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Supplement A. Example of intentionally biased bootstrapping (IBB) and
block-wise modeling

In the current example, the simulation procedure for monthly precipitation is presented with
the IBB temperature for Station 1 (Sokcho) in South Korea instead of weekly due to simplicity.
Assume that the monthly precipitation is generated with the condition of +0.5°C increase. The
explained procedure in section 2.4 is applied each month, and the procedure of month 1 is

mainly presented as follows.

(1) The observed monthly temperature and precipitation are obtained as in Table S1 and

Table S2, respectively.

(2) From the observed data, the temperature data are increasingly ordered at each month

as shown in Table S3.

(3) The monthly precipitation data in Table S2 are rearranged in the same order as the
ordered temperature data in Table S3 for each month (see Table S4 for the rearranged
monthly precipitation). For example, -3.4 is the smallest for month 1 in the first value
of the ordered temperature in month 1, 1977 as shown in the second column of Table
S3. Subsequently, the monthly precipitation of 20.2 in 1977 for month 1 (see Table S2)
is arranged for the first value of the rearranged monthly precipitation as shown in the

second column of Table S4.

(4) The weight order (r) is estimated with the Harmony Search algorithm to resample the
monthly temperature data with a +5°C increase and the objective function of Eq. (6) at

each month. The estimated weight orders are presented below.

1 2 3 4 5 6 7 8 9 10 11 12
0.53 045 0.61 0.77 0.8 0.65 0.46 0.62 134 0.85 0.65 0.53




(5) With the weight order, the probability that the data are subjected to be selected is

estimated as iSi’n fori=1,...,n.
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In the fourth column of Table S5, the scaled weight \Pisir,n is presented. For example,

r

the first value is estimated as (Sin)"/¥r=(1/33)"0.53/22.106=0.159 /22.106=0.007. The

scaled weights are accumulated and shown in the fifth column of Table S5.

(6) Using the uniform random number as shown in the sixth column of Table S5, one of
the 33 time indices is selected. For example, if the random number is 0.326 as in the
first value of the sixth column, then time index 16 is selected because the accumulated
scaled weights of the 15" and 16" orders (see the fifth column of Table S5) are 0.308
and 0.339, respectively. Note that a higher order between the two orders is always
selected when the generated uniform random is between two accumulated scaled

weights (here, 0.308 and 0.339).

(7) As shown in the eighth column of Table S5, the monthly precipitation of month 1 is
sampled with the selected time index shown in the seventh column of Table S5. For
example, the 16" order of the rearranged precipitation shown in Table S4 is 28.4 mm,
and this value is selected for the first value in the eighth column of Table S5, which is
the resampled monthly precipitation regarding the condition of the +0.5°C increase in

temperature.

(8) Steps (6)-(7) are repeated for all the months as in the sixth, seventh and eight columns

of Table S5.

(9) Steps (6)-(8) are repeated until all 100 series are simulated.



