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Abstract

It is generally appreciated that warm weather negatively affects marathon

running performance. This brief review summarises the historical literature on this

topic and recent work that our laboratory has performed to quantify the impact of

weather on marathon running performance. Using 140 race-years of data, we have

demonstrated that marathon performance times slow progressively as weather

warms above 5-10°C wet bulb globe temperature, that men and women are

affected similarly, but slower runners suffer a greater performance penalty than

elite runners. The recent generation of a nomogram that predicts changes in

finishing time consequent to changes in weather conditions offers runners and

coaches a tool for use in developing marathon race strategy.

An accepted ‘truth’ in the lore of distance run-
ning is that race performances worsen as weather
warms. How much race performance worsens has
been tentative, at best, as until recently the impact of
weather on race performance had received only lim-
ited attention and the few studies performed relied
only on data from elite male runners. Thus, the
implications for slower competitors or female run-
ners were only speculative. The purpose of this
article is to briefly summarise what is known regard-
ing weather and ability to run a fast marathon.

There are several predictions in the running liter-
ature regarding the impact of weather conditions on
marathon finishing times. For example, based on the
winning times for 61 marathon races where weather
conditions were known, Frederick!!! predicted that
for every 5°C that ambient temperature was above
or below 12°C, marathon time would slow by =3

minutes or 2%. Brown predicted somewhat larger
performance decrements based on data from seven
runners who participated in a set of races with quite
different weather conditions; predicted finishing
times were 7-8% slower in warm environmental
conditions. More recently, Daniels® published a
table that predicted the magnitude of decrement that
runners should expect as environmental conditions
become warmer and/or more humid. Details behind
the data used to generate the table were not provid-
ed. Regardless, Daniels predicted that finishing time
at 21°C would be 1.6% slower than expected and
would slow an additional 1.6% for every further 5°C
increment in ambient temperature up to 32°C. It is
noteworthy that Daniels predicted race perform-
ances would slow similarly, independent of ability,
for 130-240-minute finishers.



Weather and Marathon Performance

Trapasso and Cooper!®! defined the relationship
between weather conditions and race pace by com-
paring finishing time with current course record
over multiple years of data from the Boston Mara-
thon. In contrast with the prediction of Frederick!!!
that deviations in ambient temperatures in either
direction away from 12°C would slow finishing
time, the data of Trapasso and Cooper™ suggest that
runners are capable of racing fast until a threshold
set of environmental conditions are exceeded (figure
1). A simple plot of the average finishing time for
the top ten men competing in the New York City
Marathon with the prevailing dry bulb conditions
during the race supports the latter conclusion. It is
only when weather conditions get warmer that there
appears to be a relatively reliable pattern of slower
finishing times (figure 2). However, these and other
dataP! provide no insight into the magnitude of
performance decrement.

Martin and Buoncristiani® provide the only
comparison of weather on marathon running per-
formance of men and women. They compared the
winning times for each sex with the high tempera-
ture on race day for 21 years of the New York City
Marathon (1978-98). In this dataset, both men and
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Fig. 1. Relationship between finishing time and weather conditions
for the top three finishers of the Boston Marathon from 1957 to
1986. Modified discomfort index (MDI) utilises dry and wet bulb
globe temperatures (WBGT) and values approximate WBGT (MDI
= 0.75xTw + 0.3xTq). CR = course record; Tq = dry bulb tempera-
ture; Tw = wet bulb temperature.
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Fig. 2. Ambient temperatures and mean finishing times of top ten
male finishers of New York City Marathon from 1978 to 2004. Tap =
dry bulb temperature.

women’s finishing times slowed with increasing
ambient temperature. However, the sexes appeared
to slow differently, as regression analysis produced
a quadratic relationship between ambient tempera-
ture and weather for men and a linear fit for the
women; thus, suggesting differences between sexes
in their tolerance for changes in weather conditions.

