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Figure S1: Number of weather stations in each year (from 1951 to 2020).
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Figure S2: Correlation coefficients between temperature with longitude, latitude and elevation for each month from
1951-2020. a, b, ¢: monthly maximum air temperature (Tmax), ¢, d, e: monthly minimum air temperature (Tmin); g,

h, g: monthly mean air temperature (mean).
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Zoomed-in accuracy metrics of Tmean for the period of January 2016 to December 2020.

Figure S3
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—— GPR Max: 2.05 Min: 0.81 Average: 1.20 Std: 0.17
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Figure S4: Mean absolute error (MAE), root mean square error (RMSE) and coefficients of determination (R?)
between observed Tmax and predicted Tmax by three machine learning models (GPR, SVM, RF) of testing weather

stations over the time period from January 1951 to December 2020.



—— GPR Max: 2.12 Min: 0.80 Average: 1.41 Std: 0.30
—— SVM Max: 2.67 Min: 0.86 Average: 1.57 Std: 0.34
——RF  Max: 4.23 Min: 1.27 Average: 2.28 Std: 0.51
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Figure S5: Mean absolute error (MAE), root mean square error (RMSE) and coefficients of determination (R2)
between observed Tmin and predicted Tmin by three machine learning models (GPR, SVM, RF) of testing weather
stations over the time period from January 1951 to December 2020.
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Figure S6: Residuals of the monthly Tmax predicted by the machine learning models with respect to in situ Tmax for
the test meteorological stations. Note that the average of the residuals of Tmax from 1951-2020 for each test
meteorological station is shown for each month.
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Figure S7: Residuals of the monthly Tmin predicted by the machine learning models with respect to in situ Tmin for
the test meteorological stations. Note that the average of the residuals of Tmin from 1951-2020 for each test
meteorological station is shown for each month.
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Figure S8: Frequency distribution of residuals for monthly Tmean using the machine learning methods during the

period from 1951 to 2020. Note that the displayed residuals are the average of residuals of 70 years (1951-2020) for

each month.
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Figure S9: Frequency distribution of residuals for monthly Tmax using the machine learning methods during the
period from 1951 to 2020. Note that the displayed residuals are the average of residuals of 70 years (1951-2020) for

each month.
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Figure S10: Frequency distribution of residuals for monthly Tmin using the machine learning methods during the
period from 1951 to 2020. Note that the displayed residuals are the average of residuals of 70 years (1951-2020) for

each month.
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Figure S11: The spatial distribution of residuals between the observed Tmax and the predicted Tmax by GPR for the
testing stations for each month. Note that the exhibited residuals are the average residual of 70 years from 1951- 2020

for each month.
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Figure S12: The spatial distribution of residuals between the observed Tmin and the predicted Tmin by GPR for the
testing stations for each month. Note that the exhibited residuals are the average residual of 70 years from 1951- 2020

for each month.
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Figure S13: The spatial distribution maps of monthly Tmax predicted by GPR in China for each month in 2020.
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Figure S14: The spatial distribution maps of monthly Tmin predicted by GPR in China for each month in 2020.
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Figure S15: Theil-Sen (median) slope for Tmean over China (1951-2020) in each month.
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Figure S16: Mann—-Kendall Z scores for Tmean over China (1951-2020) in each month.
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Figure S17: Theil-Sen (median) slope for Tmax over China (1951-2020) in each month.
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Figure S18: Mann-Kendall Z scores for Tmax over China (1951-2020) in each month.



