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CROP YIELD MODELS OF CORN AND SOYBEANS FOR

AGROPHYSICIAL UNITS (APU I s. IN

IOWA USIN(I MM MY M T WLJOQICAL PREDIC'IC}R.S

Introduction

Models were developed to investigate the hypothesis that prediction of

yield from monthly weather parameters would improve if the basic area for the

model became more homogeneous with respect to agricultural enviromnent, soils

and climate. The homogeneous areas, or agrophysical units (APU's), are

groupings of counties. Models developed for APU's are compared with similar

models previously developed for the crop reporting districts (CRD's). Eight

APU's for Iowa, shown in Figure 1, were defined in a memorandum of understanding

from Stromnen and Dragg ( January 10, 1980) .

Data

The basic meteorological data were monthly average maxim= and average

minimum temperatures and total precipitation for all of the available coopera-

tive stations. These data were used to estimate the monthly average temperature

and monthly total precipitation for each count;; !n the state. This task was

completed at the University of Missouri - Columbia, Awspheric Science De-

partment, under the supervision of Professor Wayne Decker. The methods

(Thiessen and inverse distance) were briefly described by LeDuc (1982). Since

no significant difference in the values produced by the two methods was

detected, the computationally simpler method, the inverse distance method was

used. These county data were then averaged over all counties within each
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APU to obtain an average monthly temperature and total monthly precipitation

for that APU.

Variables considered as predictor variables in the models are the same as

those considered for the CFO's models (Motha, 1980; LeDuc, 1980). The trend

variables are also the same. For the soybean models there are two linear

trends; the change occurred in 1961. For the corn models there is a single

linear trend.

Method

The method for selecting variables was sLmfl.ar to that used for the pre-

viously developed CRD models. :k preliminary correlation analysis was done be-

tween the yield with trend removed and the predictor variables. This was used

to determine which variables to consider. Stepwise regression with stepwise,

backward and forward selection was used. The selected variables were examined

with respect to the sign of the coefficient, the agreement of variables selected

for adjacent APU's and the statistical significance and correlation among the

predictor variables. In some cases variables not selected in stepwise were con-

sidered for subjective reasons and the results analyzed. These additional

variables were considered because they were important in adjacent APU's. If no

variable was included for a month, including a period when weather might have had

a significant affect on yield, several additional variables for that month wean

tried. These variables were not included in the models unless the coefficients

were statistically significant in the Hall season model. This full season

mdel is developed separately from the truncated models, i.e. models which used

variables only through a specified month for each of the APU's.
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Discussion of the Models

The staatistical details of each of the models are included in Appendix A.

The truncated models, i.e., models using variables only through a specified

month, for each of the APU's are included. There is also a separate model which

incorporated observations from all of the separate APU's, cross sectional data.

This increased the number of observations available to select the variables

ar_d to estimate the regression coefficients. in this model a dummy variable

is corsi(.red for inclusion for each APU. This allows for a different level of

yield for each APU, but assumes the same impact of the meterological variables

on yield in all AMU's. The statistical summaries of the end of season models

for soybeans and corn are included in Tables 1 and 2, respectively.

The production and harvested area data were available for counties (Cotter,

1981). Fbr soybeans data were from '950 through 1979. For corn, the data for

"corn for grain" did not begin until 1956. Prior to that, production and

harvested area data were only available for "corn for gra:n." Kestle (1982)

used a statistical adjustment to provide the yield of "corn for grain" from the

yield of "corn for all purposes" for six years, 1950-1955. The statistical

adjustment was based on 1956,  the only year both sets of statistics were

available. These data increased the sample size by 25 percent. The calculated

yield was the sum of the production over all counties in each APU divided by the

sum of the harvested area for those same counties. The observation for 1970

was not used to develop the corn models in some areas because of the devastating

impact of the corn blight on yield.

Development of the Models

The d,^rived meteorological variables developed as potentia; predictors in

the crop yield models are the same as those considered for the CRD models

(Motha, 1980; LeDuc, 1980).

The variable PET (potential evapotranspiration) is calculated using

Thornthwaite's method (1948).

