h relate mainly to the rules and

regulations of handicap compet necessary to rank the 18 holes
5f the course in oxder of difficulty so as to provide & strokes index for

tc 18 {least difficult), This

is normally dons on a subjective basis, and is conseguently a freguent
topic of controversy in many golf ciubs. In this note,; We propose a more
objective method for performing this indexing, and we apply it to a parti-

cular case (i.e. our own golf course).

1
[t]

The par score for a hole is the score which a top-class (seratch)
player would be expected to have at that hole. An obvious measure of the
difficulty of a hole is the average amount by which players exceed the par
scora for that hole. It was decided, however, not to use this particular
measuré because of the distortive effect on the mean of outlier data points;
such scores could ogcur quite frequently at particuiasr holes (e.g. those

with psychologically intimidating features such as out of bounds close to

the tee, water hazards closz to green, etc,, etc.) thereby inflating

nsic difficulty of the hole.

the mean score disproportionately to the intr
A related measurs which overcomes this problem is the percentage or pro-
portion of players who equalled cr bettered par at the hole. This is the

measure which we have adopted, and which

Some featurss of this measure are wortny of note, ; motivate
First r or equal
estimated from the records of golf competi-
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ively clear, and from (bitter!) experience glaringly obvious, that the
relative difficuity of any hole is very dependent on weather conditions,
and in particular, on wind speed and direction.

In this paper, we postulate that the probability of equalling or
bettering par at any hole depends cn the variables handicap, wind speed
and wind direction via a logistic function; we estimate the parameters of
this function from a large data-set of golf scores; test the goodness of
fit of the model and, having accepted the model, calculate the expected
value of this criterion, with respect to the variables handicap, wind
speed and wind direction, for each hole and thus provide a ranking of the

18 holes.
2. The Data

The data consisted of scores for a total of 575 players, spread
over five different competitions (i.e. days). An initial analysis con-
firmed that the probability of at least equalling par was heavily depend-
ent on both the handicap of the player and weather conditions (i.e. wind
speed and direction). Data were alsc available for the actual speed and
direction on each day (at six-hourly intervals); the particular competit~
ions whose scores were used in this analysis were chosen specifically on
the basis of minimum variability of the six-hourly readings, and the wind
speed and direction (taken as the average of the two day-time readings)
were then assumed constant throughout the day.

‘c

For illustration, we provide in table 1, a typical data set - i.e.
that for hole 5. This set highlights many of the points already made. In
particular, on any given day the probabilities of at least equalling par
are markedly different for the two handicaps classes. Furthermore, this
probability, for either handicap class, varies widely from day to day. For
exampie, in the case of competition 1, for category 1 golfers this pro-
bability was 0.20, whereas for competition 5 it was virtually doubled
(to 0.39). An explanation of this variation is provided by the fact that
the wind direction on day 1 was 330 (virtually directly against the hole
which faces 5 degrees east of North) whereas on day 5 the wind direction

was 200, almost a directly following wind.

3. Fitting the Model

We have now established that the probability of at least egualling
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18 par at a hole appears to depend on a number of factors. These are rep-
HOLE 5 resented by the variables:
W = Wind Force
8 = Wind Direction
H = Handicap class of player (1 if player's handicap < 10)
* LE *GT OBSERVED P play play Pz
COMPETITION W ] B PAR PAR PROPORTION (2 if player's handicap > 10)
< PAR We postulate that there is a functional dependence of Pi’ the pro-~
bability of at least equalling par at hole i, on these varijiables, i.e.
' 1 8 330 1 9 35 .20 Fhats
8 330 5 1 49 o2 (1) Pi =g, (W,8,H) (i =1,2, ..., 18).
We further postulate that the logistic model represents an appropriate
class of functional forms to describe the relationships (1). The logistic
2 10 80 1 12 30 .29 model is given by
10 80 2 1 26 .04
(2) P, = prob {Score < par XprXgr enn .}
3 4 210 1 37 751 - A )
.34 _ 2/3:13 Qb + ;E.CE? )ﬁk
4 210 2 12 115 .09 - - :
| + bx,e(a,o+ Za}x&) |
£
4 18 290 1 11 29 .28 where xl' Xz, «+«. , are independent variables. The independent variables i
used in our analysis were :
Xl : W "'.
5
7 200 1 53 84 -39 X2 : W cos (0 —ui), where a;, = direction of hole i
X3 : H |
the inclusion of each of which can be justified - a priori, on heuristic
grounds, and a posteriori on the basis of their explanatory capacity.
Z§E£E~£ The model (2) was then fitted to the data (using the software pack-

