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Combining Annual Econometric
Forecasts with Quarterly ARIMA

Forecasts: A Heuristic
Approach

Gordon L. Myer and John F. Yanagida

Data limitations often limit the time framework in which agricultural commodities are
modeled and prices forecasted. Our research provides a technique to alleviate this constraint.
By combining an annual econometric model with a quarterly ARIMA model, quarterly forecasts
can be made which utilize the theoretical and structural foundations in econometric modeling.

The topic of price forecasting has long
been an area of interest to economists.
Though much has been written on alter-
native forecasting methods (e.g., Brandt
and Bessler; Granger and Newbold; Leut-
hold et al.; Helmers and Held; Pierce and
Porter), any one technique is not satisfac-
tory for all situations. Often the researcher
is faced with a situation requiring fore-
casts with data available only at a higher
level of temporal aggregation. This paper
addresses this problem by suggesting a
technique of forecasting a quarterly price
variable with data available for most ex-
planatory variables only on an annual ba-
sis.

The objective of this study is to evaluate
an ad hoc procedure of combining annual
forecasts of alfalfa hay prices from an
econometric model with quarterly alfalfa
hay price forecasts from an ARIMA mod-
el. In this manner, the benefits of both
modeling methodologies are incorporat-
ed, forecasting frequency is increased, and
forecasting accuracy is improved.
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For the eleven western states,1 alfalfa
hay is an important input in the beef and
dairy industries. Econometric analysis on
the alfalfa hay market is generally limited
to an annual framework due to data lim-
itations for various explanatory variables.
For example, lower level temporal aggre-
gation (e.g., quarterly data) is not avail-
able for alfalfa hay consumption and pro-
duction. Generally, there is no information
available on alfalfa hay movements. While
an annual forecast provides useful infor-
mation, decision makers would prefer
more frequent forecasts for planning mar-
keting strategies.

Recently, Brandt and Bessler argued
that combining econometric, ARIMA and
other methods is superior to any one
method. They showed that any particular
forecasting method can result in large
errors and combining more than one
method may reduce the risk of creating a
large error.

The ARIMA model is attractive from
the standpoint of data requirements in that
only one series of data is required. Also,
this technique can be used to identify sea-

The eleven western states considered in this study
are Arizona, California, Colorado, Idaho, Montana,
Nevada, New Mexico, Oregon, Utah, Washington,
and Wyoming.
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sonal variability in the series. Further-
more, the ARIMA model allows for adap-
tive forecasting in which weights can be
calculated that will allow forecast adjust-
ments as new information becomes avail-
able.

Econometric Model

Alfalfa hay demand is a derived de-
mand from livestock products (primarily
beef and dairy). The major inputs for cat-
tle production are feed grains, alfalfa and
other hay, and labor. To derive the input
demand in the case of multiple products,
the profit function is formed in terms of
output prices and production cost (Hen-
derson and Quandt, pp. 80-81 and 97-
98). It is assumed that individual produc-
ers are expected profit maximizers. Opti-
mal allocation of product by each produc-
er, assuming perfect competition in input
and output markets, leads to optimal al-
location for the region (eleven western
states).

The input demand equation derived
from profit maximization is transformed
into price dependent form. This inverse
demand form is appropriate for models
where total output is assumed to be pre-
determined in the short run as in the case
of perennial crops like alfalfa hay.2 The
demand equation estimated is specified as:

ALFPR
= ao + a, ALFPROD

OTHHYPR CORNPR
+ a. + ae2 WPI WPI

WAGE
+ a4 W + a CATTLE

WPI

+ a6 DUM73 + a, FPI + u (1)

where ALFPR is alfalfa hay price #2
leafy Petaluma market ($/ton), WPI is the
wholesale price index (1967= 1.0),
ALFPROD is alfalfa hay production in the

