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Introduction 

Accurate prediction of weight and sugar losses of stored sugar­
beets at the beginning of the storage period is useful because it enables 
the total losses to be estimated by the end of harvest, and it helps to 
explain the causes of such losses. 

Regression analysis has been used previously in agricultural pre­
diction; for example, to predict the yield of corn (4)2 and of crested 
wheatgrass (2), and to analyze relationships between yield and weather 
in sugarbeets (1) . However, no reference was found for the use of this 
method to predict actual storage losses. 

Methods and Materials 

Calculations were made using the Burroughs ASSIST statistical­
program package (3). The weather data is from CLlMATOLlGICAL 
DATA (5), and all other data is from records of The Great Western 
Sugar Company. Data from 1969 were eliminated because they are not 
comparable to other years' data due to frozen beets. 

Multiple linear regression analysis was used to find those inde­
pendent variables which best explain the historical losses. These fac­
tors were considered for use as independent variables: 

1. Campaign length. 
2 . Average number of storage days. 
3. Deviation from normal temperatures for weekly periods In 

October. 
4 . Weekly maximum and minimum temperatures in October. 
5. Percent of beets delivered during weekly periods in October. 
6. Percent of beets delivered by October 8, 16, or 27. 
7. Precipitation during the period September 15 to October 31. 
8 . Percent of beets piled after first occurrence of 24°F. or below, 

and also 20°F. or below. 
9. Deviation from normal of average monthly temperatures in 

November and December. 

/ 

IData Anal yst. Sf. Plant Physiologist. and Operation Research Analyst. respectively. The Grea t 
Western Sugar Company, Agricultural Resea rch Center. Longmont. Colorad o 8050 I. 

'Numbers in parentheses refer to literature cited. 
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Each geographical region was analyzed separately with the same 
technique. Detailed results are given for one region, ,North Central 
Colorado, ,vhich includes the Eaton, Greeley, Loveland, Longmont, 
and Brighton factory districts. Weather data for. this region are from 
the Greeley ;:lnd Longmont 2ESE stations. 

Factors were eliminated if their correlation with the shrink was of 
magnitude less than 0.3, or because two factors showed correlation of 
magnitude 0.3 or more with each other and could not be used in the 
same equation. 

Factors of the first type were eliminated initially. If no more than 
about eight factors remained, equations were generated by using each 
variable with as many of the other variables as possible, in all combina­
tions which did not include inter-correlated variables in the same 
equation. Ifmore than eight factors remained, those which showed the 
highest correlation with the shrink were used to generate equations 
first and other variables added or substituted if necessary. Sometimes, 
statistical tests showed undesirable characteristics in these equations . 
In these cases, either one or more variables were dropped from the 
equations, or the whole set of variables was discarded. 

After the elimination of variables had been com pleted, the equa­
tions ,,,ere compared and the one with highest multiple R-square 
becarre the predictor equation . This method was used to find a weight 
sly,ink and a sugar loss equation for each region. 

Results and Discussion 

In ::.J'orth Central Colorado, the weight shrink equation variables 
are: 

(1) Campaign length. 
(2) Percent of beets delivered by October 16. 
(3) Maximum temperature, October-Week 4. 

The sugar loss equation uses these variables: 

(1) Campaign length. 
(2) Percent of beets delivered by October 16. 
(3) Maximum temperature, October-Week 2. 
(4) Maximum temperature, October- Week 4. 

The most variables in any equation is four, the least is two. More 
factors actually affect storage losses, but these effects are over­
shadowed by ra'1dom variability under field conditions, so only the 
strongest factors are useful in prediction. All of the equations for sugar 
loss use only three basic factors: campaign length, October tempera­
tures (November temperatures for Ohio), and rate of delivery. 

The values estimated from the equations for North Central Col­
orade are compared (Table 1) with actual values for the period 
1960-1971 As in all regions, the sugar loss equation gives better results 
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Table l.--Comparison of estimated with true values of shrink 

north central Colorado. 


