year average
was also best for wheat post-harvest basis forecasts, whereas a five-year average was
the best method for forecasting wheat harvest basis. Incorporating current market
information, defined as basis deviation from historical average, improved the accuracy
of post-harvest basis forecasts. A naive forecast incorporating current information
was often the most accurate for post-harvest basis forecasts.
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Introduction

The futures market can be an efficient and low-cost source of timely information to pro-
ducers making crop marketing decisions in any geographic location (Zulauf and Irwin,
1997; Schroeder et al., 1998). Whether producers use the futures market to hedge or
forecast local cash prices, the ability to accurately forecast basis is a critical component
of the marketing strategy (Tomek, 1997; Hauser, Garcia, and Tumblin, 1990; Kenyon
and Kingsley, 1973; Naik and Leuthold, 1991). However, few studies directly address
forecasting basis other than to use a simple historical average. A disadvantage of using
historical basis to forecast future basis levels is that current market information is not
considered (Jiang and Hayenga, 1997). The relative importance of basis in forecasting
cash prices from the futures price makes it appropriate to explore methods of improving
basis forecasting beyond the simple historical average. One such method, which we
consider here, is the inclusion of current basis information in the form of deviations of
the present basis level from its historical average.

Basis is defined as the difference between a local cash price and the futures price
(cash less futures). Basis reflects the equilibrium condition between the supply of grain
in the local market and the demand for grain. Demand for grain is affected by compe-
tition, grain storage capacity, and transportation costs to terminal markets, among
other factors. Historical average basis provides information on equilibrium points across
years for a particular point in time (i.e., calendar week, month). Deviations from this
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historical average in a given year imply market forces differ in that year, and thus fore-
casts based solely upon historical averages may be inappropriate. Therefore, it may be
more appropriate toforecast basis using historical averages that are modified to account
for current market conditions (i.e., adjustments from a long-term mean).

Given that prices, and hence basis, tend to revert to a long-term mean, likely there
is a temporal component to adjustments from that mean. Furthermore, differences in
equilibrium adjustment time for local markets may vary by both crop and location.
These differences could be in the form of the stability of the equilibrium and the time
of adjustment to reach a new or old equilibrium. The stability of the equilibrium will be
reflected by the number of years included in the historical average to predict the
equilibrium point, while the adjustment time may be reflected by the amount of current
information included in the basis forecast.

This empirical research provides a framework for comparing the accuracy of basis
forecasting alternatives for producers using historical averages. Wheat, soybeans, corn,
and milo (grain sorghum) basis are forecasted for six Kansas locations. While multiple
locations could be analyzed whereby location-specific forecasting methods might be
identified, the purpose of including multiple locations in this study is so that a general
forecasting method recommendation can be made which encompasses the state. Specifi-
cally, our objective is to identify a method for forecasting basis that can be generalized
across locations. On the other hand, it may be that forecasting method should vary by
crop, and thus our analysis does allow for different methods across crops. Because the
data are limited to Kansas locations and crops, it should be noted the empirical results
here may not apply to other locations. However, the methodology is appropriate for
evaluating forecast models for other locations.

The first objective of this study is to determine the appropriate number of years to
be used for obtaining an historical average that is a reliable predictor of future basis.
Historical averages are often based on three to five years with little justification given
as to why these numbers of years are used. Accordingly, this first objective is to examine
whether the number of years included in an historical average affects basis forecast
accuracy.

The second objective is to determine if the accuracy of basis forecasts can be improved
by incorporating current market data, where this current information is measured as
the difference between the current nearby basis and its historical average. A naive
forecast, where future basis is forecasted to equal current basis, is also considered as a
way to incorporate current information.

Through meeting these objectives, recommendations can be made to producers
regarding basis models which are based on statistically tested methods. Additionally,
helping producers forecast basis so they can use the futures market to obtain price
forecasts is consistent with the vast amount of research indicating grain futures are
efficient.

Background

A number of studies have examined the factors affecting grain basis (e.g., Garcia and
Good, 1983; Kahl and Curtis, 1986; Martin, Groenewegen, and Pidgeon, 1980; Tilley and
Campbell, 1988). These studies generally build on the theory of storage as outlined by
Working (1949) and include fundamental supply and demand factors. Although these
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studies examined factors affecting basis, none of them explicitly assessed the ability to
forecast basis. While understanding and predicting basis is considered to be important
for hedging or using the futures market for cash price forecasts, relatively few studies
have investigated methods of forecasting basis (Jiang and Hayenga, 1997; Tomek, 1997).

Jiang and Hayenga (1997) compared 10 different basis forecasting models for corn
and soybeans at various locations in the United States. The models used in their analysis
ranged from a simple three-year historical average to more complex forecasting models.
They concluded that forecasting basis using a simple three-year average method can be
outperformed by alternative models; however, they also pointed out that the simple
historical average method provided a reasonably good forecast. They did not consider
alternative numbers of years in the historical average method.

Hauser, Garcia, and Tumblin (1990) compared five different methods of forecasting
soybean basis at 10 locations in Illinois. They examined naive forecasts and simple
historical averages, which are easy to compute and rely on information that is available
at a low cost. The authors also considered more “sophisticated” regression models (see
Garcia, Hauser, and Tumblin, 1986), but concluded the simpler models provided the best
basis forecasts. Naik and Leuthold (1991) found that predicting expected maturity basis
one month ahead of the maturity period was possible using current information, but
that the basis prediction accuracy decreases as the forecast horizon increased.

Dhuyvetter and Kastens (1998) built upon previous work by Hauser, Garcia, and
Tumblin (1990) by comparing practical methods of forecasting basis for wheat, corn,
milo, and soybeans in Kansas. Four was found to be the optimal number of years to use
as an average for forecasting wheat basis. A longer-term average (5-7 years) was optimal
for corn, milo, and soybeans. They looked at incorporating current market information
into forecasts and found basis forecasts were slightly more accurate when incorporating
price spreads between futures contracts than using current nearby basis information.
However, neither of these methods was better than a simple historical average with
time horizons greater than 8-12 weeks.