age BMDP) to provide estimates of the co-efficients a s a, ay, ag for each

hole, t-values for these co-efficients and appropriate goodness-of-fit

statistics.
For illustrative purposes, we describe here the fitting of the logi-

stic model to the data for hole 5 (presented in table 1). Similar analyses

were performed for each hole.

The parameters estimated for equation (2) for hole 5 were (t-values
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in brackets) HOLE 5
a, = 0.767 (1.39)
OBSERVED
. al = 0.015 (0.43) COMPETITION H PROPORTION PREDICTED
a, =-0.071 (-.255) i PROBABILITY < PAR
a; = -1.759 (-5.55)
The goodness of fit chisquare (1.639) has p-value 0.802, and does L 1 -20 .21
’ not lead to rejectidn of the model. A more intuitive presentation to 2 .02 .04
highlight the adequacy of the model is to use the estimated model to pre-
dict the expected or theoretical probabilities of at least equalling par
for each of the five days (i.e. W, 8 combinations) and for each handicap 2 1 .29 ’ .26
category - i.e. a predicted probability corresponding to each row of 2 -04 .06
table 1. Table 2 presents these theoretical probabilities for hole 5,
together with the observed probabilities as already given in table 1.
The extent of the agreement is remarkably good. 3 1 .34 .34
2 .09 .08
A similar analysis performed for each hole produces an estimated
logistic function formulation of the functional dependence of the pro-
bability Pi on the various independent variables, which in all cases pro- 4 1 .28 .26 ‘
duces very good agreement between observed and predicted probabilities. i
In only one case does the chisquare goodness of fit statistic lead to re- . ]
jection of the model at the 5% significance level, and this is just about 5 1 -39 N .40 ’
what we would expect if the model were appropriate. We have, therefore, i ! AV_J
now established a relationship of the form Pi = gi(w,B,H) for each hole for )
TABLE 2 {

any given combination of the variables w,0,H.
To obtain an overall "average" index it is necessary to establish

the joint distribution of W,8,H. H is clearly independent of W,8, and had

for our data the very simple probability distribution
p(H =1) = p(H = 2) = 4%

Denoting the joint distribution of W,8 by £(W,8), the expected value D

of Pi as formulated by us will therefore be given by

) f_ fjfgﬁ(v{ 6,H) (V,8)d v do
Hzl

O

(3)

TR e
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In sections 4 and 5 we describe the empirical determination of £(w,8),
the resultant derivation of 51, and the corresponding indices 1 to 18.

-

4. Joint Distribution of Wind Velocity and Direction

The probability distribution of wind speed is commonly assumed to
be a member of the Weibull family of distributions. This is an empiric-
ally based assumption which usually gives a good fit to data from sites
which exhibit a prevailing wind direction - when there is no prevailing
wind direction, the Rayleigh distribution is generally found to provide
a good fit. Since the Weibull model does not provide information on
wind direction, it is inappropriate in our case. In a 1979 paper, Mac-
Williams, Newmann and Sprevak presented a simple theory for modelling the
Joint distribution of wind speed and direction. In a later (1980} paper,
MacWilliams and Sprevak showed that the model provided a very good fit to
wind data from the 14 sites in the Republic. of Ireland and 5 in Northern
Ireland for which hourly data were available. Our model and estimation
procedurg are effectively those introduced by MacWilliams et. al.

