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Three-Dimensional Dynamic Variations of Ground/Air Surface
Temperatures and Their Correlation with Large-Scale
Circulation Indexes in Southwest China (1980-2019)

Jin Hanyu, Cheng Qingping and Wang Ping

(a) Maximum temperature (b) Mean temperature (¢) Minimum temperature
2.0
15 0.8 0.8¢
g 10 io‘er gosr B
o = R =
£ ¢ - o - e
5 ¢ 05 - - 2 04 || || 5 04 - -
n 5 5 g
o 7 7
0.0+ 02" 0.2
05
0.0- 0.07
GSTx SATx SATDx GSTm SATm SATDm GSTn SATR SATDn
20} 0.8 0.6/
1.5- 0.6 051
F 10r T 04 5 04
5 2 2 2
E ER = = S o2 sl B - o3 M
2 2 2 - .
a g 00- E S0z
w “ 00 2]
-0.5- 0.1
0.2
-1.0- 0.07
0.4
GSTx SATx SATDx GSTm SATm SATDm GSTn SATR SATDn
0.7
15 0.8
0.6
1.0 0.5 0.6
B T 04 g
E S os = 2
E o - S 03 ) Oo4 =
= . - - - L
.g © e . | ] ©
2 Q =2 - -
5 0.2 k<3
< 5 00 2 o
0.1 oz
0.5 0.0
0.0t
-0.1
GSTx SATx SATDx GSTm SATm SATDm GSTn SATn SATDn
0.8
15 1.0
0.8
1.0 08
= 5 S 08
L = 2 2 .
2 9 05 .- G 04} . o -
E 7 . - B || < 0.4/ . .
- @
2 5 2 || O, el |
@ 00 @ g n 02
0.0
05
0.0} 0o
GSTx SATx SATDx GSTm SATm SATDm " Gsm SATn SATDn

Figure S1. Box-and-whisker plots of trends in seasonal averaged GST-, SAT-, and SATD-related
indexes 1980-2019 in Southwest China. In boxpolt, horizontal line represents median, and circle
represent average.
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Figure S2. Significant variation rate of spring averaged GST-, SAT-, and SATD-related indexes for
each pixel during 1980 to 2019 in Southwest China.(Significance test by MMK trend mehod at the
0.05 confidence level).
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Figure S3. Significant variation rate of summer averaged GST-, SAT-, and SATD-related indexes for
each pixel during 1980 to 2019 in Southwest China.(Significance test by MMK trend mehod at the
0.05 confidence level).
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Figure S4. Significant variation rate of autumn averaged GST-, SAT-, and SATD-related indexes for
each pixel during 1980 to 2019 in Southwest China.(Significance test by MMK trend mehod at the
0.05 confidence level).
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Figure S5. Significant variation rate of winter averaged GST-, SAT-, and SATD-related indexes for
each pixel during 1980 to 2019 in Southwest China.(Significance test by MMK trend mehod at the
0.05 confidence level).
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Figure S6. Wavelet and global coherence of anomaly of the monthly averaged GST-, SAT-, and
SATD-related indexes with the highest PASC large-scale index from 1980 to 2019 in HDM.
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Figure S7. Wavelet and global coherence of anomaly of the monthly averaged GST-, SAT-, and
SATD-related indexes with the highest PASC large-scale index from 1980 to 2019 in YGP.
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Figure S8. Wavelet and global coherence of anomaly of the monthly averaged GST-, SAT-, and
SATD-related indexes with the highest PASC large-scale index from 1980 to 2019 in SCB.

Table S1. Variation rate of annual/seasonal averaged GST-, SAT-, and SATD- related indexes in
three subareas (HDM/YGP/SCB, respectively).