0
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The ET (evapotranspiration) and EMT (climatically appropriate eva-

potranspiration) are determined using a hydrologic accounting procedure devel-

oped by Palmer (1956). Software for calculating these variables is available

for the Statistical Analysis System (SAS). Documentation and code for the soft-

ware are available from Dr. T!»mas Phillips at the C-s nter for Mwirarmmnentnl

Assessment Services (CEAS). Restricting the variables considered as predictors

was deliberate to allow evaluation of the difference in models (i.e. comparison

Crop Reporting District (CRD, versus Agrophysical (APU) resulting from a

change in the basic geographic unit for which yield was estimated. Other

variables, such as monthly average maximum and minimum temperature were

available fcr consideration in the models but were ignored when selecting

variables for the models.

Models

The -_-jdels are described in Tables in Appendix A. Figures displaying the

yield and estimated yield from the model for the end of the season are included

In Appendix B. Appendix C includes the data used in estimating the models.

Soybean Models

The soybean models (Appendix A) for the CRD's include variables for the

weather in September in six of the nine CRD models, the southern, western and

the north central models. September variables were included in models for 5

of the 8 APU's and also for the model which included all of the APU's.

The cumulative precipitation, the sum from Septemmber of the previous fall

through April ,just prior to planting, was a variable in four of the CRD models.

The coefficient was negative, indicating decreased yield is associated with too
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much precipitation during that period. None of the APU models included this

variable nor had April truncations. One of the APU models and the model for all

APU's included the squared deviation from normal of the cumulative precipitation

through May. The coefficient estimate wars negative in both models.

Other variables for the month of May Included in the APU models wet%-- preci-

pitation and evapotranspiration. The CRD models used temperature and the i
squared precipitation. Flor the June truncation the APU mmr dels included

variables which were functions of pctential and/or estimated evapotranspiration.

The CRD models used temperature in the June models. Flor both types of models,

the July and August variables were largely functions of the evapotranspiration.

August and September are important months in relating final yield to the

weather. The variables included in the models are significant and explain

much of the variability in the yields.

The explained variance (R2 ) for the final truncation of the soybean APU

models ranged from 77-95 percent (77-98 percent for final CRD models). In the

models which combined all APU's there were three APU's found to have a signifi-

cantly lower level of yield (APU 141, 243 and 260) as indicated by the negative

coefficients for variables D1, D4 and D5. The coefficients for the trend

variables changed with the various models. The estimated increase due to trend

is similar for both APU and CRD models. The estimated increase due to trend

from 1950 to 1979 ranged from 7.4 q/ha in APU 251 in the south central to 13.4

q/ha in APU 260 in the northeast. Comparably, the range for the CRD models is

from 7.4 q/ha for the southeast CRD to 13.5 q/ha for the northeast CRD.

Corn Models

The statistics for the truncated corn models for the APU's are included in

Appendix A. The models for the full season model are summarized in Table 2.
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There were only two AFU models with a May truncation. One indicated that high

temperatures in May were associated with decreased yields, the other that

decreased yield is observed when May precipitation is high. July is the met

important month in both the APU and the CRD models. The July variables for the

APU models are functions of potential and/or estimated evapotranspiration.

June potential and/or estimated evapotranspiration also appears to be

significant in many of the models. The end of the season model for APU 242 had

a variable for April, the ratio of precipitation to potential evapotranspiration

for April, and three models had variables for August.

The CRD models also had emphasis on the July variables. Cumulative preci-

pitation for September through June ..r included as a squared deviation from the

mean in three CRD models and in one APU model. One CRD model contains cumula-

tive precipitation, September through June. An April truncation is not included

for arty of the CRD models and for only one APU model.

The explained variance (R2 ) is somewhat higher with the APU models (88-95

percent) than with CRD mmdels (67-91 percent). The estimates of the trend coef-

ficients appear to be higher with the CRD models although the differences are

small. The increase in estimated yield due to trend ranges from 34.8 q/ha to

48.9 q/ha for the APU models for the period 1950 to 1980.

Three APU's (141, 142, 251) were found to have a significantly different

level of yield as indicated by the significance of the coefficient of variable

Dl in the model for all APU's.

7
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Summary

The variables of the APU models found to be significant for the APU models

are closely related to those found to be significant for the CRD models,

temperature or evapotranspiretion was determined to be significant for the

same month In the same geographic area. The functional form varied slightly

as did the amount of variation explained. Structurally the models are similar

by construction with differences being in the predictor variables se]ected.

The estimated contribution due to trend is similar for the two types of models.