Table S1. Observed monthly temperature of station 1 (Sokcho) in South Korea

Temp monl mon2 mon3 mon4d mon5 mon6 mon7 mon8 mon9 monl0 monll monl2
1976  -05 31 60 115 168 191 221 223 19.1 14.7 6.5 2.3
1977 -34 -01 49 108 155 180 239 229 203 16.7 8.4 4.8
1978 01 -09 57 122 170 205 246 251 20.1 14.7 9.5 4.3
1979 3.2 3.6 72 111 164 202 228 242 195 16.5 8.4 4.7
1980 -0.7 -0.3 55 98 178 215 210 208 19.1 13.5 10.3 -0.4
1981 -29 -01 43 117 147 172 238 232 187 14.5 5.8 3.0
1982 -0.9 0.7 6.0 109 164 197 229 242 199 15.9 9.1 2.6
1983 08 -05 41 120 164 174 213 244 207 14.7 8.3 1.9
1984 -29 -1.8 3.2 75 143 201 227 253 198 14.7 10.1 1.7
1985 -24 1.7 50 112 16.0 187 247 247 199 154 7.4 0.1
1986 -25 -2.0 32 103 151 169 195 229 185 12.6 7.7 4.2
1987 0.2 1.6 46 113 171 200 235 223 188 15.5 8.1 3.9
1988 1.1  -04 46 127 169 195 213 244 201 15.8 7.9 3.5
1989 15 2.7 59 124 165 179 21.0 227 194 14.4 8.0 3.5
1990 -14 2.6 6.9 105 161 192 214 247 193 15.1 111 3.1
1991 -0.6 0.0 41 107 153 210 233 217 199 14.4 8.6 4.0
1992 1.8 21 57 120 148 187 247 222 204 14.1 8.4 3.6
1993 0.2 25 57 110 152 171 197 213 20.2 14.2 9.8 2.6
1994 0.5 1.7 46 118 172 194 268 260 2038 14.8 10.0 3.7
1995 0.1 21 52 115 158 177 239 254 194 15.6 8.4 1.1
1996 -04 0.1 40 112 142 180 220 23.0 202 14.5 7.4 3.8
1997 -04 2.0 70 127 162 198 242 247 184 14.3 9.5 3.0
1998 -0.1 2.8 86 134 170 184 216 231 211 16.8 8.9 4.6
1999 1.8 3.0 56 115 170 208 231 233 215 14.9 9.3 3.1
2000 -04 -01 6.8 112 142 192 248 240 186 14.4 7.7 3.2
2001 -2.3 1.2 56 122 173 201 234 224 199 15.9 8.7 1.4
2002 0.8 4.2 86 122 156 195 218 227 19.1 13.0 51 1.2
2003 -1.6 1.6 45 110 148 203 208 225 196 14.1 9.3 2.9
2004 0.5 3.6 6.9 127 166 208 238 231 20.1 14.8 10.6 4.2
2005 -01 -0.8 42 128 144 206 241 250 199 15.0 9.8 -1.5
2006 0.3 15 5.9 95 144 183 21.0 252 191 17.1 8.5 2.0
2007 0.8 4.1 6.6 117 171 203 220 250 20.6 15.2 8.4 35
2008 0.3 1.2 73 131 168 187 253 234 20.6 16.8 9.0 3.6