Tonsor, Dhuyvetter, and Mintert (2004) considered the addition of current information
in a model for predicting feeder and live cattle basis. They defined current information
to be the deviation of current basis from historical levels on the date the forecast is
made. Although accuracy of the basis forecast was improved with the addition of current
information, they concluded that the value of the current information declined rapidly
as the number of weeks between the forecasting date (vantage point) and the date being
forecasted increased. Beyond 12- and 8-week horizons for feeder cattle and live cattle
basis forecasts, respectively, there was little value to incorporating current information
into the basis forecast.

This study expands the work in grain basis forecasting previously completed by
Dhuyvetter and Kastens (1998) by formalizing a basis forecasting model that incorpor-
ates current information using a methodology similar to the approach used by Tonsor,
Dhuyvetter, and Mintert (2004). However, while the method used here is similar, there
is little reason to believe results will necessarily be analogous, as grains are a storable
commodity whereas cattle are not. Consequently, this study examines basis forecasts
for both harvest and post-harvest time periods. We also revisit the process of determin-
ing the optimal number of years to use in an historical basis forecast model by updating
the data used in Dhuyvetter and Kastens’ previous study.
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Wheat, soybean, corn, and milo basis are forecasted for six Kansas locations across
various time horizons using models based on: (¢) alternative historical averages (differ-
ent numbers of years), (b) a naive forecast, and (¢) historical average plus current basis
information. All forecasting methods rely on data that are readily available to producers.

Basis Forecast Models

Nine methods are used to forecast basis for wheat, soybeans, corn, and milo for two
points during the crop year: harvest and 24 weeks post-harvest. Multiple vantage points
are considered to forecast the two points. Specifically, various pre-harvest forecasts are
developed for the basis at harvest (Harvest), and various post-harvest forecasts are
developed for the basis 24 weeks post-harvest (Harvest+24). This study consistently uses
basis to mean nearby basis, where “nearby” denotes the futures contract closest to
delivery, only avoiding the delivery month.! For example, although December corn
futures trade, the corn basis observed in December is cash price in December less March
corn futures price on the same day.

The first seven forecast methods are based on historical averages and are given as:

m=t-1

(D Basisy, j; = = Basis,, ; ..,

~ 1
U m=t-i

where Bgs?s represents the nearby basis forecast, Basis is observed basis, k refers to
location, j denotes the time period being forecasted (Harvest or Harvest+24), t refers to
the crop year (1989 through 2005) for which a basis prediction is made, and i refers to
the number of years included in the historical average (1, 2, ..., 7). There is no subscript
indicating the vantage point from which the basis forecast is made (time horizon) since
the forecast for a particular week is the same regardless of when the forecast is made.
Previous studies considering historical averages as basis forecasts generally used a
three- or five-year average. Historical averages from 1-7 years were considered to
determine if a shorter- or longer-term average is superior to what is typically recom-
mended.

The eighth method of forecasting basis is a naive forecast, where the forecast for
Harvest or Harvest+24 is simply the nearby basis the week the forecast is made. The
advantage or appeal of using a naive basis forecast is that it is a simple method and
requires less information than other methods. While a naive forecast clearly incorpor-
ates current information, this approach likely makes more sense for post-harvest
forecasts than it does for harvest forecasts because post-harvest forecasts do not span
crop years.

The ninth basis forecasting method uses an historical average and incorporates cur-
rent information by including an adjustment for how the current nearby basis deviates
from its historical average. The underlying idea is that especially strong or especially
weak current basis would be expected to carry into future time periods, especially within
the crop year. The basis forecast for this method is given by:

! This distinction of “nearby” is consistent with grain elevators that do not price delivery month cash prices off the delivery
contract; rather, they step out one contract.
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where h denotes horizon (number of weeks the vantage point is ahead of the period
forecasted), A is a value between 0 and 1 that weights the “amount” of current informa-
tion included in the forecast, and all other terms are as defined above. Note that A =0
gives back the simple historical average method of equation (1), and A = 1 implies that
the traditional historical average basis prediction is “fully adjusted” by the amount
current basis deviates from its historical average.

Data and Forecasts Developed

Historic data for local elevator cash prices often are not readily available to the public.
Therefore, cash prices had to be collected on a weekly basis from newspapers and Data
Transmission Network (DTN). Wednesday cash prices for wheat, soybeans, corn, and
milo were collected for the first week of the 1982 crop year through the last week of the
2005 crop year. Prices were gathered from six geographically dispersed locations in
Kansas for wheat, milo, and soybeans, and five locations for corn.? If a Wednesday
happened to fall on a holiday, the Thursday price was used. Nearby futures price data
corresponding to the cash price series were collected from the Kansas City Board of
Trade for wheat futures and the Chicago Board of Trade for corn and soybean futures.
Milo price was converted to dollars per bushel, and milo basis was calculated using the
corn futures price. Price data were structured on the basis of four weeks per month. If
a month had five Wednesdays, the fourth and fifth weeks’ prices were averaged and
reported as the fourth week of the month. Missing data were interpolated to ease the
computational burden.?

Because forecasts were developed for each commodity at each location and, because
of the large quantity of data, forecasts were made for only two points during the crop
year (Harvest and Harvest+24).* The seven-year average method requires seven years
of historical data, so all out-of-sample forecasts were for weeks in the crop years
1989-2005. For the naive forecasts and the forecasts using current information, harvest
basis was forecasted from vantage points of 4, 8, 12, 16, 20, 24, 28, and 32 weeks prior
toharvest (collectively referred to as Harvest forecasts). The basis 24 weeks post-harvest
was forecasted from vantage points of 4, 8, 12, 16, and 20 weeks prior to that point
(collectively referred to as Harvest+24 forecasts). This process was repeated for each
location, crop, and year.