The amount of variation explained by the APU models for cc ,-n was somewhat higher

than for the CRD models. Selection between these two types of models will be

made after the APU models have been independently tested. Differences between

the statistics of the mdels (APU vs CRD) deg:eloped from historic data are not

significant and do not determine a preference toward one type of selection of

one geographical unit as the basis for models. Models for both types can

be improved. The initial, attempts can possibly be improved by evaluation of

the trend through use of different 11nea.r trcaids or through incorporation of

estimates of the components of technology, such as crop type and fertilizer

application. The extent of this improvement will need to be determined in

future- model development. The evaluation of the current APU models anu' the

comparison of the two types of models will be determined on the predictive

capability since this is the intended use. The comparison of the regressions

for the two types will be based on a bootstrap test procedure. Results will

be presented in a later report.
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0.019 49

4



ORM3INAL PAGE IS
OF POOR QUALITY

IOWA SOYBEANS NORTIWESTERN CENTRAL AOU 241

NOOELI	 SEPT	
0	

34.4482	 F RATITO	 4167DEP VAR: YIELDOMS 	 1.497711	 PPROBaF	 t1.0a01

	

EE qq	 TT	

SQUARE	 u.9270

VARIABLE	 OF	 PESTIM4TE	 SERR04	 T RATIO	 PR08 >ITI

IS

NjEEPT

	

	
0:41 8a989	 0;077547	 t^ •3875	 u.pp 2S6

th

aruft	
5	 0 pp46422 7	 6'4 14	 u.00

"'wr

0

	

—.00
8929 44

341
236 .00001740155	 _	

305	 u.0pp

j

T

p9	 0. g4g 0
77
87	 0.0 8949	 19830	 u.067p

 9 1	 0.9 7	
.9555	 u.0 8

	

3. 0480	 15.3379	 u.0
0202	 u.0;

 oils

	

1.34866	 2.	 2

5



ORiuINAL PAGE 13
OF POOR QUALITY

Io%#A SOYBEANS NORT4ERN • CENTRAL APU 242

MODEL:	 TREND

DEP VAR: YIELD
OF
SSE

MSE

70054673
 28

2.534095

F RATIO
PQOB>-
R-SGU-RE

63 21
u.0ap1
0.8187

VARIABLE OF PESTIMATE
ST ANDARD

T RATIO PR38>ITI

jNR EPT
NO

0.356743
0.338

0:09'3381
0.056381

3.7533
6.0082

0:0008
000001

MODEL:	 JUNE

DEP- VAR: YIELD

SS"

MSE

57.756527

2.139134•

F RATIO

R-SQUARE

51.98

0.8524

VARIABLE DF PESTIIMMATE SERROR. T RATIO PR38>ITI

RO
EPT

1

0. 54 60
0.342606
0.062361

0.05182205
0.087377

0.025106

4. 57
6.6110
2.4839

0.0 04
0.0001
010195

MODEL:	 AUGUST

DEP VAR: YIELD

SSE

MSE

379715712

1.450606

F RATIO

RmSQUARE

60 94

0.9036

I

VARIA

C

BLE DF
PARAMETER
ESTIMATE

STANDARD
ERROR PRDB>ITI

TRENDIEPT
RNNO2
T
T6

1 0.323202
0,3615831
0.071914
0.0688417

0:072447
0.043132
0.020834•
0.018407

T RAZZTI1O

4:4b12
9.4817
3.452
3.716

U:0001
0.0001
0.0019
u.00 0

MODEL:	 SEPT

DEP VAR: YIELD

S
D
MS

27.246535
24

1.135272

F RATIO
PROS>F
R-SQUARE

53.45
0.0001
0.9304

VARIABLE OF
PARAMETE R
E E

STANDARD
ERROR T RATIO PRD8>ITI

INTERCEPT

iTR NO2
E
T
T

E^Q$9

1 -11.670862

0.36 668
0.086894

6364
- .009.43

50705

3.608922

0.038336
0.019120
0

.00020 5977

-3.2340

9.5409
4.5446

2;6256

0.0035

U.0001
u.00$

U:014^

6



E 13OftiGiNAd. pUALIIY
OF POOR Q

!

