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SomeCurrent Research Efforts

To ImproveCrop Forecasting Methods

by
WendellW.Wilson
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This afternoon I will try to provide you with someinsight into a new
DEthodof forecasting crop yields. This is an oojective plant measurement
method.which is based CIllyon current year data. I will talk primarily about
com because research on com growth led to the deve10pnentof this newmethod.
Weare currently developing a similar within year yield forecasting methodfor
wheat. As I refer to the com plant, you maywish to think of similar obser-
vations on any of a wide variety of other crops.

I will compareand cCIltrast the regression modelswhich we nowuse with
modelsbased only on current year data. Mydiscussion will be somewhatcrit-
ical of someshortcomings of our current forecast models so that you can see
whywe were interested in newmethods. Our current methods are quite useful.
Wemerely wish to improveour forecasting efforts as nn.Ichas possible.

First let us look at the type of regression model currently used. (see
page 5) Thesemodelsmaybe thought of as over-the-years modelsbecause of
the source of the infonnation they utilize. Every modelbegins with the model
fonn. This model fonn is based upon kno.v1edge,experience, and previous re-
search. It is a concept of the way things are. For corn, the dependent vari-
able is the mature grain weight per ear. Anindependent variable used is ear
length at sane immaturestage of development. In the model fom, parameters
alpha and beta are symbolswith no specified value.

Parameter values are estimated based on a least squares fit of data from
objective measurementfield surveys in previous years. The X. Y. pairs for
the i th sample field are fitted according to the model. This

1

~an~ of course,
cnly be accanplished after the Y.I S are available. That is, after the crop

1
reaches maturity and sample ears are weighed. In practice we pool data over
three previous years in fitting the model.
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The independent variable value comesfrom a survey in the current crop
year. Since this survey need not include observations of the dependent
variable~ it is conductedprior to crop maturity.

Themost important thing to note is that CIlcethe dependent variable
for the current year is obtained, a least squares fit of only current year
data can be used to estimate alpha and beta for that year. Will these esti-
mates be the sameas the values of the parameters used in forecasting the
yield? Highly mlikely! Howdifferent will they be? AIJDredifficult ques-
tion. (he answer is that it will dependen howdifferent the plant environ-
ment is in the three year base period as comparedto the current year. The
asstmq)tionthat the parameter estimates in the base period and from the cur-
rent year are members of the same"super population" is difficult to accept
whenthe current year di ffers markedly from the modelbase period. Because
of this wewished to develop forecasting methodswhich did not rely on pre-
vious years data.

As an exampleof the departures which mayoccur, let us look at a few
graphs of over-the-years regression models. Onpage 6 is a model expressing
the dependenceof average mature ear weight on average ear length. This is a
linear modelbased on pooled data fromyears I, 2, and 3. The graph on page
7 showstwopossibIe model fits for a fourth year. In a year such as 4Athe
pooled three year modelwill lIlderestimate the average mature ear weight. If
the fourth year was fitted by model4B, then an overestimate would result.

Thewithin year rodel approachbegins by considering what wewant to fore-
cast. Yield per acre is an answer. Another is the corrponentsof yield; nunber
of mits and weight per mite Wechoose to forecast weight per tmit because
of the body of knowledgeabout plant growth. The logistic grCMthmodel is
theorized to apply to the grCMthprocess. Themodelreflects the dependence
of dry matter deposition on tiJoo. Whatwewant to forecast is the aJOOuntof
dry matter in the grain at maturity. If we can associate dry matter with time,
then hopefully, we can project from imnature crop observations to maturity.

A graph of the logistic growthmodel is sh~ on page 8. An individual
data point can be specified by its location (t. Y.). The individual points

1, 1
are represented by the leU:ers. The asterisks showthe plot of the growth.•
ftmction. For a specified tire, say t = 35, the functional value Y is approx-
imately 100 grams. This graph and fit of the growthrodel are based upon data
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collected this year from August 4 through mid-Septemberin a single state.
The graphs on pages 9 and 10 are for two additional states included in a
pilot research project this year.

NCMlet us look at the model fonn for the within year model (see page
11). Recall that the over-the-years model expressed the dependenceof mature
grain weight per ear en i.IJJnatureear length measurerents. This model fonn is
also based uponknCMledge,experience, and previous research. A good case can
be madethat this model is based on a high degree of knowlerll!eabout plant
growth. It expresses the dependenceof dry grain weight per plant at time t
on time t. The independent time variable is days after silk emergence. As in
the over-the-years model the parameter values are not specifiec1. The only re-
striction on this intrinsically non-linear model is that all parameters are
greater than zero and that rho (p) is also less than unity (1).

Theparameter values are estimated based upon a ncn-linear least squares
fit of available data (t. Y. pairs) from a survey in the current crop year.

1, 1
By available data, I meandata which can be collected and sumnarizedprior to
a fixed forecasting date. For example,we can fit the modelbased on data
collected from early August through September1st, through September15 and
through October 1st. Ole of the advantages of this model is that previous in-
fonnation can be utilized at all cut-off dates and not thrown away.