% Data were collected from Scott City, Beloit, Hutchinson, Topeka, Emporia, and Colby for wheat, soybeans, corn, and milo.
Insufficient data were available from Beloit for corn.

# Missing data accounted for approximately 3.5% over the entire study time period, and were filled in using proportional
changes in corresponding nearby futures prices before and after the missing points. For example, if a cash price in week 2
were missing, but weeks 1 and 3 were present, then the cash price was the average: [(week 2 futures price/week 1 futures
price * week 1 cash price) + (week 2 futures price/week 3 futures price * week 3 cash price)]/2. If contiguous cash prices were
absent, the adjustment process was iterated until convergence within $0.000001.

* Harvest weeks are the 4th week in June for wheat, the 1st week in October for corn, the 3rd week in October for milo,
and the 2nd week in October for soybeans (Kastens and Dhuyvetter, 1999).
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Forecast Evaluation Procedures

A series of forecasts is associated with a series of forecast errors. For evaluation, the
information embodied in a forecast error series is routinely condensed into a single test
statistic such as the sum of squared errors or mean absolute error (MAE) so that alter-
native forecasts can be compared in a generalized way. This approach allows pairwise
comparisons among competing forecast methods. Producers forecasting basis likely are
interested in how precise their forecasts are expected to be. Thus, the relevant error
series is absolute error. The MAE of each forecasting method was compared, by crop,
using a paired z-test. Since the number of basis forecasts examined in this study was
large and the objective was to identify a forecasting method that encompasses the state,
absolute errors were first aggregated over locations using means. More importantly,
using pairwise tests without consideration of the likely location-to-location dependence
in absolute error differences in a given year would be inappropriate. Yet, aggregating
forecast errors across locations still allows one to determine if basis can be forecasted
more accurately at certain times of the year.

Table 1 reports the MAE for each of the historical average forecasting methods
averaged across locations for the Harvest and Harvest+24 forecast periods. Although the
MAE is similar for many of the alternative historical averages, with the exception of
Harvest forecasts for wheat and Harvest+24 forecasts for soybeans, the previous year’s
basis (i.e., a one-year average) resulted in the lowest MAE. Table 2 reports the number
of times a particular forecasting method “won” or “lost,” where winning is defined as
having the lowest MAE for a particular location and year, and losing is defined as having
the highest MAE. As observed from table 2, the extremes, i.e., one-year and seven-year
averages, tend to both win and lose the most often.® That is, a one-year (seven-year)
average tended either to be the best or worst way to forecast basis for a particular
location-year.

To determine ifincorporating current information improved basis forecasts, the “best”
historical average was used as the starting point. To obtain the “best” method of fore-
casting for each crop, the seven historical-average methods were compared based on
statistical significance of pairwise f-tests and the magnitude of the MAEs. The intent
was to determine a fixed rule that could be formed for both pre- and post-harvest
forecasts for a given crop. This rule would simplify exposition in an Extension setting.
Unfortunately, at a 95% confidence level, nothing emerged from the results of the paired
t-tests of accuracy to reveal the existence of a dominant forecasting method across crops
and forecast periods.® Consequently, the “best” method was selected as the historical
average with the lowest MAE, with one exception—soybean Harvest+24, where a one-
year average was used as opposed to the two-year average. This exception was made to
maintain consistency across the spring planted crops and also because the one- and
two-year averages were not statistically different from each other. Thus, the historical

® There was a slight tendency for shorter-term averages to forecast more accurately in the more recent forecasted years.
One possible explanation for this finding is structural changes such as the increasing production in South America and
ethanol demand influence, which lead to shorter-term relationships being better predictors of the future than longer-term
relationships.

§ Pairwise ¢-tests of MAE for each location indicated a lack of statistically significant differences between locations. Thus,
pairwise ¢-tests were based upon 17 out-of-sample forecasts using annual values averaged across locations. There were
considerably more pairwise statistical differences if the tests were conducted across location-years. However, these tests are
inappropriate because of the dependency in forecast error differences that exist across locations in any given year.
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Table 1. Mean Absolute Errors of Crop Basis Forecast Methods (¢/bushel)

Forecast Method ®
Description 1Yr. 2 Yrs. 3 Yrs. 4 Yrs. 5Yrs. 6 Yrs. 7 Yrs.
Wheat: Harvest 9.77 9.40 8.51 8.03 7.96 8.05 7.97
Harvest+24 14.74 16.72 17.26 17.52 17.65 17.26 16.56
Soybeans: Harvest 10.84 11.92 12.51 12.83 12.60 12.33 12.38
Harvest+24 10.78 10.14 10.82 10.92 10.89 10.80 10.22
Corn: Harvest 10.62 12.22 13.47 14.27 14.12 13.64 13.16
Harvest+24 10.33 10.81 11.58 12.32 11.83 11.00 10.39
Milo: Harvest 11.83 13.10 14.74 16.04 16.08 15.91 15.63
Harvest+24 11.13 11.71 12.26 12.50 12.35 11.70 12.03

2Forecast method refers to number of years used in historical average.

Table 2. Frequency of Mean Absolute Forecast Errors Wins and Losses by
Forecast Method

Occurrence by Method ®
Description 1Yr. 2 Yrs. 3 Yrs. 4 Yrs. 5 Yrs. 6 Yrs. 7 Yrs. Total ®
Harvest
Wheat: Wins 24 9 20 11 5 10 23 102
Losses 41 24 12 5 2 7 11 102
Soybeans: Wins 36 17 8 8 7 12 14 102
Losses 24 15 12 9 12 9 21 102
Corn: Wins 30 12 12 3 6 20 85
Losses 14 4 15 10 8 11 23 85
Milo: Wins 39 16 7 10 8 6 16 102
Losses 28 13 9 7 6 10 29 102
Harvest+24
Wheat: Wins 31 11 15 11 8 3 23 102
Losses 25 17 11 10 5 12 22 102
Soybeans: Wins 31 24 5 8 3 10 21 102
Losses 38 10 14 9 10 10 11 102
Corn: Wins 28 12 9 6 4 8 18 85
Losses 24 13 8 9 9 7 15 85
Milo: Wins 29 14 12 9 12 8 18 102
Losses 30 15 10 9 9 11 18 102

Note: Wins are defined as minimum MAE in a given year and location, and losses are defined as maximum MAE.
# Oceurrence is the number of year-locations, and method refers to the number of years used in the historical average.
® Total is based on 17 years and six locations for wheat, milo, and soybeans, and five locations for corn.



