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We investigated the impact of weather-related variables on professional golfers’
performance on the PGA Tour. Our study extends and improves upon previous
research by analyzing data from all PGA Tour golfers across every tournament
over seven full seasons. Building on the physics-based insights of Bahill et al.
(2009), we incorporate air density, wind conditions, dew point, and
precipitation factors to model golfer performance. Our analysis demonstrates
significant effects of atmospheric conditions on total strokes and driving
distance. These findings provide a basis for adjusting expectations of player

performance and driving distance based upon weather conditions at the time of

play.

Introduction

Professional athletes are incredibly talented and motivated individuals who
work tirelessly toward the goal of excellence in their given sport. The amount
of skill and dedication it takes to make it to the highest level of a sport is
often difhicult for amateurs and non-athletes to fathom. Among elite athletes,
the difference between qualifying, advancing, and winning or losing is often
small. Thus, top athletes constantly seek to gain small advantages through
skill maintenance and improvements as they are often evenly matched with
the slightest mistake or favorable situation being the difference between
success and failure.

Golf professionals on the PGA Tour are no exception. The ability to
qualify for a tournament, make the cut, or finish near the top of the
leaderboard often hinges on the slightest statistical edge over other
competitors. For example, in our dataset, 33% of tournaments were won
by a single stroke, and 22% required a playoff after players tied at the end
of regulation. While much of the difference in performance on a day-to-
day, week-to-week, and season-to-season period comes down to pure ability
coupled with luck, another factor that impacts performance may also play a
key role. This factor is the weather as it influences players’ decision-making
process (Nicholls & Polman, 2008) and tournament performance (Stockl &
Lamb, 2018).
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Professional athletes recognize that their hard work, mental development,
skill acquisition, and decision-making do not guarantee a successful career,
since uncertain or unfortunate situations can be attributed to luck (Augestad
et al., 2021). Elite players, however, would rather create their own luck than
rely solely on good fortune. By accounting for more external factors that
influence their performance, the outcome of their performance can become
less dependent on luck. For example, calibrating expected driver performance
or adjusting yardage books prior to a round allows players and caddies to
integrate atmospheric conditions into shot planning. These practices support
more deliberate preparation, help mitigate outcome variability, and lead to
more informed expectations of performance (Augestad et al., 2021).

Since professional golf tournaments are typically held outdoors, golfers are
exposed to the elements. Whether it is precipitation, wind, temperature or
other factors, weather is a major challenge to golfers of all ages and abilities.
In nearly all cases, weather conditions change frequently from week-to-
week, during a tournament, daily, and even during a round. Players perceive
weather conditions as stressors (Nicholls & Polman, 2008) and naturally react
to those uncontrollable constraints (Stéckl & Lamb, 2018). Players facing
more challenging weather conditions often post higher scores with extended
decision-making time, leading to key differences in making the cut, position
of finish, or even winning a tournament.

Professional athletes in outdoor sports often face environmental conditions
that significantly impact their routines (Nicholls & Polman, 2008), physical
fatigue (Kalifiski, 2020), and performance outcomes (Stockl & Lamb, 2018).
Their playing experiences in rain, wind, cold, and hot conditions may impact
their preferences of atmospheric conditions. Professional athletes, despite
the preference or weather conditions, consistently strive for consistent
performance results. Having a concrete plan for the game empowers players
to effectively manage stressors (Roth & Cohen, 1986), enabling them to
handle uncertain outcomes effectively on the course. By deliberating and
preparing based on atmospheric condition data, players can better cope with
these uncertain situations. This preparation leads to increased commitment
levels for each shot, reduced anxiety and hesitation, and ultimately, more
opportunities for capitalization.

Jowett and Phillips (2023) analyzed the effects of weather on golf scores
at the Masters Tournament held at Augusta National in Augusta, Georgia.
While this study makes great strides in isolating the effects of various weather
conditions on performance, it has limitations. One limitation is that it only
studies one tournament, played at the same location over the sample period
studied. Another is that it only uses daily weather figures to estimate its
impact on golfer performance. In this study, we build upon Jowett and
Phillips (2023) by expanding the sample to include all PGA tournament
events. We also adopt a more micro-level approach to weather analysis by
directly measuring conditions during each golfer’s specific playing time,
utilizing their tee times as a reference point.
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Beyond the adjustments made to increase the sample to all tournaments
and focusing the weather to the specific player-round, we also add to the
weather-related variables studied by focusing on the physics of ball movement
from studies of baseball. Bahill, et al. (2009) were able to isolate the factors
that impact how far a baseball will travel using air density. We use air density
and its individual components, along with variables related to wind, dew
point, and temperature, to estimate their impact on key measures of golf
performance—specifically, total strokes and driving distance as they relate to
tournament standings.

Using regression models, we estimate and describe the effects of various
variables on the performance of professional golfers on the PGA tour. By
better understanding these variables, we can potentially reduce the perceived
“luck” that is often used to explain the disparity between planned outcomes
and actual results. These results have major implications for PGA tour
performance and rankings but also have implications for golfers of all ages and
abilities, as weather is a major factor in their scores as well. Findings will not
only reduce a gap in the existing literature regarding the effects of atmospheric
conditions on sports performance but also strengthen the literature regarding
instructional methods such as course management, mental practices, and
distance control based on spin rates. The paper is organized as follows. The
background literature is discussed in the second section. The third section
covers the methods used, while the fourth section presents and describes
the tables and charts of results. The last section discusses the findings and
concludes the paper.

Background Literature

Golf is inherently an outdoor sport, and weather conditions naturally
influence performance. However, the role of weather is often overlooked in
golf-related research. For instance, Ehrenberg and Bognanno (1990) found
that tournament prize money significantly influenced player performance.
Yet, their analysis did not include for weather covariates. In a follow-up study,
Orszag (1994) re-examined this relationship and found that the effect of
prize money on performance became statistically insignificant once weather
data were included. Orszag attributed this discrepancy to the omission of
weather variables, highlighting the importance of accounting for atmospheric
conditions in studies of golf performance.

Jowett and Phillips (2023) released the first and only known study
analyzing the effect of weather on golf scores in professional golf, focusing
specifically on the Masters Tournament. Other studies, like Baugher et al.
(2016) and Bliss (2021), investigated performance by looking at certain skills
like driving, putting, and chipping. However, as Stigler and Stigler (2018)
pointed out, the golfers playing at the highest level all contain a great degree
of skill and there is a reasonable amount of luck that impacts the differences
in performance amongst golfers at a given event. Some of this luck may be
based on weather conditions during the time at which one golfer is playing
compared to the next.
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In terms of the impact of weather on sports beyond golf, a key study
by Bahill et al. (2009), published in the International Journal of Sports
Science and Engineering, examined the flight of a baseball. Using principles
of physics, the authors demonstrated that the distance a baseball travels is
influenced by air density. Air density is determined by four main factors:
altitude, temperature, humidity, and barometric pressure. While barometric
pressure is positively associated with air density, the other three factors have
inverse relationships.