Annual Spring Summer Autumn Winter
GSTx  0.039v/0.036°/0.058>  0.062°/0.062°/0.074>  0.031°/0.015/0.076°>  0.038°/0.048°/0.031> 0.041%/0.03%/0.058>
GSTm  0.038°/0.032/0.033>  0.048b/0.048°/0.044>  0.023/0.011°/0.028b  0.038/0.032b/0.023> 0.049°/0.036/0.031>
GSTn 0.06%/0.046/0.035>  0.065/0.0582/0.048>  0.04%/0.028/0.027>  0.058/0.0416/0.037> 0.081°/0.057°/0.034>
SATx  0.044/0.033%/0.043>  0.044%/0.045/0.059>  0.036°/0.025°/0.05*  0.045%/0.035%/0.025 0.053/0.035°/0.031>
SATm  0.032b/0.0290/0.028>  0.037v/0.042v/0.042>  0.025b/0.0174/0.028> 0.033v/0.027%/0.019> 0.036°/0.037°/0.021
SATn  0.034°/0.035°/0.026>  0.037°/0.048v/0.04>  0.027°/0.021°/0.024>  0.033%/0.033°/0.023> 0.036°/0.045%/0.023b
SATDx  -0.006/0.001/0.02° 0.015/0.0212/0.021 -0.005/-0.013/0.029»  -0.007/0.015%/0.007= -0.0094/-0.003/0.023b
SATDm  0.006°/0.002/0.005>  0.015b/0.009%/0.003 0/-0.005%/0.002 0.0042/0.005>/0.005°  0.012/0.003°/0.009°
SATDn  0.024%/0.01°/0.01> 0.026/0.011%/0.01>  0.013/0.006/0.004=  0.024°/0.009°/0.012° 0.039/0.014/0.013P
Table S2. The climate jump of annual/seasonal averaged GST, SAT and SATD related indexes in
three subareas (HDM/YGP/SCB, respectively).
Annual Spring Summer Autumn Winter

GSTx 2001/-/- -I-I- -I-I- -I-I- -I-I-

GSTm 2001/2001/1996 2002/-/1996 -/-/- 1997/-/- -/-/-

GSTn 2003/2003/2003 2003/2003/1996 2002/2004/2004 2004/-/2003 2003/-/-

SATx 2001/1997/1996 -/-/1996 2004/-/- -/-/- -/-/-

SATm 2002/1997/1996 -/-/1996 2004/2004/- 1997/-/- -/-/-

SATn 2004/1997/1997 -/1997/1996 2004/2004/- -/-/- -/-1-
SATDx -/-/- -/~ -/-/2010 -/-/- -/-/-
SATDm 2001/-/- 2002/-/- ~/-/- 2001/-/1997 2002/2002/2005
SATDn 2003/2003/2003 2003/2003/2004 2003/2003/2003 2003/2003/2003 2003/2003/2003

Table S3. Period, variance contribution rate of monthly averaged GST, SAT, and SATD related
indexes in three subareas from 1980 to 2019.
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Period (year) Contribution (%)
Subar GST GST GST SAT SAT SAT SATD SATD SATD GST GST GST SAT SAT SAT SATD SATD SATD
ea X m n X m n X m n X m 1n X m n X m n

031 024 025 037 048 025 048 027 025 7.01 43.3813.9210.48 16.21 4.63 14.77 6.28 24.57
098 0.46 0.85 098 098 098 098 098 0.66 92.5220.13 77.66 89.1 83.49 93.72 84.96 90.52 55.19
HDM 154 087 1.18 1.82 167 154 19 167 105 022 859 626 02 012 09 016 0.82 16.36
398 213 3.03 393 393 3.67 4.08 433 274 012 588 1.04 014 0.05 046 0.06 045 127
94 538 518 7.77 835 727 741 849 524 005 572 048 0.04 004 016 003 033 0.99
19.78 17.45 10.7220.88 20.53 21.16 18.58 24.33 11.8 0.07 13.64 0.32 0.02 0.08 0.07 0.02 148 0.53
029 024 026 029 041 028 036 024 025 576 5428 11.1 8.03 13.33 5.32 12.39 14.39 35.63
098 0.45 0.83 098 098 098 098 091 0.63 93.58 17.77 81.2 91.43 86.34 93.49 872 76.34 46.53
YGP 16 089 114 1.74 19 154 182 114 103 04 13.03 636 029 0.19 074 023 524 13.56
4.04 2.02 3.02 402 4.01 401 397 303 242 019 711 0.72 019 0.08 035 0.13 0.73 1.9
858 4.01 472 778 842 752 6.86 651 505 0.02 336 037 0.04 0.04 0.06 003 125 1.01
19.56 23.57 11.9114.47 17.54 10.53 1574 11.62 9.23 0.05 2.78 0.2 0.02 0.01 0.03 0.02 0.91 0.6
031 024 025 034 048 027 04 024 025 104 55.05 6.28 12.66 20.51 7.24 175 1574 18.06
098 0.48 0.98 098 0.98 098 098 0.83 0.78 89.01 20.83 92.1286.82 79.12 92.07 82.09 72.32 70.25