70°E , 90°E , MQ°E , 13Q°E 70;E , 90°E , MQ°E , 13Q°E 70°E , 90°E , MQ°E , 13Q°E  70°E , 90°E ., MQ°E . 13Q°E

(a) Jan 1(b) Feb /11 Mar /o | |(d) Apr
A . \ ~ ]
I NS 1 . N
e gt < Sl o« 2 PN <
5 §*w\’\ r ? e f\ W 7
z rM'fT ; = z { B - JE\)\N =
ol P g 1= =) o 1)
Zz 1 z Zz b L z
o & G . 1o ¢ . - S 41“:"” ) O o
Nlo 1,000 e ¢ 2NN 1,000 o7 T
bt— km =L R e =) 3 el
70°E  90°E , 1Q°E , 13Q°E 70°E , 90°E , MOQ°E , 13Q°E 70°E , 90°E , 110°E , 13Q°E 70°E
1(e May /5 |10 Jun 0 |9 Jul o\
e o ] = ‘
z J:”/N )\\_ }J} 5 = 3
g L sy ,(’q“éf;( <
N |
o . '\g"&f\; Ai o
® e AT : Iid
= At \/c:; ) : N
l b .
& 0 1,000 cr :g
lnt—— km o | ! Sl . i
70E L 900E , MQ'E  13Q°E 7OE | 90/E L MQE E ' E ; 2 T00E | 4
10 Sep ' 10 Dec 7.
A
= [
o {(" <] /\f—\;. g ol

N 40°N
f,,?r“
i~

30°

30° N

el

;

£
o

S
z & Wl =
& LIS o]
Nfo 1,000 / N
lt—] km ¥o | fed?

Theil-Sen slope estimator for Tmin
High: 0.162 0 Low: -0.085

Figure S19: Theil-Sen (median) slope for Tmin over China (1951-2020) in each month.
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Figure S20: Mann—-Kendall Z scores for Tmin over China (1951-2020) in each month.
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Figure S21: Monthly trends of Tmax change in China during the period 1951-2020 obtained by median Theil-Sen
slope. The significance of trends is quantified by the Mann-Kendall statistical test at the 95% confidence level.
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Figure S22: Monthly trends of Tmin change in China during the period 1951-2020 obtained by median Theil-Sen
slope. The significance of trends is quantified by the Mann-Kendall statistical test at the 95% confidence level.
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Figure S23: Accuracy of Tmax and Tmin derived by the machine learning methods and traditional methods for

January and July from 1951 to 2020 with an interval of 10 years.
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Figure S24: Frequency distribution of residuals for Tmean by three machine learning methods and three traditional
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methods for separate 8 years from 1951 to 2020 with an interval of 10 years.
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Figure S25: Frequency distribution of residuals for Tmax by three machine learning methods and three traditional

methods for separate 8 years from 1951 to 2020 with an interval of 10 years.
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Figure S26: Frequency distribution of residuals for Tmin by three machine learning methods and three traditional

methods for separate 8 years from 1951 to 2020 with an interval of 10 years.
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Figure S27: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1951.
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Figure S28: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1951.
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Figure S29: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1951.
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Figure S30: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1960.
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Figure S31: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1960.
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Figure S32: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1960.
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Figure S33: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1970.
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Figure S34: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1970.
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Figure S35: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1970.
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Figure S36: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1980.



20+ (a) GPR-Jan (b) GPR-Jul 207 (c)RF-Jan (d) RF-Jul
§ ; § 304 § 5 30+
=1 4 ~ * o, 4 < [ L
- 0 Y o 20+ L - 0 '“."\ 5 201 -
2 o 2 g B o 5" L . ol
@ (] - © - © 00
| al 10+ ’ 1 . MR 101 x97
% -20 Vo7 MAE=1371°C % +H4Y MAE=108°C % 207, :"‘* ¢ MAE =2941°C % 7.7 MAE=153a°C
w (Y RMSE=2008°C| W (. s &0 RMSE =1.444°C| LUl oo E RMSE=3.896°C| Ul (. ot RMSE =2.159 °C
R?= 0.976 > R?- 0.956 R?= 0.908 R’= 0.902
-40 : ] : ; ; ; ; -40 : 1 : : I i i
-40 -20 0 20 0 10 20 30 -40 -20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
201 (e) SVM-Jan () SVM-Jul 201 (g) IDW-Jan (h) IDW-Jul
g ¢ |8 g g%
= 07 o < 20+ = 07 . 5 20+
0 o £ & R} Trapn, (]
© % © 2 © * . S ©
€ 20+ e E 107 d Eo0] L3 € 107 o
= &7 MAE=1657°C | = T MAE=101°C| 2 .ry «MAE=2526°C | = & gShEe MAE=2034°C
L *4p%!  RMSE=2254°C| W ol w28 " RMSE=1491°C| W . RMSE=3732°C| W gl =2 RMSE = 2.882 °C
R®= 0.969 s R*= 0953 . R*= 0915 R*= 0.825
-402 ! 1 i : : i i -40 i 1 1 i 1 i i
-40 -20 0 20 0 10 20 30 -40 20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
207 (i) OK-Jan (i) OK-Jul 20 (k)ANUSPLIN-Jan (1) ANUSPLIN-Jul
§ :~ 30+ aa L .,G 30+
< 0 A i 5 20- o < 0 A T 207 A
L 2 o oL SRR o 2 P 2 R
© S g © . S © W 5 © 3
1o, 8 10+ 7 | o 10+ *
'% 209, B mas=2267°C % . S **MAE =1.94°C % 207, :" * MAE=1.554°C % MAE = 1.069 °C
L . * RMSE=3438°C| W | 0 * RMsE=2808°C| L 4 RMSE=2463°C| W ] 2 RMSE = 1.404 °C
i R%= 0.928 R?= 0.834 o R’= 0.963 o R?= 0.959
-40+ -40+
-40 -20 0 20 0 10 20 30 -40 -20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
Count m———
2 4 6 8 10 12