556 December 2006 Journal of Agricultural and Resource Economics

averages considered to supplement with current information were one-year averages for
soybeans, corn, and milo for the Harvest and Harvest+24 forecast periods. In the case
of wheat, a five-year average was used for Harvest forecasts and a one-year average was
used for Harvest+24 forecasts.

The addition of current information to the historical averages was evaluated over the
1989-2005 time period. Once the number of years in the multi-year historical average
method was selected for each crop and forecast time period, the optimal percentage of
current information [i.e., the A in equation (2)] was solved for in Microsoft Excel® by
minimizing the in-sample MAE associated with the forecast model. A separate MAE-
minimizing A was selected for each forecasting vantage point associated with the two
time periods forecasted, but not for each location, nor for each year. That is, a unique
Awas “picked” whereby the across-year-and-location MAE was minimized. Additionally,
A estimates were constrained to be between 0 and 1 to be consistent with the underlying
theory.

Results

Multi-Year Historical Average Evaluation

The ¢-test matrices for the Harvest and Harvest+24 time periods are provided in tables
3-6 for wheat, soybeans, corn, and milo, respectively. The “best” forecasting method for
wheat (table 3) was determined to be the five-year average for the harvest period and
a one-year average for the post-harvest period. This is based on these methods having
the lowest MAE, but it should be noted that none of the methods was statistically
different from its paired counterpart at the 95% confidence level. Using these methods,
the MAE was approximately 8¢ per bushel for Harvest forecasts and 14.7¢ per bushel
for Harvest+24 forecasts. This compares to an MAE of 10.1¢ per bushel across all weeks
of the year for wheat, as determined by Dhuyvetter and Kastens using a four-year
average.

For soybeans (table 4), a one-year average method was selected for both time periods
even though the post-harvest period MAE was lowest with a two-year average. The
MAE using this method for soybeans was approximately 10.8¢ per bushel for both
Harvest and Harvest+24 forecasts. Dhuyvetter and Kastens found an MAE of 9.5¢ per
bushel across all weeks of the year for soybeans using a seven-year average. A one-year
average was selected for both corn and milo. The MAE for corn (table 5) was 10.6¢ per
bushel for Harvest forecasts and 10.3¢ per bushel for Harvest+24 forecasts. For milo
(table 6), the MAE was 11.8¢ per bushel for Harvest forecasts and 11.1¢ per bushel for
Harvest+24 forecasts. These compare to Dhuyvetter and Kastens’ results, with an MAE
of 10.8¢ per bushel across all weeks of the year for milo using a five-year average, and
10.6¢ per bushel for all weeks of the year for corn using a seven-year average.

The MAEs for the harvest and post-harvest forecasting periods were similar for
soybeans, corn, and milo. However, the post-harvest MAE for wheat was considerably
higher than for the harvest period. Likely these results are due to the fact that spring-
planted crops in Kansas are harvested at similar times as other states, whereas the
Kansas wheat crop is harvested several months prior to wheat in northern states, and
hence post-harvest price movements are harder to predict.
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Basis Forecast Models

Description 1Yr. 2Yr. 3 Yr. 4Yr. 5Yr. 6 Yr. 7Yr.

Harvest:
1Yr. — 0.7137 0.3131 0.1537 0.1240 0.1432 0.1567
2Yr. — 0.0994 0.0784 0.0574 0.0645 0.0691
3 Yr. — 0.2988 0.2866 0.3878 0.3344
4Yr. — 0.7720 0.9426 0.8830
5Yr. — 0.5996 0.9591
6 Yr. — 0.6342
7Yr. —
MAE (¢/bu.) 9.77 9.40 8.51 8.03 7.96 8.05 7.97

Harvest+24:
1Yr. — 0.3160 0.3934 0.3837 0.3561 0.4315 0.5646
2Yr. — 0.7194 0.7052 0.6928 0.8346 0.9500
3Yr. — 0.7849 0.7974 0.9989 0.7351
4Yr. — 0.8889 0.8619 0.5864
5Yr. — 0.5734 0.3112
6 Yr. — 0.1943
7Yr. —
MAE (¢/bu.) 14.74 16.72 17.26 17.52 17.65 17.26 16.56

Note: The p-values are associated with the null hypothesis that there is no difference in MAE of two different forecast models.

Table 4. Paired #-Test Matrices for Soybean Basis Forecasts

Basis Forecast Models

Description 1Yr. 2Yr. 3Yr. 4Yr. 5 Yr. 6 Yr. 7Yr.

Harvest:
1Yr. — 0.2081 0.2005 0.1756 0.2377 0.2959 0.2584
2 Yr. — 0.4451 0.3683 0.5814 0.7527 0.7124
3 Yr. — 0.4664 0.9061 0.8514 0.9008
4 Yr. — 0.6517 0.4817 0.5984
5Yr. — 0.4905 0.7177
6 Yr. — 0.8734
7Yr. —
MAE (¢/bu.) 10.84 11.92 12.51 12.83 12.60 12.33 12.38

Harvest+24:
1Yr. — 0.5003 0.9715 0.9139 0.9334 0.9895 0.7011
2Yr. — 0.2611 0.3209 0.4350 0.5346 0.9422
3 Yr. — 0.8416 0.9042 0.9814 0.4529
4Yr. — 0.9409 0.7950 0.1534
5Yr. — 0.7326 0.0910
6 Yr. — 0.0527
7Yr. —
MAE (¢/bu.) 10.78 10.14 10.82 10.92 10.89 10.80 10.22

Note: The p-values are associated with the null hypothesis that there is no difference in MAE of two different forecast models.
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Table 5. Paired #-Test Matrices for Corn Basis Forecasts

Basis Forecast Models

Description 1Yr. 2 Yr. 3 Yr. 4Yr, 5Yr. 6 Yr. 7Yr.