1.82 0.87 154 1.82 2 182 19 118 1.11 032 871 1.01 025 0.16 035 021 6.78 9.08

5CB 4.05 1.85 4.28 4.07 4.07 406 408 27 282 02 565 043 02 01 024 013 089 1.53
752 469 7.06 741 979 792 9.6 686 551 0.06 3.35 0.08 0.06 0.06 0.09 0.05 145 0.87
14.34 8.87 14.1113.78 21.02 13.42 1795 19.86 1045 0.01 3.05 0.06 0.01 0.03 0.01 0.01 175 0.1
Table S4. Percentage of significant (p<0.05) increasing/decreasing stations of GST-, SAT-, and SATD-
related indexes in three subareas during 1980 to 2019.
HDM YGP SCB
Annua . Summ Autum_, . Annua . Summ Autum _, . Annua . Summ Autum Winte
Spring Winter Spring Winter Spring
1 er n 1 er n 1 er n r
GSTx 61.19/1 58.21/1 46.27/2 49.25/1 64.18/8 63.19/1 63.19/1 34.07/2 60.44/9 58.24/9.83.19/0 84.03/2 73.95/4 63.87/5 91.6/0.

642 343 836 343 9 044 099 088 .34 89 .84 .52 2 .04 84

m 91.04/0 88.06/4 70.15/7 91.04/0 95.52/1 89.56/2 89.56/3 46.15/1 86.26/290.66/0.92.44/1 94.12/1 84.03/3 86.55/0 90.76/
0 A48 46 .0 49 2 3 3.74 2 55 .68 .68 .36 84  0.84

GSTn 94.03/0 94.03/0 95.52/0 95.52/0 91.04/1 98.35/0 98.35/0 90.66/1 91.21/1 98.35/0.97.48/0 97.48/0 91.6/1. 94.96/1 97.48/
0 .0 .0 .0 49 .0 .0 1 1 0 .84 .84 68 .68  0.84

98.51/0 95.52/0 98.51/0 98.51/0 97.01/0 97.8/1. 91.21/0 89.56/1 94.51/190.66/1.94.12/0 96.64/0 94.96/0 81.51/0 92.44/
0 .0 .0 .0 .0 65 .0 .65 .65 1 .0 .0 .84 .0 1.68

SATm 98.51/0 95.52/0 91.04/0 95.52/0 95.52/0 96.15/1 95.05/0 83.52/1 95.6/1. 93.41/1.93.28/0 94.12/0 92.44/1 84.03/0 87.39/
0 .0 .0 .0 .0 .65 .0 .65 65 1 .0 .0 .68 .0 1.68

SATn 95.52/1 95.52/1 94.03/0 95.52/1 94.03/1 96.15/1 95.6/0. 90.11/1 93.96/196.15/0.92.44/1 94.96/0 88.24/3 90.76/1 83.19/
49 49 .0 49 49 1 55 .65 .65 55 .68 .0 .36 .68  1.68

SATD 28.36/2 37.31/2 25.37/3 29.85/3 34.33/2 38.46/2 40.11/2 18.68/3 41.76/1 35.71/2 48.74/1 38.66/1 50.42/1 41.18/1 57.98/
X 985 09 881 134 836 363 418 462 868 912 092 261 933 849 6.72

