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Dear Sir, Madam
Death Valley: world-beating temperatures, no sweat.

On the 16m Aug, 2020 the weather station at the Furnace Creek Visitor Centre (California,
USA) reached a scorching 54.4°C, the second highest annual maximum recorded at that site
according to the Global Historic Climate Network (Menne et al., 2012; Figure 1). If this
preliminary reading is confirmed, it will also be the highest reliably recorded air temperature
on Earth since 1913 (Merlone et al., 2019). By adding to the narrative of increasingly dangerous
heat as the planet warms, such extremes understandably capture the attention of the scientific
(Aridi, 2020) and popular media (BBC, 2020). Indeed, Figure 1 highlights how annual maxima

at Death Valley have risen with global mean air temperature since the 1970s.

However, air temperature is not necessarily the best indicator of our changing climate and
human health implications; fotal heat is better. This is the sum of sensible and latent heat
components. Air temperature is directly proportional to the former whereas the latter also
depends on the amount of water vapour in the air. Humans perceive total heat because cooling
via sweating becomes less efficient as latent heat rises (Matthews, 2018). Total heat can be
converted to an equivalent temperature: the regular (dry bulb) temperature, plus the amount
the air would warm if all the water vapour content condensed. By this measure, the values
recorded at Furnace Creek on 16t August (maximum = 68.6°C) were not at all exceptional. In
fact, on the same day, 304 stations in the Integrated Surface Database (ISD; Smith et al., 2011)

reached a higher equivalent temperature (Figure 2).

The UK also endured an episode of prolonged hot weather in August 2020, but the maximum
of 36.4 °C was considerably lower than the Death Valley peak (Figure 3). However, the gulf
closes substantially if we consider fofal heat instead. Although only three ISD UK stations had
published data at the time of writing, an equivalent temperature of 60.8°C occurred at
Tibenham Airfield on the August 11, when the ERAS reanalysis (Hersbach et al., 2020)
suggests values climbed as high 65.1°C slightly further west (Figure 3). These values are,
respectively, only 7.8 and 3.5°C lower than the peak equivalent temperature at Death Valley
on the 16 August. The UK value narrows the gap because of much higher humidity, with a
maximum dewpoint of 17.9°C at Tibenham on 11 August, compared to a peak value of 9.9°C

in Death Valley on 16 August according to the ISD. The dryness of Death Valley is one of the



reasons that air temperatures at the site can rise so high: with no surface water to evaporate, all

the available energy at the surface is converted into sensible heat.

Unfortunately, readers will not hear about equivalent temperature on the news, nor is the world
record value well known. This should change because as greenhouse gas concentrations rise,
the energy accumulating in the atmosphere comprises mainly sensible and latent heat (Peterson
et al., 2011), and human modifications or natural changes to land surfaces can affect how that
heat is divided. Reliance upon air temperatures may therefore overlook this build-up of energy
(Pielke et al., 2004). For instance, irrigating a landscape can lower the near surface temperature,
even if total heat content rises (Im et al., 2013)! Equivalent temperature is related linearly to
total heat content, so provides a straightforward and complete way of tracking energy

accumulation in the atmosphere as the climate changes.

Another benefit of equivalent temperature is that it helps reveal those communities at risk from
heat stress because it relates to how human physiology keeps us cool. At high values (when we
need to sweat), it behaves very similarly to measures used to communicate “how hot it feels”,
that are perhaps already familiar to readers -- like the Heat Index and Wet Bulb Globe
Temperature (Matthews, 2018). The equivalent temperature reveals that the most extreme
(total) heat is not found in the deserts of North America, but rather in the more humid climates
of the Persian Gulf and Indo Gangetic Plain, with the highest value in ERAS (113.6°C; Jan
1979-Aug 2020) found in Pakistan (Figure 4). In such locations, conditions can already exceed
the theoretical upper limit of human heat tolerance (Raymond et al., 2020). To reflect this rising
threat to human health, the almanac of weather extremes should include entries for equivalent
temperature. Our attention should also be directed eastwards — out of the frying pan of Death
Valley and into the fires of South and West Asia. These are the true frontlines in the battle
against deadly heat.

Tom Matthews, Loughborough University, UK

Email: ()
Contact number: 00441509222788
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130  Figure 1. Annual maximum temperatures at the Furnace Creek, Death Valley (-116.877 °E,
131  36.462 °N) as taken from the ISD. Note that the station changed location slightly in 1961
132 (marked by the dotted line). The “global” temperature series is given as a smoothed with a 30-
133 year average (GISTEMP Team, 2020; Lenssen et al., 2019). For comparability, both smoothed
134  series were converted to z-scores by subtracting the (whole) period mean and dividing by the
135  standard deviation.
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Figure 2. The difference between maximum equivalent temperature recorded at ISD weather
stations and peak equivalent temperature at Furnace Creek, Death Valley on 16 August 2020
(blue triangle). Only stations with equivalent temperature exceeding those at Death Valley are
plotted.
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Figure 3. Maximum (2 m) air temperatures from the ERAS reanalysis over 01-19 August,
2020. White contours show the maximum equivalent temperature over the same period, with
the arrow and annotation highlighting the peak value. Note that only contours above 50°C are
shown. The location of Tibenham Airfield (see text) is marked by the blue triangle.
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Figure 4. All-time maximum (Jan 1979-Aug 2020) equivalent temperature at each grid point
in ERAS. The location (28.25°N,67.5°E) of the highest value worldwide (113.6°C; 7 July
2007) is annotated with the arrow. Inset plots show the maximum values as a function of

longitude (top) and latitude (right).