2 See Heien for a thorough discussion of price and
quantity dependent models.

11 western states (1,000 tons), OTHHYPR
is the price of U.S. other hay ($/ton),
CORNPR is the average annual corn price
received by U.S. farmers ($/bu), WAGE
is the wage index of all hired farm work-
ers (1967= 1.0), CATTLE is cattle and
calves January 1 inventory, 11 western
states (1,000), DUM73 is an intercept shif-
ter (0/1) 1953-72 = 0 and 1973-78 = 1,
FPI is the farm productivity index
(1967 = 1.0), and u is the error term. 3

The demand equation is homogeneous
of degree zero in all prices. The quantity
of alfalfa hay produced is assumed to equal
the amount of alfalfa hay used by ranch-
ers and farmers for a given year. The real
price of alfalfa hay is expected to vary
negatively with the quantity of hay con-
sumed. The real price of other hay is ex-
pected to be positively related to the de-
flated alfalfa hay price since other hay is
a substitute for alfalfa hay. The coefficient
on the deflated price of corn should be
negative, indicating that corn is a comple-
ment with alfalfa hay in livestock feed ra-
tions. However, for high corn prices, al-
falfa hay may be a substitute for corn as
a source of protein. The real wage index,
as a measure of labor input, is expected to
vary negatively with real alfalfa hay prices
since labor is a complementary input in
livestock production. The estimated an-
nual derived demand model uses cattle
numbers instead of product prices for beef
and dairy to reduce collinearity of prices.4

The coefficient on CATTLE should be
positive indicating that changes in the

3 A single equation model was chosen to demonstrate
this proposed methodology and estimate ex ante
price forecasts (see Pindyck and Rubinfeld, p. 204).
The authors recognize that a system of equations
can be used in lieu of a single equation model for
the case of stochastic regressors.

4 Originally, product prices for beef and dairy were
used as explanatory variables. However, coefficient
signs different from a priori expectations and sta-
tistical evidence of high correlation between these
two variables led to the aggregation of beef and
dairy effects in cattle numbers.
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TABLE 1. Estimated GLS Derived Demand Equation for Alfalfa Hay Price, 11 Western States
1953-1978.

RALFPR = 0.64143 - 0.000555*ALFPROD + 0.31756*ROTHHYPR
(0.001) (0.39)

+ 1.146375*RCORNPR - 23.05721*RWAGE
(4.28) (10.46)

+ 0.00209*CATTLE + 6.87138*DUM73 + 19.12261*FPI
(0.001) (1.89) (18.21)

rho = 0.35398 t-statistic = 1.93

ALFPRTransformations: RALFPR= P
WPI

CORNPRRCORNPR =
WPR

R-square = 0.85

ROTHHYPR OTHHYPR
WPI

WAGE
RWAGE =

WPI

Mean values of variables: RALFPR = 37.169; ALFPROD = 20299.462;
ROTHHYPR = 23.965; RCORNPR = 1.256; RWAGE = 0.943;
CATTLE = 19371.654; DUM73 = 0.231; and FPI = 0.963.

Notes: Figures in parentheses for the GLS regression are estimated standard errors. The R-square statistic is
viewed only as a measure of goodness of fit (Kmenta, p. 234) and is calculated as 1 - SS' where SSR =

SST
sum of squares of residuals and SST = total sum of squares.
Data Sources: Alfalfa Hay, California Market Summary; Agricultural Statistics; Survey of Current Business;
Changes in Farm Population and Efficiency, 1978; Economic Indicators of the Farm Sector: Products and
Efficiency Statistics, 1979.

quantity of final products will shift the
demand for alfalfa hay in the same direc-
tion. The dummy variable is an intercept
shifter to account for exogenous effects on
the alfalfa hay market not captured by
explanatory variables. Factors such as the
1973 oil embargo, that consequently led
to increases in energy costs in later years,
and increased grain trade with Russia,
manifest structural changes in the agri-
cultural sector. 5 A positive intercept shift
is expected. Since time series data are used,
the effects of shifts in the production
function due to technological change
should be considered. The farm produc-
tivity index is a proxy for technological
change with a positive expected sign in-
dicating that technological change in the
cattle industry (e.g., artificial insemina-
tion, cross breeding, refrigeration and

5Schertz et al. cite the effects of increasing farm
input prices and increased agricultural trade as
components of structural change in American ag-
riculture.
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packaging, among others) should increase
the demand for alfalfa hay.

