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ESTIMATICliJ OF SPRING WHEAT YIELD FROM SIMPLE CLIMATIC DATA AT A POINT 

by J .L. Bergsteinsson~ W.H. R!Jsef and H.M. Austenson+ 

INT:RODUCTION 

Predictive models relating crop yield to climatic data have had a 

long but rather inglorious history. However, for the Prairie wheat crop, 

where the limiting factors are frequently of a climatic nature, such 

models have profound significance in determining marketing strategies. 

An exercise regression modeling was performed involving point 

yield data from University of Saskatchewan Crop Science Department plots 

on the Saskatoon Campus and climatic data from campus-based weather stations 

variously operated by University's Physics Department and later by the 

Saskatchewan Research Council. This particularly simple experimental 

design provided an avenue to critically examine basic assumptions often 

employed in crop-weather models. 

Yield data was obtained from rod-row plots with 16 feet harvested. 

Two varieties, Marquis and Thatcher, were studied. At least four replica-

tes of each sample were included in the data base. The only climatic data 

included in the study were elements commonly measured at a number of sites 

across the Prairies. Daily precipitation, maximum and minimum temperature 

were measured in accordance with Atmospheric Environment Service practices. 

LEAST S(JJARES REGRESSION 

Usually, least squares regression models are of the form: 

where: 

€, ' 1 

Y is defined as the response variable, 

i = 1, ••• , N the number of 

observations 

x1 , •• ,xn are defined as the regressor variables, 
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€i is a random variable satisfYing the following conditions: 

1. 

2. 

j. 

4· 

€ 
i follows a Gaussian distribution fori= l, ••• ,N 

E( €_), the expected value, = 0 fori= l, ••• ,N J. 

var. ( €.) = a2 (unknown) fori= 1, ••• ,N 
J. 

Cov. (€i' ij) = o, i I j 

What distinguishes one regression model from any other is the choice 

of response variables and regressor variables. 

A growing season of 120 days, commencing 80 days before heading and 

concluding 40 days after heading was investigated for each year of observa-

tion. Each growing season was then divided into intervals of equal length -

the number of intervals denoted by n. For each of these three variables 

were calculated: 

1. a variable related to temperature, denoted by T, 

2. total precipitation over the interval, denoted by P, 

3. an interaction term, denoted TP, 

Using these variables as regressor variables, the following regression 

model can be constructed: 

where: 

+C T .P . + €. ( 1) 
nmnJ. J. 

P .. 
Jl. 

th = the temperature variable calculated from the j 

. t 1 . th .th J.n erva J.n e J. year; 

= the total precipitation over the jth interval in the 

.th J. year; 

Tj.P .. =the interaction term between precipitation and temperature, 
J. Jl. 
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Generally, the large coefficients A., B., C. represent the net 
~ ~ ~ 

variation in yield due to variation over the ith period in temperature, 

precipitation and temperature-precipitation interaction respectively. 

A least s~ares regression estimate is valid only when the number 

of coefficients to be estimated is less than the total number of observa-

tions on which the estimate is based. In terms of model 1, this means that: 

N > 3n + 1 

where: 

N = the number of years of observations; 

n = number of intervals in a growing season. 

This places a severe restriction on the number of intervals that can be 

investigated. For example, if the number of years of observation is 30, 

then the number of intervals examined must be less than 10. 

Suppose that the net effect of any of the variables does not change 

erratically from one interval to the next, then the net effects can be 

approximated by polynomials: 

A. + ~i 
.2 +aim ) = ao + a2~ + 

~ m 

B. b + bli b .2 + b im ) (2) 
= + 2~ + ... 

~ 0 m 

c. . .2 .m ) 
= c + cl~ + c2~ + ... + c ~ 

~ 0 m 

Solving for each of A., Bi' C in (2) and substituting in (1) gives: 
~ . ' 

Y4 =A +(a + a1 + ••• +a )T1i + ••• + (a + a1n + ••• +a nm)T . ..... o o m o m m 

+ (bo + bl + •. • +b) P1 . + ••• + (b + b1n + ••• + b nm)P . 
m ~ o m m 

+ (co + cl + • • • + c ) T1 .P1 . + ••• + (c + c1n + ••• + c nm)T .P . + e~ m ~ ~ o m m n~ ..... 
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Rearranging the terms gives: 
n n n n n 

Yi = Ao + ao 2., T ji + al .LjT ji + • • • + a I:jll\:rj. + b I: Pj. + b1 I:jPj. m 1 o 1 · 1 
) 

j=l j=l j=l j=l j=l 

+ e ) 
i 

If the number of observations is greater than the number of co-

efficients to be estimated, we must have, 

N >3m + 4 

Therefore, equation (3) is a regression model which is independent of the 

number of intervals selected for the growing season. 

