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INTRODUCTION 

The purpose o f  t h i s  s iuay  was t o  selec; mont3 iy  weatfief v a r i a ~ i e s  t h a t  

coula oe usea t o  es t lma te  y i e l d s  o f  t n e  A r y e n t ~ n a  soybean crop.  The soybean- 

growing area i n  Argent ina  i s  i n d i c a t e d  i n  F igu re  1. Most o f  A rgen t i na ' s  

soybeans a re  grown i n  a concent ra ted  area i n  c e n t r a l  Argent ina  where t h e  

c l i m a t e  i s  predominant ly  humid s u b t r o p i c a l .  The western edge o f  t h e  soybean 

area i n  c e n t r a l  Cordoba i s  semi -ar id  w ~ t h  warm t o  ho t  summers. There, d rought  

and h igh  temperatures can be a problem d u r i n g  t h e  yrowi ng season. The growing 

season begins w i t h  p l a n t i n g  i n  October and November and extends t o  ha rves t  f rom 

A p r i l  through June. 

METHOD 

Mu1 t i p l e  reg ress ion  a n a l y s i s  o f  y i e l d  w i t h  se lec ted  ag roc l  i m a t i c  i n d i c e s  

was used t o  d e r i v e  a s u i t a b l e  model. The reg ress ion  equa t i on  f o r  t h e  soybean 

model de r i ved  i s :  
A 
Y = + BIT + Bz(RDFN1) + B3(P-PET2) + E 

where 
A 

Y = Est imated y i e l d  

cx = Constant 

B j  = C o e f f i c i e n t s  o f  t h e  v a r i a b l e s  j = 1 - 3 

T = Trend 

RDFN! = D e v i a t i o n  f rom normal o f  t h e  p r e c i p i t a t i o n  f o r  January 

P-PET2 = P r e c i p i t a t i o n  minus PET ( p o t e n t i a l  e v a p o t r a n s p i r a t i o n )  f o r  February, 

and 

E = Unexplained e r r o r .  

Trend between t h e  yea rs  1969 and 1978 was determined f rom a p l o t  o f  y i e l d s  

as shown i n  F i g u r e  2. Both t h e  weather v a r i a b l e s  chosen r e f l e c t  s o l 1  mo is tu re  

a v a i l a b i l i t y  f o r  p l a n t  growth. k more complete d e f i n i t i o n  o f  P-PET can be 
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Figu re  1. DENSII 'Y OF PL.L.TED AREA IN SOYBE.LVS 1 9 7 7 1 7 8  CROP YEAR 
(Source:  "Agronomic C h a r a c t e r i z a t i o n  o f  the  Argentina 
I n d i c a t o r  Region") 
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Y E A R  60  6 5 70 75 80 

SOYBEAN PRODUCTION 

Y E A R  6 0  6 5 70 75 80 

SOYBEAN YIELDS 

Figure 2 .  P lo t s  of  Production and Yield Versus Year for 
Argentina Soybeans. 
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found i n  t he  Appendix. Large p o s i t i v e  P-PET values suggest wet condi t ions.  

I n  developing t he  models, var ious procedures of the S t a t i s t i c a l  Analysis 

System (SAS I n s t i t u t e ,  Inc., 1979) were used. The procedures used and the  

operations performed w i t h  each a re  summarized i n  the  Appendix. The selected 

model had the  highest R~ and included var iab les t h a t  were s i g n i f i c a n t  a t  t he  

10 per cent l eve l  and agronomical l y  meani ny fu l  . 

DATA 

Crop data f o r  Argentina from 1964 t o  1979 were obtained from the  Foreign 

Ag r i cu l t u ra l  Service (A1 an Vandagri th ,  personal communication, 1982). A data 

set  was created w i t h  t h e  year of y i e l d  as year o f  p lant ing.  Since t h e  growing 

season spans two years, the  crop data were expressed i n  terms o f  "year + 1" 

( o r  harvested year) ,  and the  meteorological data corresponding t o  any y i e l d  

included data f o r  t h a t  year and "lagged data" f o r  t he  previous year. 

The meteorological  data was created us ing t h e  general Argent i  na meteorolog- 

i c a l  s t a t i o n  f i l e .  This f i l e  was composed of data from several d i f f e r e n t  

sources, i nc l ud ing  t h e  Monthly C l imat i c  Data f o r  the  World and t h e  Se rv i c i o  

Meteor01 ogi ca l  Nacional i n  Argentina (R.E. Jensen, C.M. Sakamoto, and 

S.E. tlummert; August, 1974). Sta t ions i nside t h e  soybean-producing area were 

averaged by province and weighted according t o  t he  percentage t h a t  t h e i r  

province con t r ibu ted  t o  the  t o t a l  country production. F igure 3 shows t h e  

soybean-growing area i n  Argentina and associated s ta t ions;  Table 1 1 i s t s  t he  

s ta t ions  used and t h e i r  weights. 

The years between 1965 and 1976 (years o f  harvest)  were used t o  model s ince 

these years contai  ned t he  most complete meteor01 ogi ca l  data. 