We recently collected finishing data and environ-
mental conditions for multiple years of results from
several large marathon races to quantify the impact
of weather on finishing time!”! and gain insight into
the optimal range of environmental conditions for
setting course records. The dataset included not only
top male finishers, but finishing times for top fe-
males and slower runners to determine whether fe-
male runners and slower finishers are affected simi-
larly.

Marathon race results and weather conditions
were obtained from seven different marathons (Bos-
ton Marathon, New York City Marathon, Twin Cit-
ies Marathon, Grandma’s Marathon, Richmond
Marathon, Hartford Marathon and Vancouver Mara-
thon). The complete dataset of the above races in-
cluded the past 36, 29, 24, 23, 6, 12 and 10 years,
respectively. For the analysis of weather on mara-
thon performance, we utilised the wet bulb globe
temperature (WBGT), which incorporates the inde-
pendent effects of ambient temperature, humidity
and solar radiation into a single weather index.
Three hours of weather data were averaged and the
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average value used to represent each race-year. As
all marathon races in the dataset had start times in
the morning hours, WBGT typically increased over
the course of a race.

Finishing times for the top three men and women
were included, as were the finishing times of the
25th, 50th, 100th and 300th place finishers in each
race. Performance was assessed by calculating the
finishing time as a percentage off the course record
([finishing time — course record/course record] X
100). To remove any bias associated with improving
records over time, the finishing times were refer-
enced against the existing course record for the year
under study. The finishing times for the top three
male and female finishers were averaged to reduce
bias caused by intangible factors such as prize mon-
ey, race strategies or overall competition.

In this large dataset, elite men experienced a
slowing of performance as WBGT increased above
5-10°C. Their performances were on average 1.7,
2.5, 3.3 and 4.5% slower than the course record
when grouped into 5-10°C, 10.1-15°C, 15.1-20°C
and 20.1-25°C WBGTs, respectively. This magni-
tude of change as weather warms is similar to that
predicted by Daniels?®! for elite runners. Women
appear to experience a similar slowing when com-
pared with men. However, the effect of weather on
female finishing times is more difficult to detect as
within- and between-race variance is larger for wo-
men than men. Regardless, there appears little rea-
son to suggest that weather affects performance time
of men and women differently.

Running ability does seem to matter, as slower
runners suffered greater performance decrements in
warmer weather than the elite runners. Comparison
of the 25th, 50th, 100th and 300th place finishers
with the current men’s course record showed that
their performance time declined 2.6, 3.5, 4.9 and
7.9% as weather warmed from 5-10°C, 10.1-15°C,
15.1-20°C and 20.1-25°C WBGT, respectively.
This difference between ability groups is graphical-
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ly illustrated in the nomogram presented in figure 3.
One explanation for the greater slowing could be
that the slower runners are spending more time
exposed to the environmental conditions. Addition-
ally, since the slower runners are more likely to be
running in close proximity to each other, they may
be running in a micro-climate that is warmer than
weather conditions would indicate. It has been esti-
mated that the small net reductions of long-wave
heat radiative and convectional heat loss produced
by group running can increase the physiological heat
stress of running =3-fold compared with running
s0l0.891 Separately, differences in fitness relative to
physiological potential could also contribute to dif-
ferences in performance times and ability to cope
with weather changes observed between the slower
compared with elite runners.

In summary, marathon performance times do
worsen as weather warms above 5-10°C WBGT.
However, the impact of weather on performance
time is dependent on running ability, as the faster
runners slow less than slower runners. The recent
generation of a nomogram that predicts changes in
finishing time consequent to changes in weather
conditions offers runners and coaches a tool for use
in developing marathon race strategy.
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Fig. 3. Nomogram predicting performance decrements (y-axis)
based on projected marathon finishing time (x-axis) with increasing
wet bulb globe temperature (WBGT) from the New York City Mara-
thon between 1978 and 2004.1"]
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