Table S2. Observed monthly precipitation of station 1 (Sokcho) in South Korea

Precip 1 2 3 4 5 6 7 8 9 10 11 12

1976 0.1 2083 437 526 103 76.2 89.1 6027 683 67.2 45.1 102.6
1977 202 250 557 2383 332 680 1747 1003 120.8 67.1 159.1 49.6
1978 1129 814 852 322 225 2669 1721 2325 994 2843 541 158.8
1979 1423 587 882 1260 117.0 289.1 181.0 206.0 43.9 52.3 0.0 8.6
1980 43.0 6.0 89.8 1477 229 794 2713 2083 114.0 16.3 8.5 15.3
1981 168 181 636 814 1517 747 3335 1778 405.7 10.3 81.2 15
1982 459 482 398 457 1378 442 163.1 3929 6.9 23.3  146.7 55
1983 19.6 9.7 854 622 339 1257 3004 2463 148.6 111.8 21.9 31.0
1984 183 315 6.8 851 682 96.7 2899 3718 650.8 6.7 73.0 42.9
1985 16 387 426 625 1620 543 603 293.7 180.7 216.7 39.2 31.8
1986 583 254 286 604 231 1105 180.7 4746 188.0 169.2 10.8 49.0
1987 144 950 635 485 953 1239 2073 3838 559 63.5 130.9 8.9
1988 45 527 380 147 509 756 2021 842 308.5 56.2 39.8 0.7
1989 1659 653 1217 6.2 66.8 1099 2212 2777 1564 163.0 123.0 103.0
1990 819 1706 86.8 1204 79.8 236.6 262.8 1105 596.4 90.6 143.6 31.7
1991 182 253 486 36.7 775 152 250.7 148.2 1294 18.4 146 2259
1992 861 452 756 108.7 1309 633 161.0 403.7 2563 122.2 38.2 65.2
1993 79.0 894 377 958 1113 1923 286.1 3294 464 16.0 106.4 155
1994 717 434 42 253 948 693 86.6 2369 378 280.1 143.2 15.9
1995 110 450 1104 273 181 107.0 176.6 4417 1427 6.4 8.8 25
1996 235 1142 751 649 202 3565 1894 2000 420 77.7 66.0 20.1
1997 599 344 436 454 3556 1130 733 603 3224 39.7 1539 1010
1998 476 690 126 1012 67.2 199.0 550.6 3765 175.0 81.9 65.6 51.5
1999 11 42 558 1585 1676 78.8 1521 5152 4314 76.6 78.3 24
2000 90.2 8.4 8.7 234 710 1757 109.2 4403 3472 7.0 58.3 5.8
2001 376 644 240 141 72 1266 2333 569 3115 2349 36.7 20.2
2002 87.1 06 141 585 782 665 3014 5311 226.0 42.8 4.0 1400
2003 347 63.0 56.8 136.1 113.0 1321 258.0 349.2 4254 51.6 2782 1.8
2004 25.0 26.7 1.8 1044 46.7 99.7 554.0 460.3 200.1 16.9 39.5 12.2
2005 284 524 1025 479 1227 1512 1852 2469 2639 1149 38.4 0.4
2006 345 183 93 90.2 1417 129.0 545.0 109.3 1124 2855 84.0 47.4
2007 233 72 1126 274 1021 523 2128 206.8 397.8 87.3 33.9 1.2
2008 66.6 06 1039 135 70.0 913 3616 3431 1299 73.5 78.5 78.0




Table S3. Increasingly ordered monthly temperature of Station 1 (Sokcho) in South Korea

Mon
/0rd. 1 2 3 4 5 6 7 8 9 10 11 12
1 -3.4 -2 322 748 142 169 195 208 184 12.6 5.07 -1.5
2 -2.9 -18 323 953 142 171 197 213 185 13 5.83 -0.4
3 -2.9 -09 397 983 143 172 208 217 186 135 6.52 0.08
4 -2.5 -08 409 103 144 174 21 222 187 14.1 7.38 1.07
5 -2.4 -05 415 105 144 177 21 223 188 14.1 7.4 1.17
6 -2.3 -04 418 107 147 179 21 223 191 14.2 7.72 1.39
7 -1.6 -0.3 425 108 148 180 213 224 191 14.3 7.73 1.71
8 -1.4 -0.1 453 109 148 180 213 225 191 14.4 7.94 1.94
9 -0.9 0.1  4.62 11 151 183 214 227 191 14.4 8.04 2.01
10 -0.7 -0.1  4.62 11 152 184 216 227 193 14.4 8.14 2.25
11 -06 003 463 111 153 187 218 229 194 14.5 8.31 2.59
12 -0.5 01 492 112 155 187 220 229 194 14.5 8.36 2.61
13 -04 0.73 50 112 156 187 220 23.0 195 14.7 8.36 2.92
14 -0.4 12 523 112 158 191 221 231 196 14.7 8.42 2.97
15 -04 122 553 113 16 192 227 231 198 14.7 8.44 2.99
16 -0.1 148 557 115 161 192 228 232 199 14.7 8.44 3.09
17 -0.1 158 562 115 162 194 229 233 199 14.8 8.5 3.1
18 009 164 566 115 164 195 231 234 199 14.8 8.59 3.25
19 01 168 568 117 164 195 233 240 199 14.9 8.72 35
20 017 175 572 117 164 197 234 242 199 15.0 8.91 3.51
21 023 204 587 118 165 198 235 242 201 15.1 9.04 3.54
22 028 214 594 120 16,6 20.0 238 244 20.1 15.2 9.13 3.56
23 031 214 6.02 120 168 201 238 244 20.1 15.4 9.26 3.6
24 046 254 6.05 122 168 201 239 247 20.2 15.5 9.3 3.67
25 05 256 657 122 169 202 239 247 202 15.6 9.48 3.81
26 076 274 684 122 170 203 241 247 203 15.8 9.48 3.87
27 08 276 6.86 124 17.0 203 242 250 204 15.9 9.78 3.99
28 085 303 6.89 127 170 205 246 250 206 15.9 9.8 4.2
29 114 3.08 7.01 127 171 206 247 251 206 16.5 10.0 4.23
30 148 356 723 127 171 208 247 252 207 16.7 10.1 4.33
31 179 357 726 128 172 208 248 253 208 16.8 10.3 4.6
32 18 406 855 131 173 210 253 254 211 16.8 10.6 4.7
33 321 418 859 134 178 215 268 260 215 17.1 11.1 4.84