The procedure outlined above is not new, having been outlined by 

Hendricks and Scholl ( 1) and applied to com yield determination. The 

validity of this approach in predictive modeling rests on underlying 

assumptions that: 

1. the coefficients A., B., C. are smooth functions, rather than 
1 1 1 

piecewise smooth; 

2. the order of the polynomials in (3) must be the same. 

(3) 

It can be shown that for each choice of n, the number of intervals, 

and m, the order of po.lynomials, produces a set of 3m + 3 regressor varia-
' 

bles, giving rise to ~m + 3 models. Clearly, an exhaustive investi-

gation of all models is out of the question. A forward selection procedure, 

permitting development of models in terms of the most significant regressor 

variables. was adopted. Since the models investigated differ one from another 

in terms of addition or deletion of a subset of variables, statistical 

comparison is fairly straightforward. 
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Detailed methodology concerning the least squares principle, the 

null hypothesis and its subsequent examination employing the F-test will 

be outlined in a subsequent paper. Thusly, one is able to test the signi

ficance of adding more terms to a particular model. 

A critical distinction must be made between a model in which the 

residual mean square is reduced and a model that accounts for the 

greatest variance. Where a model actually leads to an increase in the 

standard error of estimate, it is rejected. 

DISCUSSION AND CONCLUSIONS 

During the course of these investigations it was established that: 

1. use of derived temperature elements, such as growing degree

days, or Nuttonson's photothermal unit did not significantly improve the 

models employing them; 

2. a simple antecedent moisture model, based on weighted summation 

of seasonal precipitation, affected no improvement; 

3. the length of sub-intervals selected, within the same range, 

did not significantly affect the results - ie 5-day and 10-day intervals 

did not differ appreciably; 

4• it was demonstrated that the order of the regressor variable 

polynomials differ to produce the best practical predictive models; 

5. the fact that growing season precipitation has a preponderant 

influence over other variables complicates interpretation, particularly in 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



.., 133 ~ 

regard to the smoothness property of the coefficients A., P., C.; 
J. J. J. 

6. The best practical model for Thatcher wheat is very simple, 

linear in precipitation; 

7. the best practical model for Marquis wheat involves a constant 

plus terms to fifth order in precipitation and quadratic terms in temperature. 

A few selected models are presented in the appendix. 

From the above particulars one can conclude that there are a number 

of basic difficulties surrounding the regression approach to yield estima-

tion. There are indirect bUt strong indications that weighting of climatic 

regressor variables in terms of phenological development could improve the 

yield prediction. 

* Saskatchewan Research Council, Physics Division 

t University of Saskatchewan, Crop Science Department 

(~ Hendricks and Scholl 
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APPE:NDIX 

Table 1. Wheat Yield at University of Saskatchewan Crop Science 
Plots at Saskatoon. 

Thatcher Marfais 
Year bu/ac bu ac 

1940 32.2 31.6 
41 7-9 6.1 
42 59-9 58.7 
43 35.2 22.7 
44 46-4 43.2 
45 34.2 33.0 
46 34-7 32.9 
47 14.2 9-7 
48 24.0 23.6 
49 40.2 35.1 

1950 45-3 46.3 
51 30.8 35.8 
52 45.6 39-7 
53 15.8 16.2 
54 * * 
55 26.0 27.0 
56 36.7 32.0 
57 32.2 24.1 
58 25.8 22.0 
59 21.5 20.0 

1960 32.2 30.7 
61 17-7 16.9 
62 16.1 14.6 
63 39.2 26.7 
64 14.0 14.3 
65 33-9 19.8 
66 28.8 28.2 
67 33-5 28.3 
6B 47.0 4J_.2 

Mean 31.107 28.05 

*Omitted due to severe rust damage. 
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Table 2. Regression Models for Thatcher Wheat. 