I l)NA SOYBEANS NORT-1EASTERN CENTRAL APU 24J

M(IOEi_:	 TREivti qSF 54•.631)oU2 r"	 .-J:iTT7 47.94

DF P Vao:	 YIELD iSc 2. :1JA417. u.k-/4b

p ar?4 1FTcc> STA`l,a..	 )
VaRIA g Ur OF ESTT-lUF F..4?0 : T	 TT:I > I T

I N, TEPCE O T 1 5.,4?.1745 2.49j72 u.uJ67
T4ENn1 1 !).351425 0.0R07b.i 30^47?0 u.ODU6
TPENT)? 1 0.4393,37 0.053S11 ,3. 1149 u.uuul

MnOEL:	 JJNE SSF. 55.64,3 47 F gITTO 71,.5
.)FF 27 p-"),1>9, u0uuul

DFO VA4:	 YIELD ASE 2.061	 34 4 - s')o 1 R t c4 -Y,2

PARA"ETE D STA*,10-,+q)
VARIARLF OF ESTT .I ATE EppO^ T kATTO Pw j8> i T I

INTERCEPT 1 -1.649753 4.1?9.;73 -0	 3903
TPE NN 1 0.3553'34 `l.1K5 ,3!7 4.17	 7 u.Uuu3
TOEND? 1 0.430124 0.051 ;44 4,4"' 3 u.0001
PFT6 1 0.:)55324 0,026141 u.0+b4&
-----------------------.& ------------- - ---------- -----------------------

MOOEL:	 AJGUST SSE 35.90d-db F	 ?' T v () 37.30
,'1FF 25 P?) u.0001

DFo VAR:	 YIELu 4 S 1.377%65 w-SIJAPE u.4s07

P4,2A 4ETE-? r	 eAK40-,23
VARTA 14LE GF ESTT'•+,T* I: L? T	 4dTTO Pw.15> I T I

I NMERCE O T 1 -11.51'3533 4.277	 b? - ?.71 ,5 u.1116
TOE'•i01 1 1,3?0457 0.070`63 +.h"'1 u.0uul
ToENO2 1 ,1.456312 0,042-;;7t 1).7:^313 u.0J01
Pc'TA 1 0.163?30 0.0?1,47 u.0u7H
E T 9 1 9.045597 0.022b53 3.794 u.0Uum

WnDEL:	 SEPT ;SF 23.45433? F 4ATT1 44.13
OFF 24 >c' u.10ou1

DFP VW: YIELj IS,: 0.977 9

PaRi•+FTEa STA.I^).P-)
VARTA^iL F OF ESTT '•1TE =»)a T	 2 =•T T i1 ;J•.	 )9> IT I

I'iTERCE P T 1 6 Al.47^5 =5; a 50. ,174	 4-, >. 7?? 1 u.i. ll^-
TPE'101 1 0	 .1;?7,391 0.060 b» x.405,3 u.0uu1

'	 TaEiIO? 1 0.~73,177 (1.03,315-1 1?. 3 15 45 u.0001
ucTl5 1 O.i14H590 0.111'4f :)) J.-i7u.1 0. !!1o4
FTa 1 1) 4.A ),^19 '1'5 3 u.uJul
ir)r) y 1 +'-4, 4 4 1?(-.c. 17.-)52 111 y u.Ulu4
FT,4 A T9 1 -9.7144;4 3.5?2o 4•) - %,7^, ;)1 u0utu-

7
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IOWA SOYBEANS SOJT •IERN CENTRAL APU 251

MODEL: TREND
DF1`

108.0485JS
FRRATIO ?0 71u

DEP VAR: YIELD MSE 3.858979 P, -SQUARE 0.6192

STAND ARD
VARIABLEVARIABLE DF PESTIMATE f RATIO PeoB>ITI

TRNS

EPT

0.23713 0.895 .416 u.020
•- -•---••-•••-rrrrr- -- -- rr r •- r rr rrrr- rrrrr -- -- rr- • rr - r r -rr r r rrr r r --