Figure S37: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1980.
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Figure S38: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed
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monthly mean temperature of January and July in 1980.
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Figure S39: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1990.
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Figure S40: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1990.
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Figure S41: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 1990.
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Figure S42: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2000.
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Figure S43: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2000.
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Figure S45: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2010.



20+ (a) GPR-Jan (b) GPR-Jul 207 (c)RF-Jan (d) RF-Jul
§ § 304 § & § 30+
5 01 Py 5 20- < 0 P 5 20- 4.
Qo o 2 o’ ) oy 2 ale”
g . ks g 104 < 2 Y A € 104 L
% 207, S was-17amec % *  MAE=0887°C % 207 o, A Ne=2706C % L " MAE=1364°C
w RMSE=2402°C| W (. e* RMSE =1.17°C | W w54 Ruse=3724°c| 0- RMSE = 1.849 °C
" R®= 0.968 R’= 0.969 < R®= 0.924 R’- 0.923
-40Y : ] : ; ; ; ; -40 : 1 : : I i ]
-40 -20 0 20 0 10 20 30 -40 -20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
201 (e) SVM-Jan () SVM-Jul 201 (g) IDW-Jan (h) IDW-Jul
~ 7| ~301 2 | ~30-
o < § 2 4 ¢ ;
5 07 P 5 20- 557 g 0] VR 5 20- o g
D . £ kY R} Ky & (] S
@ " «© <% « . 8L @ et
5 201 574 MAE = 193 °C 5 10 S5 A= o0949°C £ 207 - o MAE = 2.707 °C _§10- 37 ae = 1832°C
17} usy : 7] 3 » . 0 ? » ! ¢
i & RMSE=2544°C| W | e RMSE=1252°C| L 5 3% Rwsg=3s626°C| W (] RMSE = 2.523 °C
g R®= 0.965 R*= 0.965 2l R*= 0.927 R*= 0.856
-40 ! 1 i : : i i -40 i 1 1 i 1 i 1
-40  -20 0 20 0 10 20 30 -40 -20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
207 (i) OK-Jan (i) OK-Jul 20 (k)ANUSPLIN-Jan (1) ANUSPLIN-Jul
e 21| 8™ § o L 0%
il -' % - ~ ] s % ~ 04 = b ~ 1 /
kel s > - 20 o ot kel 3 - 20 I
9o oo £ ¢ e i) . 37 3 PS4
£ Ve £ 101 P £ o £ 101 2
= =209 .. ] *MAE = 2511 °C = - +* MAE = 1.734 °C = -20+ ol ¥ MAE = 1.945 °C = 7%~ MAE=0859°C
wi t ™ *RMSE=3541°C| W ol ¥ * RusE=2452°C| W o P9 L RMSE=2813°C| W o] . RMSE = 1.124 °C
. R®= 0.931 R?= 0.864 - R®= 0.956 R?= 0.971
-40+ -40+
-40 -20 0 20 0 10 20 30 -40 -20 0 20 0 10 20 30
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
Count m———
2 4 6 8 10 12

Figure S46: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2010.
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Figure S47: Scatterplot of estimated Tmean by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2010.