Time Series Model

The ARIMA model in its general form
can be written as:

(1 - ,B -2 B2 ... - pBP)(1 - B)dZt

=(1-,B - B2 ... -qB)a,

where B is the backward shift operator,
(1 - B) is the differencing operator such
that (1 - B)Zt = Z - Zt-1 and d is the
number of differencing. The term Zt is the
value of the series at time t, i is the autore-
gressive parameter for i = 1, 2, . . . p, j is
the moving average parameter for j= 1,
2, . . . q and a, is a white noise term. Box
and Jenkins describe a model building
process that involves the steps of identifi-
cation, estimation, and forecasting. Fore-
casts from the ARIMA model are based

July 1984
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on past observations of the data in ques-
tion. Thus, the forecasts are not based on
a theoretical structure as defined in the
econometric model.

The ARIMA model used in this study
is:

(1 + .153B 4)(1- B)Z, = (1 + .130B)(1 - .850B 4)a,.
(.114) (.098) (.080)

(2)

Figures in parentheses represent standard
errors. The Box and Pierce Q statistic is
21.28 with 20 degrees of freedom. This
ARIMA model with seasonal autoregres-
sive and moving average parameters was
estimated from quarterly data for the time
period 1953-78.

Results

The annual derived demand equation
for alfalfa hay was initially estimated us-
ing ordinary least squares regression for
the time period 1953-78. These statistical
results showed explanatory variables to be
consistent with previously hypothesized
coefficient signs. However, the Durbin-
Watson statistic (D.W.) and residual plot
of the regression equation revealed poten-
tial serial correlation. A Cochrane-Orcutt
generalized least squares (GLS) corrective
procedure was used which showed a sta-
tistically significant rho value (Table 1).6
The calculated R-square statistic implies
that the equation explains 85 percent of
the variation in the dependent variable.
The sign for deflated corn price is positive
but statistically insignificant. This perhaps
reflects the reasoning presented earlier that
whether or not corn is a substitute or com-
plement for alfalfa hay depends on their
absolute price levels.

Quarterly price forecasts from the
ARIMA model and the combined GLS
econometric-ARIMA model are shown in

6 Plotting the GLS residuals indicated absence of se-
rial correlation.

TABLE 2. Annual and Quarterly Price Fore-
casts: 1979 and 1980 for ARIMA
Model and Combined Econometric
and ARIMA Model.

Combined
Econo-
metric

(GLS) and
Quarterly Price ARIMA

Forecasts ARIMA Model Actual

1979
1st quarter 79.44 98.44 82.95
2nd quarter 79.87 98.98 100.16
3rd quarter 76.03 94.22 99.43
4th quarter 78.98 97.88 105.33

1980
1st quarter 113.51 116.46 122.66
2nd quarter 113.53 116.48 128.33
3rd quarter 110.11 112.97 121.50
4th quarter 112.91 115.84 123.75

Root Mean
Square Error 16.64 8.93

Theil Inequality
Coefficient 0.15 0.08

Table 2. 7 Price forecasts for the combined
model were derived by first calculating an
ARIMA annual price for a specific year,
as a simple average of the four quarterly
prices. Quarterly weights were then cal-
culated by dividing the quarterly ARIMA
prices, which were used to derive the av-
erage annual price, by the calculated av-
erage annual price. The GLS annual fore-
casts were then multiplied by these
weights to derive the quarterly price fore-
casts of the combined model. In 1979, the
weights were 1.0109, 1.0164, 0.9675 and
1.0051 for the four quarters. The quarter-
ly weights for 1980 were 1.0088, 1.0090,
0.9786 and 1.0035.