The key takeaways from Bahill, et al. (2009) showed that altitude has the
largest effect on air density, followed, in order, by temperature, barometric
pressure, and humidity. Air density affects the distance an object, such as a
baseball, travels through its interaction with two countervailing forces, drag
force and magnus force. In the case of lower air density, drag force decreases,
which allows the ball to travel a greater distance. However, magnus force also
decreases with lower air density which impacts how long the ball will stay
in the air, which decreases the distance it will travel. The study revealed that
drag force tends to dominate magnus force, which leads to a baseball traveling
farther when air density is lower. Simulations revealed a 4% increase in the
distance a baseball travels with a 10% decrease in air density. Although this
study focused on baseball, other objects, such as the flight of a golf ball, are
also subjected to the same rules of physics.

Driving distance is an important performance measure to investigate, as
it makes up a sizable portion of the total distance the ball travels in many
holes and of a golfer’s overall skillset. Baugher et al. (2016) provide strong
evidence for this, showing that since 2011, driving distance has become the
most important predictor of PGA Tour earnings—surpassing even putting.
They attribute this shift in part to increasing course lengths on Tour, which
place a premium on long tee shots. These findings challenge the traditional
adage “drive for show, putt for dough,” and underscore the relevance of
examining driving distance in professional golf.

Methods

Our dataset spans seven PGA Tour seasons and was sourced from
DataGolf.com, which provides strokes-per-round data from the PGA Tour
(Datagolf.Com FAQ, 2024). To ensure we analyzed only the most elite
professional fields, we excluded any charity events, such as the Pebble Beach
Pro-Am, which often features celebrities and is not attended by many of the
top professional golfers (Beall, 2024). We also removed any events that lasted
five days instead of four due to weather delays, as this often results in some
rounds spanning two days. Our data only included initial tee times and did
not account for rounds that were restarted. To control for variation in course
difficulty across tournaments, we included course yardage as a continuous
predictor and incorporated course par as a categorical fixed effect.

The weather data came from Weather Underground (Weather
Underground, 2025). We matched weather data to golf performance at the
round and tee-time level. Using average times per hole (Ryan, 2023), we
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estimated the typical duration of play for par-70 through par-73 courses,
based on the 2023 PGA Tour setup (Ehrlich & Kamimoto, 2024). Using
these average durations, we estimate the duration for a player’s given round
and aggregate weather data based on the starting tee time and estimated
duration. For example, we estimate that a par-72 course takes 274.02 minutes
to complete on average. If a golfer’s tee time is 10:00 a.m., then we aggregated
weather between 10:00 a.m. and 2:34:02 p.m. We also include precipitation
data for 24 hours before the start of the round, since rain before a round
can affect course conditions. For each round-tee time for an event, we subset
weather timestamps for the location of the event that occur during this time
frame.

A weighted average was used for temperature, dew point, wind speed,
wind gust, pressure, and humidity as timestamps are not always consistent.
The weighted average was based on the proportion of time covered by a
timestamp within the round time frame. For precipitation during a round
and 24 hours before a round, we summed the precipitation recorded from the
timestamps within the time frame. If the beginning and end of the 24-hour
time period before a round and the time period during the round were in
between weather timestamps, we reduced the precipitation by the proportion
of time that was covered in the 24 hours. That is, if a golfer’s tee time was
10:00 a.m. and weather timestamps were present at 9:30 a.m. and 10:30 a.m.
with 0.1 inches of precipitation recorded at 10:30 a.m., then the summed
precipitation during that time period was recorded as 0.05 inches to estimate
the amount of precipitation that fell since the beginning of the golfer’s round.
We then summed the precipitation 24 hours before the round with the
precipitation during the round to capture the total effect of precipitation
on course conditions, as rainfall prior to the round can soften fairways and
greens, affecting ball roll and playability, while rainfall during the round
impacts player performance and decision-making.

An example of weather data during a golfer’s round is provided in Table
1. The table presents the weather recorded during a 1:10 p.m. tee time on
4/7/2018 in Augusta, Georgia, the third round of the Masters Tournament,
which had an estimated round duration of 274.02 minutes (Augusta, GA
Weather History | Weather Underground, 2023). To weight the recorded
weather for each timestamp, we calculated the time covered for the
timestamps. For the first timestamp, the “before minutes” are simply the
number of minutes elapsed between the tee time and the first timestamp,
while for the last timestamp, the “after minutes” are the number of minutes
elapsed between the last timestamp and the estimated end of the round. The
remaining before and after minutes are the difference in minutes between
two adjacent timestamps divided by two, such that the difference in minutes
between timestamps is shared proportionally. Lastly, the before and after
minutes for each timestamp are summed, and a weighted average is applied
for temperature, dew point, wind speed, wind gust, pressure, and humidity.
The precipitation during this round is recorded as 0.525 inches as the first
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timestamp is reduced by 3/4. The previous timestamp was recorded at 1:07
p-m., which indicates that 0.1 inches of rain were recorded between 1:07 and
1:11 p.m. With the round starting at 1:10 p.m., the round occurs in % of
this time period, so 0.025 inches of precipitation are attributed to the time
period. The same methodology is applied to the prior 24 hours but is not
displayed for conciseness.

Table 2 displays summary statistics for the dependent variables used in
the models as well as weather measurements and round details. Total strokes
are distributed around a mean of 70.804, such that the best round for any
golfer in the data shoots an astonishing 59, while the worst shoots 92. The
average distance on drives across the dataset is just under 290 yards. Some
events do not include average driving distance data because they are not
administered by the PGA TOUR, even though they are considered official
PGA TOUR events. These include majors such as the Masters, the U.S.
Open, and The Open Championship. Our weather variables show that at golf
events, conditions can vary due to differences in location, time of year, time of
day, and elevation. The average tee-time start at events is roughly 10:30 a.m.
local time. As each round progresses, fewer observations are recorded for two
primary reasons. First, the majority of professional golf events with the stroke
play format tend to cut the field after the first two rounds of play based on
performance up to that point. Secondly, some golfers will retire throughout
the course of an event due to injury or other circumstances, which further
reduces the number of participants in an event. The number of observations
across each year is close to a uniform distribution, with the lowest percentage
coming from 2020, caused by the COVID-19 pandemic. The relationships
among the weather variables are presented in Figure 1 as a correlation matrix,
displaying only correlations significant at a p-value of 0.05 or lower.

