[bookmark: _GoBack]Table 1 Specifications of the 12 meteorological observation stations 
	Station number
	Station
	Latitude
	Longitude
	Data period
	Maximum annual
  (mm)
	Minimum annual
  (mm)
	Average  for recent 10 years (mm)
	Average  for past 10 years (mm)

	47105
	GANGNEUNG
	37° 45’
	128° 53’
	1912-2018
	1132.1
	846.7
	1030.8
	1029.9

	47108
	SEOUL
	37° 34’
	126° 57’
	1908-2018
	1214.4
	930.1
	1115.2
	1007.0

	47112
	INCHEON
	37° 28’
	126° 37’
	1904-2018
	1143.3
	937.7
	1040.7
	1004.0

	47135
	CHUPUNGNYEONG
	36° 13’
	127° 59’
	1953-2018
	1126.3
	920.2
	1042.8
	1034.9

	47138
	POHANG
	36° 34’
	128° 42’
	1949-2018
	1345.0
	967.7
	1156.4
	1112.9

	47143
	DAEGU
	35° 49’
	128° 39’
	1909-2018
	1326.6
	1026.6
	1165.2
	1086.8

	47146
	JEONJU
	35° 50’
	127° 07’
	1919-2018
	1090.8
	903.9
	1026.6
	1000.9

	47152
	ULSAN
	35° 34’
	129° 20’
	1946-2018
	1211.9
	981.8
	1108.8
	1064.1

	47156
	GWANGJU
	35° 10’
	126° 53’
	1939-2018
	1155.9
	922.6
	1052.1
	999.0

	47159
	BUSAN
	35° 06’
	129° 01’
	1904-2018
	1351.4
	1040.5
	1225.6
	1181.1

	47165
	MOKPO
	34° 49’
	126° 22’
	1906-2018
	1246.4
	908.4
	1071.3
	1024.4

	47168
	YEOSU
	34° 44’
	127° 44’
	1942-2018
	1337.0
	1040.8
	1215.1
	1125.4






Table 2 Result of Mann-Kendall and Sen’s slop for seasonal temperature
	Station
	Season
	temperature
	S
	Z
	Trend
	Sen’s Slope

	GANGNEUNG
	Spring
	
	931
	2.69
	Positive
	0.024

	
	
	
	1251
	3.51
	Positive
	0.035

	
	
	
	1249
	3.51
	Positive
	0.035

	
	Summer
	
	-35
	-0.1
	No Trend
	0

	
	
	
	987
	2.73
	Positive
	0.014

	
	
	
	1313
	3.65
	Positive
	0.02

	
	Autumn
	
	-147
	-0.42
	No Trend
	-0.003

	
	
	
	293
	0.82
	No Trend
	0.011

	
	
	
	404
	1.13
	No Trend
	0.018

	
	Winter
	
	1031
	2.96
	Positive
	0.019

	
	
	
	1132
	3.15
	Positive
	0.022

	
	
	
	1105
	3.1
	Positive
	0.028

	SEOUL
	Spring
	
	901
	2.46
	Positive
	0.031

	
	
	
	1019
	2.78
	Positive
	0.041

	
	
	
	1054
	2.88
	Positive
	0.048

	
	Summer
	
	-43
	-0.11
	No Trend
	0.001

	
	
	
	978
	2.65
	Positive
	0.015

	
	
	
	1215
	3.31
	Positive
	0.024

	
	Autumn
	
	-244
	-0.67
	No Trend
	-0.002

	
	
	
	176
	0.48
	No Trend
	0.016

	
	
	
	294
	0.08
	No Trend
	0.03

	
	Winter
	
	885
	2.4
	Positive
	0.019

	
	
	
	892
	2.43
	Positive
	0.025

	
	
	
	1012
	2.76
	Positive
	0.038

	INCHEON
	Spring
	
	941
	2.4
	Positive
	0.034

	
	
	
	1076
	2.74
	Positive
	0.036

	
	
	
	1120
	2.85
	Positive
	0.036

	
	Summer
	
	628
	1.6
	No Trend
	0.014

	
	
	
	1044
	2.65
	Positive
	0.018

	
	
	
	1094
	2.79
	Positive
	0.021

	
	Autumn
	
	-708
	-1.8
	No Trend
	-0.011

	
	
	
	-403
	-1.02
	No Trend
	0.001

	
	
	
	-294
	-0.75
	No Trend
	0.007

	
	Winter
	
	714
	1.8
	No Trend
	0.012

	
	