Table S4. Rearranged monthly precipitation with the same order of the temperature data in
Table S3 of Station 1 (Sokcho) in South Korea

Mon

/Ord. 1 2 3 4 5 6 7 8 9 10 11 12
1 202 254 6.8 851 20.2 1105 180.7 208.3 3224 169.2 4.0 0.4
2 183 315 286 902 71.0 1923 286.1 3294 1880 428 812 153
3 168 814 751 1477 682 747 2580 1482 3472 163 451 318
4 583 524 486 604 1227 1257 2713 403.7 4057 516 39.2 25
5 1.6 9.7 854 1204 1417 107.0 2212 383.8 559 1222 66.0 1400
6 376 527 1025 36.7 151.7 109.9 5450 602.7 1124 16.0 10.8 20.2
7 347 6.0 636 2383 113.0 3565 2021 569 2260 39.7 583 429
8 819 250 56.8 457 1309 68.0 3004 349.2 68.3 70 398 310
9 459 8.4 42 1361 231 129.0 2628 277.7 1140 184 123.0 474

10 430 181 380 958 111.3 199.0 550.6 531.1 5964 163.0 130.9 102.6
11 182 253 635 1260 775 543 3014 4746 1564 777 219 55
12 0.1 1142 557 625 332 633 1894 1003 1427 10.3 0.0 155
13 235 482 426 649 782 913 2128 2000 439 6.7 8.8 1.8
14 902 644 1104 234 181 76.2 89.1 3765 4254 2843 339 15
15 599 06 898 485 162.0 1757 289.9 460.3 6508 111.8 38.2 101.0
16 284 183 240 1585 79.8 236.6 1810 17738 69 672 1591 317
17 476 63.0 558 526 3556 69.3 163.1 5152 180.7 280.1 84.0 24

18 1129 950 852 273 339 756 1521 3431 1294 169 146 5.8
19 110 387 756 814 1170 66.5 250.7 4403 3115 76.6 36.7 0.7
20 79.0 434 377 274 1378 442 2333 3929 2639 1149 65.6 1.2
21 144 344 1217 253 66.8 113.0 207.3 206.0 3085 90.6 785 103.0
22 66.6 45.2 9.3 108.7 46.7 1239 3335 84.2 2001 873 146.7 652
23 345 450 437 622 700 1266 554.0 246.3 994 216.7 2782 78.0
24 717 894 398 322 103 96.7 1747 603 464 635 783 159
25 250 1706 1126 585 509 289.1 1766 1105 420 64 541 201
26 233 653 87 141 225 1321 1852 293.7 1208 56.2 153.9 8.9
27 87.1 69.0 1.8 6.2 672 523 733 206.8 2563 23.3 106.4 2259
28 196 42 86.8 454 167.6 2669 1721 2469 1299 2349 384 49.0
29 45 208.3 436 1044 953 1512 161.0 2325 3978 523 1432 122
30 1659 587 882 147 1021 788 60.3 109.3 1486 671 73.0 158.8
31 861 267 1039 479 948 99.7 109.2 3718 378 735 85 515
32 11 72 126 135 7.2 152 3616 4417 1750 819 395 8.6
33 1423 06 141 1012 229 794 86.6 2369 4314 2855 1436 49.6