We have estimated two sets of models using two different dependent
variables, which are presented in equation 1 and 3. In our initial set of
models, the dependent variable is total strokes per round, which measures
the number of strokes a given player takes in a single round. This approach
allows us to analyze the effect of weather conditions on overall performance.
The first model serves as a baseline, estimating round scores based on player,
season, and round. The formula for the total strokes model is presented in
Equation 1. Dew point was removed due to multicollinearity issues, as its
variance inflation factor (VIF) was found to be equal to 16.989.

Equation 1: Air Density Component Model Equation
Y jx =Bo+ B1Elevation;+ BzTemp,-J’k—i— BsHum, j
+ BaBar Pressure; j+ BsWind Speed, ; .+ BeWind Gust, ;i
+ ,B7Precz'pi,j,k—|— €ijk
Where:

Y j.k is the outcome of interest for player 7 in round ; of event £.
Elevationy, is the elevation in meters at the event 4.
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Time Timein Before After Total Temperature Dew Humidity Wind Wind Pressure Precipitation
Min Minutes Minutes Minutes Point Speed Gust

1:11PM 791 1 12 13 67 64 90 10 0 29.57 0.1
1:35PM 815 12 4.5 16.5 66 64 93 8 0 29.56 0.1
1:44PM 824 4.5 4.5 9 66 63 90 5 0 29.55 0.2
1:53PM 833 4.5 35 8 66 64 93 6 0 29.55 0.2
2:00PM 840 3.5 26.5 30 66 64 93 5 0 29.55 0
2:53PM 893 26.5 30 56.5 67 64 90 5 0 29.53 0
3:53PM 953 30 30 60 68 64 87 5 0 29.52 0
4:53PM 1013 30 51.02 81.02 67 62 84 12 0 29.52 0
Average/ 66.987 63.376 88.166 7.517 0 29.532 0.525
Sum

*This example is of weather data during a 1:10 PM tee time on 4/7/2018 in Augusta, Georgia, the third round of the Masters Tournament which had an estimated round duration of 274.02 minutes
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Table 2. Summary Statistics

Variable NotNA Mean Sd Min Max
total_strokes 108492 70.804 3.331 59 92
driving_dist 100037 289.863 13.86 189 417.1
air_density 108492 0.071 0.005 0.007 0.078
avg_pressure 108492 29.283 2.181 0 30.43
avg_temperature 108492 76.306 8.841 46.104 102.705
elevation 108492 652.927 1190.343 -6.562 7723.097
avg_wind_speed 108492 9.432 4.301 0 27.91
avg_wind_gust 108492 4.041 7.311 0 39.59
avg_humidity 108492 54.074 19.581 4.728 100
sum_precipitation 108492 0.163 0.751 0 19.618
avg_dew_point 108492 56.07 14.149 -4.453 80.873
teetimeinmin 108492 639.712 140.082 385 1200
round_num 108492

1 35032 32.3%

.2 34703 32%

.3 19557 18%

4 19200 17.7%

year 108492

..2017 16146 14.9%

..2018 15094 13.9%

..2019 16735 15.4%

..2020 12569 11.6%

..2021 16127 14.9%

..2022 16086 14.8%

..2023 15735 14.5%

course_yardage 108492 7201.123 195.934 6799 7741
course_par 108492

.70 31818 29.3%

.71 37130 34.2%

.72 38539 35.5%

.73 1005 0.9%

Temp, ;. represents the average temperature, in degrees Fahrenheit,
during player #’s jth round at event &.

Hum,; j 1, represents the average humidity, in percentage, during player #’s
7th round at event 4.

Bar Pressure; j j represents the average barometric pressure, in inches of
mercury, during player 7’s jth round at event 4.

Wind Speed, ; ;. represents the average wind speed, in miles per hour,
during player ’s jth round at event 4.

Wind Gust; ;  represents the average wind gust, in miles per hour, during
player ’s jth round at event £.

Precip; ; 1, represents the total precipitation, in inches, during player 7’s jth
round at event k.
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& be(\ Q\ ) O & &S & F ®
= o O W © o O L& o
S
total_strokes -0.15 0.06 0.01 -0.13 -0.06 0.19 0.14 -0.04 -0.02 -0.10
0.8
driving_dist -0.32 -0.32 0.18 0.34 -0.09 -0.02 -0.28 -0.08 -0.18
0.6
air_density .-0.26 -0.52 0.01 -0.01 0.10 0.01
0.4
avg_pressure -041 -0.01 -0.01 0.11 0.01 0.15
0.2

avg_temperature 0.16 001 0.08 -0.19 -0.05 0.43

elevation -0.16 -0.01 -0.41 -0.03 -0.37

r-0.2
avg_wind_speed . 0.08 0.02 0.10

avg_wind_gust -0.11 0.08 -0.04

-0.6
avg_humidity o.18 .
-0.8

sum_precipitation 0.10

Figure 1. Correlation Matrix of Data

*Note: Only correlations significant at a p-value of 0.05 or lower are displayed.

The formula for air density, originally derived by Terry Bahill et al. (2009)
in their paper on the effects of weather on baseball, is presented in Equation
2.

Equation 2: Air Density

Air Density =1.045 + 0.01045 (—0.0035 (Elevation — 2600)
— 0.2422(Temp — 85) — 0.0480 (Hum — 50)
+ 3.4223 (Bar Pressure — 29.92))

To isolate the effect of air density, we formulated a model excluding
its components—elevation, temperature, humidity, and barometric pressure.
This formula calculates density in kg/m3, which we convert to Ib/ft3 by
multiplying by 0.0625 to ensure consistency with the other parameters.
Unlike in the first model, dew point is included here because there are no
issues with multicollinearity, as indicated by its VIF score of 1.097.

Equation 3: Air Density Model Equation
Yi ik =Bo+ B1Air Density; ;. + BaDew Pnt; jr+ BsWind Speed, ;.
+ BaWind Gust; jx+ BsPrecip; j 1+ €; jk
Where:
Y j.k is the outcome of interest for player 7 in round ; of event &.

Air Density, ;. represents the average air density, in pounds per cubic
foot, during player s jth round at event 4.
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Dew Pnt; ;. represents the average temperature, in degrees Fahrenheit,

during player #’s jth round at event &.
Wind Speed, ;. represents the average wind speed, in miles per hour,

during player #’s jth round at event &.

Wind Gust; j represents the average wind gust, in miles per hour, during
player ’s jth round at event £.

Precip; ; ;. represents the total precipitation, in inches, during player s jth

round at event k.

