Supplementary figures and tables
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Fig. S1: Global distribution of the in-situ measurements Distribution of all sensors in the
topsoil (05 cm depth, (a), N = 4,530) and the second layetg§x<m depth, (b), N = 3,989).
Background world map in Mollweidprojection, hexagons with a resolution of approximately
70,000 km2. Note that sensors appearing here and not in Fig. 1a or Fig. S3 covered time series of
less than one year, and thus were only used in the monthly models (see methods for details).



a ERAS 2000-2020 b ERAS 2000-2020
9 km resolution; soil layer 0-5 cm 9 km resolution; soil layer 5-15 em

< 204

Mean annual temperature cffset (°C)
o
- =)
-_—
-— e

— - - -

-

1

-10 4
-20 4
T BF SD  TeG TeSF W TrS  TrRF TeRF T sD TeG BF TS W TeSF TrRF TeRF
c TerraClimate 2000-2020 d CHELSA 2000-2013
4 km resolution; soil layer 0-5 cm 1 km resolution; soil layer 0-5 cm
€ 20
3 i
=
o 10 , ' _
S
E I I : |
@ -~
2 0 3 > - E S — —
5 I
: u | ~ I B
S 101 ’ : 1 ! ' S
c
©
c
é -20 4
sD T TeG BF TrS TrRF TeSF w TeRF T sD BF TeG TeSF W TS TrRF TeRF
e ERA 1979-2020 f ERA 1979-2013

9 km resolution; soil layer 0-5 cm 9 km resolution; soil layer 0-5 cm

20 4

10 4

RS

-20 4

Mean annual temperature offset (°C)
o
i,__.
< t
i

T T T T T T T T T T T T T
T BF SD TeG TeSF W TS TrRF TeRF T sD BF TeG TeSF W TS TrRF TeRF

g Terraclimate h Terraclimate

Offset: maximum soil and air temperature Offset: minimum soil and air temperature
8 20
©
£ :
s 10 ' 1
2 1
® .
: ! | T : |
E Q o} L) l H w
g Y '[ | ' |
T . ! I |
=
=
®
=
é 20 A
sD T BF  TeG TeSF W TrRF Tr§  TeRF T TeG BF  TeSF TrRF W Trs SD  TeRF
Biomes Biomes
0 1500 3000 .
Mean annual precipitation (mm) Flg .

S2: Annual temperature offsets per biomdas in Fig. 1b), for the first (& cm depth) and second

soil layer (3 15 cm depth) and for different air temperature data sources and time periods. Box
and violin plots of the mean annual temperature offsets pdtakér biome, ordered and coloured

by mean annual precipitation. As a standard, we used ERASL -20®M 9 km resolution) and

the topsoil (05 cm, (a), see also Fig. 1b). We compare now with the second soil lagérdm
depth, b), with TerraClimate (R0-2020, 4 km resolution, ¢) and CHELSA (262013, 1 km
resolution, d), with ERAS5L for the full period (192920, e) and the period matching the
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bioclimatic variables (1972013, f). We also calculate offsets between maximurfi f@bcentile,

g) soil andair temperature, and minimum %5ercentile, h) soil and air temperature, with
maximum and minimum air temperature based on TerraClimate. Panels (c) to (h) all use the topsoill
data (05 cm depth). All panels show relatively consistent results (i.e.@yr@ositive offsets in

tundra, boreal forests, subtropical deserts and temperate grasslands, and weakly negative offsets
in tropical savannas and temperate and tropical rainforests). Only annual soil temperature minima
were on average higher than corregjiog air temperature minima in all but one biomes.



ERAS5 2000-2020 b ERAS5 2000-2020
9 km resoclution; soil layer 0-5 cm 9 km resoluticn; soil layer 5-15 cm
c TerraClimate 2000-2020 d CHELSA 2000-2013
4 km resolution; soil layer 0-5 cm 1 km resolution; soil layer 0-5 cm
. \ .
e ERA 1979-2020 f ERA 1979-2013
9 km resolution; soil layer 0-5 cm 9 km resalution; soil layer 0-5 cm
. .
. .
»
g Terraclimate h Terraclimate
Offset: maximum soil and air temperature Offset: minimum soil and air temperature
7o -
- 4
.
.
.
A o .
10 0 B 10|

Mean annual temperature offset (°C)

Fig. S3: Annual temperature offset mapgas in Fig. 1a), for the first (& cm depth) and

second soil layer {85 cm depth), for different air temperature data sources and time periods,
and for maximm and minimum temperature. Distribution of sensors across the globe, coloured
by the annual offset (in °C) betweensitu measured soil temperature and modelled air
temperature. As a standard in Fig. 1a, we used ERASL {2020, 9 kmz2 resolution) and the
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topsoil (05 cm, also here in a). We compare now with the second soil IayEs ¢on depth, b),
with TerraClimate (200@020, 4 km? resolution, ¢c) and CHELSA (262013, 1 km?2 resolution,
d) for the topsoil layer, and with ERASL for the full period (12®0,e) and the period
matching the bioclimatic variables (192913, f). We also calculate offsets between maximum
(95" percentile, g) soil and air temperature, and minimufrpgcentile, h) soil and air
temperature, with maximum and minimum air tenapere based on TerraClimate. Background
world map in MollWeide projection, offsets averaged per hexagon with a resolution of
approximately 70,000 km2, made using the dggiidiekage in R. Conclusions about
consistency between methods similar as in Fig. S2.



Fig. S4: Relationship between mean annual soil and air temperature at a 1 x 1 km resolution
Point cloud of irsitu mean annual soil temperature (°C) as a function of gridded mean annual air
temperature for all ksitu measurements averaged at a kmZXesolution. As a standard, we used
ERAS5L (20062020, 9 km? resolution) and the topsoii $0cm depth, a). We compare this first
with the second soil layeri(:5 cm depth, b). We also compare with analyses for the top soil layer
using TerraClimate (2062020, 4 km? resolution, c) and CHELSA (262013, 1 km? resolution,

d), and with ERASL for the full period (1972020, e) and the period matching the bioclimatic
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