MODEL: MAY
RE

106.045029 PROB>FO 5-
U10a01

DEP VAR: YIELD MSE 3.927594• R-SQUARE 0.6262

PARAMETER STANDARD
VARIABLE DF ESTIMATE ERROR T RATIO PR38>ITI

E	 EPT 0^2170S p6
;4953 0;0190

IN NS 0	 96 8
J&

071027 .2376 u.0032
R 

N
PODS 1

299
-0.00 73008 0.00422912 -0.7142 0.4812

MODEL: JUNE
OF

---•------••------------------------------•-------------r---------------

92 .122439
PROR>FO 0:0	

2
1

DEP VAR: YIELD MS 3.5431f^1 R-SQUARE 0.6	 3

PARAMETER STANDARD
DF ESTIMATE T RATIO PKJ8>ITI

i

VARIABLE

NO
EPT

TR 1 0:308481

ERRORS

30.11313
3.3048

u.01

PO YO
1 0.2232236 0 067524 0.0023

1 - 0 ^0^OE1518
O.O

0,02 016 1.9823 0:0881ET
--•--•--------------------- ------------------- -------------------------

MODEL: AUGUST
aS

60.6932§ PROBA>IO

017801DEP'VAR: YIELD MFFS 2.4277 1 R-SQUARE u.

SEANOARD
VARIABLE OF PESTIMATE RROR T RATIO PRDB>ITI

I
N "13.070348 5.609725 -2.3299 0.0282ERJEPT
R N 0.322396 0.093726 3.4398 u.0021
TR yyS

EDT 
5

0.204 gŷ7

0.086143

0 0561164 ,

O O 00025302 3.4046

_3.6341 0.00113

u.0023
E8 1 10.118020 2.812091 3.5980 0.0014
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ORIGINAL PAGE IS
OF POOR QUALITY

IOWA SOYBEANS SOJTMEASTE44 APU 252

MODELS	 TREND	
DFE	

89.427989	 F RATIO	 47 33

	

9	 PROS),	 0.0801
OEP^VA ►QS YIELD	 4SE	 3.193355	 R-SQUARE	 5.7717

VARIABLE	 OF	
.P RAMETER	 STANDARD

	

ESTIMATE	 ERROR	 T RATIO	 PR08>ITI

INIEJJEPT	 1	 3 58	 2940	 3:78717	
0.0 49

 e ^^^	 0. 632 6	 NP32	 5.000 1
rrrrrrrrrr rrrrr r rr r r rrrrrrrrr rr-rrr -rrrrr- - r -rrr - - -- - - -r r • r r -rrr - --- --

i rMODELS	 JUNE	 S	 79.82177	 F RAT O	
031801

DER VAR: YIELD	 0M	 2.95632262	 R-SQUARE	 u. 963

VARIABLE	 OF	 PESTIMATE	
SjAN04R0

	

tRROR	 T RATIO	 PR:)B>ITI

I

N E EPT	
}	

4. 99J1 ;JS	 4.Q0533 9	 .8 5	 u.4g00

R N	 1	 0. 23 	 0.061 6	 6:0 9	 u:0001
ETEr	 1	 0.051996	 0.028945	 1.8026	 u.0926rrrrrrrrrrr-••rrr- rr r - r rrrrr-r r- --- - ------ r -- r-------- r-- r r -rrr - - - - -- -

MODEL:	 AUGUST	 SSE	 69.651056	 F RATIO	 30906

	

F6	 PRS'>F
OEP VAR: YIELD	 MSE	 2.678987	 R-SQUARE	 0,8222

	

PARAMETER	 STANDAR"
VARIABLE	 OFOF	

-

ESTIMATE	 ERROR.	 T RATIO	 PWDB>ITI

ii

TRNOI	 1	 0:259036	 0:0982 6	 x.6374	 u.0139

TR
t ND2	

111
	 0.344679	 0.060015	 2.74?.2	 0.0001

E86	1	 4;784751	 2:455519	 1.9485	 0:0622

DE REVAR: YIELD	 MS	 21.13201	 R-SQUAARE	 5:9338

VARIABLE	 OF	 PESTIMATE	
SjAN04R0

	

tRROR	 T RATIO	 Pci08 >ITI

INE
p
RC

1
EPT	

0

1	 810.
2
25235

9
7	 186.02692

1 	3
4.3556	 0.0002

RND2	 p:386775	 0: 6451&99;4475	
01u^00i

Ti	 0.054720	 0.01949?	 2.8074	 u.sl 0
8	 4 944258	 1.606 3	 3.0794	 0.00 3

xaD9	 1 -0 ^57^79J
304

 ^ 00 1301673^9	 4;3870	 1:0002
ETHAT9	 1	 -10.6992	 2.4324+30	 -4.3540	 u;0002

9
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1;)W A SOYBEANS v04THEASTEPN APU 260

w r)E( - : T^EN)U 1+14, 11 a!74 F	 { ATTI 77.47
OFF_ PPrl-+>: u.0uul

DFO V&P: YIEI.L .41; 3.71h,4y y-5 ?uJ	 p t u.^+oI

PA^>4 A ETF4 STA•)U.P7
VA PIAdLE OF ESTT141F. ^O40 T	 4a T T J a„j3>ITi

I kl TEPCFPT 1 1.739341 3.172.334 ^. 14 12 4 i. 5i 17
TvEND1 1 n.+>7 o0S n.1151y1 ,.714-1 J.+)1)(1-)
T y E NV02 1 0.41,3+71 0	 O'Sc+-' y -^ 7. u.Uuul