For our dependent variable in our second set of models, we chose driving
distance, which is a measure of both ball carry (in the air) and the distance the
ball rolls out on the ground. The driving distance recorded by the PGA Tour
is the average of the two measured drives of opposite directions per round,
which are strategically chosen to be opposite in direction and as parallel as
possible to minimize the impact of wind (Fairholm, 2024). Equation 1 is the
basis the model that contains the density components, and equation 3 is the
equation for the model with density instead of the components. Similar to
the total strokes model, dew point is included only in the third model due to
multicollinearity issues in the second model (VIF score = 17.468), which are
resolved in the second model (VIF score = 1.109). However, unlike the total
strokes model, air pressure also had multicollinearity issues in the first model
(VIF score = 13.753), therefore this was removed.

All models include fixed effects for player, season, and round number.
The player fixed eftects control for performance differences between golfers,
the season fixed effects account for performance variations across PGA Tour
seasons, and the round number fixed effects control for differences between
rounds, including changes in field composition after the second-round cut.

Results

The results from the initial models displayed in Table 3 suggest that the
weather variables included have a considerable and statistically significant
(p < 0.001) impact on total strokes for golfers. The first model, with an
R2 of 0.154, is the base model, without any weather data, which allows
the comparison between models that include weather and one that does
not. In the second specification, with an R2 of 0.208, the elevation, average
temperature, average humidity, and the sum of precipitation variables are
significant with negative estimates showing that greater measurements of
these variables lead to lower strokes. Average pressure, wind speed, and wind
gust are significant variables with positive estimates, suggesting the opposite.
The increase in R2 from 0.154 to 0.208 represents a 35% relative increase
in explanatory power, underscoring the added value of including weather
conditions.

In the third specification, elevation, average temperature, average humidity,
and average pressure are replaced with air density and average dew point.
Many of the same relationships hold: average wind speed and wind gusts
remain significant positive predictors of total strokes, while the sum of
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precipitation remains a significant negative predictor. The primary variable
of interest, air density, is significant with a positive coefficient, and average
dew point is also significant but negative. Substituting air density for the
individual weather components, and including average dew point, results
in a slight reduction in explanatory power, with R? decreasing from 0.208
(full weather model) to 0.199. Despite this modest decline, the model still
explains substantially more variance than the baseline specification (R* =
0.154). Specifically, using only air density and average dew point increases
explanatory power by 29.2% relative to the base model, compared with
a 35.1% improvement when using the full set of weather variables. This
suggests that while air density and average dew point effectively capture much
of the relevant information, the disaggregated air density weather variables
related to air density provide slightly greater explanatory precision.

The marginal effects of the eight independent variables in Table 3 are
displayed in the plots in Figure 2a. These coefficients are standardized in
Figure 2b, and all standardized coeflicients presented in this paper follow
Gelman’s method (Gelman, 2008). This approach refits the model using
predictors scaled by two standard deviations, ensuring that the magnitude
of the coefficients is directly comparable across variables (Liidecke, 2024).
The dependent variable remains in its original units (strokes). Reported
coefficients therefore reflect the expected change in total strokes for a two-
standard-deviation increase in each predictor. The greatest potential for
gaining strokes by varying conditions is that of average temperature, which
suggests that extremely hot temperatures present opportunities for greater
performance. Although statistically robust, the magnitude of this estimate
(approximately one stroke for every 20°F drop in temperature) should be
interpreted with caution, as it may still capture residual round-level variation
not fully accounted for by our player fixed effects or weather covariates.
Elevation, average humidity, and the sum of precipitation also have positive
effects. The remaining variables show negative marginal effects with increases
in their measurements.

Figure 3a displays the marginal effects of the five variables included in
the model with air density on total strokes, while Figure 3b presents the
standardized coeflicients for this model. Compared to the other four
variables, average wind speed displays the greatest variance in the marginal
effect on total strokes where an increase of two standard deviations (8.60
mph) is associated with 1.15 additional strokes. Air density also has a large,
positive marginal effect on total strokes such that two additional standard
deviations (0.01 Ib/ft3) of density increases total strokes by 0.53 strokes per
round. The plot for average dew point shows the potential of decreasing
strokes when dew point is high. Average wind gust shows a moderate positive
effect on total strokes, while the sum of precipitation has a moderate negative
effect.
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Table 3. Total Strokes Models

round score round score round score

. . std. . std. . std.
Predictors Estimates Error Cl p Estimates Error Cl p Estimates Error Cl p
(Intercept) 44,5987 0.6304 43.3631 - <0.001 47.9471 0.6476 46.6778 - <0.001 42.9878 0.6583 41.6976 - <0.001
45.8343 49.2165 44,2779
teetimeinmin 0.0010 0.0001 0.0008 - <0.001 0.0007 0.0001 0.0005 - <0.001 0.0004 0.0001 0.0002 - <0.001
0.0011 0.0008 0.0005
course 0.0034 0.0001 0.0033 - <0.001 0.0034 0.0001 0.0032 - <0.001 0.0032 0.0001 0.0031 - <0.001
yardage 0.0035 0.0035 0.0033
elevation -0.0002 0.0000 -0.0002 - <0.001
-0.0002
avg -0.0493 0.0011 -0.0515 - <0.001
temperature -0.0471
avg humidity -0.0119 0.0006 -0.0130 - <0.001
-0.0108
avg pressure 0.0213 0.0054 0.0107 - <0.001
0.0318
avg wind 0.1133 0.0031 0.1073 - <0.001 0.1335 0.0030 0.1275 - <0.001
speed 0.1193 0.1395
avg wind gust 0.0226 0.0018 0.0191- <0.001 0.0127 0.0018 0.0093 - <0.001
0.0260 0.0162
sum -0.1468 0.0123 -0.1710 - <0.001 -0.1182 0.0120 -0.1417 - <0.001
precipitation -0.1226 -0.0948
air density 49.0613 2.3201 445139 - <0.001
53.6087
avg dew -0.0202 0.0007 -0.0216 - <0.001
point -0.0188
Observations 108492 108492 108492
R2/R2 0.154/0.141 0.208/0.196 0.199/0.187
adjusted
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Figure 2a. Total Strokes Air Density Component Model Marginal Effects Plots

Turning to driving distance as the dependent variable, weather predictors
account for a substantial portion of the variance. As shown in Table 4,
the baseline model without weather variables yields an R* of 0.398. In
comparison, the full weather model includes elevation and average
temperature, which are both positively associated with driving distance, as
well as average humidity, wind speed, wind gusts, and sum of precipitation,
which are each negatively associated. This specification achieves an R* of
0.513, representing a 28.9% relative increase in explanatory power and
underscoring the importance of weather conditions in driving performance.

