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For the Earth as a Whole, July 2023 Was the Hottest July on Record

July 2023 was the hottest July on record according to data produced by the European Center for Medium-Range
Weather Forecasts (ECMWF). Based on this data, the average worldwide temperature® across the earth’s surface
was 62.5F, which is 3.1 standard deviations above the historical average of 60.7F for the month of July computed
across the period from 1940 to 2022:

Figure 1
AVERAGE WORLDWIDE TEMPERATURE COMPUTED ACROSS THE MONTH OF JULY
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Data source: ERAS dataset produced by ECMWEF. Note that the data for July 2023 is preliminary and could potentially be revised.

1 Please refer to the final section of this report for a description of the methodology used to calculate the worldwide average temperature.
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Temperature Maps for July 2023

The ERAS5? dataset produced by ECMWF is “gridded”, meaning that data is available for geographic locations at
regularly spaced intervals of latitude and longitude. The grid spacing for ERA5 is 0.25 degrees which translates into
over one million grid points across the entire surface of the earth. The data is available both in hourly time units and
in monthly averages. This report uses the monthly ERA5 data. Each observation in the monthly dataset is equal to
the average hourly temperature (for a specific grid point) computed across an entire month. Note that the data for
July 2023 is preliminary and could potentially be revised.

Using the gridded data, maps were created to illustrate which parts of the earth were most severely affected by
unusually high temperatures in July 2023. These maps are available online:

https://tableau.soa.org/#/site/soa-public/views/ERAS5July2023TemperatureRanking v2021 2/1PctRank?:iid=1

The upper lefthand corner of this Tableau visualization contains four tabs, providing access to four different color-
coded maps of the temperature data, as follows:

1. A map that shows, separately for each grid point, the percentile ranking of the July 2023 temperature
observation. This map is displayed below in Figure 2. A ranking of 100% indicates that the July 2023
temperature was a record-high relative to data for each July from 1940 through 2022. Conversely, a ranking
of 0% indicates a record low. A ranking of “N” percent indicates that the July 2023 temperature falls at the
Nth percentile of the 1940 to 2022 temperature observations.

2. A map that shows, separately for each grid point, the July 2023 temperature expressed in units of standard
deviations above the 1940-2022 average temperature. A value of 2.5, for example, means that the July 2023
temperature was 2.5 standard deviations above the 1940-2022 average for July.

3. A map that shows, separately for each grid point, the July 2023 temperature minus the 1940-2022 average
for July.

4. A map that shows, separately for each grid point, the July 2023 temperature.

Figure 2
PERCENTILE RANKINGS OF JULY 2023 MONTHLY AVERAGE TEMPERATURES
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2 https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels-monthly-means?tab=overview
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Figure 2 reveals that large sections of North America, South America, and Africa experienced near-record or record-
high temperatures in July 2023.

To focus on those locations with unusually high temperatures, each map is outfitted with a user-controlled filter. For
example, map 1 has a filter that restricts the range of percentiles that are displayed. Figure 3 was generated by
setting this filter such that only those grid points with record-high temperatures are displayed:

Figure 3
LOCATIONS FOR WHICH THE JULY 2023 MEAN TEMPERATURE WAS A RECORD-HIGH

Methodology for Computing the Worldwide Average Temperature

Figure 1 displays a time series of worldwide average temperatures for the month of July. Each data point in the time
series was computed as a weighted average across all grid points in the ERAS dataset (over both land and sea), using
the cosine of each grid point’s latitude as the weight.

ERAS grid points are evenly spaced with respect to degrees latitude and longitude, but they are not evenly spaced
when measured in miles or kilometers. As one approaches the poles, lines of longitude converge, reducing the
distance between grid points. Consequently, an unweighted average across grid points would result in the
overweighting of data near the north and south poles. The standard remedy used by climate scientists is to weight
each data point by the cosine of its latitude. At the equator, the resulting weight is 1.0; at 45 degrees north or south,
the weight is 0.71; at 60 degrees north or south, the weight is 0.50, declining rapidly to zero as one approaches
either pole. Using cosine of latitude as the weights, the resulting weighted average correctly reflects the area
between grid points.
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About The Society of Actuaries Research Institute

Serving as the research arm of the Society of Actuaries (SOA), the SOA Research Institute provides objective, data-
driven research bringing together tried and true practices and future-focused approaches to address societal
challenges and your business needs. The Institute provides trusted knowledge, extensive experience and new
technologies to help effectively identify, predict and manage risks.

Representing the thousands of actuaries who help conduct critical research, the SOA Research Institute provides
clarity and solutions on risks and societal challenges. The Institute connects actuaries, academics, employers, the
insurance industry, regulators, research partners, foundations and research institutions, sponsors and non-
governmental organizations, building an effective network which provides support, knowledge and expertise
regarding the management of risk to benefit the industry and the public.

Managed by experienced actuaries and research experts from a broad range of industries, the SOA Research
Institute creates, funds, develops and distributes research to elevate actuaries as leaders in measuring and
managing risk. These efforts include studies, essay collections, webcasts, research papers, survey reports, and
original research on topics impacting society.

Harnessing its peer-reviewed research, leading-edge technologies, new data tools and innovative practices, the
Institute seeks to understand the underlying causes of risk and the possible outcomes. The Institute develops
objective research spanning a variety of topics with its strategic research programs: aging and retirement; actuarial
innovation and technology; mortality and longevity; diversity, equity and inclusion; health care cost trends; and
catastrophe and climate risk. The Institute has a large volume of topical research available, including an expanding
collection of international and market-specific research, experience studies, models and timely research.
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