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Introduction

Farmers in olden days would generally have their guesswork to gauge how well their crops were and when they would be ripe.  Scientists have tried to quantify weather in order to give farmers a better idea of the quality and quantity of their crops.  The best system developed as of now is something called the Growing Degree Days.  The system involves calculating the average temperature per day and subtracting a base value which varies by plant.  The theory being that in order for plants to grow it must be a certain temperature and in general the warmer the weather, the more energy for the plant.  The base value for grapes is found to be 50o Farenheit.

My father, an established grape farmer of 25 years, has collected daily high and low temperatures for 15 years in order to predict the size and quality of his crops.  This project will focus solely on the quantity of grapes harvested.
Regression Analysis


The data will be regressed on all 6 growing months to determine which ones provide the best indicator for a larger crop.
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Coefficients
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The following regression has R Square = 76.6% which means that 58.6% of the variance is accountable by the variables listed.  Since the F-Statistic is close to 1 this is not a reliable collection of variables, so we need to add more to better quantify the tonnage.  I will add in the prior year’s months to the regression as it is possible for the grape plant to produce growth that can affect the future year’s plant health.  In the analysis above, it is also shown that August and September with such high P-values are not going to be as relevant in terms of adding to the tonnage which makes sense as the vines are finished producing new bunches at that time.  The following chart has such analysis.
[image: image2.wmf]Regression Statistics

Multiple R

1.000

R Square

1.000

Adjusted R Square

1.000

Standard Error

2.508

Observations

14

ANOVA

df

SS

MS

F

Regression

12

200244.596

16687.050

2652.015

Residual

1

6.292

6.292

Total

13

200250.888

Coefficients

Standard Error

t Stat

P-value

Intercept

-5311.945

63.190

-84.063

0.008

March

8.851

0.206

42.885

0.015

April

1.930

0.027

72.786

0.009

May

2.049

0.030

67.895

0.009

June

7.780

0.087

89.062

0.007

July

-4.996

0.082

-60.945

0.010

March Year -1

-1.783

0.107

-16.670

0.038

April Year -1

5.862

0.087

66.996

0.010

May Year -1

0.343

0.037

9.253

0.069

June Year -1

1.367

0.036

38.287

0.017

July Year -1

-3.288

0.085

-38.756

0.016

August Year -1

5.482

0.089

61.675

0.010

September Year -1

3.181

0.074

42.833

0.015


The F statistic has increased significantly and the R Squared is nearly 1.000 with almost all of the variance coming from the monthly variables listed.  However it is of note that some variables have relatively higher P-Values that may be statistically insignificant.  May of the prior year and March of the prior year are considerably higher than the rest with P values of .069 and .038 respectively.  So we shall perform another regression analysis leaving those values out.
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The F Statistic is still substantially larger than 1 making this regression still accurate and the R Square of 99.3% still implies that 98.6% of the variance is accounted by the listed variables.  June of the prior year seems to also be statistically irrelevant with the respectively high P-value of .025 so we will remove that and again perform a regression.
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The F Statistic is coming too close to 1 for this to be a credible representation of a regression.  The R Square is also decreased significantly due to the increase of variance of this calculation.
Conclusion

Tonnage can be calculated with the following formula
Tons = 7.44*March GDDs + 2.23*April GDDs + 1.782*May GDDs + 7.50*June GDDs – 4.61*July GDDs + 5.47*Prior Year’s April GDDs + 1.30*Prior Year’s June GDDs – 2.60*Prior Year’s July GDDs +4.86 * Prior Year’s August GDDs + 2.40*Prior Year’s September GDDs

The reason July GDDs may be negative is that a hot July month may not correlate to a productive grape year due to drought stress in which a plant stops producing energy and may in fact feed off the moisture stored in the berries.  As this analysis does not include October months which may still have GDDs and grape plants may still be active in storing energy for subsequent years, including this month could assist in analysis.  Through this analysis it is possible to see a prior years April and August may significantly affect total number of grapes produced as those months may develop growth that will be mature enough for berry production in subsequent years.