In the third specification, elevation, average temperature, and average
humidity are replaced with a composite air density measure and average
dew point. All five weather-related variables are statistically significant with
negative coefficients. This model achieves an R* of 0.502, slightly below the
full weather model (R* = 0.513), but still well above the baseline model
(R* = 0.398). This represents a 26.1% relative increase in explanatory power
compared to the base model, suggesting that while air density and average
dew point capture much of the relevant variation, the disaggregated weather
variables offer marginally better predictive performance.

Figure 4a displays the marginal effects for the model incorporating
elevation, average temperature, average humidity, and average pressure instead
of air density, while Figure 4b presents the corresponding standardized
coefficients. Elevation gain shows a large positive effect on driving distance, as
does higher average temperature. For context, the model suggests that hitting
a shot in Reno (5,280 feet above sea level) rather than at sea level would
increase total driving distance by approximately 15 yards. By comparison, a
two-standard-deviation increase in elevation (2,361 feet) is associated with an
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Table 4. Driving Distance Models

driving dist driving dist driving dist
. . std. . std. . std.
Predictors Estimates Error Cl p Estimates Error Cl p Estimates Error Cl p
(Intercept) 140.6113 2.3686 135.9689 <0.001 161.7868 2.0879 157.6946 <0.001 272.9377 2.2813 268.4663 - <0.001
- - 277.4090
145.2537 165.8789
teetimeinmin 0.0058 0.0002 0.0053 - <0.001 0.0025 0.0002 0.0021 - <0.001 0.0044 0.0002 0.0040 - <0.001
0.0063 0.0030 0.0049
course 0.0219 0.0003 0.0214 - <0.001 0.0168 0.0002 0.0163 - <0.001 0.0171 0.0002 0.0166 - <0.001
yardage 0.0224 0.0173 0.0176
elevation 0.0028 0.0000 0.0027 - <0.001
0.0029
avg 0.2509 0.0037 0.2436 - <0.001
temperature 0.2582
avg humidity -0.0617 0.0019 -0.0654 - <0.001
-0.0580
avg wind -0.1397 0.0124 -0.1640 - <0.001 -0.1553 0.0126 -0.1799 - <0.001
speed -0.1155 -0.1307
avg wind gust -0.0439 0.0067 -0.0571 - <0.001 -0.0296 0.0068 -0.0430 - <0.001
-0.0307 -0.0163
sum -0.6863 0.0341 -0.7532 - <0.001 -1.1283 0.0379 -1.2026 - <0.001
precipitation -0.6194 -1.0540
air density -1284.7986 14.2608 -1312.7496 - <0.001
-1256.8476
avg dew -0.0968 0.0024 -0.1015 - <0.001
point -0.0920
Observations 100037 100037 100037
R2/R2 0.398/0.389 0.513/0.505 0.502/0.494

adjusted
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Figure 2b. Standardized Coefficients for the Total Strokes Air Density Component Model

Note: Continuous variables were rescaled by dividing by two standard deviations to facilitate comparison, while the dependent variable
remains in its original units, so the coefficients represent the expected change in the outcome for a two-standard-deviation increase in

the explanatory variable.
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Figure 3a. Total Strokes Air Density Model Marginal Effects Plots
estimated 7-yard increase. Average humidity has a considerable negative effect

on driving distance, while the remaining variables exhibit relatively modest
negative effects within their measurement ranges.
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Figure 3b. Standardized Coefficients for the Total Strokes Air Density Model

Note: Continuous variables were rescaled by dividing by two standard deviations to facilitate comparison, while the dependent variable

remains in its original units, so the coefficients represent the expected change in the outcome for a two-standard-deviation increase in

the explanatory variable.
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Figure 4a: Driving Distance Air Density Component Model Marginal Effects Plots

Figure Sa displays the marginal effects for the model incorporating density
instead of its components, while Figure Sb presents the standardized
coefficients for this model. We find that a 2 SD increase in air density

(0.01 Ib/ft3) may decrease the average driving distance by approximately
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Figure 4b. Standardized Coeflicients for the Driving Distance Air Density Component Model

Note: Continuous variables were rescaled by dividing by two standard deviations to facilitate comparison, while the dependent variable
remains in its original units, so the coefficients represent the expected change in the outcome for a two-standard-deviation increase in

the explanatory variable.

9 yards, while a 2 SD (28°F) increase in dew point can decrease driving
distance by approximately 3 yards. A decrease of 0.012 lb/ ft3 in air density
is approximately the same as driving a ball in Reno (5,280 ft) instead of Los
Angeles (0 ft), and we find that a Tour professional would extend his drive by
approximately 16 yards using our density model.

To compare our results with other studies, we found that Titleist Golf
Ball R&D, using a different approach (Veitch, 2019), estimates that a player
would extend his drive by 6% hitting at Reno instead of at sea level, and so
an average Tour player hitting 290 yards at sea level would extend his drive by
17.4 yards.

Similarly, Bahill et al. (2009) report that a 10% decrease in air density leads
to a 4% increase in the distance a baseball travels. To compare, we simulated a
10% reduction in air density for each player-round in our data. We found that
when using this reduced air density, the model’s estimated distance for each
round increased by an average of 3.14% compared to the estimated distance
using the original air density.

This slightly smaller percentage in golf can be attributed to two key factors.
First, golf balls are more aerodynamically efficient — due to the dimpled
surface and smaller size. Second, while the 4% increase in the baseball study
reflects carry distance, our 3.14% increase affects total driving distance, which
includes both carry and roll. Since roll is determined by ground conditions
that are largely unaffected by air density, the overall gain in total distance is
dampened relative to the effect on carry alone.
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Figure 5a. Driving Distance Air Density Model Marginal Effects Plots

In all models, par fixed effects were added with par 70 as the reference.
The estimated coefficients for these fixed effects do not exhibit 2 monotonic
pattern, reflecting unobserved course design features and the fact that par
and yardage are not perfectly collinear. The continuous yardage covariate is
positive and significant in both the total-strokes and drivingdistance models,
likely because longer courses both require longer drives and typically involve
more strokes to complete a hole.

Discussion

The results presented in Tables 3 and 4 reveal that all weather variables
considered as independent variables have a statistically significant impact on
both total strokes and driving distance. Golfers tend to record fewer strokes
when precipitation, elevation, humidity, dew point, and temperature are
higher. Conversely, higher barometric pressure, wind speed, wind gusts, and
air density are associated with increased stroke totals. Driving distance, on
the other hand, tends to increase with greater elevation and temperature,
while it tends to decrease with higher wind gusts, wind speed, precipitation,
humidity, dew point, and air density.