Year Sugar 
Loss 

Actua l Fstimate 

197 1 129.13 ' 128,52* 
1970 9751 100,95 
1968 73,59 75,61 
1967 8859 93,86 
1966 87,57 8 1.49 
1965 59,80 59,80 
1964 108 ,25 105,21 
1963 11 6,36 113,93 
1962 93,86 100,34 
1961 114 ,74 107,24 
1960 130,55 133, 18 

Weight 

Loss 


Actual ESl imate 


2 1053t 178,22+ 
91.19 7660 
78,69 71.91 
48.46 62,53 
28,66 23.45 

2,6 1 · -0.52 
162,58 144,87 
167, 80 177.18 
11 8,29 150,08 
85.46 11 2,04 

105,78 10318 

*Percenl of I l-year north ce ntral Colol'<1cio sugar 10';';5 mean. 

tPercent of II-year nonh centra l Culorddo weight \0" mean, 

than the weight shrink equation , due mainly to variability in the 
method of measuring weight shrink, 

A comparison of the mul tiple R-squ are Clnd the sta ndard error of 
estimate for the equa tions Crabl e 2) indicates their accuracy; the weight 
shr ink equations accou nt for between 74 a nd 91 percent of the varia­
tion in weight shrink, and the sugar loss equa tion s acco unt for 89 to 96 
percent of the variation in sugar loss, Company-wide comparisons of 
predicted shrink valu es with the actual values are in Table ~ . 

Table 2.-Correlation coefficients and standard error of estimates of multiple 
regression equations. 

Multiple R-Square Stand ard Error of Estimate 

Region Weight loss Sugar Loss Weight Loss Sugar Loss 

N, C, Co lorado 
Northeast Colorado 
Nebraska 
Wyoming 
Montana 
Northern Ohio 

0,91 
0,74 
0,91 
0,83 
0,79 
0 ,81 

0.96 
0,89 
094 
0,95 
091 
0,89 

18,83' 
22,68 
20,11 
37,66 
32,1 0 
35,95 

5,44t 
7,19 
8,17 

11.08 
·1 925 
2 1.97 

*Percent of 9-year com pany-wiele weig-hl loss Illean. 

tPercent of 9-year company-wide suga r loss mean. 

The final test of the usefulness of the eq uations is how storage 
losses predicted in advance compare with the actualloss('s (Table 4). 
The nrst p rojection was made by November 5, 1972 (December 5 for 
Ohio) using an estimate of campaign length , and th e second was made 
later using the ac tual campa ign length. The accuracy of these predic­
tions shows the great va lue of this technique, 

Summary 

A study was carried out to determine factors to use in multiple 
linear regression equations for predicting weight and sugar shrink in 
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Table 3.-Comparison of estimated with true values of shrink, company-wide. 


Sugar* Weightt 
Year Loss Loss 

Actual Estimale AClUal Estimate 

1971 142 .52 149. [ 3 [60 06 161.35 
J970 [04.99 [07. [ 3 [04.85 10229 
[968 92 .16 931 3 90.73 9)59 
[967 97 80 94.88 86.45 88. 16 
1966 939 [ 90.4 [ 65.9 [ 71.90 
[965 74 .85 79.72 33 .S[ 40.66 
1964 96.82 95.46 [ [983 11 2.56 
1963 122. [0 [ [6. 07 [54.93 [43.80 
[962 74 .85 80 30 83 .45 87 .73 

*Percent of 9-yea .. compan y-wide sliga r loss mean. 
tPerCl·nt of 9-yea r company- wide weight loss mean . 

Table 4.-Comparison of 1972 projections with actual shrink values. 

N. Central Colo. Company-wide 

Sugar Loss* 

[st Projection :1= 125.99 [36 .63 
2nd Projectio n § 12754 [ 40.4 2 
AClU al 14582 152.46 

Weight Loss: t 

[st Projection + 188.74 [63.6 1 
2nd Projection § [ 96.44 166.46 
AClUa l [2 1.1 2 [48.2 [ 

* PerceI1l of g-year co mpan y-w ide sugar loss mean. 

t Perce nt of 9-yea r compan y-wide weight loss mean. 

t [5t projection made on or before Nov. 5. [972 using estimated ca mpaign length. 

§2nd projec tion made a t end o f campaign , us in g actual ca mpaign length. 


stored sugarbeets. Geographic regions were analyzed separate ly. Re­
sultin g weight shrin k equations have R-square values ranging from. 74 
to .91 and sugar loss equations have R-squa re va lues be tween .89 and 
.96. Predictions usin g th e equ atio ns made at th e end of harvest in 197 2 
were close to actual shrink va lues. 
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