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Abstract 11 

Most previous studies of extreme temperatures have primarily focused on atmospheric 12 

temperatures. Using 18 years of the latest version of the Moderate Resolution Imaging 13 

Spectroradiometer (MODIS) land surface temperature (LST) data, we globally investigate the 14 

spatial patterns of hot and cold extremes as well as diurnal temperature range (DTR). We show 15 

that the world’s highest LST of 80.8 ℃, observed in the Lut Desert in Iran and the Sonoran 16 

Desert in Mexico, is over ten degrees above the previous global record of 70.7 ℃ observed in 17 

2005. The coldest place on Earth is Antarctica with the record low temperature of -110.9 ℃. 18 

The world’s maximum DTR of 81.8 ℃ is observed in a desert environment in China. We see 19 

strong latitudinal patterns in hot and cold extremes as well as DTR. Biomes worldwide are 20 

faced with different levels of temperature extremes and DTR: we observe the highest zonal 21 

average maximum LST of 61.1 ± 5.3 ℃ in the deserts and xeric shrublands; the lowest zonal 22 

average minimum LST of -66.6 ± 14.8 ℃ in the Tundra; and the highest zonal average 23 

maximum DTR of 43.5 ± 9.9 ℃ in the montane grasslands and shrublands. This global 24 

exploration of extreme LST and DTR across different biomes sheds light on the type of 25 

extremes different ecosystems are faced with. 26 

Capsule  27 

The Earth’s land surface is hotter (colder) than previously thought, with the temperature 28 

extremes of 80.8 ℃ (-110.9 ℃) and extreme diurnal variability of 81.8 ℃. 29 

  30 
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1. Introduction  31 

While the Earth has warmed by around 1 ℃ on average above the pre-industrial level, much 32 

higher record hot extremes have been observed around the world in the past decades (Masson-33 

Delmotte et al. 2018). Ecoregions worldwide are showing signs of thermal stress, leading to 34 

changes in their structure, composition, functioning and significant ecological pressure 35 

(Hughes et al. 2018; Peng et al. 2013; Xie et al. 2018). Between 1980 and 2018, over 2000 36 

extreme events including heatwaves, droughts, wildfires, and winter storms have occurred, 37 

killing over 180,000 people and leading to nearly $700 billion in damage (NatCatSERVICE). 38 

Most previous studies on temperature variability have focused on extreme air temperatures 39 

(e.g., heatwaves) (Schwartz 2005; Oudin Åström et al. 2013; Kretschmer et al. 2018; Papritz 40 

2020; Luo et al. 2019; Johnson et al. 2018; Kodra et al. 2011; Tang et al. 2013) and relatively 41 

little attention has been paid to extreme high and low temperatures across the Earth’s skin (Nie 42 

et al. 2020).  43 

Studies of extreme hot land surface temperatures (LSTs), also known as skin temperature, 44 

have mainly focused on the city or sub-city scale where the urban heat island is a major hazard 45 

(Benz et al. 2021). However, the most extreme hot and cold LSTs usually occur in deserts and 46 

polar regions, respectively. Warming rates in arid areas are higher than the global average 47 

(Zhou et al. 2015; Zhou and Wang 2016), and the Arctic region is warming at a rate more than 48 

twice the global mean (Cohen et al. 2014). 49 

Locations of the hottest and coldest places on Earth’s have always been of interest to a 50 

broad range of scientists including meteorologists, ecologists, and biologists. A global 51 

understanding of extreme hot and cold LSTs and diurnal temperature ranges (DTRs, daily 52 

maximum LST minus daily minimum LST) across different environments and biomes could 53 

shed light on the type of extremes different ecosystems are faced with. This is increasingly 54 

Accepted for publication in Bulletin of the American Meteorological ociety. DOI S 10.1175/BAMS-D-20-0325.1.Unauthenticated | Downloaded 08/05/21 09:47 PM UTC