Harvest:
1Yr. — 0.0528 0.0421 0.0353 0.0688 0.1253 0.1886
2Yr. — 0.1458 0.1307 0.2530 0.4313 0.6039
3Yr. — 0.2611 0.6025 0.9162 0.8593
4Yr. — 0.8192 0.5734 0.4143
5Yr. — 0.3797 0.2802
6 Yr. — 0.2787
7Yr. —
MAE (¢/bu.) 10.62 12.22 13.47 14.27 14.12 13.64 13.16

Harvest+24:
1Yr. — 0.6510 0.3865 0.2069 0.3568 0.6767 0.9690
2Yr. —_ 0.2815 0.1361 0.4094 0.8896 0.7783
3Yr. — 0.2244 0.7884 0.6277 0.3756
4Yr. — 0.2222 0.0848 0.0387
5Yr. — 0.0919 0.0327
6 Yr. — 0.0605
7Yr. —
MAE (¢/bu.) 10.33 10.81 11.58 12.32 11.83 11.00 10.39

Note: The p-values are associated with the null hypothesis that there is no difference in MAE of two different forecast models.

Table 6. Paired #-Test Matrices for Milo Basis Forecasts

Basis Forecast Models

Description 1Yr. 2Yr. 3 Yr. 4Yr. 5Yr. 6Yr. 7 Yr.

Harvest:
1Yr. — 0.3538 0.1603 0.0789 0.1153 0.1379 0.1666
2 Yr. —_— 0.1206 0.0768 0.1701 0.2479 0.3191
3Yr. — 0.1195 0.3492 0.5181 0.6525
4 Yr. — 0.9561 0.9149 0.7652
5 Yr. » — 0.7805 0.5887
6 Yr. — 0.5323
7 Yr. ' —
MAE (¢/bu.) 11.83 13.10 14.74 16.04 16.08 15.91 15.63

Harvest+24:
1Yr. — 0.5650 0.4723 0.4936 0.5456 0.7586 0.6101
2 Yr. — 0.5520 0.5873 0.6833 0.9955 0.8353
3Yr. — 0.7289 0.9195 0.5885 0.8204
4Yr. — 0.7548 0.4043 0.6200
5 Yr. — 0.2987 0.6278
6 Yr. — 0.2944
7 Yr. —
MAE (¢/bu.) 11.13 11.711 12.26 12.50 12.35 11.70 12.03

Note: The p-values are associated with the null hypothesis that there is no difference in MAE of two different forecast models.
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When comparing these results to those found by Dhuyvetter and Kastens in their
1998 study, several important factors emerge. First, the ability to accurately forecast
basis with a simple historical average appears to have become slightly more difficult in
recent years. Second, and more importantly, the optimal number of years to include in
an historical average has decreased, suggesting potential structural changes in these
markets. These results suggest the variability of basis apparently has increased, and the
value of using longer-term averages to predict future values has diminished. Possible
explanations are the larger impact world production currently has on today’s U.S. mar-
kets (e.g., soybeans) and changing domestic uses such as ethanol (e.g., corn and milo).

Current Information Evaluation

Figure 1 shows the optimal values of A for each crop over the forecast horizons for the
Harvest basis forecast, where A was selected ex post for each crop. Paired ¢-tests were
used to identify the statistical significance of the addition of current information into
the forecasting model at various weights (A = 0, A = optimal, and A = 1). These ¢-test
results and MAEs are reported in tables 7-10 for wheat, soybeans, corn, and milo,
respectively, for the three values of A. Note, A = 0 gives back the simple historical
average method of equation (1), and A = 1 denotes the simplistic selection of A that
adjusts the traditional historical average basis prediction fully for the amount current
basis deviates from its historical value.

For Harvest wheat, A was statistically different from 0 (based on paired ¢-tests of
associated basis MAEs and p-value < 0.10) for all time horizons greater than 12 weeks
before Harvest. Thus, supplementing a five-year average with current information
improved the accuracy of basis forecasts. Optimal weights for A ranged from 0.22 t0 0.49
across these horizons. No statistical significance was found when incorporating current
information in forecasts for the closest time periods (12 weeks and less). This result is
exactly opposite of what was expected, i.e., current information is expected to be rela-
tively more important at short forecasting horizons. Averaged across all time horizons,
the MAE of the optimal A forecasts was 6.8¢ per bushel, as compared to an MAE of 8¢
per bushel for the A = 0 (simple average) models.

Optimal A’s were significantly different from 0 for four and eight weeks prior to
Harvest for soybeans and four weeks prior for corn, suggesting current information
improved basis forecasts, but only for very short time horizons. The value of A (i.e.,
amount of current information to include) was considerably higher for corn than for
soybeans (0.52 vs. 0.16-0.19). Incorporating current information up to 24 weeks prior
to milo Harvest basis forecasts improved forecast accuracy with weights ranging from
0.32 to 0.79. Averaged across time horizons, the MAEs of the optimal A forecasts were
10.4¢, 9.6¢, and 9.9¢ per bushel for soybeans, corn, and milo, respectively. The corres-
ponding average MAEs for the A = 0 models were 10.8¢, 10.6¢, and 11.8¢, suggesting
improvements in forecast accuracy ranged from almost no improvement to about 2¢ per
bushel.

