@

MJ‘E}%( /0/27;?3 g

YIELD MODELS FOR CORN AND SOYBEANS BASED ON SURVEY DATA

Thomas R. Birkett, National Agricultural Statistics Service, USDA

Abstract

The Netional Agricultursl Statistics Service uses survey data to
forecast yields for major agficulturel commodities, including corn
and soybeans. The survey data contains veriables thet become
the independent varisbles in kinear forecasting models. This
paper describes the forecasting models, showing what the key
survey veriables are snd examining how they are reisted to final
vield. ‘
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The National Agricultural Statistics Service (NASS), an agency of

the United States Department of Agriculture, conducts monthly
field surveys in the late summer and fall to forecast corn and
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soybean yields. Summarized dsta from the survey forms the =

independent verisbles for s statistical model that predicts the

ourrent season final average yield. The survey dsta include

verisbles correlated with the final average number of sars or
pods that will be hervested, siong with variables correlsted with
the final average grein weight per ear or weight per pod. This

paper gives a short description of these variables and how they

are used to forecast final sverage vield.
Description of the Objective Yield Surveys
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In June, NASS conducts s very large survey of aqnculturd lund ‘

use in the U.S. to estimate the current season’s acreage planted
to comn and soybeans. From the base generated by this survey,

NASS drews a random sample of corn and soybean plots. Thu
is done through s two stage process, in which fieids are selected -

and then rendom locations are designated within esch selected
field. The procedurs is carried out so that a simple random
sample is obtained, and each planted acre of corn or soybeans
has an equal chance of being included in the sample. This simple
random sampie property is sn important assumption for the
statistical models to be applied to the survey date.

The randomiy located plots are a few square feet in area. Within
the piots, enumerstors count and measure variables that are
positively coirelsted with final yield. Among the variables
collected for soybeans are number of plants per acre, number of
nodes per plant, number of lateral branches per plant, number of
blooms, dried flowers and pods per piant, and number of pods
with beans per plant. For corn the NASS enumerastors count the
number of stalks per acre, number of stalks with ears, number of
sar shoots, snd number of ears with kernels per acre. They also
husk & random sampie of ears near the plot and meassure the
length of a typical kerne! row on each ear. Just prior to farmer
harvest of the corn or soybean field in which the sample is
located, the enumaerstor harvests the piot and obtains the final
yield. The same sample plots are revisited each month starting
in August until farmer harvest.

Samples are laid out in all the major corn and soybean producing
states. Datas are collected during the period from the 21st of the
previous month until the first of the month. Starting in August
snd continuing through November, around the 10th of each

month the USDA relesses yield estimates for sach state based
on the survey,

Varisbles in the Regional Models

The best relstionship bstween the survey data end final yield is
found at the regional level, the region being the set of states in
the survey. Conssquently, the plot level data is summarized 1o
the state and then to the region level, where it is modeled

againet the region yield. Esch monthly regional model normally
hes ons indepsndent varisble X.
The form of the regional kinear model is either
Ysa+PBX+e
. eor
e Y& B XeBX e

wh;ro e ,
Y mrm ugiond ywd and "
- a, t's .n unknown modol pcnmctou

X is tho known Indopcndom vorhblo, and
':e h thc diffonm botwun Y and iu omctod v-luo

in the oxnmploo uud inthiu pmor, the ooybnnmodol huthé
quadratic term while the corn model is imited to the linear term.

The velues for X for corn and soybeans sre thown in tho
following tables.

SOYBEAN VARIABLES BY MONTH

estimated number of lateral branches per
acre

Estimated number of pods with beans
per acre

{estimated number of pods per acre) X
(mt vmght por pod)




CORN VARIABLES BY MONTH Relstionship of the number and weight variables to final aversge

{staiks with sars + ears with kernels per

scre) X (average kernel row length per As mentioned sbove, the survey verisbles sre selected to

oar) oorrelate with the components of final yield, which are number

of ears or pods and weight oar or . Itis quite llumi

(Ears with kernels per scre] X (average 0 view the 3-imensional stribution of fing. yioid and the

kernel ow length per ear) ; fectors of the independent variables to see how they explain the
level. Sinoe the independent varisble in the model can

{Eers with kernels per acre) X (average vield

grein weight per ear) usually be factored into the product of a varisble correlsted with

final weight and one correlated with final number, we cen plot
the fitted model surfece over the weight X number plane. The
projection of selected lavels of the fitted yield surface onto this

plane is sasier to analyze. An October example for soybeans and
& November one for corn are shown below.