 4 

more important as the atmosphere warms in response to anthropogenic emissions. However, 55 

there are limited temperature observations in the polar regions and desert environments where 56 

the most extreme temperatures occur.  57 

According to the World Meteorological Organization (WMO) Commission of Climatology 58 

(CCl) World Archive of Weather and Climate Extremes, the record high atmospheric 59 

temperature is 56.7 °C observed in Death Valley on July 10, 1913, and the record low 60 

temperature is -89.2 °C observed in Antarctica on July 21, 1983 (World Meteorological 61 

Organization’s World Weather & Climate Extremes Archive). However, the limited coverage 62 

of ground-based observations indicates that the hottest and coldest spots reported by WMO are 63 

likely not the actual hottest and coldest places on Earth. Further, the land surface temperature 64 

is expected to be warmer than atmospheric temperature (Mildrexler et al. 2011a; Good 2016). 65 

The Moderate Resolution Imaging Spectroradiometer (MODIS) provides LST data with global 66 

coverage at high resolution collected twice daily, which can be used to identify the global hot 67 

and cold spots. The quality of V5 MODIS LST data has been widely validated in literature 68 

(Coll et al. 2005, 2009; Wan 2008; Wan et al. 2004; Wan and Li 2008; Wang and Liang 2009; 69 

Li et al. 2013; Wang et al. 2007), with an accuracy of within ±2 K (±1 K in most cases) for all 70 

the validation sites except bare soil sites. Mildrexler et al. (Mildrexler et al. 2011b) investigated 71 

LST from 2003 to 2009 using an early version of MODIS LST data. To avoid the effects of 72 

wildfires in vegetated areas, Mildrexler et al. focused on barren areas and open shrublands 73 

instead of a global analysis. They identified the Lut Desert (also known as the Dasht-e Lut) in 74 

Iran to be the world’s hottest place with a record high temperature of 70.7 °C observed in 2005. 75 

However, Wan (2014) raised concerns about the underestimation of the LST by the V5 MODIS 76 

LST (version 5) data over bare soil, where LSTs are underestimated by more than 2 K and up 77 

to 4.5 K. For this reason, we hypothesized that the record high temperature detected by 78 

Mildrexler et al. in the Lut Desert is likely underestimated.  79 
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In a recent development, NASA released the Aqua MODIS LST MYD11A1 version 6 80 

product with an improved algorithm for detecting land surface temperatures (Wan et al. 2015) 81 

at 1 km resolution.  The improved resolution (1km vs. 5.6km used in Mildrexler et al. (2011b)) 82 

and algorithm confirmed more accurate land surface temperatures including over bare soils. 83 

Compared with V5 MODIS LST, the accuracy of V6 MODIS LST has been improved from up 84 

to ±4.5 K to within ±1 K at most of the validation sites (Wan 2014; Duan et al. 2019). The 85 

newest V6 MODIS LST product has been freely available since 2016 (Duan et al. 2018). With 86 

the latest high resolution (1km) V6 MODIS LST data available, we have investigated not only 87 

record high, but also record low and maximum diurnal temperature range around the world. 88 

Here we searched for daily and yearly maximum (daytime) and minimum (nighttime) LSTs 89 

and maximum DTRs across the globe from 2002 to 2019. We also investigated the overall 90 

maximum and minimum LSTs and maximum DTRs during the entire record. Further, we 91 

estimated zonal averages and extreme values of the eighteen-year maximum and minimum 92 