Figure 2 shows the optimal values of A for each crop over the forecast horizons for the
Harvest+24 forecast. As observed from this graph, the optimal weight to place on
current information tends to be higher for post-harvest basis forecasts than for harvest-
time basis forecasts. The one conspicuous exception in figure 2 is the 12-weeks-past-
harvest forecast for soybeans.
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Table 7. Evaluation of Using Current Information in Wheat Basis Forecasts

MAE (¢/bushel)® p-Value® p-Value!
Forecast  Optimal A=0
Horizon® (Opt.) A A=0 A=0pt. Ai=1 Naive A=0 A=1 Naive vs. Naive
Harvest Basis Forecasts:
32 0.31 7.96 6.71 11.44 9.92 0.0499  0.0156 0.0319 0.2628
28 0.49 7.96 6.58 8.07 8.21 0.0731 0.1935 0.0835 0.8561
24 0.22 7.96 7.00 16.93 14.93 0.0945 0.0009 0.0086 0.0233
20 0.29 7.96 6.81 13.42 12.19 0.0858 0.0065 0.0217 0.0865
16 0.47 7.96 6.36 8.93 8.58 0.0771 0.0692 0.0768 0.7165
12 0.21 7.96 6.84 17.06 16.17 0.1081 0.0010 0.0115 0.0287
0.43 7.96 6.76 10.20 9.14 0.2307 0.0250 0.2057 0.5941
4 0.18 7.96 7.26 16.42 14.03 0.2253 0.0015 0.0303 0.0709
Harvest+24 Basis Forecasts:
20 0.93 14.74 8.50 854 11.22 0.0015 0.8107 0.2258 0.2650
16 1.00 14.74 8.41 8.41 10.12 0.0014 — 0.4753 0.1580
12 0.87 14.74 7.12 7.25 13.59 0.0011 0.7696 0.0015 0.6906
8 1.00 14.74 6.36 6.36 9.29 0.0008 — 0.0410 0.0822
1.00 14.74 10.34 10.34 9.76 0.0237 — 0.8252 0.1331

¢ Distance in weeks between the vantage point and either Harvest or Harvest+24 basis values.

® Historical average models are five-year average for Harvest and one-year average for Harvest+24.
¢ Values are p-values of paired ¢-test with optimal A.

¢ Values are p-values of paired ¢-test between A = 0 and Naive forecasts (A = 0 vs. Naive).

Table 8. Evaluation of Using Current Information in Soybean Basis Forecasts

MAE (¢/bushel)® p-Value® p-Value?
Forecast Optimal A=0
Horizon® (Opt.) A A=0 A=0pt. A=1 Naive A=0 A=1 Naive vs. Naive
Harvest Basis Forecasts:
32 0.00 10.84 10.84 13.31 11.86 — 0.0717 0.5707 0.5707
28 0.09 10.84 10.75 14.40 11.00 0.6346 0.0189 0.8426 0.8965
24 0.13 10.84 10.78 14.55 12.02 0.8134 0.0119 0.4196 0.4710
20 0.14 10.84 10.67 16.11 13.82 0.6676 0.0137 0.1169 0.1425
16 0.15 10.84 10.73 13.83 13.35 0.7490  0.0670 0.2413 0.2796
12 0.09 10.84 10.20 26.42 22.73 0.3102 0.0196 0.0280 0.0485
0.19 10.84 9.54 19.23 20.87 0.0990 0.0043 0.0066 0.0133
0.16 10.84 9.61 20.04 16.91 0.0522 0.0197 0.0641 0.1287
Harvest+24 Basis Forecasts:
20 0.42 10.78 9.29 11.85 7.95 0.1057 0.0135 0.2639 0.0217
16 0.77 10.78 8.70 9.07 5.65 0.0404 0.2614 0.0009 0.0000
12 0.07 10.78 10.73 13.56 9.24 0.7764 0.0997 0.3526 0.3361
0.80 10.78 8.21 8.52 5.29 0.0477 0.4847 0.0001 0.0001
0.81 10.78 6.24 6.53 5.87 0.0002 0.4666 0.7329 0.0009

Note: See footnotes a, ¢, and d to table 7 above.
®Historical average models are one-year average for both Harvest and Harvest+24.
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Table 9. Evaluation of Using Current Information in Corn Basis Forecasts

MAE (¢/bushel)® p-Value® p-Value*
Forecast  Optimal A=0
Horizon®* (Opt.) A A=0 A=Opt. A=1 Naive A=0 A=1 Naive vs. Naive
Harvest Basis Forecasts:
32 0.50 10.62 9.87 10.93 9.40 0.4077 0.2043 0.6888 0.3140
28 0.33 10.62 9.98 11.86 8.96 0.3608  0.1287 0.2305 0.1192
24 0.37 10.62 9.68 12.51 9.06 0.1606 0.0101 0.5694 0.2392
20 0.37 10.62 9.62 13.02 9.99 0.2705 0.0121 0.7151 0.6483
16 0.43 10.62 9.76 11.84 11.01 0.3004 0.0745 0.4015 0.7952
12 0.13 10.62 10.11 21.33 18.11 0.4800 0.0693 0.1264 0.1795
0.13 10.62 9.97 21.54 18.57 0.4461 0.0985 0.1240 0.1881
4 0.52 10.62 7.94 10.94 8.54 0.0605 0.0289 0.6141 0.3004
Harvest+24 Basis Forecasts:
20 0.69 10.33 7.97 8.67 6.07 0.0482 0.2772 0.0620 0.0119
16 0.40 10.33 9.54 11.69 7.94 0.2344 0.0973 0.2324 0.1698
12 0.80 10.33 7.59 7.73 491 0.0094 0.6519 0.0024 0.0002
8 1.00 10.33 5.86 5.86 4.36 0.0042 0.9650 0.0291 0.0005
0.94 10.33 4.84 4.95 3.92 0.0041 0.3546 0.1112 0.0014

* Distance in weeks between the vantage point and either Harvest or Harvest+24 basis values.
® Historical average models are one-year average for both Harvest and Harvest+24.

¢ Values are p-values of paired ¢-test with optimal A.

4Values are p-values of paired t-test between A = 0 and Naive forecasts (A = 0 vs. Naive).