SATD 49.25/1 52.24/1 23.88/3 38.81/1 65.67/1 40.11/2 43.41/1 20.88/4 42.86/2 47.25/2 45.38/2 38.66/2 36.97/2 50.42/1 63.87/
m 343 194 284 493 045 912 868 451 088 308 101 269 941 849 84

GST

SATx
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SATD 67.16/7 70.15/8 68.66/8 65.67/7 62.69/8 52.75/1 54.4/14 52.75/1 51.65/1 57.14/1 52.94/1 57.14/1 42.02/3 61.34/5 63.87/
n 46 .96 .96 46 96 429 .29 703 813 044 345 429 0.25 .88 9.24

Table S5. Percentage of significant (p<0.05) increasing/decreasing pixels of GST-, SAT-, and SATD-
related indexes in three subareas during 1980 to 2019.

HDM YGP SCB
A A A A
Annual Spring Summ Autum Winter Annual Spring Summ Autum Winter Spring Summ Autum Winter
er n er n al er n

GSTx 74.18/4.67.09/4. 63.88/ 56.56/2.40.93/177.92/5.73.74/6. 22.39/ 66.67/0. 46.15/1 97.47/ 97.46/0.89.89/0.51.17/0.85.01/2.

72 75 0.0 68 146 49 9 007 12 476 024 0 0 0 08
99.99/0.98.81/0.69.0/0.79.1/0.071.51/0.97.65/0.88.34/0. 46.17/ 100.0/0.98.91/0. 100.0/ 90.22/0. 98.96/0.

GSTm 0 0 02 1 0 14 0 2.47 0 0 0.0 99:3/0.0 01 99:9/0.0 0

N 100.0/0.100.0/0. 100.0/ 100.0/0.100.0/0.99.99/0.100.0/0. 100.0/ 100.0/0.100.0/0. 100.0/ 100.0/0.100.0/0.100.0/0.100.0/0.

GST 0 0 0.0 0 0 0 0 0.0 0 0 0.0 0 0 0 0

SATx 100.0/0.72.92/0.97.4/0.55.45/6.100.0/0.100.0/0.95.17/0.98.5/0.99.54/0.95.95/0. 100.0/ 99.5/0.099.97/0.89.51/0.93.01/0.
0 0 0 93 0 0 16 0 0 0 0.0 0 04 0

SATm100.0/0.92.71/0. 87.08/ 27.48/1 36.68/0.99.79/0.98.34/0. 86.39/ 99.26/0.96.92/0.99.8/0.99.82/0.98.71/0.92.83/1.83.71/0.
0 09 00 6.65 04 0 05 0.0 0 0 0 0 0 1 0

SATn 97.34/0.92.74/0. 99.99/ 85.06/0.79.89/0.94.94/0.93.41/0. 99.92/ 98.01/0.95.11/0.94.1/0.96.86/0.99.68/0.97.62/0.87.78/1.
0 0 0.0 0 21 0 02 0.0 0 05 73 53 0 0 77

SATD 29.43/3 36.0/12. 18.02/ 34.16/1 10.63/7 30.42/3 57.26/1 5.71/2 24.41/1 14.27/5 60.17/ 65.33/0.61.53/0. 10.24/1 22.99/2
X 3.82 76 601 018 039 334 676 059 433 671 671 67 0 551 4.34
SATD51.71/3.59.19/0. 3.83/3 95.49/0.72.39/0. 43.83/2 18.08/1 3.35/5 76.54/1.51.19/9.61.3/8. 10.02/1 33.67/2 80.48/0.80.69/1.
m 37 52 344 16 72 562 252 91 75 14 55 163 532 0 72
SATD87.4/O.733'23/2 97.71/ 89.05/0.80.74/0.71.78/1.65.86/3. 72.75/ 69.75/0.68.19/2. 78.76/ 71.91/3.54.11/4.89.35/0.88.51/0.
n 298 0.01 02 6 9 51 058 54 0 1.68 26 09 0 2

Table S6. The slope of variation rate of annual and seasonal averaged GST-, SAT-, and SATD-related
indexes from 1980 to 2019 with elevation in three subareas.