LSTs and maximum DTRs for different biomes based on the global map of biomes (Dinerstein 93 

et al. 2017)(Figure S1).  94 

2. Materials and Methods 95 

2.1. Land Surface Temperature Data 96 

Moderate Resolution Imaging Spectroradiometer (MODIS) onboard Aqua satellite 97 

provides land surface temperature (LST) (from MYD11A1 V6) (Wan et al. 2015) estimates 98 

with 1 km spatial resolution for clear-sky conditions at 1:30 p.m. and 1:30 a.m. local solar time, 99 

which are close to the times when daily maximum and minimum temperatures occur. We note, 100 

however, that the actual daily minimum/maximum temperature may occur sometime before or 101 

after 1:30 am/pm (Sharifnezhadazizi et al. 2019). We extracted LST data from July 4, 2002 to 102 
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December 31, 2019. According to the quality control (QC) information (Wan, 2013), only high-103 

quality data with average LST error <= 1K’ were included in our analysis.  104 

It should be noted that the yearly maximum and minimum LSTs and yearly maximum DTR 105 

observed in 2002 may be underestimated since observations begin on July 4, 2002, yet higher 106 

temperature extremes may have occurred before July. Additionally, we have only used one 107 

decimal degree of the temperature observations as considering two digits of accuracy for 108 

satellite-based temperature data is not warranted.  109 

2.2. Fire Data 110 

Due to residual effects of fire disturbance over the post-fire period (Liu et al. 2019), the 111 

LST of post-fire areas tends to be higher than the normal temperature and consequently leads 112 

to the erroneous recording of the daily maximum LST. Therefore, to avoid the effects of 113 

wildfires, we used the Aqua MODIS MYD14A1 Thermal Anomalies and Fire Daily 1 km 114 

Global V006 data product (Giglio et al. 2016) to exclude pixels that have been flagged as fire 115 

at any of the three fire classes (low-confidence fire, nominal-confidence fire, or high-116 

confidence fire) from 2002 to 2019. In addition, we excluded 9 out of 6389 global daily 117 

maximum LST observations from analysis, because they were detected in the high latitudes 118 

and the Amazon forest, where most of the global daily maximum LST observations do not 119 

occur. These 9 observations are very close to the burned areas as determined by MODIS 120 

MYD14A1. It is possible that these observations may have been affected by nearby fires. 121 

Therefore, we removed them from our study. 122 

2.3. Biome Data 123 

We used the RESOLVE Ecoregions dataset (Dinerstein et al. 2017) to extract LST 124 

individually from each of the fourteen biomes including tropical and subtropical moist 125 
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broadleaf forests; tropical and subtropical dry broadleaf forests; tropical and subtropical 126 

coniferous forests; temperate broadleaf and mixed forests; temperate conifer forests; boreal 127 

forests/taiga; tropical and subtropical grasslands, savannas and shrublands;  temperate 128 

grasslands, savannas, and shrublands; flooded grasslands and savannas; montane grasslands 129 

and shrublands; tundra; Mediterranean forests, woodlands and scrub; deserts & xeric 130 

shrublands; mangroves. 131 

2.4. Global Analysis of Temperature Extremes and Diurnal Temperature Range  132 

To identify the hottest, coldest, and most diurnally variable spots, we searched for daily 133 

and yearly maximum and minimum LSTs and maximum DTRs across the globe from July 4, 134 

2002 to December 31, 2019. Further, we estimated eighteen-year maximum and minimum 135 

LSTs and maximum DTR during the entire research period at each pixel. To investigate 136 

latitudinal patterns in these three temperature variables, we individually averaged them by 137 

latitude. Besides, to explore the extent to which different biomes are faced with temperature 138 

extremes, we estimated zonal averages for each of the fourteen biomes.  139 

3. Results 140 

Results reveal that the Lut Desert in Iran and the Sonoran Desert in Mexico are the hottest 141 

places on Earth with an LST of 80.8 °C (Figure 1) which is over 10 degrees hotter than the 142 

world’s highest LST of 70.7 ℃ reported in Mildrexler et al. (Mildrexler et al. 2011b). The 143 

record low LST of -110.9 ℃ observed in Antarctica is approximately twenty degrees lower 144 

than what was reported by WMO as the lowest temperature of -89.2 °C (Figure 2). The world’s 145 

maximum DTR of 81.8 ℃ is observed in the Qaidam Basin (a desert environment in China) 146 