MODEL: JJNE SSF a3.a9147n F
IFE GS P^ )^>c u,i)Gul

DFv Vea: YIE1 V +S F 3.?>^r 4a =_5^i)r9c u.3lol

P AP4 4 ETEP ST4^10.P)
VaOIAaLF OF ESTT"ATE EagriL' T q" T r O Po )d>ITI

T Po 7FPr,F*T 1 23.17345P 11. S Q 3717 1 . agaa ,t, kl;bi
Ta c " 1 01 1 n.343-+5^ n.In3+yl 3	 4 u.;3•j1?
T-PFn,n +-1331,1 u.16t,7; 1	 1 u.u001
E A 1 -25.754)1=, Io.A3472^ -,..s7 ;I 0	 0;oni
ETE 1 0.046037 O.n34 3b 1. 14')1 U.lyl^

MnDFL: AJGUST ;SF '^2.59257C F	 -?	 TT II .u4
)F: 2 -D u .GuuI

JFV V9P: YItLU MSS d.^i)'jYu3 K- S):!'4r_ u. -oi

^a9a eET^a ;T_Vr)-:?^
VAPIA3LF fJF ESTTm.;%TE r7 q Nn: T	 :.',T TI GwJr3> I T I

I . ;TERCE 0 T 1 ?0. 1] i?45 10.)47 u.J:)4+)
TQE'aDl 1 0.374 .6e o.n95/t+ .3.41 u.'oiUr
T c E` i n2 1 0.'.95J>> 0.05663 1.'1 u.00u1
E6 1 -33.1 4^3i43 9.+ 60 4 1+ -3	 S^i u.OucS
ET6 1 O.1)AI?43 0.0104yJ 1.37.1 v.u/14
ET9 1 ;).N)7y?F,4 0.07/173 ;j	 I- 14 0.uu<<+
---------------------------------------------------------------------•--

MnDEL: S --- PT Sic 33.lh F	 + I T 7 1 5c.ii2
DE O VAP: YIELD

)F ; 2?
1.544	 4-.'

o^.	 {>c u.^0^1
U.> +y-

VAPIA3(_ c OF
oa4'A' ►. TF1

E i T T •11TH
r;T!-0--^3
:oor):

T^ TEPCFOT 1 a?2. ^3-4 r;? 332.341 421TDFMr)l 1 i.;^ ►;1	 i.. 0.177TcFn n7
F" 1

1
. ^ 1>»7

2x.5•)4
1) . n4-('

- 1.u44,7a
ETa 1
x!ID9

^1^wh1u. ^^.n^31b-
1 -)5.333-i37 ?3.;P,+	 5^

FT-14T9 1 -1?. 771'35 4	 s

1

-__	
10



ORIGINAL P44 '
OF POOR QUALITY

IOWA SOYBEANS STATE M30EL FOR ALL APUS IN STATE

MODEL:

 YIELD	 M5	 40265718	 R4SQUARE	 u373I4

	

PARAMETER	 STANDARD
VARIABLE	 OF	 ESTIMATE	 ERROR	 T RATIO	 PQDB>ITI

R NRjEPT	

7.309884	 1.24 95 7	N898	

u^000

8	 8.9 1 	8.82	 s	 1.	 .8$$
p 1 	 - .

1
2477	 0.4063 	 •3.0706 0.0024

05-	 - .34898(y 	0.40635	

•

-8.7806	 0:0001

MODEL:	 MAY	 SS	 970.7023615	 F 
oo
RATIO	 122 82

DEP VAR: YIELD	 MS1	 4.027311	 R-SQUAREOHO

VARIABLE	 Df	 PESTIMATE	 SERRORR3	 t RATIO	 P438),ITI

NER EPT	 7.274524	 19174505	 6.2937	 010001
R N	 . 5 69	 04 5 2 	8. 966	 U.'' l8

j.^OH
R NS	 0. 6 73	 0.0	 7 	14.433339	 u.

