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Table S1. Characteristics of the six elevation zones extracted from the DEM of the Santa river sub-

basin.
. Hypsometric Area Area Climatological
Zone Elevation range (m) yeﬁtitu de (km?) %) statiori;
A 1410-2300 2141.87 76.31 143 -
B 2300-3200 2843.61 645.45 12.11 Yungay
C 3200-4100 3730.57 1696.76 31.82 Recuay
D 4100-5000 4497.02 2446.71 45.89 Yanamarey
E 5000-5900 5242.05 449.67 8.43 Artesonraju AP2
F 5900-6766 6129.92 17 0.32 -
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Table S2. Snow cover area in km? generated with MODIS10A1 sensor imagery every 1 days at GEE.

Period in years / Glacier area (km2)

Date 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
1Jan 1962 299.2 818 1582 2109 4423 139.6 954 204 257.1 3189 2215 1155 658 90.5 242.8 888
9-Jan 3152 1513 2172 2774 2375 2175 1578 2313 231 2045 775 1979 169.7 1545 2554 2455 128.6
17Jan 3904 1153 1845 2962 3314 141  71.6 1528 3769 565 363.4 2694 2234 1464 1602 1763 2382

25-Jan 149.7 607 1107 1483 236 1099 66.4 253.4 1484 1988 1559 1705 1821 2895 167.6 120 1352

02-feb 260.8 2294 752 763 179 188 161.8 158.1 1577 188.1 170.1 350.1 123.3 1359 260.9 82.8 131.9
10-feb 250 1367 2994 1326 2021 2923 1804 963 2139 103.6 398.7 422.6 159.4 1202 190.3 129.7 162.8
18-feb 1924 89.1 2063 2622 2163 2285 248.7 2279 153.1 158.8 103.9 123.6 1122 92.6 2848 193.6

26-feb 649 3486 2332 2545 1571 1314 786 875 276 127.6 2115 1453 2184 946 267.8 2151 2357 3116

06-mar 551.8 1845 2329 927 518 165.6 462 1124 4069 1435 444 3227 170 1548 2122 1417 1506 137.1

14-mar 3215 1125 1145 5175 464 176 195 3168 3148 1519 868 3493 1312 1027 160.1 756 129.1 2441

22-mar 527.9 2819 226 105.6 817 48 1561 200.7 48 2528 1742 1773 1872 3428 1575 2734 1434 161

30-mar 2383 968 160.6 726 109 662 747 1741 2663 333.6 241.1 139.4 2252 1534 209.8 109.7 1662 128.3
7-Apr 189.6 142.7 2373 1637 1323 157.4 146.6 191 221.6 244 307.8 1037 993 1268 977 1784 1925

15-Apr 4116 4027 121 2014 273.1 2467 369  257.8 322.9 2197 162.9 2241 1651 286.8 180.8 2125 261 148.1

23-Apr 1154 357.8 277.9 256  208.4 2542 184.6 238.6 201.3 513 2099 3723 2929 1214 170.8 2475 233.1

01-may 1103 317  266.6 1112 1602 268.8 126 3754 3741 2363 284 3697 1679 1715 1315 250.6 156.7

09-may 321 2002 2609 1474 2847 2222 336.6 331.1 2434 2544 2995 3075 284.6 248 2413 1705 1174 79.6

17-may 481 3524 3115 2731 139 3105 2555 266 3099 309.9 277.4 351 72 2377 3121 4258 1326 511

25-may 4505 2956 269 151 2854 279.7 2713 281.1 2685 287.6 2383 3005 3372 2165 3195 2186 2456 140.1

02-jun 2324 2107 2443 2973 2637 257 716 3307 3483 2657 171.8 303.8 2654 2037 275.6 2477 1857 3052
104un 392 280 2637 289 2547 281.1 3603 279.7 3123 3156 2643 2663 2582 2237 236.8 2593 2165 2724
184un 3625 237.9 303.1 2465 2532 2786 1748 3264 2364 1472 285  263.6 231 2582 287.1 227.6 2434

264un 4323 732 250 2627 1042 2452 2828 2819 3572 3167 2557 301.8 269.7 2953 2222 2989 2322 267.6
044ul 334.6 2206 2043 2362 160.3 2523 2819 2559 306.8 291.1 249 296 3142 2515 2275 2829 1987 2188
124ul 3667 2532 270 3065 2334 2639 290 2368 307.2 282.6 129.1 263.6 3054 2642 253.8 311 2464 2837
204ul 290 318 3241 234 2339 261.8 2325 222.8 2495 2122 2679 2924 3205 2725 259 2542 2345 2516
284ul 297.1 3489 2843 31.1 303.8 263.8 2667 2809 268.8 3245 227 2857 2653 2857 2964 309.6 2224 267.5

5-Aug 481.8 2928 2933 2585 279.8 1777 205.6 2212 159.7 249 2341 276.6 307.7 249.6 1521 2503 196.7 2437

13-Aug 323 2552 1193 2903 2522 2456 1067 252.1 258.7 308.4 2032 246.6 258.7 2689 2822 2654 1793 231

21-Aug 2641 2915 1088 2149 2602 2104 1368 2789 2203 2635 207.3 222 2439 1282 261.1 1721 2033 197.9