that exhibits an incredible level of variability within a day (Figure 3). Our analysis also reveals 147 

strong latitudinal patterns in the eighteen-year maximum and minimum LSTs and maximum 148 
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DTR, which are attributed to the climate and biophysical regulation. In the following, we 149 

discuss our findings in more detail.  150 

3.1. Global pattern of daily maximum temperature 151 

We observe the daily maximum LSTs over the globe mainly in two biomes: deserts and 152 

xeric shrublands biome and the tropical and subtropical grasslands, savannas, and shrublands 153 

biome (see Figure 1b and the corresponding biomes in Figure S1). These two biomes are where 154 

the two largest magnitudes of zonal average maximum LSTs of 61.1 ± 5.3 °C and 55.0 ± 7.0 155 

°C occur (Figure 1e). We see global annual maximum LSTs in the deserts and xeric shrublands 156 

biome, mainly in the Sonoran Desert, Gariep Karoo Desert, Djibouti Xeric Shrublands, North 157 

Arabian Desert, Central Persian Desert Basins and South Iran Nubo-Sindian Desert (or the Lut 158 

Desert mentioned earlier) (Dinerstein et al. 2017) (Figures 1a, 1 d, and S2a). These deserts are 159 

found under the subtropical ridge, where stable descending air and high pressure aloft favor 160 

hot, rainless, and arid conditions. 161 

The Lut Desert stands out among all deserts with the world’s highest LST and the highest 162 

number of yearly maximum LSTs, confirming the fact that it is one of the hottest places on 163 

Earth (Figures 1a and 1b). This exceptional feature of the Lut Desert can be explained by its 164 

mountain-surrounded terrain, which limits air movement and enhances heat trapping, and its 165 

heat-absorbing blackened sand from volcanic lava. LST estimates in the Lut Desert are about 166 

10 degrees higher compared with LSTs reported by Mildrexler et al. (2011b) in the same 167 

region. One reason could be due to the higher spatial resolution and better accuracy of the V6 168 

MODIS LST product, used in this study, relative to the previous versions. Further, our study 169 

period covers a much longer period of time, relative to that of Mildrexler et al. (2011b) who 170 

examined 6 years of LSTs (2003 to 2009). In fact, the highest observed record temperatures 171 

reported here have occurred in more recent years (2018 and 2019 – see Figure 1a). Finally, the 172 
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observed atmospheric warming over the years (Masson-Delmotte et al. 2018) may have also 173 

contributed to higher LSTs in recent years, although this impact cannot be simply separated 174 

from natural variability. 175 

The Sonoran Desert where the world’s highest LST and the second largest number of yearly 176 

maximum LSTs occur is mainly a rain shadow desert. Its relatively low elevation limits the 177 

effects of high-altitude cooling. Also, surrounded by mountains, heat is often trapped within 178 

the desert basin increasing both land and atmospheric temperatures. It is noteworthy that the 179 

observed annual maximum LSTs that occurred in the Sonoran Desert (July 2009, June 2016, 180 

July 2011, and August 2003) coincide with La Niña episodes based on the Southern Oscillation 181 

Index (SOI). While both the Lut Desert and the Sonoran Desert have very similar annual 182 

maxima, considering the entire distribution of temperatures, Lut Desert is significantly warmer 183 

and extreme temperatures occur more frequently there than any other place on Earth (see the 184 

shaded area in Figure 1c which shows the temperature distributions of the four hottest places 185 

on Earth).  186 

Results show a pronounced dip in latitudinal average maximum LSTs near the equator 187 

(Figures 1a and 1d). Overall, daily maximum LST peaks near the Tropics of Cancer and 188 

Capricorn, and it diminishes further toward the equator. The latitudinal pattern in maximum 189 