	
	934
	2.36
	Positive
	0.018

	
	
	
	899
	2.29
	Positive
	0.02

	CHUPUNGNYEONG
	Spring
	
	491
	2.72
	Positive
	0.029

	
	
	
	368
	2.05
	Positive
	0.017

	
	
	
	-64
	-0.36
	No Trend
	-0.002

	
	Summer
	
	144
	0.79
	No Trend
	0.006

	
	
	
	81
	0.45
	No Trend
	0.001

	
	
	
	72
	-0.39
	No Trend
	-0.004

	
	Autumn
	
	166
	0.92
	No Trend
	0.008

	
	
	
	27
	0.15
	No Trend
	0.001

	
	
	
	-151
	-0.78
	No Trend
	-0.009

	
	Winter
	
	271
	1.5
	No Trend
	0.019

	
	
	
	194
	1.07
	No Trend
	0.012

	
	
	
	46
	0.26
	No Trend
	0.003

	POHANG
	Spring
	
	565
	2.99
	Positive
	0.039

	
	
	
	583
	3.08
	Positive
	0.041

	
	
	
	575
	3.04
	Positive
	0.046

	
	Summer
	
	300
	1.55
	No Trend
	0.017

	
	
	
	531
	2.77
	Positive
	0.028

	
	
	
	651
	3.4
	Positive
	0.039

	
	Autumn
	
	522
	2.7
	Positive
	0.016

	
	
	
	591
	3.11
	Positive
	0.027

	
	
	
	574
	3.01
	Positive
	0.039

	
	Winter
	
	514
	2.66
	Positive
	0.026

	
	
	
	507
	2.62
	Positive
	0.026

	
	
	
	522
	2.72
	Positive
	0.035

	DAEGU
	Spring
	
	1339
	3.5
	Positive
	0.04

	
	
	
	1306
	3.42
	Positive
	0.043

	
	
	
	1293
	3.38
	Positive
	0.043

	
	Summer
	
	708
	1.83
	No Trend
	0.008

	
	
	
	1118
	2.91
	Positive
	0.015

	
	
	
	1025
	2.68
	Positive
	0.021

	
	Autumn
	
	-91
	-0.24
	No Trend
	0.004

	
	
	
	-75
	-0.2
	No Trend
	0.014

	
	
	
	-128.67
	-0.33
	No Trend
	0.017

	
	Winter
	
	1030
	2.7
	Positive
	0.024

	
	
	
	995.33
	2.6
	Positive
	0.025

	
	
	
	1006
	2.63
	Positive
	0.027

	JEONJU
	Spring
	
	1438
	4.32
	Positive
	0.027

	
	
	
	1293
	3.91
	Positive
	0.028

	
	
	
	1232
	3.72
	Positive
	0.023

	
	Summer
	
	499
	1.48
	No Trend
	0.006

	
	
	
	976
	2.92
	Positive
	0.013

	
	
	
	1043
	3.13
	Positive
	0.015

	
	Autumn
	
	1041
	3.12
	Positive
	0.014

	
	
	
	1196
	3.59
	Positive
	0.018

	
	
	
	1206
	3.62
	Positive
	0.023

	
	Winter
	
	1186
	3.55
	Positive
	0.025

	
	
	
	1071
	3.2
	Positive
	0.021

	
	
	
	1017
	3.04
	Positive
	0.02

	ULSAN
	Spring
	
	620
	2.99
	Positive
	0.027

	
	
	
	619
	3
	Positive
	0.038

	
	
	
	655
	3.18
	Positive
	0.038

	
	Summer
	
	202
	0.96
	No Trend
	0.007

	
	
	
	565
	2.71
	Positive
	0.02

	
	
	
	658
	3.16
	Positive
	0.022

	
	Autumn
	
	274
	1.3
	No Trend
	0.008

	
	
	
	653
	3.13
	Positive
	0.021

	
	
	
	661
	3.17
	Positive
	0.028

	
	Winter
	
	418
	1.99
	Positive
	0.019

	
	
	
	559
	2.66
	Positive
	0.024

	
	
	
	660
	3.14
	Positive
	0.034

	GWANGJU
	Spring
	
	889
	3.8
	Positive
	0.033

	
	
	
	773
	3.33
	Positive
	0.037

	
	
	
	755
	3.25
	Positive
	0.04

	
	Summer
	
	321
	1.36
	No Trend
	0.009

	
	
	
	514
	2.2
	Positive
	0.014

	
	