PROCEDURES 

Weather va r iab le  selected from co r re l a t i ons  and p l o t s  w i t h  y ie ld .  These 

var iab les along w i t h  TREND were then t r i e d  i n  regression equations. The same 

models were a lso t r i e d  i n  regression w i t h  the res idua ls  o f  y i e l d  a f t e r  t he  
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Figm 3. Mve r d o r  agricultural provinces In !=ge?tir,e and 
Location of Meteorological Stations Used i n  the 
Argentina Soybean Model. 
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STATLOS KA?E 

BUENOS AIRES 

Pe rgamino 
Junin 
Nueve de Julio 

CORDOBA 

Villa Dolores 
Pilar 
Bell Ville 
Rio Cuarto 

Parana 
Bell Ville 
Rosario 
Casilda 
Pergamino 

Table 1. Meteorological Stations Used for 
the Argentina Soybean Model. 
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ef fects of trend had been removed (PROC GLM) as the dependent variable. The 

r e s ~ l t  w 2 s  t h a t  the models I n  which trend was included as a var iable fa i red 

3~t:2~ a n -  haa a nigner c o e f f ~ c i e n t  of eetermlnation ( ~ 2 )  i n  every case. ~t 

was aeclaed t o  keep TREND as a variable. 

The l im i ted  number o f  data years severely 1 i m i t s  the number of var iables 

tha t  can be included i n  a regression model by 1 i m i t i n g  the number of degrees 

of freedom. This influenced the choice o f  model considered "best" f o r  soybeans. 

; : . e e  variables, one o f  which was TREND, were considered the optimum w i th  12 

years o f  adta. The other two variables which best predicted soybean y i e l d s  

are R D F N l  and P-PET2. The coe f f i c i en ts  f o r  both were posi t ive,  which indicates 

a good moisture supply i s  needed dur ing flowering. Table 2 i s  a summary of t he  

s t a t i s t i c s  of the model. 

TEST RESULTS 

A jackkni fe t e s t  was run on the  model. I n  t h i s  t e s t  a year was el iminated 

from the crop data and the model was used t o  p red ic t  t ha t  year 's yield. This 

process was done f o r  each successive year from 1965 t o  1976. The resu l t s  show 

tha t  the model predicted wel l  as a whole. Test resu l t s  are pr in ted  i n  Table 3 

and p lo t ted  i n  Figure 4. 
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APPEND I X 

- .#.- 

- - - I : .  , ? r e ~ :  21 t a t i o n  minus potent ia l  evapotranspiration, i s  an index used 

t o  rileasurc! t r ~ r  amount of moisture avai lab le fo r  p lan t  growth. Potent ial  

evapotranspiration i s  determined by the procedure developed by Thornthwaite 

(1948) which uses only temperature: 

Where I = heat index, which i s  the sum o f  the 12 monthly indices i, 

T = monthly temperature i n  O C ,  and 

a = an empirical exponent, 6.75 x 10-713 - 7.71 x 10-512 + 1.79 x 10-2 

The durat ion o f  dayl ight  i s  used t o  adjust po ten t ia l  evapotranspiration as a 

por t ion  of 12 hours. 

S t a t i s t i c a l  Analysis System Procedures Used 

PROC CORR 

PROC PLOT 

PROC STEPWISE 

PROC STEPWISE FORWARD 

Computes co r re la t i on  and coe f f i c i en ts  between 
va r i  abl es, i ncl  udi ng Pearson product-moment and 
weighted product-moment correlat ion. 

Graphs one var iable against another, producing 
a p r i n t e r  p l o t  . 
Provides f i v e  methods for stepwi se regression. 
Stepwise i s  useful  when select ing variables t o  
be included i n  a regression model from a 
c o l l e c t i o n  o f  independent variables. 

Begins by f i nd ing  the one-variable model t ha t  
produces the highest ~ 2 .  For each o f  the other 
independent variables, FORWARD calculates F- 
s t a t i s t i c s  r e f l e c t i n g  the cont r ibu t ion  t o  the 
model i f  the var iable were t o  be included. 
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PROC STEPWISE BACKWARD Begins by ca lcu la t ing  s t a t l s t l c s  for a model 
inc lud ing  a1 1 the  independent variables. The 
variables are deleted from the model one by 
one u n t i l  a11 tne remainins varianles produce 
F - s t a t i s t i c s  s ign i f i can t  a t  tne .I0 level .  

PROC STEPWISE MAXR 

PROC PETM 

PROC ZINOEX 

Tne stepwise method i s  a m o z i f i c e t i o ~  of the 
forward select ion technique, d i f f e r i n g  i n  
t h a t  var iables already i n  the model do not 
necessari ly stay there. A f te r  a var iable i s  
added (as i n  the forward selection method) the 
stepwise method looks a t  a l l  the variables 
already included i n  the model and deletes any 
var iable tha t  does not produce an F - s t a t i s t i c  
s i g n i f i c a n t  a t  the  -10 level.  Only a f t e r  t h i s  . 
check i s  made and the necessary delet ions 
accomplished can another var iable be added t o  
the model. 

(Maximum ~2 improvement) Unl i ke the three 
techniques above, t h i s  method does not s e t t l e  
on a s ing le  method. Instead i t  looks for  the 
"best" two-variable model, the "best" three 
var iable model, and so forth. 

Uses l a t i t u d e  and mean monthly temperature t o  
calcul  ate Thornthwai t e '  s potent i  a l  evapo- 
t ranspi  r a t i o n  f o r  each month. 

Uses monthly PET'S, p rec ip i ta t ion ,  SS 
(beginning moisture i n  surface layer),  
AWCS (avai 1 able water capacity i n  surf  ace 
1 ayer) , SU (beginning moisture i n  the 
underlying 1 ayer) , and AWCU (avai lab le 
water cap?city i n  the underlying 1 ayer) 
t o  ca lcu la te  Palmer's s o i l  moistu 
budget, drought index 2, ET, and /? T. 
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