Soybeans - October 1, 1883-1992

Maturity Adjustment 0.3860—ws— <
) N
While NASS conducts the survey during the last ten days of ': N \\
each month, the oversll maturity of the crop at thet time will N N
very from year to year, depending on when it was planted, - ¢ 0.3673{ .. N ]
subsequent weasther, stc. The forecasting power of the model h ™, AN *
is enhanced by olassifying each plot by stage of maturity and ¢ N ®
limiting the independent veriable celculations to dsta from pre- RS \: %
selected steges. This adjustment sliows the independent P 0.3485 N .
varisbles to be more comparsble across years. Vearisbles not ® N
used directly in X (such as nodes and blooms, dried flowers and ¥ “ AN
pods) are used for maturity clessification. - Consequently, the . . AN oo
predictor variable is not a function of sl the data, but only those P 0.3297, % RN \\
plots in & stage that hes exhibited good predictive power for final : . . T N
yvield. This criteria normally means the exclusion of very N
immature semples in the first month of the survey. ‘After that s . A
the vast majority of the samples are used directly in X. 03110 . Nt
A plot of the data in the September 1 corn regional model is 152 7 1280 3% 1327 T 1414 % 1501
shown below. (The digits piotted represent the years 1980- :
1992). Pods per 18 sq ft
Tietg ~—— 11 LRI ] -—-= 3 —-—— 3 —_—
September 1 Corn Model For soybeans, the weight per pod is in grams, snd the yield
- i : : contours projected from the fitted model surface onto the plane
140 ‘ . are 27, 30, 33, 36 and 39 bushels per scrs. On October 1,

usually sbout half the crop hes been harvested, and the weight
is for just those harvested samples. The pods per 18 square feet
is for el samples as of October 1.
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This graph contains a great desl of information about soybean
vields. The years divide into two distinct groups, with 1983,
1984 and 1988 in the lower left corner, and the remaining years
distributed along the 36 to 39 bushel contour region. The years
1983, 1984 and 1988 were severe drought yesrs in the corn
beit, and both pod counts and weight were depressed to the
point that yields averaged sround 30 bushels. In the remaining
years, conditions were more normal, and sverags yvields were
generally sround 36 to 39. So fer thers has not been s yeer
where weight and numbers of pods were simultaneously nesr
record levels. There is an obvious negative correlation between
. . . . sverage weight and number. The two varisbles interactinversely
j j ' i ' ' ' with each other to produce approximately the same yield, even
27 28 29 30 31 32 33 34 35 36 though the weight and number variables are varying quite
Ears x Kernel Row Length
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0.391 0

0.332 RN RN ~

widely. The hesviest sverage weight ocourred in 1985, but it
hed drought-like numbers of pods. At the other extrems, 1987
hed the lowest Ootober 1 weight of the normal years, but its pod
counts were the seocond highest. 1992, which has the record
yield to date, hed the highest number of pods on October 1.

Since the surfece is based on 8 model with a quadratic term, one
cen see the spacing between the contours increases as the yield
level increases. This implies that there are diminishing incresses
in yield as the aversge weight and numbers increase.. Also, since
the contours are at roughly 45 degree sngles, one can deduce
that incresses in weight or numbers will incresss yield.
However, this is survey dats, snd numbers and weight do not
very independently (they very inversely) 80 an increase in one

willnomdlybomocinodwithodocnminﬂnoﬂmmm

Corn - November 1, 1980 - 1992

e PR R LN

~_‘.~
0.303 ‘.‘\.\ ‘\‘\\ \\\

) S

ear oounts send above sverage weights in the same yeasr,
something that is not generally seen with soybsans.

Conclusion

Aversge oom and soybeans yiekis can be predicted by observing
verisbles that are correlated with finsl numbers snd weights. In
oomn both counts snd weights can be high at the same time, .
producing record yields. With soybeans, however, final counts
end weights are inversety relsted, producing relatively constant
aversge yields in non-drought years.
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For corn, usually sbout two-thirds of the crop is harvested by
November 1. The grein weight, in pounds, is just for the
hervested samples. The sar counts are for all samples ss of
November +: The projected yield contours from the fitted
surfsce are 78, 88, 98, 108, 118, 128 and 138 bushels per
acre.

Here we see the two drought vesrs, 1983 snd 1988, in the
tower left corner. There appears to be less dependence between
the weight and number variables for corn than there was with
soybeans. Some years, such ss 1985, 1986 and 1987 ere
pushing the limit on both ears and weight. In 1892, ear density
incressed dramaticslly, while the sar weights maintained an
aversge level for non-drought years. 1992 set a now record for
yield by @ lerge margin, driven by the iarge ear counts.

Since the corn model has no quedratic term, the spacing
between the contour levels is constant. The 45 degree contours
indicate both weight and numbers drive final average yield. If
conditions are generally good, it is possible to have both large
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