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Abstract

This study predicts the average scores of top 150 PGA golf players on 132 PGA Tour tournaments (2013—
2015) using data mining techniques and statistical analysis. This study also aims to predict the Top 10
and Top 25 best players in 4 different playoffs. Linear and nonlinear regression methods were used to
predict average scores. Stepwise regression, all best subset, LASSO, ridge regression and principal component
regression were used for the linear regression method. Tree, bagging, gradient boosting, neural network,
random forests and KNN were used for nonlinear regression method. We found that the average score
increases as fairway firmness or green height or average maximum wind speed increases. We also found that
the average score decreases as the number of one-putts or scrambling variable or longest driving distance
increases. All 11 different models have low prediction error when predicting the average scores of PGA
Tournaments in 2015 which is not included in the training set. However, the performances of Bagging and
Random Forest models are the best among all models and these two models have the highest prediction
accuracy when predicting the Top 10 and Top 25 best players in 4 different playoffs.

Keywords: PGA tour, golf, average score, linear regression, tree, bagging, gradient boosting, neural network,
random forest, KNN, FedExCup
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Table 2.1. Description of golf stat terminology
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Table 2.2. Description of variables

Variables Description

Input variables
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Table 2.3. The number of players and cut off rates by player’s age

Age 10’s 20’s 30’s 40’s 50’s Total

Number of players (2013) 1 41 81 26 1 150

Number of games (2013-2015) 17 2536 5434 1484 104 9575
Cut off ratio 0.23529 0.33477 0.35149 0.35444 0.47115

Histogram of score {2013~2015)

Summary
el Min 64.00
i : 15t Qu 69.50
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Mean 71.21
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Max 84.00
- » ” n‘n
Playes scone
Figure 2.1. Histogram of scores from PGA Tour 2013 to 2015.
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Figure 2.2. Box plots of average scores based on the fairway firmness and green firmness.
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Table 2.4. Beaufort scale of wind force

Scale Force rating Observable land effects Speed MPH
1 Calm, light air Vertical smoke 1-3
2 Light breeze Slight smoke drift 4-7
3 Gentle breeze Leaves gently rustle 8-12
4 Moderate breeze Leaves and twigs move 13-18
5 Fresh breeze Raises paper moves small branches 19-24
6 Strong breeze Sways large branches 25-31
Max Wind Interval Max Average Wind Interval
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Figure 2.3. Box plots of average scores based on the max wind interval and max average wind interval.
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Figure 3.1. Box plots of cross validation errors (MSE).
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Table 3.1. Mean cross validation error and mean test error

CV error Test error

Tree model 2.069011 2.336405

Gradient boosting model (GBM) 2.146143 2.251875
Bagging 1.937292 2.242819

Random forests 1.911875 2.177834
LASSO 2.175725 2.346154

Ridge regression 2.179784 2.372952
Principal component regression 2.268374 2.257777
Neural networks 2.103236 2.445885

All possible regression 2.304264 2.346420
K-nearest method 2.416738 2.428211
Stepwise regression 2.172492 2.368452
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Table 3.2. The table of coefficients using stepwise, LASSO, ridge regression models

Variables Stepwise regression LASSO Ridge regression
(Intercept) 79.6000 77.6100 85.2585
Top.10 ratio —0.3230 —0.4414
Top.25 ratio —1.1025
Cuts.Made ratio 0.6031 3.0284
Cuts.Missed ratio 0.0903 1.7696
Avg score —0.2134
Player Age —0.0190 0.0172 0.0212
FedExCup Points —0.0052 —0.0018 —0.0058
Money 0.0000 0.0000 0.0000
Finish Position 0.0062 0.0259
Scoring Avg Tot Adjust 0.2669 0.2187 0.2014
Eagles 0.2962
Birdies 0.0204
Pars 0.0484
Tot Holes Over Par 0.1809 0.1389 0.3306
Longest Drive —0.0196 —0.0160 —0.0201
Ball striking 0.0069
Drives Over 300 Yards num Drives 0.0079
Avg dist to hole after app —0.0334
Avg fair proxi 0.0302 0.0842
Avg rough proxi 0.0152 0.0393
scram ratio 1.6360
Avg scram dist —0.1266 —0.0682 —0.1345
Going for the Green success 0.3499 0.2922 0.4150
scram rough ratio —3.6550 —3.1992 —4.0463
scram fringe ratio 0.4938
scram larg30 ratio —1.5700 —1.4537 —2.0306
scram 20.30 ratio —0.6602 —1.0100
scram 10.20 ratio —2.0670 —2.0263 —2.7289
scram less10 ratio —1.3110 —1.0109 —1.1673
sandsave ratio 2.1710 1.6642 1.8024
Tot Hole Outs 0.8826 0.8271 1.0934
Putt Avg GIR Putts 0.0402
Number of One Putt —0.1670 —0.1101 —0.1785
Three Putt Avoidance 0.2845 0.2686 0.2080
putt 10 ratio —1.9408 —4.1178
putt larglO ratio 8.0000 6.1023 9.5117
Tot Putts Gained 0.1447 0.0779 0.1617
TTL SG T2G —2.1686 —2.6250
TTL SG Tot —0.2021 —0.1657 —0.2296
Fwy Firmness 0.3477 0.3103 0.3500
Grn Firmness —0.1963 —0.1610 —0.2058
Grn Height 0.9529 0.9027 0.9421
Rough Height —0.2269 —0.2124 —0.2257
Fwy Height —12.5400 —12.2823 —12.5959
Max INT 0.2576 0.2224 0.2462
Max avg wind int 1.0430 0.9965 1.0613
Avg wind int —0.0397 —0.0785
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Table 3.3. The important variables of linear regression models

Selected variables (positive) Selected variables (negative)
Fwy Firmness TTL SG Tot
Grn Height Number of One Putt
Max INT Scrambling variables
Max avg wind int Longest Drive

Three Putt Avoidance
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Figure 3.2. Average scores according to green height, rough height and fairway height.
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Table 3.4. The results of root mean square error (RMSE) in 4 different playoffs

Bagging Random forest
The Barclays 2.705628 2.616469
Deutsche Bank 1.930427 1.906402
BMW Championship 2.093180 2.195377
TOUR Championship 1.766457 1.716561
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Table 3.5. The results of root mean square error (RMSE) in 4 different playoffs

Top 10 Top 25
Baggi 4 9
The Barclays geIne
Random forest 5 8
. . Bagging 3 13
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ampronsiup Random forest 5 15
i . Bagging 4 14
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eutsche Ban ampionship Random forest 3 14
TOUR Championship Bagging 7
by Coca-Cola Random forest 7
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