	
	547
	2.33
	Positive
	0.016

	
	Autumn
	
	578
	2.44
	Positive
	0.014

	
	
	
	749
	3.21
	Positive
	0.026

	
	
	
	884
	3.76
	Positive
	0.037

	
	Winter
	
	601
	2.56
	Positive
	0.028

	
	
	
	632
	2.69
	Positive
	0.027

	
	
	
	580
	2.48
	Positive
	0.028

	BUSAN
	Spring
	
	1207
	2.99
	Positive
	0.029

	
	
	
	1169
	2.9
	Positive
	0.031

	
	
	
	1119
	2.78
	Positive
	0.034

	
	Summer
	
	1058
	2.62
	Positive
	0.014

	
	
	
	1359
	3.37
	Positive
	0.02

	
	
	
	1287
	3.19
	Positive
	0.021

	
	Autumn
	
	-464
	-1.15
	No Trend
	-0.005

	
	
	
	-374
	-0.93
	No Trend
	0.001

	
	
	
	-365
	-0.9
	No Trend
	0.004

	
	Winter
	
	842
	2.07
	Positive
	0.012

	
	
	
	627
	1.54
	No Trend
	0.008

	
	
	
	573
	1.42
	No Trend
	0.008

	MOKPO
	Spring
	
	828
	2.08
	Positive
	0.025

	
	
	
	883
	2.22
	Positive
	0.025

	
	
	
	872
	2.19
	Positive
	0.023

	
	Summer
	
	655
	1.64
	No Trend
	0.01

	
	
	
	1035
	2.59
	Positive
	0.015

	
	
	
	946
	2.37
	Positive
	0.016

	
	Autumn
	
	-783
	-1.97
	Negative
	-0.016

	
	
	
	-507
	-1.27
	No Trend
	-0.008

	
	
	
	-550
	-1.38
	No Trend
	-0.008

	
	Winter
	
	366
	0.91
	No Trend
	0.002

	
	
	
	386
	0.95
	No Trend
	0

	
	
	
	390
	0.96
	No Trend
	0

	YEOSU
	Spring
	
	696
	3.22
	Positive
	0.023

	
	
	
	684
	3.19
	Positive
	0.024

	
	
	
	729
	3.37
	Positive
	0.024

	
	Summer
	
	294
	1.34
	No Trend
	0.007

	
	
	
	519
	2.37
	Positive
	0.011

	
	
	
	535
	2.47
	Positive
	0.014

	
	Autumn
	
	437
	1.99
	Positive
	0.01

	
	
	
	498
	2.27
	Positive
	0.012

	
	
	
	541
	2.47
	Positive
	0.016

	
	Winter
	
	620
	2.83
	Positive
	0.024

	
	
	
	551
	2.52
	Positive
	0.023

	
	
	
	554
	2.53
	Positive
	0.024





Table 3 Result of seasonal Mann-Kendall test and Sen Slope in  
	Station
	Season
	S
	Z
	Trend
	Sen Slope