29-Aug 2493 3103 2538 2121 1745 1789 2367 1633 259.1 1689 57.6 2334 2108 2953 2147 2525 150.1 176.7

06-sep 2447 1628 2314 220 1929 1115 259.8 817 1956 3135 2422 1307 2839 2473 1164 1489 1707 503

14-sep 1033 1553 1443 2209 3197 231 2356 1967 1256 213.6 2115 1163 2186 201 2239 2185 143  232.1

22sep 175.4 135.8 218.6 2747 1956 2069 209.1 1387 1982 100.7 1059 887 424 1697 1429 567 371 1509

30-sep 2192 2635 739 2162 735 256 202.8 2383 90 113 1837 1057 209.8 745 1446 1996 735 1954

08-oct 2372 1058 1483 205.1 2547 2635 2731 3022 1373 1088 1153 263.4 1192 63 39.3 2087 2201 153.1

16-oct 2352 185 137 1682 706  70.1 2863 187  263.6 524 1547 2218 224 141 1184 813 1465 67

24-oct 2738 786 41 1192 1446 1957 218 1142 724 2837 1162 57 1065 140.6 1956 103  129.7 1406

01-nov 306.6 3419 3105 2242 513 141 179 2895 102.4 2952 1849 139.4 114.6 281.6 704 2295 152.6 200.9

09-nov 2972 1473 1189 2119 2623 2433 831 1999 1385 2278 90.1 127.7 172.8 1473 1449 918 1945 170.6

17-nov 208.8 104 36 247.6 3375 291.3 1853 1084 116 1605 3723 547 1942 2795 3045 231.1 1993 201.8

25-n0v 422 3088 1034 623 1812 249.6 2069 2785 744 229 1564 1889 2084 2207 822 817 695 1614

3-Dec 89 1119 207.1 2382 2125 1497 1235 267.6 3248 544 1337 671 788 3161 1382 3003 188 1765

11-Dec 4094 3037 1513 632 1797 397 1077 735 2981 2007 1349 139.6 1841 2154 1924 130.7 163 1757

19-Dec 99.4 2644 2593 131 3544 1587 852 1714 2521 167.7 116.8 3472 168.6 2713 2142 86 1235 1924

27-Dec 197 2973 1177 126 419 2945 1767 1571 2298 289.4 2287 1963 160.7 112.7 175 2444 1358 187.1
Mean 2957 2371 1945 199.7 193.9 206.6 205.0 202.1 227.6 2263 1825 2223 2165 202.9 189.7 201.2 170.2 184.3
Max. 649 4027 3241 5175 3544 3314 4423 3311 4069 3769 3723 398.7 422.6 342.8 3195 425.8 250.6 311.6
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Table S3. Values of the climatic variables of precipitation, temperature, SCA and discharge for the
SRM from 2005 to 2009.

Snow Cover Area Discharge —three station

) . Correlation Method Correlation Method
Climate station
DCCA Pearson Kendall Spearma DCCA Pearson Kendall spearma
Precipitation
Recuay -0.71 -0.32 -0.32 -0.44 0.57 0.37 0.37 0.50
Yungay -0.56 -0.34 -0.34 -0.45 0.67 0.48 0.47 0.61
Yanamarey -0.04 -0.33 -0.27 -0.37 0.86 0.44 0.32 0.43
Artesonraju_AP2  -0.64 -0.43 -0.31 -0.44 0.38 0.47 0.43 0.61
Temperature
Recuay -0.67 -0.33 -0.23 -0.34 -0.19 0.12 0.23 0.35
Yungay 0.15 0.00 -0.02 -0.02 0.81 -0.10 -0.01 -0.01
Yanamarey -0.09 0.18 0.13 0.20 -0.81 -0.24 -0.14 -0.21
Artesonraju_AP2  -0.30 -0.07 -0.05 -0.08 -0.41 0.12 0.19 -0.76
Discharge -0.07 -0.32 -0.28 -0.42
Table S4. Monthly average discharge under climate change scenario RCP 4.5.
Simulated
Months Actual RCP 4.5 -30 RCP 4.5 - 50 RCP 4.5 - 80
January 139.8 152.4 151 139.8
February 150.4 143.4 127.7 132.4
March 338.7 370.1 367 356.3
April 224.4 204.5 201.7 196.2
May 74.3 44.6 45 44.7
June 24.7 21.5 18.7 19.8
July 27.1 37 38.6 37.3
August 21.6 23.8 22.1 21.8
September 31 37.6 36.4 40.5
October 51.6 69.7 67.4 64.6
November 62.7 63.4 61.6 53.3
December 78.6 80.5 78.7 79.4
Table S5. Monthly average discharge under climate change scenario RCP 8.5.
Simulated
Months Actual RCP85-30 RCP8.5-50 RCP 8.5 - 80
January 139.8 102.1 144.1 196
February 150.4 138.8 136.6 164.1
March 338.7 337 332.5 338.5
April 224.4 2114 204.2 192
May 74.3 66.5 63.8 63.6
June 24.7 19.6 24.8 18.1
July 27.1 35.2 30 27.5
August 21.6 185 22 20.9
September 31 34.3 30.7 41.2
October 51.6 65.8 52.4 53.1
November 62.7 58 58.9 45.1
December 78.6 86.6 65.2 65.0