Table S5. Estimated selection probability for IBB and its related information for resampling
monthly precipitation in month 1 of Station 1 (Sokcho) in South Korea. Here, r=0.53.

i Sin  Sin) (Sin) /s (ASCC)/T JAND ISr?(;éx ﬁf;'cip
1 0030 0159 0007 0007 0326 16 284
2 0061 0229 0010 0018 0231 13 235
3 0091 0284 0013 0030 0627 25 250
4 0121 0330 0015 0045 0330 16 284
5 0152 0371 0017 0062 0379 18 1129
6 0182 0408 0018 0081 0705 27 871
7 0212 0443 0020 0101 0624 25 250
§ 0242 0475 0021 0122 0543 22 66.6
O 0273 0505 0023 0145 0606 24 717
10 0303 0534 0024 0169 0690 26 233
11 0333 0562 0025 0195 0860 30 1659
12 0364 0588 0027 0221 0927 32 11

13 0394 0613 0028 0249 0370 17  47.6
14 0424 0637 0029 0278 038 18 1129
15 0455 0661 0030 0308 0142 9 459
16 0485 0684 0031 0339 0894 31 861
17 0515 0706 0032 0371 0345 17  47.6
18 0545 0727 0033 0403 0314 16 284
19 0576 0748 0034 0437 0891 31 864
20 0606 0769 0035 0472 0829 30 1659
21 0636 0789 0036 0508 0519 22  66.6
22 0667 0808 0037 0544 0020 3 168
23 0697 0827 0037 0582 0155 10  43.0
24 0727 0846 0038 0620 0613 24 417
25 0758 0864 0039 0659 0832 30 1659
26 0788 0882 0040 0699 0111 8 819
27 0818 0900 0041 0740 0478 11 182
28 0848 0917 0041 0781 0788 29 45

20 0879 0934 0042 0823 0456 20 79

30 0909 0951 0043 0866 0878 31 861
31 0939 0968 0044 0910 0820 29 45

32 0970 0984 0045 0955 0957 33 1423
33 1000 1000 0045 100 0037 4 583

Sum
oo 22106

Remark: (1) The first column presents the order of the 33 years.
(2) The second column is Sin=i/n, e.g., i/n=1/33=0.3 for the first value.
(3) The third column is (Sin)"=(i/n)"r, e.g., (i/n)"0.53=(1/33)"0.53=0.159 for the first value.

(4) The fourth column presents the scaled weight (Sin)"/¥=(i/n) r/sum((i/n)*r), e.g.,



(Sin)"/¥r=0.159 /22.106=0.007 for the first value.

(5) The fifth column presents the accumulation of the scaled weight. Note that the last value
(i.e., 33 must be 1.0 because it is the accumulated probability, similar to the discrete
cumulative distribution function (CDF).

(6) The sixth column presents a generated uniform random number between 0 and 1,
U~Unif[0,1] for i=1,...,33. Note that in this case, the simulation length is equal to the recorded
length.

(7) The seventh column shows the selected time index using the generated uniform random
number and the accumulated scaled weights in the fifth column. For example, if the random
number is 0.326 as in the first value of the sixth column, then time index 16 is selected because
the 15" and 16" accumulated scaled weights are 0.308 and 0.339, respectively. Note that the
higher time index 16 is selected with this procedure.

(8) The eighth column shows the selected monthly precipitation of month 1 with the selected
time index shown in the seventh column. For example, the 16" order of the rearranged
precipitation shown in Table S4 is 28.4 mm and is selected for the first value of the simulated
value in the eighth column.