Model (1) 

n = 24 (5-day intervals) 

In terms of equation (3) in the body of the paper, the estimates of 

regression coefficients are: 

A0 -= 0. 585 

b0 -= 4.325 

Anal~sis of Variance 

Degrees of Sum of 
Source Freedom Squares 

Regression 1 2364.271 
Error 26 1557.308 
Total 27 3921.579 

s = 7. 739 bu/ac r2 = 0.6029 

s(Y = 7.739/31.107 = 24.9% 

Model 2.1 

n = 24 (5-day intervals) 

m = 3 

Mean 
Sguare F-Ratio 

2364.271 39.47 
59.896 

In terms of equation (3), 

A0 -= -21.248 

estimates of the regression coefficients are: 

a0 = 0.00697 

a2 "" -0.00000993 

b "" 5.189 
0 

bl IC: 1.894 

b~ "" 0.257 

b3 "" -0.00696 
c IC: 

0 
0.00409 

c2 = 0.000784 

C3 = 0.00000487 

Analysis of Variance 

Source 

Regression 
Error 
Total 

Degrees of 
Freedom 

9 
18 
27 

Sum of 
Sgua:res 

2818.747 
1102.832 
3921.579 

Mean 
S9!!are F-Ratio 

313.194 5.11 
61.268 

s = 7.827 bu/ac r 2 = 0. 7188 s(Y"" 7.827/31.107 = 25.2% 
Note that while r 2 increases from the previous model, s also increases 

so the model is rejected. 
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Table 3. Regression Models for Marquis Wheat. 

Model (1) 

n • 24 (5-day intervals) 

m"" 2 

In terms of equation (3) estimates of regression coefficients are: 

A0 "" -1.005 

b0 = 3.965 

Analysis of Variance 

Degrees of Sum of Mean 
Source 

Regression 
Error 
Total 

Freedom Sguares Sguare F,....Ratio 

30.79 

s = 8.033 bu/ac 

Model (3) 

n- 24 
mw::2 

1 
26 
27 

1987.162 
1677.748 
3664.910 

s(Y= 

1987.162 
64.629 

8.033/2805 "" 28.6% 

In terms of equation (3) 

A0 = 3.260 

estimates of regression coefficients are: 

bl = 0.390 

a1 = -0.0000396 

b0 = 4.096 

c = 0.020 
0 

Analysis of Variance 

Degrees of Sum of 
. Source Freedom Squares 

Regression 4 2493.091 
Error 23 1171.819 
Total 27 3364.910 

Mean 
Square 

623.273 
50.949 

F-Ratio 

12.23 

s "" 7.138 bu/ac rz "" 0.6803 s fY w:: 7.138/28.05 "" 25.4% 
Compare Model (1) and Model (3) by null hypothesis: 

Model (3) 
Model (1) 
Extra sum of squares 

Sum of Sguares 

2493.091 
1987.162 

505.929 

Degrees of Freedom 

4 
1 
3 

Ryan
Sticky Note
None set by Ryan

Ryan
Sticky Note
MigrationNone set by Ryan

Ryan
Sticky Note
Unmarked set by Ryan



- 137 '"" 

Table 3. (cant' d.) 

505.192/3 ( ) 50.949 "'2.656 < F 3,23;0.95 "'3.03 

Therefore, the null hypothesis is accepted, that is there is no improvement 

over Model (1). 

Model 12 

m "' 5 
In terms of equation (3), estimates of the regression coefficients are: 

A0 "" -33.044 

a1 "" 0.00555 

a2 "' 0.000455 

a~ "' 0.000000434 

Source 
Degrees of 
Freedom 

Regression 7 
Error 20 
Total 27 

b "" 1.852 
0 

bl "" 1.048 
b5 11:: -0.00000157 

c ""· -0.336 
0 

Analysis of Variance 

Sum of 
Sguares 

2371.965 
792.945 

3664.910 

Mean 
Square 

410.281 
39.647 

F-:Ratio 

10.35 

s "" 6.297 bu/ac r2 lC o. 7fr36 s fY "" 6.297/2805"" 22.4% 

Compare Model (12) and Model (3) by null hypothesis: 

Model (12) 
Model (1) 
Extra sum of squares 

Sum of Sgpares 

2871.965 
1987.162 

884.803 

88~9~~!46 "" 3.770 > F (6,20; 0.95) "' 2.60 

Degrees of Freedom 

7 
1 
6 

Therefore, the null hypothesis is rejected and there is an improvement 

over Model (1). 
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