Table 10. Evaluation of Using Current Information in Milo Basis Forecasts

MAE (¢/bushel)® p-Value® p-Value*®
Forecast  Optimal A=0
Horizon* (Opt.) A A=0 A=0pt. Ai=1 Naive A=0 A=1 Naive vs. Naive
Harvest Basis Forecasts:
32 0.20 11.83 11.51 15.07 11.31 0.5211 0.0327 0.8811 0.7099
28 0.21 11.83 11.34 14.67 11.01 0.3207 0.0208 0.7684 0.5265
24 0.37 11.83 10.61 13.10 10.08 0.0635 0.0301 0.6928 0.2616
20 0.43 11.83 10.16 12.77 11.31 0.0065 0.0304 0.5042 0.7706
16 0.46 11.83 9.80 12.15 10.58 0.0307 0.0407 0.6513 0.5495
12 0.32 11.83 10.15 14.69 12.33 0.1000 0.0194 0.4009 0.8769
8 0.48 11.83 9.33 11.21 10.06 0.0636 0.2303 0.6756 0.5158
0.79 11.83 6.43 7.14 5.97 0.0049 0.2905 0.5733 0.0013
Harvest+24 Basis Forecasts:
20 0.57 11.13 9.50 10.74 8.94 0.2820 0.3023 0.7356 0.3449
16 0.57 11.13 9.35 10.55 7.54 0.2081 0.3144 0.2161 0.0849
12 0.73 11.13 7.85 8.50 5.85 0.0527 0.3779 0.0651 0.0072
8 0.83 11.13 6.72 7.03 5.71 0.0121 0.4528 0.2415 0.0054
0.91 11.13 5.34 5.51 3.54 0.0036 0.3738 0.0025 0.0003

Note: See footnotes a, b, ¢, and d to table 9 above.
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Another apparent feature from figure 2 is that the A values are trending up over time,
indicating weights tend to be higher as the forecasting horizon decreases, i.e., as the
forecast vantage point approaches the forecast date (24 weeks after harvest). Because
current basis should be a more reliable indicator of future basis when the “future” is
closer to the present, this finding is as expected.

As noted above, the paired t-test results and MAEs of the different A weights for the
Harvest and Harvest+24 forecasts are provided in tables 7-10 for wheat, soybeans, corn,
and milo, respectively. For post-harvest (Harvest+24) wheat basis forecasts, A was statis-
tically different from 0 (based on paired ¢-tests of associated basis MAEs and p-value
< 0.10) for all time horizons considered. Therefore, supplementing the one-year average
base forecast (A = 0) with current information significantly improved the accuracy of
basis forecasts. Optimal weights for A ranged from 0.87 to 1.00 (constrained maximum)
across the horizons. Given the considerably higher MAE for post-harvest basis forecasts
compared to harvest basis forecasts (table 1), this result is as expected—i.e., incorpor-
ating current information into basis forecasts is more beneficial for within-crop-year
forecasts than it is across crop years. Averaged across all time horizons, the MAE of the
optimal A forecasts was 8.1¢ per bushel compared to an MAE of 14.7¢ per bushel for the
A =0 model.

Supplementing one-year historical average post-harvest (Harvest+24) basis forecasts
for soybeans, corn, and milo generally improved the accuracy of forecasts. The main
exception to this was the 12-week-prior forecast for soybeans where the optimal A was
only 0.07 and was not statistically different from 0 (p-value of 0.78). Forecast horizons
for corn and milo that were not significant at the 90% level had p-values ranging from
0.20 to 0.28 and optimal weights of 0.40 or higher. Averaged across time horizons, the
MAESs of the optimal A forecasts were 8.6¢, 7.2¢, and 7.8¢ per bushel for soybeans, corn,
and milo, respectively. The corresponding average MAEs for the base models (A = 0)
were 10.8¢, 10.3¢, and 11.1¢, indicating improvements in forecast accuracy of about 2¢
to 4¢ per bushel associated with using current information.

The 12-week-prior forecast for soybeans clearly appears to be an “outlier” of the post-
harvest basis forecasts. This time period represents forecasts for basis the second week
of April made from the second week of January vantage point. While this is not a time
period where one would expect large price swings due to production risk, this time is
consistent with the release of the USDA quarterly Grain Stocks report and also when
the final estimate of the previous year’s crop is reported. Therefore, this result for the
12-week-prior forecast for soybeans may be related to price variability surrounding
these reports. However, this same factor also would be expected to impact corn and milo,
yet this does not appear to be the case. Another possible explanation is that the South
American influence on the U.S. soybean market is much less stable (i.e., predictable)
from year to year; consequently, generalizing across methods of forecasting basis is not
possible.

Although the results regarding the benefit of incorporating current information into
basis forecasts are quite variable, they do follow expectations in some respects. First,
including current information is much more beneficial to post-harvest than it is to pre-
harvest forecasts of basis, which is consistent with expectations. This is simply because
current information in post-harvest forecasts reflects the current crop marketing year,
whereas the current information used in harvest basis forecasts reflects a different crop
marketing year. Second, weights (1) to place on current information tend to be higher
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for shorter-term forecasting horizons. The one crop and forecast period where results
were the most unexpected was for the harvest-time basis forecasts for wheat. Weights
were similar regardless of time horizon and were somewhat more beneficial for longer-
term forecasting horizons.

Because weights on current information were consistently higher for post-harvest
forecasts than for harvest forecasts, an important rule for producers can be established
if they do not want to use optimal weights to adjust forecasts with current information.
For Harvest forecasts, forecasts should not be adjusted using current information, as
forecasts with A = 0 (no adjustment) had lower MAEs than forecasts with A = 1 (full
adjustment). This was true for 30 of 32 possible crop-time horizon combinations. In other
words, “fully adjusting” historical-average-based harvest forecasts for current informa-
tion actually results in worse forecasts. However, post-harvest (Harvest+24) forecasts
should be adjusted using current information, as forecasts with A = 1 had lower MAEs
than A = 0 forecasts for 22 of 25 possible crop-time horizon combinations. Even if A were
not optimized, the arbitrary full information (A = 1) selection still would improve the
forecasting accuracy of post-harvest forecasts over no current information. Recall the
optimal A was selected ex post and, if this value were used in real-time forecasting, it
may not be more accurate than the A = 1 selection.