This technique of combining price
forecasts would not be reasonable if the
ARIMA forecasts more closely predicted
the actual prices than the proposed meth-

7 The ARIMA model forecasts are consistently lower
than actual prices because of the large alfalfa price
increases occurring during the mid-1970s. Adding
more current data will tend to alleviate this under-
forecasting.
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TABLE 3. Revised Quarterly Price Forecasts
for Combined Econometric and
ARIMA Model.

Com
bined
Econo-
metric

(GLS) and
ARIMA

Quarterly Price Forecasts Model Actual

1979
1st quarter 93.80 82.95
2nd quarter 98.19 100.16
3rd quarter 94.80 99.43
4th quarter 102.73 105.33

1980
1st quarter 98.50 122.66
2nd quarter 118.34 128.33
3rd quarter 119.71 121.50
4th quarter 125.19 123.75

Root Mean Square Error 10.24
Theil Inequality Coefficient 0.09

od. To test forecasting accuracy, root mean
square errors and Theil inequality coeffi-
cients (U2) were used and are presented
in Table 2. These results indicate that the
combined model produces more accurate
quarterly price forecasts for 1979 and
1980.

It should be noted that this weighting
scheme is only one of several alternatives.
Another method would be to use the error
information of the quarterly ARIMA fore-
casts to adjust the quarterly weights. For
example, the 1978 ARIMA forecast errors
can be used to adjust the 1979 ARIMA
quarterly forecasts and the corresponding
derived 1979 quarterly weights. In this
case, the revised quarterly weights are
0.9632, 1.0083, 0.9735 and 1.0549, respec-
tively. Similarly, the 1979 ARIMA fore-
cast errors are used to adjust the 1980
ARIMA quarterly forecasts. The revised
weights for 1980 are 0.8533, 1.0255,
1.0370 and 1.0845. Multiplying the GLS
annual price forecasts for 1979 and 1980
by these weights yields an alternative set
of quarterly price forecasts shown in Ta-
ble 3. Comparison of root mean square
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error and Theil inequality coefficient
evaluation statistics (with forecasts shown
in Table 2) indicates that this alternative
weighting scheme does not improve over-
all forecasting accuracy.

Forecasting and Prediction

In order to forecast alfalfa hay prices,
our technique requires estimates of ex-
planatory variables for the annual econo-
metric model. This is not a stringent as-
sumption because of available forecasts
from private forecasting firms (e.g.,
Wharton, Data Resources Incorporated,
and Chase Econometrics) and the U.S.
Department of Agriculture. However, it
is recognized that these forecasts of con-
temporaneous, exogenous variables in-
volve error which should be incorporated
in the total estimated error of forecast.

A technique incorporating errors of
forecast for explanatory variables into the
model is outlined by Pindyck and Ru-
binfeld. For the case where values of ex-
planatory variables are not known with
certainty, conditional forecasts are de-
rived by estimating confidence intervals
for forecasts of each explanatory variable.
Next, this information is utilized to esti-
mate the variance of the error of forecast
for the dependent variable.

Alternative econometric model specifi-
cation also could be used, e.g., models with
lagged explanatory variables or simulta-
neous equations models. Considering the
work done by Brandt and Bessler, which
shows that forecasts taken solely from in-
dividual models are not likely to provide
users with the most accurate forecasts, and
given that very little work has been done
on alfalfa hay modeling, there was no a
priori reason to suggest that one forecast-
ing model would perform better than
another.

Summary

Often in commodity modeling, data
availability limits the time framework of
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analysis (e.g., monthly, quarterly, annual-
ly, etc.). The suggestions outlined in this
paper utilize an annual econometric mod-
el and a quarterly ARIMA model to ob-
tain a quarterly forecast. This combina-
tion technique is relatively easy to apply
and enables the use of the annual econo-
metric model with its statistical and eco-
nomic appeal. The results for alfalfa hay
price forecasts indicate that this technique
has potential use in modeling other agri-
cultural commodities.