By combining driving distance and total strokes models, we can gain
insights into the factors influencing a golfer’s performance. Similar to Bahill
et al.'s baseball study (2009), drag force surpasses the Magnus force on a golf
ball, leading to an average increase of 3.14% total driving distance when air
density is 10% lower. Increasing the carry distance allows golfers to reach
the green in fewer strokes on average. This is because shorter distances tend
to have less variability in shot outcomes, making it easier to hit the green
consistently (Broadie, 2012).
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Figure 5b. Standardized Coefficients for the Driving Distance Air Density Model

Note: Continuous variables were rescaled by dividing by two standard deviations to facilitate comparison, while the dependent variable
remains in its original units, so the coefficients represent the expected change in the outcome for a two-standard-deviation increase in

the explanatory variable.

The wind may affect a golfer’s ability to gain strokes by having
unpredictable movements due to the ball spin rates and influencing the
distance the ball travels in every direction. Wind can influence every aspect
of the game, even during putting, as evidenced by Suzuki et al.'s (2025)
experimental study, which demonstrated that wind can lead to distance errors
during putting. Attempting to understand the effects that weather conditions
have on driving distance is a simpler exercise. Like the effect on total strokes,
higher winds, unless at the golfer’s back, can reduce the distance of a golfer’s
drive by causing lateral movement which takes away from distance gained in
the forward direction. Furthermore, this lateral movement may cause the ball
to drift out of the fairway reducing the roll out that the ball may get after
it touches down. It is important to note that driving distance is measured
on only two holes per round, which are strategically selected to be opposite
in direction and as parallel as possible to reduce any wind effects (Fairholm,
2024). However, the specific holes and their orientations remain undisclosed.
Consequently, it becomes challenging to incorporate wind direction in a
meaningful manner, which is why it was excluded from our analysis. If the
wind aligns parallel to the measured holes, its effects will largely cancel out,
resulting in an estimated wind effect that is likely smaller than the actual one.

A higher average dew point may reduce roll-out, as wetter fairway
conditions slow the ball after landing due to an increase in resistance. Since
driving distance includes both carry and roll, this could contribute to shorter
overall drives. Precipitation is expected to have a similar effect, increasing
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surface moisture and further limiting roll. Dew on the club can also lead to
reduced friction when hitting the ball, leading to less spin and therefore a
reduced magnus effect, leading to less carry (On the Toe, 2024).

When comparing the total strokes models to the driving distance models,
we would generally expect the signs to be opposite, as longer drives typically
contribute to lower total strokes. However, there is some inconsistency: for
example, the sum of precipitation, average dew point, and average humidity
decrease driving distance but are also associated with a decrease in total
strokes. These factors all relate to increased moisture conditions, which likely
reduce fairway rollout but simultaneously soften the greens, allowing players
to better control the ball and mitigate unexpected bounce, backspin, and
excessive rollout that can occur on dry, firm greens and in windy conditions.

Weather conditions can influence golfers not only through the physical
effects on ball flight, but also through physiological and psychological
responses. For example, golfers may react differently to the weather based on
the climates they are used to, and they may alter strategic decisions based
on weather conditions (Gabriel, 2023). As a form of coping behavior, elite
golfers may seek caddie support (Nicholls & Polman, 2008) while reacting to
those extreme weather conditions, as caddies influence players’ performance
and decision-making process (Pilgrim et al., 2016).

The role of the caddie has evolved alongside changes in rules and the
adoption of new technologies. For instance, the LPGA Tour recently allowed
the use of rangefinders (Nichols, 2021) to improve pace of play, as estimating
distances from yardage books can be time consuming. Similarly, the PGA has
also been testing rangefinders to increase pace of play (Hodowanic, 2025). At
the same time, the Tour remains cautious about preserving traditional caddie
and player skills—rangefinders are still prohibited from providing elevation
adjustments or club selection advice during play. This is similar to the ban
of green books that occurred in 2022, which players felt removed the skill of
reading the greens (Colgan, 2021).

Our findings suggest that incorporating weather data into shot planning
may further reshape the caddie’s responsibilities, given its significant effect
on both performance and shot distance. This could include pre-round
adjustments to yardage books based on forecasted conditions, as well as
recalibrating club selection to reflect expected ball flight changes.

As we continue to investigate the relationship among weather conditions,
distance, and performance, future studies may provide valuable insight in
ways to mitigate the variance these effects have on players’ expectations for
distances. For example, it may be possible to offer recommendations for
various forms of golf ball and clubhead designs that mitigate the variance
of distance for certain forms of weather conditions. Perhaps more stable
differences like elevation and temperature would be a good starting point.
This approach would allow a golfer in theory to choose a golf ball and
clubhead designs for certain elevation and temperature ranges to minimize
distance variances from normal conditions in which they play and practice.
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The advantages of our approach to understanding how weather conditions
might affect professional golf performance are apparent. Compared to Jowett
and Phillips (2023), while the Masters is one of the four most prestigious
professional golf events in the world, it is just one of many events in which
the best golfers in the world compete for immense cash prizes. By utilizing
a far more robust set of data, we can investigate the aim of this study across
many other locations, seasons, and climates. Furthermore, the dependent
variables of total strokes, and driving distance are more applicable metrics
for evaluating the effects of weather conditions on golfer performance. When
players understand the impact of weather conditions and can control the
spin rate and distance more effectively after practices, they gain an advantage
on the course. This allows them to minimize the likelihood of encountering
unfavorable circumstances. For instance, a difference of just one foot in
distance can determine whether a player lies on the fairway, in the semi-rough,
rough, or even in a bunker. Playing from a bunker, as opposed to any other
area including the rough, increases the average strokes taken by PGA Tour
players (Plummer, 2024). Conversely, a well-placed shot can hold the green,
significantly improving the likelihood of making a putt.

Another advantage of this paper is the greater precision of its weather data
compared to Jowett and Phillips (2023). While that study recorded weather
at the level of the mean across the entire time of play for a given round of
the Masters, our approach utilizes mean weather measurements across every
individual player’s round for a more granular and precise proxy. There is
enormous potential for weather conditions to change throughout the course
of one day of a golf event, especially in climates with highly variable weather
patterns. When a round of an event can cover over 12 hours, it is important
to tailor the measurement of weather conditions to that period of time that
every golfer is playing.

These atmospheric data can also promote growth in off-course
participation by enabling the simulation of realistic playing conditions and
providing accurate distance predictions when combined with launch monitor
technology. Launch monitors are increasingly popular among golfers of all
skill levels who value advanced technological feedback during practice
sessions. These findings could further inform instructional strategies aimed
specifically at improving driving performance. As more statistical evidence
becomes available, future research should extend into additional areas such as
pitching, chipping, and putting, particularly regarding distance control and
spin rate outcomes.