407 (a) GPR-Jan (b) GPR-Jul 407 (c)RF-Jan (d) RF-Jul
o < | 84 o | O L | 8% e ¢
< 90 g I wfan < 904 Y N . g
2 Kl 3 30- . o B B30 o e
= 01 "_ * MAE=1314°C | =20+ P MAE=1036"C| = 01 B maE=2626°C = 20 © MAE=176°C
i1} RMSFE =1855°C w RMSE2 =1501°C| Wl RMSE2 =3343°C| Wl RMSEz =2406 °C
20 y I R '= 0.964 : 104 ' | 'R = 0.9'18 204 ' I R l= 0.883 : 104 : ‘ 'R = 0.7'85
-20 0 20 40 10 20 30 40 -20 0 20 40 10 20 30 40
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
401 (e) SVM-Jan (f) SVM-Jul 407 (g) IDW-Jan (h) IDW-Jul
§ Val ?40- q.’":f' § vy §4O- .y ‘23 3
< 207 o 2 30 ) < 201 S = 20 - 5%,
2 / 2 2 2 2 e
© i 2 © LS ) © "3 © C: ..::':. o
% 01 _.' v MAE = 1.85 °C %20- a MAE = 1453 °C % 04 <4 MAE =1.863°C % 204 " MAE=2218°C
Ll RMS% =2.382°C w RMSZE =199°C w RMS% =2.687 °C w RMS% =3.195°C
-ZO'I I RI=D.941 I 104 I I 'R:0.8'53 _20_. I RI=0_924 ' 104 ' : IR:(l.6'27
-20 0 20 40 10 20 30 40 -20 0 20 40 10 20 30 40
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
407 (i) oK-Jan (i) OK-Jul 40 (Kk)ANUSPLIN-Jan (1) ANUSPLIN-Jul
= 20 = = 20 Ty = .
2 W 2k B 301 MRS ALl 3 [ e B 301 e g
& i 5 o & L 5
= 01 Y% MAE=1.72°C = 204 MAE =2247°C | & 07 * 24" MAE =1.594°C = 20+ ®  MAE=1.08°C
i} RMSE =2466°C| LW RMSRE2 = ?)1;3-{1 °C| w RMSE =2326°C| W . RM:E =‘;§729°C
20+ R?= 0936 10- = 0. 204 R’= 0.943 10 = 0.
-20 0 20 40 10 20 30 40 -20 0 20 40 10 20 30 40
Observed (°C) Observed (°C) Observed (°C) Observed (°C)
Count m——— =
2 4 6 8 10 12 14 16

Figure S48: Scatterplot of estimated Tmax by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2020.
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Figure S49: Scatterplot of estimated Tmin by machine learning models and traditional models against the observed

monthly mean temperature of January and July in 2010.
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Figure S50: Comparison of the spatial distribution of residuals between machine learning and traditional methods for

Tmax in January and July of 2020.
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Figure S51: Comparison of the spatial distribution of residuals between machine learning and traditional methods for

Tmin in January and July of 2020.
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Figure S52: The spatial maps of monthly Tmean over China in January and July of 2020 (1, 7: January, July;
unit: °C).
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Figure S53: The spatial maps of monthly Tmax over China in January and July of 2020 (1, 7: January, July;
unit: °C).
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Figure S54: The spatial maps of monthly Tmin over China in January and July of 2020 (1, 7: January, July;
unit: °C).
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Figure S55: Taylor diagram displaying a statistical comparison with observations for Tmax between our products and
other products for each month. The available time periods for the TerraClimate and ERAS products are: 1958-01-01 -
2020-12-01, and 1979-01-01 - 2020-06-01, respectively. Considering the overlapping periods, we chose January 1979-

December 2019 for comparing Tmax.
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Figure S56: Taylor diagram displaying a statistical comparison with observations for Tmin between our products and
other products for each month. The available time periods for the TerraClimate and ERAS products are: 1958-01-01 -
2020-12-01, and 1979-01-01 - 2020-06-01, respectively. Considering the overlapping periods, we chose January 1979-

December 2019 for comparing Tmin.
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Figure S 57: Taylor diagram displaying a statistical comparison with observations for Tmean between our products
and other products for each month. The available time periods for FLDAS and ERAS products are: 1982-01-01 -
2021-05-01, and 1979-01-01 - 2020-06-01, respectively. Considering the overlapping periods, we chose January 1982

to December 2019 for comparing Tmean.