rjgit;n Timescale GSTx  GSTm  GSTn  SATx  SATm  SATn  SATDx SATDm SATDn

Annual  -0.002 0.0170 0.022¢ -0.001 0.011° 0.012¢ -0.006 0.006° 0.010

Spring  -0.009® 0.002> 0.0022 -0.006>  -0.005° 0.007 -0.001 0.012° 0.002

HDM  Summer -0.001 0.006> 0.008r 0.001 0.006° 0.006> 0.014- -0.003 0.003b
Autumn  -0.001 -0.002 0.024> -0.003 -0.025v> -0.002 0.01b 0.019° 0.0270

Winter  -0.0052 0.0032 0.029~ 0.005> -0.004= 0.004> -0.011 0.005° 0.03b

Annual 0.007 0.008= 0.016b -0.0032 0.004» 0.003® 0.011= 0.0 0.013>

Spring 0.008 0.0 0.004» -0.004 -0.01° 0.002 0.015 0.005 0.01¢

YGP  Summer -0.008 -0.004 0.005> 0.0 -0.0 0.0 0.007 0.004 0.0070
Autumn  -0.0132 0.003b 0.012¢ -0.0 -0.003 -0.005b 0.011 0.0170 0.0170

Winter 0.011 0.009® 0.014° 0.0032 -0.0052 -0.004 -0.001 0.013v 0.0190
Annual  -0.005 0.0120 0.019° -0.0022 0.012° 0.010 -0.016b 0.002 0.008>
Spring  -0.012° 0.002 0.003r -0.007>  -0.006° 0.008~ -0.0122 0.010 0.004
Summer -0.011b 0.0 0.005¢ -0.002 0.002 0.004> -0.008 -0.005 0.003b
Autumn  0.001 -0.0022 0.019» -0.0032 -0.02b -0.002> 0.0092 0.017» 0.022v

SCB
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Winter -0.007 0.0032 0.022> 0.009° -0.006 0.0 -0.017v 0.005° 0.026°

Table S7. Percentage area of significant (p<0.05) coherence in bi-wavelet coherence between anomaly
of the monthly averaged GST-, SAT-, and SATD-related indexes and large-scale indexes in from
1980 to 2019 in three subareas.

GSTm GSTx GSTn SATm SATx SATn SATDx SATDn SATDm
AMO 9.09 13.92 9.18 13.69 12.39 14.78 15.42 11.13 9.38

AO 4.88 5.98 2.48 3.38 3.52 3.97 8.99 5.47 9.7
HDM MEI 5.87 6.54 8.22 8.07 5.41 13.91 10.54 3.03 18.39
NAO 4.75 4.33 6.93 5.19 3.97 6.52 5.14 451 11.32
PDO 295 4.56 4.89 3.25 2.74 4.06 5.64 421 9.68
PNA 223 7.25 3.7 274 2.46 4.76 10.09 3.99 5.6
AMO 15.02 4.07 6.44 10.09 8.15 9.73 4.01 8.34 5.18
AO 448 4.92 3.11 3.8 3.14 3.65 4.06 10.85 6.06
SCB MEI 4.03 5.43 241 3.96 52 3.48 3.23 12.97 5.31
NAO 413 6.44 244 4.03 4.88 21 7.18 13.34 13.87
PDO 3.48 3.87 3.23 3.5 4.13 3.27 12.36 11.17 6.7
PNA 5.05 6.27 2.86 9.13 11.33 3.78 9.97 717 3.23
AMO 4.67 5.94 2.99 9.15 9.03 8.65 6.5 4.1 4.92
AO 7.08 5.74 6.09 6.19 5.87 5.79 3.79 8.11 8.33
YGP MEI 3.24 4.06 4.57 3.18 3.63 34 4.48 6.45 6.21
NAO 4.53 4.46 297 4.35 5.01 341 4.13 9.06 7.42
PDO 5.55 5.31 4.52 4.96 5.74 3.39 6.62 6.96 7.88
PNA 6.15 4.41 9.15 7.47 5.62 7.24 3.05 5.71 0.74
Entries in bold indicate the factor with the highest PASC.
Table S8. Percentage area of significant coherence (PASC) in multi-wavelet coherence between
anomaly of the monthly averaged GST-, SAT-, and SATD-related indexes and large-scale indexes
from 1980 to 2019 in three subareas.
Maximum temperature Mean temperature Minimum temperature
Combination PASC (%) Combination PASC (%) Combination PASC (%)
AMO 13.92 AMO 9.09 AMO 9.18
GST AMO+NAO 17.56 AMO+MEI 16.20 AMO+PDO 25.09
AMO+NAO+PNA 16.94 AMO+MEI+NAO 15.88 AMO+PDO+NAO 21.66
AMO+NAO+PNA+MEI 1644 AMO+MEI+NAO+PDO 1420 AMO+PDO+NAO+PNA 16.64
AMO 12.39 AMO 13.69 AMO 14.78
HD SAT AMO+MEI 12.89 AMO+AO 16.20 AMO+PDO 18.89
M AMO+MEI+AO 13.45 AMO+AO+MEI 14.53 AMO+PDO+MEI 15.86
AMO+MEI+AO+NAO 10.62 AMO+AO+MEI+NAO 13.24 AMO+PDO+MEI+NAO  14.05
AMO 15.42 MEI 18.39 AMO 11.13
SAT AMO+NAO 18.00 MEI+AO 17.82 AMO+NAO 20.08
D AMO+NAO+MEI 16.81 MEI+AO+PDO 15.32 AMO+NAO+PDO 17.29
AMO+NAO+MEI+PDO  15.18 MEI+AO+PDO+NAO 15.00 AMO+NAO+PDO+PNA 15.97
NAO 6.44 AMO 15.02 AMO 6.44
YGP GST NAO+AO 8.72 AMO+NAO 12.14 AMO+PDO 20.21