Additionally, the ARIMA procedure can
be used to update forecasts as new infor-
mation becomes available. Nelson refers
to this method as adaptive forecasting. In
the case of quarterly price forecasts, when
the first quarter price is known, the other
three quarter forecasts can be updated us-
ing the error information of the first quar-
ter.

Depending on the structure of the com-
modity being analyzed and the availabil-
ity of forecasts for exogenous variables, the
single equation econometric model can be
replaced by a system of simultaneous
equations. For instance, the assumption of
predetermined output levels in the short
run or a "small" international trade com-
ponent may not be applicable for some
commodities, suggesting a system of equa-
tions as more appropriate. Also, this ad
hoc technique can be revised if market
structure of the commodity changes.

References

Box, G. E. P. and G. M. Jenkins. Time Series Anal-
ysis: Forecasting and Control. 2nd Edition, Hol-
den-Day, San Francisco, 1976.

Brandt, J. A. and D. A. Bessler. "Composite Fore-
casting: An Application with U.S. Hog Prices."
American Journal of Agricultural Economics,
1(1981): 135-40.

Chase Econometrics. "U.S. Food and Agriculture:
Short-Term Forecasts and Analysis." 150 Monu-
mental Road, Bala Cynwyd, PA 19004.

Data Resources, Inc. "Data Resources Quarterly Ag-
ricultural Review." 24 Hartwell Avenue, Lexing-
ton, MA 02173.

Granger, C. W. J. and P. Newbold. Forecasting Eco-
nomic Time Series. Academic Press, New York,
1977.

Heien, D. "Price Determination Processes for Agri-
cultural Sector Models." American Journal of Ag-
ricultural Economics, 1(1977): 126-32.

Helmers, G. A. and L. J. Held. "Comparison of Live-
stock Price Forecasting Using Simple Techniques,
Forward Pricing, and Outlook Information."
Western Journal of Agricultural Economics,
1(1977): 157-60.

Henderson, J. M. and R. E. Quandt. Microeconomic
Theory. 3rd Edition. McGraw-Hill Book Compa-
ny, New York, 1980.

Kmenta, J. Elements of Econometrics. The Mac-
millan Company, New York, 1971.

Leuthold, R. M., A. J. A. MacCormick, A. Schmitz,
and D. C. Watts. "Forecasting Daily Hog Prices
and Quantities: A Study of Alternative Forecasting
Techniques." Journal of the American Statistical
Association, 65(1970): 90-107.

Nelson, C. R. Applied Time Series Analysis for
Managerial Forecasting. Holden-Day, San Fran-
cisco, 1973.

Pierce, D. A. and R. D. Porter. "Linear Models and
Linear Filters in the Analysis of Seasonal Varia-
tion." Federal Reserve Board, Washington, D.C.,
Special Studies Paper 47, May 1977.

Pindyck, R. S. and D. L. Rubinfeld. Econometric
Models and Economic Forecasts. Second Edition,
McGraw-Hill Book Company, New York, 1981.

Schertz, L. et al. "Another Revolution in U.S. Farm-
ing?" U.S. Department of Agriculture, ESCS, Ag-
ricultural Economics Report No. 441, 1979.

State of California, Department of Food and Agri-
culture. "Alfalfa Hay, California Market Summa-
ry" (various issues).

United States Department of Agriculture. Changes
in Farm Population and Efficiency, 1978. Statis-
tical Bulletin, No. 628.

United States Department of Agriculture. Economic
Indicators of the Farm Sector: Production and

205

Myer and Yanagida



Western Journal of Agricultural Economics

Efficiency Statistics, 1979. Statistical Bulletin, No. Wharton Econometric Forecasting Associates. "The
657. Wharton International Agricultural Service Me-

dium Term Forecasts." Science Center, Philadel-
United States Department of Commerce. Survey of phia, PA 19104.

Current Business (various issues).

206

July 1984