Conclusion

This study provides robust evidence that atmospheric conditions,
particularly air density and its components, meaningfully affect professional
golfer performance on the PGA Tour. Across models of both total strokes
and driving distance, we find consistent and statistically significant effects
of temperature, elevation, humidity, wind, dew point, and precipitation.
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Notably, lower air density is associated with both longer drives and fewer
total strokes, aligning with findings from physics-based studies in other sports
contexts.

While these results are statistically robust, some estimated magnitudes,
especially for temperature, are larger than might be expected and should
be interpreted with caution. These effects may, in part, reflect unobserved
round-level factors not fully accounted for by our player fixed effects or
available weather covariates. We therefore encourage future research to
replicate and extend these findings using higher-frequency weather data or
shot-level observations to better isolate causal effects.

These results suggest that weather conditions introduce systematic
advantages and disadvantages within and across tournament rounds,
challenging the notion that performance variation in golf is driven solely by
skill or randomness. In practical terms, our findings support the development
of player preparation strategies that incorporate environmental factors. Elite
professional and amateur golfers may benefit from incorporating these
insights into their club selection, shot planning, and course management
approaches.

Beyond immediate performance implications, these results highlight new
frontiers for technology, equipment design, and instruction in golf,
particularly in developing tools that help players manage the variability
introduced by weather. Future research might extend this approach to other
performance domains in golf, such as putting or short game scenarios, where
atmospheric conditions may also influence spin rates and shot outcomes.

Ultimately, while luck and randomness remain inherent aspects of golf,
our analysis demonstrates that measurable environmental conditions play a
substantial role in shaping player performance. Rather than viewing weather
as an uncontrollable source of variance, it should be understood as a
systematic and quantifiable component of the game, providing essential
context for evaluating performance and success on the course.

Submitted: April 11, 2025 GMT. Accepted: October 16, 2025 GMT. Published: November 01, 2025 GMT.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/
by/4.0 and legal code at http://creativecommons.org/licenses/by/4.0/legalcode for more information.

International Journal of Golf Science

22



Forecasters OE Success

References

Augestad, P., Bruu, M., & Telseth, F. (2021). “You create your own luck, in a way” About
Norwegian footballers’ understanding of success, in a world where most fail. Soccer € Society,
22(3), 280-292. https://doi.org/lo.1080/14660970.2020.1815009

Augusta, GA Weather History | Weather Underground. (2023, April 9). Weather Underground.
https://wwwwunderground.com/history/daily/us/ga/augusta/ KAGS/date/2023-4-9

Bahill, A. T, Baldwin, D. G., & Ramberg, ]J. S. (2009). Effects of Altitude and Atmospheric
Conditions on the Flight of a Baseball.

Baugher, C. D., Day, J. P, & Burford, E. W. (2016). Drive for Show and Putt for Dough? Not
Anymore. Journal of Sports Economics, 17(2), 207-215. https://doi.org/10.1177/
1527002514528517

Beall, J. (2024). Monday qualifiers for PGA Tour event were accidentally allowed into field.

GolfDigest.Com. https://www.golfdigest.com/story/monday-qualifier-pga-tour-black-desert-
championship-2024
Bliss, A. (2021). Modelling Elite Golf Performance: Predictors of Hole Score on the European Tour

From 2017-2019. International Journal of Golf Science, (1). https://www.golfsciencejournal.org/

from-2017-2019

Broadie, M. (2012). Assessing Golfer Performance on the PGA TOUR. Interfaces, 42(2), 146-165.
hps://doi.org/10.1287/inte.1120.0626

Colgan, J. (2021, November 2). Report: PGA Tour to officially restrict yardage, green books. Golf.
https://golf.com/instruction/rules/report-pga-tour-yardage-green-books-restrict/

Datagolf.com FAQ. (2024). https://datagolf.com/frequently-asked-questions#true-strokes-gained
Ehrenberg, R. G., & Bognanno, M. L. (1990). Do Tournaments Have Incentive Eftects? 7he

Journal of Political Economy, 98(6), 1307-1324. https://doi.org/10.1086/261736
Ehrlich, J. A., & Kamimoto, N. (2024). Analyzing professional golf performance and earnings:

Insights from strokes gained analysis. Managerial Finance. https://doi.org/10.1108/
MF-06-2024-0475

Fairholm, S. (2024, March 1). How Drwmg Distance Has Evolved on the PGA Tour. MyGolfSpy.

Gabriel, A. (2023, Aprll 6). How weather can make or break your golf game [Text.Article]. FOX
Weather. https://www.foxweather.com/lifestyle/weather-golf-masters-tournament-pga-tour

Gelman, A. (2008). Scaling regression inputs by dividing by two standard deviations. Statistics in
Medicine, 27(15), 2865-2873. https://doi.org/10.1002/sim.3107

Hodowanic, P. (2025, April 15). PGA TOUR tests speed-of-play solutions, allows distance-measuring
devices at RBC Heritage. PGATour.Com. https://www.pgatour.com/article/news/latest/2025/
04/15/distance-measuring-devices-allowed-at-rbc-heritage-as-pga-tour-tests-speed-of-play-solutions

Jowett, H., & Phillips, I. D. (2023). The effect of weather conditions on scores at the United States
Masters golf tournament. International Journal of Biometeorology, 67(11), 1897-1911. https://
doi.org/10.1007/500484-023-02549-6

Kaliniski, G. (2020, June 11). The perfect weather for an athlete is... — Obserwator. https://
obserwator.imgw.pl/2020/06/11/the-perfect-weather-for-an-athlete-is/

Ludecke, D. (2024). sjPlot: Data Visualization for Statistics in Social Science. https://CRAN.R-
project.org/package=sjPlot