LSTs reflects the regional climate (e.g., shortwave radiation, longwave emittance, rainfall) and 190 

biophysical regulation (e.g., albedo, evapotranspiration) in determining the general spatial 191 

patterns of hot extremes (Bonan 2008; Gibbard et al. 2005; Li et al. 2015). The consistent high 192 

temperature in subtropical deserts is mainly because of the nearly constant high pressure aloft 193 

over subtropics, which enhances subsidence, solar heating, and advection in heat transfer, and 194 

prevents low-pressure airflow from rising. The latter significantly reduces the chance of 195 

precipitation. The land surfaces in the deserts and xeric shrublands are water-limited and cannot 196 

cool down because of intense solar radiation and shortage of water for evaporation, 197 
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contributing to their observed extremely hot LSTs. We observe the highest magnitude and the 198 

lowest standard deviation of zonal average maximum LSTs in the deserts and xeric shrublands 199 

biome (Figure 1e). The tundra biome, subject to weak solar radiation (energy limited) but rich 200 

in water for evapotranspiration, featured with patchy distributions of grasses and shrubs 201 

(Mildrexler et al. 2018; Nemani and Running 1997; Mildrexler et al. 2011a), is characterized 202 

by the lowest magnitude and highest standard deviation of zonal average maximum LSTs of -203 

2.4 ± 18.4 ℃. In the forest biome, the relatively lower LSTs are primarily because of cooling 204 

processes associated with evapotranspiration, which dissipates absorbed shortwave solar 205 

energy as latent heat flux (Mildrexler et al. 2018; Nemani and Running 1997).  206 

3.2. Global pattern of daily minimum temperature 207 

As expected, the global daily minimum LSTs during the study period occurs in Antarctica, 208 

the Arctic and tundra regions (Figure 2b) and the annual minimum LSTs only occur in 209 

Antarctica (Figures 2a and S2b) where the incoming solar radiation is weak and a large portion 210 

of it is reflected back from the surface snow cover and ice sheets. Further, Antarctica is 211 

surrounded by oceans, typically controlled by low-pressure systems. This leads to strong winds 212 

from the center of the continent to its margins, contributing to record cold extremes. With the 213 

lowest observed LST of -110.9 °C, central-eastern Antarctica is the world’s coldest region. The 214 

record low LST in Antarctica is around 20 °C lower than the world’s record low atmospheric 215 

temperature of -89.2 °C reported by WMO.  216 

Latitudinal average minimum LSTs are the highest at the equator and decrease roughly 217 

monotonically northward and southward (Figures 2a and 2c). This latitudinal pattern in 218 

minimum LSTs reflects the amount of energy stored during the daytime (Peng et al. 2014), 219 

which is jointly determined by the climate (e.g. shortwave radiation, rainfall) and biophysical 220 

regulation (e.g. albedo, heat capacity) (Li et al. 2015). Receiving weak solar radiation in the 221 
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daytime, the high-latitude patchy tundra biome stores little energy and features the lowest 222 

magnitude and high standard deviation of zonal average minimum LSTs of -66.6 ± 14.8 ℃ 223 

(Figure 2d). This contrasts with the high magnitude and low standard deviation of zonal 224 

average minimum LST of 10.5 ± 7.2 ℃ in the high-density tropical and subtropical moist 225 

broadleaf forests (Figure 2d) where a considerable amount of energy can be stored. On the 226 

other hand, deserts and xeric shrublands generally have a high albedo and reflect a large amount 227 

of incoming radiation. Further, their low heat capacity (as a result of lack of water) release heat 228 

rapidly at night. As a result, their zonal average minimum LST is as low as -10.1 ± 14.1 ℃ 229 

(Figure 2d).  230 

3.3. Global pattern of diurnal temperature range 231 

After investigating the hottest and coldest places on Earth, we turn our attention to extreme 232 