	GANGNEUNG
	Spring
	906
	2.54
	Positive
	0.159

	
	Summer
	-73
	-0.20
	No Trend
	-0.009

	
	Autumn
	5
	0.22
	No Trend
	0.003

	
	Winter
	294
	0.82
	No Trend
	0.029

	SEOUL
	Spring
	987
	2.69
	Positive
	0.192

	
	Summer
	-349
	-0.95
	No Trend
	-0.063

	
	Autumn
	49
	0.13
	No Trend
	0.024

	
	Winter
	1072
	2.93
	Positive
	0.079

	INCHEON
	Spring
	682
	3.60
	Positive
	0.126

	
	Summer
	145
	0.76
	No Trend
	0.044

	
	Autumn
	12
	0.06
	No Trend
	0.004

	
	Winter
	555
	3.00
	Positive
	0.110

	CHUPUNGNYEONG
	Spring
	330
	1.82
	No Trend
	0.094

	
	Summer
	-194
	-1.09
	No Trend
	-0.117

	
	Autumn
	-251
	-1.38
	No Trend
	-0.045

	
	Winter
	441
	2.44
	Positive
	0.056

	POHANG
	Spring
	514
	2.72
	Positive
	0.215

	
	Summer
	229
	1.18
	No Trend
	0.091

	
	Autumn
	378
	1.95
	No Trend
	0.085

	
	Winter
	472
	2.49
	Positive
	0.093

	DAEGU
	Spring
	1402
	3.67
	Positive
	0.224

	
	Summer
	-35
	-0.09
	No Trend
	-0.003

	
	Autumn
	-124
	-0.32
	No Trend
	0.009

	
	Winter
	1163
	3.04
	Positive
	0.089

	JEONJU
	Spring
	1201
	3.68
	Positive
	0.121

	
	Summer
	-1160
	-3.50
	Negative
	-0.920

	
	Autumn
	357
	1.08
	No Trend
	0.018

	
	Winter
	1447
	4.44
	Positive
	0.063

	ULSAN
	Spring
	696
	3.38
	Positive
	0.189

	
	Summer
	106
	0.50
	No Trend
	0.031

	
	Autumn
	431
	2.05
	Positive
	0.064

	
	Winter
	570
	2.77
	Positive
	0.084

	GWANGJU
	Spring
	843
	3.63
	Positive
	0.183

	
	Summer
	-247
	-1.06
	No Trend
	-0.089

	
	Autumn
	551
	2.37
	Positive
	0.096

	
	Winter
	973
	4.19
	Positive
	0.094

	BUSAN
	Spring
	1820
	4.51
	Positive
	0.150

	
	Summer
	97
	0.24
	No Trend
	0.007

	
	Autumn
	-170
	-0.41
	No Trend
	-0.009

	
	Winter
	-334
	-0.83
	No Trend
	-0.011

	MOKPO
	Spring
	739
	1.91
	No Trend
	0.076

	
	Summer
	91
	0.23
	No Trend
	-0.004

	
	Autumn
	-885
	-2.28
	Negative
	-0.064

	
	Winter
	-391
	-1.01
	No Trend
	-0.080

	YEOSU
	Spring
	729
	3.40
	Positive
	0.170

	
	Summer
	-34
	-0.15
	No Trend
	-0.006

	
	Autumn
	291
	1.35
	No Trend
	0.078

	
	Winter
	559
	2.60
	Positive
	0.137


Table 4 Pearson correlation coefficient between seasonal temperature and 
	Station
	Temperature
	Spring
	Summer
	Autumn
	Winter

	GANGNEUNG
	
	0.76
	0.86
	0.40
	0.33

	
	
	0.68
	0.78
	0.20
	0.26

	
	
	0.53
	0.60
	-0.03
	0.18

	SEOUL
	
	0.69
	0.80
	0.57
	0.67

	
	
	0.63
	0.55
	0.39
	0.65

	
	
	0.52
	0.22
	0.22
	0.63

	INCHEON
	
	0.58
	0.70
	0.31
	0.65

	
	
	0.55
	0.60
	0.19
	0.62

	
	
	0.47
	0.42
	0.04
	0.58

	CHUPUNGNYEONG
	
	0.61
	0.78
	0.46
	0.59

	
	
	0.48
	0.69
	0.13
	0.52

	
	
	0.03
	0.35
	-0.20
	0.38

	POHANG
	
	0.72
	0.84
	0.37
	0.39

	
	
	0.62
	0.77
	0.17
	0.32

	
	
	0.38
	0.58
	-0.03
	0.23

	DAEGU
	
	0.71
	0.82
	0.55
	0.60

	
	
	0.60
	0.65
	0.26
	0.53

	
	
	0.37
	0.36
	0.02
	0.44

	JEONJU
	
	0.71
	0.77
	0.55
	0.68

	
	
	0.53
	0.51
	0.23
	0.61

	
	
	0.27
	0.22
	0.01
	0.51

	ULSAN
	
	0.70
	0.86
	0.40
	0.39

	
	
	0.54
	0.74
	0.10
	0.28

	
	
	0.24
	0.52
	-0.11
	0.17

	GWANGJU
	
	0.64
	0.80
	0.47
	0.62

	
	
	0.48
	0.61
	0.26
	0.57

	
	
	0.25
	0.32
	0.07
	0.48

	BUSAN
	
	0.51
	0.75
	0.24
	0.35

	
	
	0.37
	0.63
	0.07
	0.27

	
	
	0.18
	0.49
	-0.05
	0.18

	MOKPO
	
	0.44
	0.75
	0.36
	0.56

	
	
	0.25
	0.59
	0.10
	0.48

	
	
	0.07
	0.38
	-0.05
	0.39

	YEOSU
	
	0.56
	0.75
	0.31
	0.44

	
	
	0.40
	0.65
	0.18
	0.38

	
	
	0.19
	0.47
	0.06
	0.34