International Journal of Golf Science 23


https://doi.org/10.1080/14660970.2020.1815009
https://www.wunderground.com/history/daily/us/ga/augusta/KAGS/date/2023-4-9
https://doi.org/10.1177/1527002514528517
https://doi.org/10.1177/1527002514528517
https://www.golfdigest.com/story/monday-qualifier-pga-tour-black-desert-championship-2024
https://www.golfdigest.com/story/monday-qualifier-pga-tour-black-desert-championship-2024
https://www.golfsciencejournal.org/article/21353-modelling-elite-golf-performance-predictors-of-hole-score-on-the-european-tour-from-2017-2019
https://www.golfsciencejournal.org/article/21353-modelling-elite-golf-performance-predictors-of-hole-score-on-the-european-tour-from-2017-2019
https://www.golfsciencejournal.org/article/21353-modelling-elite-golf-performance-predictors-of-hole-score-on-the-european-tour-from-2017-2019
https://doi.org/10.1287/inte.1120.0626
https://golf.com/instruction/rules/report-pga-tour-yardage-green-books-restrict/
https://datagolf.com/frequently-asked-questions#true-strokes-gained
https://doi.org/10.1086/261736
https://doi.org/10.1108/MF-06-2024-0475
https://doi.org/10.1108/MF-06-2024-0475
https://mygolfspy.com/news-opinion/how-driving-distance-has-evolved-on-the-pga-tour/
https://www.foxweather.com/lifestyle/weather-golf-masters-tournament-pga-tour
https://doi.org/10.1002/sim.3107
https://www.pgatour.com/article/news/latest/2025/04/15/distance-measuring-devices-allowed-at-rbc-heritage-as-pga-tour-tests-speed-of-play-solutions
https://www.pgatour.com/article/news/latest/2025/04/15/distance-measuring-devices-allowed-at-rbc-heritage-as-pga-tour-tests-speed-of-play-solutions
https://doi.org/10.1007/s00484-023-02549-6
https://doi.org/10.1007/s00484-023-02549-6
https://obserwator.imgw.pl/2020/06/11/the-perfect-weather-for-an-athlete-is/
https://obserwator.imgw.pl/2020/06/11/the-perfect-weather-for-an-athlete-is/
https://cran.r-project.org/package=sjPlot
https://cran.r-project.org/package=sjPlot

Forecasters OE Success

Nicholls, A. R., & Polman, R. C. J. (2008). Think aloud: Acute stress and coping strategies during
golf performances. Anxiety, Stress, and Coping, 21(3), 283-294. https://doi.org/10.1080/
10615800701609207

Nichols, B. A. (2021, June 23). Rangefinders debut at the KPMG and are here to stay on the LPGA.
Not everyone is thrilled. Golfweek. https://golfweek.usatoday.com/story/sports/golf/2021/06/23/
rangefinders-debut-at-the-kpmg-and-are-here-to-stay-on-the-Ipga-not-everyone-is-thrilled/
76504179007/

On the Toe. (2024, October 7). How Does Rain Affect Golf? A Comprebensive Guide for Wet-
Weather Golfing — On The Toe. 19th Hole. https://onthetoe.co.uk/blogs/19th-hole/how-does-
rain-affect-golf

Orszag, ]. M. (1994). A new look at incentive effects and golf tournaments. Economics Letters, 46(1),
77-88. https://doi.org/10.1016/0165-1765(94)90080-9

Pilgrim, J., Robertson, S., & Kremer, P. (2016). A qualitative investigation into the role of the
caddie in elite-level golf. International Journal of Sports Science € Coaching, 11(4), 599-609.
https://doi.org/10.1177/1747954116654783

Plummer, B. (2024, July 1). Is It Better To Miss The Green In The Bunker Or Rough? The Data Is
Clear Cut... Golf Monthly. https://www.golfmonthly.com/features/is-it-better-to-miss-the-green-
in-the-bunker-or-rough-the-data-is-clear-cut

Roth, S., & Cohen, L. J. (1986). Approach, avoidance, and coping with stress. American
Psychologist, 41(7), 813-819. https://doi.org/10.1037/0003-066X.41.7.813

Ryan, S. (2023, May 4). The simple answer to the PGA Tour’s slow play problem? A first-hand look
reveals why there isn’t one. GolfDigest.Com. https://www.golfdigest.com/story/the-simple-answer-

to-the-pga-tour-s-slow-play-problem--a-first-h

Stigler, S., & Stigler, M. (2018). Luck and Skill in Tournament Golf. CHANCE, 31(3), 4-13.
https://doi.org/lo.1080/09332480.2018. 1522206

Stockl, M., & Lamb, P. F. (2018). The variable and chaotic nature of professional golf performance.
Journal of Sports Sciences, 36(9), 978—984. https://doi.org/10.1080/02640414.2017.1347269

Suzuki, T., Asai, T., & Kita, T. (2025). Wind effect in short-range putting. International Journal of
Golf Science, 13(1), 1-14.

Veitch, R. (2019, February 19). How Much Does Elevation Affect Golf Ball Distance | Titleist— Team
Titleist. Titleist. Com. https://www.titleist.com/teamtitleist/b/tourblog/posts/the-effect-of-

altitude-golf-ball-aerodynamics
Weather Underground. (2025). https://www.wunderground.com/

International Journal of Golf Science

24


https://doi.org/10.1080/10615800701609207
https://doi.org/10.1080/10615800701609207
https://golfweek.usatoday.com/story/sports/golf/2021/06/23/rangefinders-debut-at-the-kpmg-and-are-here-to-stay-on-the-lpga-not-everyone-is-thrilled/76504179007/
https://golfweek.usatoday.com/story/sports/golf/2021/06/23/rangefinders-debut-at-the-kpmg-and-are-here-to-stay-on-the-lpga-not-everyone-is-thrilled/76504179007/
https://golfweek.usatoday.com/story/sports/golf/2021/06/23/rangefinders-debut-at-the-kpmg-and-are-here-to-stay-on-the-lpga-not-everyone-is-thrilled/76504179007/
https://onthetoe.co.uk/blogs/19th-hole/how-does-rain-affect-golf
https://onthetoe.co.uk/blogs/19th-hole/how-does-rain-affect-golf
https://doi.org/10.1016/0165-1765(94)90080-9
https://doi.org/10.1177/1747954116654783
https://www.golfmonthly.com/features/is-it-better-to-miss-the-green-in-the-bunker-or-rough-the-data-is-clear-cut
https://www.golfmonthly.com/features/is-it-better-to-miss-the-green-in-the-bunker-or-rough-the-data-is-clear-cut
https://doi.org/10.1037/0003-066X.41.7.813
https://www.golfdigest.com/story/the-simple-answer-to-the-pga-tour-s-slow-play-problem--a-first-h
https://www.golfdigest.com/story/the-simple-answer-to-the-pga-tour-s-slow-play-problem--a-first-h
https://doi.org/10.1080/09332480.2018.1522206
https://doi.org/10.1080/02640414.2017.1347269
https://www.titleist.com/teamtitleist/b/tourblog/posts/the-effect-of-altitude-golf-ball-aerodynamics
https://www.titleist.com/teamtitleist/b/tourblog/posts/the-effect-of-altitude-golf-ball-aerodynamics
https://www.wunderground.com/

	Forecasters of Success: Atmospheric Conditions and Golfer Performance on the PGA Tour
	Introduction
	Background Literature
	Methods
	Equation 1: Air Density Component Model Equation
	Equation 2: Air Density
	Equation 3: Air Density Model Equation

	Results
	Discussion
	Conclusion
	References