DTRs around the world. We observe the global daily maximum DTRs mainly in two biomes: 233 

the deserts and xeric shrublands and the tropical and subtropical grasslands, savannas and 234 

shrublands (Figure 3b). In contrast to daily maximum LSTs, which typically occur in hot 235 

deserts (Figure 1b), the daily maximum DTRs occur in cold deserts. During the study period, 236 

the annual maximum DTRs have occurred in the Qaidam Basin (China), central Tibetan 237 

Plateau Alpine Steppe, Western Himalayan Alpine Shrub and Meadows, Central Asian 238 

Southern Desert, and Central Andean Dry Puna (Dinerstein et al. 2017) (Figures 3a and S2c). 239 

The most extreme DTR of 81.8 °C is observed in the Qaidam Basin in China. Like maximum 240 

and minimum LSTs, the magnitude of DTR also reflects the joint regulation of biomes by 241 

climate (e.g. shortwave radiation, rainfall, vapor pressure) and biophysical properties (e.g. 242 

albedo, heat capacity) (Peng et al. 2014; Li et al. 2015). With low heat capacity (as a result of 243 

lack of soil moisture), the barren soil in the Qaidam Basin absorbs heat fast in the daytime. As 244 

a region with limited water resources, extremely high LSTs are caused by the trapped heat that 245 

cannot be dissipated through evaporation. At night, the low heat capacity and air humidity in 246 
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the Qaidam Basin prompt the leakage of long-wave radiation, which leads to rapid cooling in 247 

the Qaidam Basin. In addition, as it is surrounded by high-elevation mountains such as the 248 

Kunlun Mountains (23,514 ft), the cold air (low vapor pressure at high altitude leads to low air 249 

moisture, thus a considerable amount of heat is released through outgoing longwave radiation) 250 

from high altitudes moves downwards, further cooling the area, resulting in extremely cold 251 

LST. While the Qaidam Basin appears to have the record DTR, considering a particular 252 

extreme DTR threshold (e.g., 60 °C), the Central Andean dry puna exhibits more frequent 253 

extreme DTR variability (see the shaded area in Figure 3c which shows the DTR distributions 254 

of the diurnally most variable places on Earth).  255 

The latitudinal pattern of the global maximum DTR is more complex than hot and cold 256 

LSTs. The latitudinally average maximum DTR is lowest in the polar regions, and increases 257 

toward the low latitudes, peaking near the Tropics of Cancer and Capricorn, and then declines 258 

toward the equator (Figure 3d). Both forest and xeric and desert biomes are found in low 259 

latitudes, subject to intense solar radiation. However, because of biophysical difference (mainly 260 

heat capacity and air moisture), the maximum DTRs in forests are significantly lower than 261 

those in deserts (Figure 3e).  262 

4 Conclusions 263 

In this paper, we show that the Lut Desert in Iran and the Sonoran Desert in Mexico are the 264 

hottest places on Earth with a Land Surface Temperature (LST) of 80.8 °C – a record 265 

temperature that is over 10 degrees hotter than the previous global skin temperature record. 266 

The world’s lowest LST of -110.9 ℃ is observed in Antarctica, whereas the maximum global 267 

diurnal temperature range (DTR) of 81.8 ℃ is observed in the Qaidam Basin in China. Biomes 268 

around the world show a very high level of variability with respect to extremes. We detect the 269 

highest zonal average maximum LST of 61.1 ± 5.3 ℃ in the deserts and xeric shrublands. The 270 
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lowest zonal average minimum LST of -66.6 ± 14.8 ℃ is found in the Tundra, whereas the 271 

highest zonal average maximum DTR of 43.5 ± 9.9 ℃ is identified in the montane grasslands 272 

and shrublands. 273 

The Earth has been warming and temperatures are projected to increase even more in the 274 

future. Human-caused warming may have already contributed to the highest global LST 275 

observed in the Lut Desert and the Sonoran Desert. However, the anthropogenic contribution 276 

cannot be simply separated from natural variability. Considering the land-atmosphere 277 

interactions (Miralles et al. 2014; Fischer and Schär 2008; Seneviratne et al. 2006), rising 278 

atmospheric temperatures will likely lead to even higher temperature extremes. Temperature 279 

extremes, including high diurnal variability, could also influence diverse ecological and 280 

environmental processes from biological changes (Yeaman et al. 2016; Sunday et al. 2014) to 281 

thermal stress on plants and animals (Hughes et al. 2018; Iknayan and Beissinger 2018), 282 

interspecific relationships (García et al. 2018), and disease (e.g., malaria) transmission 283 