Let W = wind velocity

Wx = Component of wind velocity along the prevailing wind

direction
wy = component of velocity Perpendicular to the prevailing
direction
6 = Radian measure of the prevailing wind direction.
We assume that
(i) Wx ~ N(u,uz); Wy N N(O,az)
(i1) Wx, Wy are stochastically independent; hence the joint

p.d.f. of Wx, wy 1s given by

o) st 2035 [

By making the transformation
W =Wcos 8 , W =W sin 3]
X Y
we obtain the joint p.d.f. of wind velocity and direction
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0¢6<m Wro

The marginal distributions of wind velocity and direction are obtained by

integrating £(w,8) over 6 and w respectively giving

T

i) far) LfEV), e

w
ot

/Vmw(u)=

z 1 2 [ Q
'E& [40)
B N o B exp (L‘L“’_ )J (L)
(425}) I+ I's 26~ 92 L
0£6< 2
where I (.) is the modified Bessel function of the first kind and order
o

zero and §§(.) is the standard normal distribution function. It is worth

LNO R

noting that h (w) and he(ﬁ) became the Rayleigh density function and
w

l/21[ respectively when u is zero.

5. Derivatjon of Expected Probabilities

Before applying f(W,6) to compute Pi : 1, 2, ... , 1B we must first

supply estimates for u,a2. The data used in the egtimation were recorded
(4 times daily) by the Galway Meteorological Station over the 12 month
period September, 1980 ~ August, 1981. Of the data available, only those
values relating to daylight hours were used. The data consisted of wind
speeds which were presented in integral units of the Beaufort scale and
wind direction - specified in sectors of 10° width so that for example,
a recorded direction of 9 means a wind blowing from a point 85° - 95°
measured clockwise from North, The parameters specifying the function
£iW,0) were estimated by resolving the observed data into the two ortho~
gonal directions after the prevailing direction had been obtained. The
prevailing direction was taken as being the centre of the sector having
the largest frequency of occurrence, (sector 24) .

The estimates obtained were as follows:

. o
(1) Prevailing Direction: 240




=
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5 a4. (11) W = 3.215, si = 58.996
i Expected Probabilities of ¢ par Average
é H;ie Handicap Handicap ::ggect to Cor;:;fg:ilng wy = -0'037'55 = 60.611
i N Class 1 « Class 2 handicap -
Wx, wy, Sx' Sy represent the average wind velocities and standard devia-
1 .36929 21128 29029 5 tions in the velocities along the prevailing and perpendicular directions.
P 41420 .22830 32125 The values obtained were consistent with the gssumptions made and 3.215
3 61590 41086 .50888 13 and 59.0 were then used as estimates for H,0 respectively in the model.
"4 .58107 .35697 { .46902 11 The integrals.
5 34095 .08877 ; .21486 1 Jgi (w,0,H)f(W,6)dWdad6 : i =1, 2, 3 ..., 18
6 -29515 -17937 i -23726 3 were evaluated using the NAG library routine DOIFCF. The results
7 -69868 -42739 +56304 15 together with the suggested indices are given in Table 3.
8 .72849 .43354 .58102 17
9 .38985 .29714 | .34350 9 6. Summary
10 . 8524 .16725 | .22625 2 The dependence of the probability of at least equalling par at any
11 .51290 .21006 .36148 10 given hole on handicap, wind speed and direction is shown to be adequat-
12 .61996 .49026 .55511 18 ely described by the logistic function. The expected value of this proba-
13 .44748 .18375 .31862 bility with respect to the empirically derived joint distribution of the
14 .44264 .27441 .35853 8 independent variables is evaluated to provide a strokes index for a golf
15 .51062 .35130 .43096 14 course.
16 .50353 .22195 .36274 12
17 .59382 .27348 .43365 16 References
18 .42472 .22587 .32530 6 1. MacWilliams, B., Newmann, M.M., Sprevak, D:‘ (1979) The Probability
distribution of Wind Velocity and Direction". Wind Engineering 3.,
264-269.,
IRBLE 3 2. MacWilliams, B., Sprevak D., (1980) "The Estimation of the Para-
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