Naive Forecast Evaluation

Tables 7-10 report MAEs for naive forecasts by time horizon for the Harvest and
Harvest+24 time periods. Using the observed basis as a forecast for harvest-time basis
is generally inferior to using an historical average. The MAEs for naive basis forecasts
for Harvest were higher than the historical average without current information (4 = 0)
for wheat, soybeans, and corn. On the other hand, the across-time-horizons average
MAE for post-harvest (Harvest+24) naive forecasts was lower than the MAE from
historical average forecasts without current information for all four crops (improvement
in accuracy ranged from 3.9¢ to 4.9¢ per bushel). Furthermore, the MAEs from the naive
Harvest+24 forecasts were lower than the historical average forecasts with optimal
current information (A = optimal) for soybeans, corn, and milo. Thus, it may be that the
best way to incorporate current information into forecasts post-harvest is to simply use
a naive forecast. However, this approach is not appropriate for harvest-time basis
forecasts.

Alternative Methods of Forecasting Harvest Basis

To this point, it appears the accuracy of historical-average-based basis forecasts for post-
harvest time periods can be improved upon by incorporating current information [either
as in equation (2) or simply using a naive forecast]. Unfortunately, these methods seem
to offer little benefit regarding forecast accuracy when forecasting harvest basis. It is
not particularly surprising that incorporating current information is less useful pre-
harvest than post-harvest, as the basis reflects two different crop years (i.e., current
basis is old crop, and harvest basis is new crop). However, the question still remains as
to whether there is a way to incorporate current information into harvest-time basis
forecasts which will improve upon traditional forecasting methods (i.e., historical
averages). One possibility is to estimate econometric models that include fundamental
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factors impacting basis. However, the purpose of using historical averages is to simplify
the forecasting process and use data readily available to farmers. Thus, complex econo-
metric models are likely not a pragmatic choice from a producer’s perspective.

A piece of information often available from local elevators is a forward contract or new
crop bid. These bids are frequently offered beginning six to nine months prior to harvest
and then ending at harvest. New crop bids are calculated by elevators to reflect the
expected basis at harvest plus a possible additional charge by the local elevator associ-
ated with basis risk absorption. Hence, a potential alternative harvest-time basis forecast
would be those implied from forward contract bids.

Several studies have examined the cost of forward contracting, where cost of contract-
ing is typically defined as the difference between contracted basis and actual basis at
harvest (e.g., Brorsen, Coombs, and Anderson, 1995; Elam and Woodworth, 1989;
Gasper, 2006; Shi et al., 2005; Townsend and Brorsen, 2000). Defined in this manner,
a low cost of contracting suggests the buyer offering the forward contract was able to
accurately predict basis. While the cost of contracting reported in these studies varied
somewhat, further research into this approach for forecasting harvest-time basis
appears warranted—i.e., using a forward-bid-implied basis might be a way to improve
the accuracy of basis forecasts at harvest compared to traditional historical-average-
based forecasts.

Summary and Implications

Many studies have shown that basis forecasts based on simple historical averages com-
pare favorably with more complex forecasting models. However, these studies typically
considered only a three-year historical average for forecasting basis. In this study we
examined alternative numbers of years to include in an historical average to determine
the optimal multi-year historical average for each crop considered. While no rule
emerged that was best in all cases, the results suggest using a one-year average basis
(i.e., previous year) to forecast the future basis has worked better than longer-term
averages. The main exception to this finding was for wheat basis at harvest, where a
five-year average resulted in the lowest MAE.

The optimal number of years to include in an historical average determined by this
study differed from results of earlier research by Dhuyvetter and Kastens (1998) who
examined similar data. Using data from several Kansas locations over the 1989-1997
time period, their analysis suggested a four-year average for wheat and five- to seven-
year averages for corn, milo, and soybeans. For the current study, a longer time period
was considered (1989-2005, i.e., 17 out-of-sample years) with fewer locations. We deter-
mined that shorter historical averages should be used to forecast basis for all crops
except wheat at harvest. It should also be noted that basis forecast errors (MAEs) were
slightly higher in this study than those reported by Dhuyvetter and Kastens, suggesting
basis may be getting more difficult to forecast.

Based on the results of this study, the addition of current information to an historical-
average-basis model can improve forecasting accuracy over both the Harvest and
Harvest+24 forecasts of basis, but most of the improvement is found for the post-harvest
basis forecasts. The Harvest forecasts of basis for soybeans, corn, and milo were only
improved for short time horizons (e.g., four to eight weeks), whereas the improvement
for wheat was at longer time horizons and not at the shorter horizons, which was
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unexpected. The post-harvest basis forecasts (Harvest+24) were consistently improved
by incorporating current information; and, the optimal amount of that information to
include tended to increase as the forecast horizon shortened (i.e., as the time of the
forecast is approached by the vantage point). A naive forecast, where future basis is
simply predicted to equal the current basis, was not appropriate when forecasting
harvest basis, but this method worked quite well for post-harvest basis forecasts. This
approach is simpler than the “deviation from historical average” method that was also
examined in this research and actually resulted in a lower MAE in a number of cases.

It is reasonable that post-harvest basis forecasts (Harvest+24) would be improved by
current information, because this information incorporates structural forecasting compo-
nents such as the size of the harvest. Since current information prior to harvest reflects
old crop information and the basis being forecasted represents the new crop, it makes
sense that Harvest forecasts are less responsive to the addition of current information.
Based on some preliminary research examining the implied harvest-time basis from new
crop bids, there may be potential to improve accuracy for Harvest basis forecasting.
Future research should consider this approach as it is low cost and easy to use, and thus
could provide another practical option to producers for basis forecasting.

[Received March 2005, final revision received August 2006.]
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