NAO+AO+PNA 8.27 AMO+NAO+PNA 10.80 AMO+PDO+NAO 16.17
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NAO+AO+PNA+PDO
PNA
PNA+AMO
PNA+AMO+MEI
PNA+AMO+MEI+NAO
PDO
SAT PDO+PNA
D PDO+PNA+AO
PDO+PNA+AO+NAO
AMO
AMO+PDO
AMO+PDO+MEI
AMO+PDO+MEI+AO
AMO
AMO+PDO
AMO+PDO+NAO
AMO+PDO+NAO+PNA
PDO
SAT PDO+AMO
D PDO+AMO+MEI
PDO+AMO+MEI+PNA

SAT

GST

SCB SAT

8.19
11.33
9.32
6.78
6.87
12.36
14.02
9.01
7.56
5.94
10.70
6.54
6.08
9.03
11.34
11.16
10.05
6.62
9.25
7.73
7.02

AMO+NAO+PNA+AO
AMO
AMO+NAO
AMO+NAO+MEI
AMO+NAO+MEI+PNA
NAO
NAO+MEI
NAO+MEI+AO
NAO+MEI+AO+PNA
AO
AO+PNA
AO+PNA+AMO
AO+PNA+AMO+MEI
AMO
AMO+PNA
AMO+PNA+AO
AMO+PNA+AO+PDO
AO
AO+NAO
AO+NAO+PDO
AO+NAO+PDO+PNA

10.94
10.09
12.74
10.80
10.71
13.87
13.36
12.33
10.34
7.08
11.97
9.69
7.85
9.15
11.43
10.77
10.88
8.33
10.49
9.08
7.43

AMO+PDO+NAO+PNA
AMO
AMO+NAO
AMO+NAO+PDO
AMO+NAO+PDO+MEI
NAO
NAO+PDO
NAO+PDO+AMO
NAO+PDO+AMO+AO
PNA
PNA+AMO
PNA+AMO+AO
PNA+AMO+AO+MEI
AMO
AMO+AO
AMO+AO+PNA
AMO+AO+PNA+NAO
NAO
NAO+AMO
NAO+AMO+MEI
NAO+AMO+MEI+PNA

13.65
9.73
11.55
10.85
9.35
13.34
19.39
17.39
15.44
9.15
13.67
12.50
11.54
8.65
12.68
11.53
10.00
9.06
16.59
14.55
13.60