-	 0. RM 	-3.5104
1	 - .1176990

0o1
	 0.3394985	 -2.9806	 0.00032

S05	 -.000b 38353 0.00 0060948	 -3.9108	 0.08 

040DEL:	 JUNE

 YIELD	 MS	 903.771 76	 R-SQUARE	 017702

	

PARAMETER	 S ANDARD
VARIABLE	 OF	 ESTIMATE	 RROR	 T RATIO	 Pp38yIT1

rR
TERCEPT	 1.479322	 1.796444•	 0.8235	 u.4111

ENS2	
0. S465	 0.0414,	

14;9 86	
U;0 0C uc  	 1 41	 0.^^4 4•	 -3.4

	

.8348	 3	
3	

u.0062

	

0^ - 
20552	

0. 
819929
	 769	 0
93
	 -x..

Q5 
5	 -.00 a20i}42 .0000b94538	 -3.48	 0.0001QSO	

1	 0.046284	 0.011111	 4.165	 5.0001

11



ORIQI^R ^A ITY
OF t

iOWA SOYBEANS STATE MDDEL FOR ALL APUS IN STATE

DEP VAR: YIELD	 M5	 713.000313	 R- OUARE	 038180

VARIABLE	 DF	 PESTIMATE	 SERR07R3	 T RATTO	 PQ38>IT!

RNEPT
	

0:62998	 0.036987	 900734	 00000

	

5890	 0.02174.3	 16 282	 0.000

Isis
DI -1.04350p34 0.34415009 -3.8g02229111 u.002i7

	

5 -. 016/79971 .00006141781	 -6'S7o2	 u:0 0 1 00 6?4323	 3 209	 4. 0	 u. 0
ET	 0.065346	 0 010198	 6.4079	 u.0001
PD? 1 0.019444 0.00145524.7 7.9195 0.0001

MODEL:	 AUGUST	 S	 583.152294368	
F 

pp
RATIO	 1522.018

DEP VAR: YIELD	 MSl	 2.450222	 R- OUARE	 008280

	

PARAMETER	 STANG AR:)
VA	 PADS>IT

R

RIABLE	 DF	 ESTIMATE	 ERROR	 T RATIO	

1IERCEPT	 •7 9

REN01	

.32508	 -1 ,684489	

4

	

. 3

569	 1.9396	 0 0001R N	 0.38734166	 0.00139450	 9.969	
u. pp1

11	 - .784686	 0.313291	 - .504 	0.0129

84s 	 - . 0189237	 00p.31011137322 	
-_7,15 311	

0100001

Fps
	-.00$60637956 

. 0?0092187377	 b093R7	 0:00011
CCPO

TT	
1	 0.015919 0.002269462	 7.0144	 u.0001

E?8	 1	 0.053462 0.007231397	 7.3930	 000001

MODEL: SEPT	 OEE 564.548437F	 RATTO
	 040x66

DEP VARi YIELD	 MSE	 2.3820631	 R-SQUARE	 0.856

	

PARAMETER	 STANDARD

I

VARIABLE	 DF	 ESTIMATE	 ERROR	 T RATIO	 PR3B>ITI

TREND EPT
	 i	 -7.805361	 1,661313 	 -4.6983	 0.000

	

1	 0.326006	 003 	 9	 9.8524	 0.000
TREND	 1	 0.3668393	 0. 19914502

0	 18.940$	 U.OQ^

	

•0777675	
0. 0

0
5179	 -.11^,g6	 0000000

	