(Paaijmans et al. 2010). A global assessment of the extent to which biomes are faced with 284 

temperature extremes is increasingly more important as the atmospheric warming continues. 285 

While the behavior of the atmosphere in response to more anthropogenic emissions is well 286 

studied (Lacis et al. 2010; Tyndall 1863; Karl 2003), the response of the land surface under 287 

different emission pathways is not well understood. It is hoped the future research in this 288 

direction can shed light on not only how extremes have changed in the past but how they will 289 

likely affect our planet in the future.  290 

 291 

  292 
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FIGURES 485 

486 

Figure 1. Global Hotspots of the Earth.  Locations of the annual (a) and daily (b) maximum 487 

LSTs from July 4, 2002 to December 31, 2019. (c) Histograms showing the frequency 488 

distributions of daily maximum LSTs of the four hottest places on Earth during the study 489 

period. The red areas indicate temperatures above 70 °C. The percentages of days with daily 490 

maximum LSTs above 70 °C are 25.1%, 8.2%, 4.4% and 5.2% in the Lut Desert, the Sonoran 491 

Desert, the Djibouti Xeric Shrublands and the Gariep Karoo Desert, respectively. (d) The 492 

average maximum LSTs by latitude. (e) Zonal maximum and average LSTs for each of the 493 

fourteen biomes: tropical and subtropical moist broadleaf forests (TrMoistBrFor),  tropical and 494 

subtropical dry broadleaf forests (TrDryBrFor), tropical and subtropical coniferous forests 495 

(TrConFor), temperate broadleaf and mixed forests (TemBrFor), temperate conifer forests 496 

(TemConFor), boreal forests/taiga (Taiga), tropical and subtropical grasslands, savannas and 497 

shrublands (TrGrass), temperate grasslands, savannas and shrublands temperate grasslands, 498 

savannas and shrublands (TemGrass), flooded grasslands and savannas (FlGrass), montane 499 

grasslands and shrublands (MnGrass), tundra (Tundra), Mediterranean forests, woodlands and 500 

scrub (Med), deserts & xeric shrublands (Desert), and mangroves (Mangrove). Error bars 501 
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indicate standard deviation. Scientific colormaps are used in this study to avoid data distortion 502 

and visual error (Crameri et al. 2020; Crameri 2018). 503 
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508 

Figure 2. Magnitudes and spatial distributions of the annual and daily minimum LSTs. (a-d) 509 

Same as in Figures 1a-b, d-e, but for minimum LSTs. The histogram in (a) shows the frequency 510 

distribution of daily minimum LSTs in Antarctica during the study period. The blue area 511 

indicates temperatures below -90 °C. The percentage of days with daily minimum LSTs below 512 

-90 °C in Antarctica is 5.7%.  513 
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514 

Figure 3. Magnitudes and spatial distributions of the annual and daily maximum DTRs. (a-e) 515 

Same as in Figures 1a-e, but for maximum DTRs. The histograms in (c) show the frequency 516 

distributions of daily maximum DTRs of the four diurnally most variable places on Earth 517 

during the study period. The purple areas indicate DTRs above 60 °C. The percentages of days 518 

with daily maximum DTRs above 60 °C are 4.9%, 1.7%, 33.1%, 0.3% in the Qaidam Basin 519 

semi-desert, the Tibetan Plateau, the Central Andean dry puna, the Pamir alpine desert and 520 

tundra, respectively. 521 
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