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1. Regression Analysis of Marathon Times and Temperatures 

Data on marathon finishing times is taken from Allen et al. (2016). The data reports finishing 
times for 9,789,093 individual marathon runs between 1993 and 2013, along with information on 
each runner’s age and gender, the date and location of each race, and the number of finishers in 
each race.1 We drop runners from our sample who are missing information on age or gender, and 
who ran marathons that we cannot match to a location. This leaves a final sample of 4,724,068 
runners. We merged this data with daily global temperature and precipitation data produced by 
the ERA-Interim Reanalysis (Dee et al., 2011), with separate daily temperature (measured as the 
average of the high and the low) information taken for each individual marathon event. 
 
We model marathon times as a function of race-day temperature, while controlling for runners’ 
age and gender. Importantly, we also control for marathon-specific characteristics (e.g., the 
specific terrain or elevation changes of the New York Marathon) by including a separate constant 
or “fixed effect” for each marathon in the sample. As a result, the analysis compares marathons 
to themselves over time, using variation in temperature across years to estimate temperature’s 
causal effect on finishing times. In addition, the model controls for year-specific characteristics 
by including separate constants for each year (i.e., year fixed effects); these variables control for 
all factors that are common across all marathons in year, including changes in international 
marathon regulations or improvements in running gear. 
 
Temperature is modeled semi-parametrically. We categorize marathon times into a number of 
temperature “bins” (e.g., 70°-79°F), and estimate an effect for each bin of that bin’s 
temperatures’ effect on marathon times. This estimation is done relative to the 40°-49°F bin, 
which the data shows is the optimal range of temperatures for marathon running. The 
interpretation of each bin’s estimated effect is the expected change in a marathon runner’s time if 
they ran a marathon in a given temperature range, instead of the optimal 40°-49° range. 
Specifically, we estimate: 

𝑡𝑖𝑚𝑒%&' = 𝜃*𝑇𝑀𝐸𝐴𝑁%*'
*

+ 𝜷𝑿𝒊𝒕 + 𝛼& + 𝛾' + 𝜀%' 

where 𝑡𝑖𝑚𝑒%&' is the finishing time of runner 𝑖 in marathon 𝑚 occurring in year 𝑡. The term 𝑿𝒊𝒕 
is a set of runner-specific controls, defined as the full interaction of 8 age categories (≤19, 20-29, 
30-39, 40-49, 50-59, 60-69, 70-79, ≥80) and gender. The terms 𝛼& and 𝛾' denote the marathon 
and year fixed effects, respectively. The variables 𝑇𝑀𝐸𝐴𝑁%*' are equal to one if runner 𝑖’s 
marathon had mean temperature in the 𝑗th temperature bin, and zero otherwise. The coefficients 

                                                
1 Data was entered twice separately to avoid errors. We looked up and manually corrected discrepancies 
on race-level information (e.g. date) between the two entered datasets. 



of interest are the terms 𝜃*, which measure the average impact of running a marathon with 
temperature in the 𝑗th bin, relative to running in the 40°-50°F bin. 
 
We also estimate the model separately for “elite” marathon runners only, by restricting the 
sample to include only top-20 finishers by gender in marathons with over 1,000 finishers. The 
estimated effects from this “elites-only” model are used to adjust the top 25 record marathon 
times for temperature’s effects. Temperature adjustments were made by adding the relevant 
temperature coefficient estimate to each record time, with the coefficient corresponding to the 
daily mean temperature for the event in which each record was set. Our sample of world record 
times includes all records set at major city marathons through March 1, 2017.2 Table 1 reports 
estimates of the temperature effects for both the “all runners” and “elite” samples. Tables 2 and 3 
report the actual and adjusted ranks of marathon runners used in the article for men and women, 
respectively. 

 
2. Historical Temperatures and Future Temperature Projections 
All projections of future temperatures in the article are generated using the Community Climate 
System Model (CCSM4)3. Daily RCP8.5 projections, based on a “business as usual” scenario 
that assumes that the current trajectory of global emissions continues unabated, were made 
separately for a number of locations in order to estimate the expected temperature rise in New 
York and other cities by 2050 and 2090. 

 
Our CCSM4 projections are corrected for systematic errors (“bias-corrected”) using the Global 
Meteorological Forcing Dataset (GMFD)4. To ensure that our temperature projections data is 
comparable with the historical record, we use the GMFD data to calculate all historical 
temperature statistics for New York City reported in the article. Our estimates of city 
temperatures are derived by intersecting each gridded temperature data product (e.g., a single day 
of GMFD data) with an 80-kilometer buffer centered on each city. Each estimate of daily 
temperature is a weighted average of all grid cell temperatures intersected by the buffer, where 
the weights are the area of intersection between the buffer and the grid cell.  
 
For projections of future temperatures, we apply the same intersection method to the CCSM4 
data for all cities. This method ensures that the same temperature product is used for all cities 
considered in the article, lessening the chance that differences among different cities’ 
temperature estimates are due to differences in local reporting. To account for year-to-year 
variation in projections, we estimate 2050 temperatures as an average of temperatures from 2045 
to 2055, and 2090 temperatures as an average from 2085 to 2095. To account for day-to-day 
variability, we also average each year’s projection in a weeklong window of the marathon date.  

                                                
2 Note: This list includes the Boston marathon, which is not officially defined as “record eligible.” 
3 See http://www.cesm.ucar.edu/models/ccsm4.0/ 
4 See http://hydrology.princeton.edu/data.pgf.php 



 
 
  



 
Times are from all major city marathons through March 1, 2017.  
*Note that the Boston marathon is technically not included in official lists of world records due to 
restrictions on course eligibility.  
The web-archived data is available at: 
http://web.archive.org/web/20170621164331/http://www.alltime-athletics.com/mmaraok.htm  



 
Times are from all major city marathons through March 1, 2017.  
*Note that the Boston marathon is technically not included in official lists of world records due to 
restrictions on course eligibility.  
The web-archived data is available at: 
https://web.archive.org/web/20170929075933/http://www.marathonguide.com/history/records/alltimelist.
cfm?Gen=F&Sort=Time  
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