Is
ps-0.00; 874573 .000014762361	 -501479	 0000

 00 q9 '^	
0002 44x44	 §08n?17	

00000
T8	 0.0 5031 0.0074213	 x.81355	 0.0:10

5T9	 1	 0.025623 0.009168437	 2.7947	 0.0056

12



ORIGINAL PAkc i-I
OF POOR QUALITY

VAOIABLE LAdELS

TQERIn - I IF YE R c=19 149 nu Yr Aw-1x44 IF Y 4ZI>1y4iv

MP4 - PR =CII'N TA.10 ,, i/ pET Fna 40PIL
oU5 - PRNPITATI0" .1 rnW ,.iev

XOOS - TEMPERATURE OEVIATl f)4 Fi).+ eNY
ETHAT6 - CLIMATICALL Y AOPKOPRIaTE 0!1TENTIA_

EVAonTRANSPT4ATI0: •, F0$4 ANt-
X006 - TEMPtRATURE dE.VIATIn•,i F U T.( J;ir417_
Qp506 - S2UAkEO PRjCI D ITATin • 1 ")cVIATI) II =0k MV
ET6 - EVAPOTR4 `JSP 44TIUv 74 !^1•::
MRT - PR vCIPITATION/ oFT FCa JULY
E7 - ET/ETHAT F04 JU Y
0EF7 - TEMPERATURE 0 -V I AT I0't- DET FOR )UL r
ETP 7 - ET/PET FOR JULY
Pod - PRECINTATION FOR AUGUST
EA - ET/ E THAT FO B+ AUGUST
XOOR - TEMPERATURE UFVIATIn'1 F r)k AuGUcT
P09 - PREC I P I TA T I ONr FOR Al!GUS T
01 - DUMM Y VARIA yLF• 1 IF aR :J=141 nK Q pU=1+! Ok APJ=ZSl

13
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ORIGINAL PAGE IS
OF POOR QUALITY

MODEL: T?t mu .ti= C^	 ,..:>> ► 	 - L. T t') ,•b •,)II

DFP	 VAN: Y1G1u ^- 7 ^.li^ ^^'l ,•^ 1I	 C- ,.• C.>

r,
vaa1A•i1 - E 'IF i 3	 r = , T	 ..

1 .,Tf af'FOT a.	 -

-	 --------------------------------------------------------- --------------
ur,OEL: WLY In	 7	 c •	 .1	 T	 1 -)'..	 I',
QFP	 /La: YI[1 • J ti= :'n. 37»1/ .^I»

r ,r^''	 :.
Vo G IA I LF ':F ,I	 !	 ,T' ^u=	 .-. T'r; ^^,J,>11	 I

I	 TF4C^ ^T 1 -^''. / 1 / -^^ i ^.1-ijiai ->.>>ly /.,	 1 17
T D F\, ,) I I.^^•.	 • 1' ".1' ► ^_1,:) Ic'.^y"f J.UJJ1
7^

F7 I ^c'.l^^li~ 1[. /r^4uy 4.^.gvl i.uut.1
1 c.. J7	 ;,,1 ,.,)1 , /u 1 . s!% ,A u.u.3u"

14



ORIGINAL PAGE. IS
OF POOR QUALITY

yO I)EL: T;t.%L SS.. G7S^.Ic= :	 ..•	 I	 r) +,.c•.
MFG +:.1->= J.^)Jul

►JFD	 Vt1N: YIEI L +ti^. ++. 7Srr '^^ ^^1 I'I •	 r= J.^^^'^i

^A^t•,. _TEZ r4 Q44U
V T	 I "'^.J 1> I	 i	 I

I`TEQCE c)r 1 ln.1^.	 l 3.:aa1•j, i	 7^
T- ED l l 1 l.c +r l l' ,. i^c+ / J.	 lk.ul

M()DEL: .)'J",F ,cc L••4?.ra T

O FO VA N : YIL LL) IS. 14 J.i011:•V1 = rSJ'J'P^L J.`^LJ0, 	 - rc , r Avu K
VAPIAdLF OF F	 f?	 lr' r.-1-V0 f	 't.rTl 04"1	 =11 I

I*,l T ERCE P T
T*r)

1 1.17^17h 1 /.^1 />7.. ^. Ih,3 u.y.ol
1 1.^'+l	 l"l' J.	 ,#? Id! ,.yh^ 7 u.JuuI

ET5 1 1.`	 17-)^ (1.ljr/H^ 1.^1	 ^-+ u.l+u3

MODEL : IULv ., 7-7 ^TTO 51.b)cF u.uuuI
OEP V4w: YIEI.0  1u.^5^lyr -^ '^1	 ?t J."7o:,

D Ato A IF T-:' 4 GTq•i')
VAQIA3LE OF ESr141iit EDg01 T	 TTr^ ,u^.:>ITI

I ► 'T F QrF '>T 1 - Q-	 J A	 7'i 1 e..a 7 ^' ^ 1 1 -`. { c ' 1 u. uuu l
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