The independent variable value for this modelneed not comefrom a survey.
Thevalue of t (say t ) is a specified value or range of values that correspondm
to crop maturity. The ability to specify this value is based uponknowledge
of crop developnent. Having fitted the model fonn to available data in the
Olrrent year and perfonned the calculations using the mature time vatiab1e, we

A

nowhave a forecast of average mature grain weight per plant (Ym)'
NowI would like to sumnarize a few things about the modelby referring

to the graph of the function en page 12. Given the parameter estillates, let
us see what the parameter values tell us. At time t - 49, the calculations
tell us that the estimate of average dry grain weight per plant is a little
more than 120 grams. At time zero Y = 1~ 8 since rho raised to the zero
pcMerequals me (p 0 •• 1). At time t very large (t .•.l»), Y •• a since rho
(0 < p < 1) raised to a large power times beta tends to zero. Thus, the param-
eter alpha can be thought of as the primary parameter. Alpha md beta together
detennine the initial level. Rhocan be canprehendedas a rate of grCMth
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parameter. If rho is substantially less than me, then a rapid rate of
growthis indicated. Growthat a slow rate is indicated if rho is near 1.

Before I ask for your questions, there is one rore item that needs to
be rentioned. The growthmodelprovides us with a forecast of the weight
per unit. Wealso need to forecast the nunber of units at maturity. To do
this, we first estimate the nl.mDerof plants per acre early in the season.
Thenwe use a survival modelwhichexpresses the dependenceof a survival
ratio on time (see page 13). This rode1 is adapted fromthe growthroode1
by imposingthe additicna1 constraint that for t = 0, Y IIDJStequal 1. This
assuoos that at time zero all plants have the potential of having grain
at maturity.

Nowlet mebriefly sumnarizethe application of within year time re-
lated 1000015. Theestimated nunber of plants per acre early in the season
is adjusted for survival based on the forecast survival ratio. This pro-
vides a forecast of the nunber of plants per acre with grain at maturity.
This forecast is then multiplied times the forecast mature grain weight per
plant to provide a forecast ~f final biological yield per acre.

New,I wouldlike to answeryour questions about the within year models
or perhaps questions concerning the data collection that goes with it.
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mDEL FORM

Y -a+BX+e:m

Based upon knowledge - Experience - 'Previous Researck

PARA.\IETER VALUES

Y z: a + 13 X
m

Based upon a least squares fit of data (X. Y. pairs) from~, ~

field surveys in previous years

INDEPEl\1)E.'IT VARIABLE VALUE

Y = a + 13 Xm c

The X value eX ) comes from a survey (conducted before cropc
maturity) in the current crop year
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~DIEL FOO:.!
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1 + a (p ) t

Based upon KnONledge- Experience - Previous Research

P.ARN,IETER VALVES

CL
Y = ----

I + B (~ ) t

Based upon a non-linear regression least squares fit of

available data (t. Y. pairs) from a survey in the current
1, 1

crop year

INDEPE~DE~"T VARIABLE V1\LUE

The t value (t ) is a specified value or range of valuesm
that cor:espond to crop mturity. KnC1ringthis value is

• A

based upon knowledgeof crop development. Ymis the fore-

cast for the response variable at maturity.



_. _ .. ~ _ .. _.AVERAGE GHAIN l'lEICUf PER Pl.JWfvsTum

••••••••••••

••
•••

•••••••••••••••••••••••••••••••••••••••••

••••
•

••••---..- l
•

~ ..- --..---------- --.---- .

- '160 .0(100'11)00 •,,,
I
I

. I
I
I
I

120.1I0nOnOOO •

••••••••••••••••••

•

AVETV\GE

GJu\lN

WlIGI IT

PLR

PLANT

0.0

•
I
I
I
t'
I
I
I,,
•,,
I,
Ir _.,
I ••••••
I •••
•

.'

••

•••

••••••••
•

.••...••--.&. .•

I~
N
I ...

1-----· ---.---.-----.---.-----.------ •. ----------- •. ----.----.----~---.-------------------.----.--.--.--------.
19.00000000_ "9.00000000 a9.0noooooo

._~•. - - -
q '" f"



\..~ -- --- ---.

- - ·l.ooounoOO • •
I
I
I
I
I

·1
I
I
I

-0.99501)000 •

SURVIVAL

RAT 10

•

-
•

•

•

•
It

•

SURVIVAL RATIO....-----.--- ..--.---- VS
DAYS

- I 0

;
(

I
I-'
(,.l
I

-0

...•.

••.__. __. 0_- _
•• -..

ct ••••
• * •••••••••••••• ~*••••• ~•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• !

0.96:,OnoOO •
I
I
I
I

_. .. 1. u _._ •• __

I
I
I
I

O,YtlOOOOOO •

It

•
It

•
•..

I---------+----_·_------------·_------------------·_~·.---------------.-------------------.-------------------.--- ..
9.COOOOOOO c9.00000000 ~9.00000000 "9.00000000 89.00000000


	page1
	titles
	, I 


	page2
	titles
	.• 


	page3
	page4
	page5
	titles
	1-----··· -- 


	page6
	titles
	, 

	images
	image1
	image2


	page7
	titles
	c 
	---------.- _.-.- 
	------------ - - - - - 
	..•.•.... - - - 
	, 

	images
	image1

	tables
	table1


	page8
	images
	image1


	page9
	images
	image1
	image2
	image3
	image4
	image5

	tables
	table1
	table2
	table3


	page10
	images
	image1
	image2
	image3
	image4
	image5
	image6

	tables
	table1


	page11
	titles
	Y = ---- 
	I + B (~ ) t 

	images
	image1


	page12
	titles
	vs 
	• 
	~ .. - -- .. ---------- --.---- . 
	• 
	•• 
	•••• 
	• 
	• 
	, 
	r _. 
	, 
	• 
	• 
	• 
	• 
	• 
	• 
	... 
	1-----· ---.---.-----.---.-----.------ •. ----------- •. ----.----.----~---.-------------------.----.--.--.--------. 
	._~ •. - - - 

	images
	image1
	image2
	image3
	image4
	image5


	page13
	titles
	- 
	- .. 

	images
	image1
	image2



