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Table S 1: RCMs

Driving ESM RCM
SMHI-RCA4 CanRCM4 KNMI-RACMO22T DMI-HIRHAM4
CanESM2 X X
CNRM-CM5 X
EC-EARTH X X X
GFDL-ESM2M X
MIROC5 X
MPI-ESM-LR X
NorESM1-M X
Table S 2: Model IDs
ID Model
1 GFDL
2 HadGEM
3 IPSL
4 MIROC
5 NorESM
6 CanESM2-RCM4
7 CanESM2-RCA4
8 CNRM-CM5-RCA4
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GFDL-RCA4
EC-EARTH-Hirham5
EC-EARTH-RACMO
EC-EARTH-RCA4
MIROC-RCA4
MPI-M-ESM-LR-RCA4
NorESM1-RCA4




Table S 3: Daily precipitation parameters in [mm)]

Model nDays>1lmm ave max SD ave (JAS) SD (JAS)
WFD 164.1 3.9 63.4 6.9 9.1 9.6
UC
GFDL 188.4 3.8 49.5 4.7 7.6 3.8
HadGEM 2281 3.6 21.9 3.6 7.5 2.8
IPSL 1344 1.7 284 2.8 5.2 3.2
MIROC 1942 3.7 66.2 5.5 7.8 7.3
NorESM 204.8 3.5 285 4.5 5.4 4.1
CanESM2-RCM4 250.1 4.4 57.7 4.4 8.6 3.7
CanESM2-RCA4 1304 1.8 39.6 3.1 5.3 3.9
CNRM-CM5-RCA4 1806 26 30.3 34 6.5 3.2
GFDL-RCA4 183.8 34 404 4.5 8.5 4.0
EC-EARTH-Hirhamb 1778 3.7 40.7 5.2 9.0 9.5
EC-EARTH-RACMO 213.6 3.8 52.3 4.5 7.8 4.7
EC-EARTH-RCA4 1974 4.2 44.9 5.3 10.1 4.5
MIROC-RCA4 191.8 34 38.6 4.6 8.8 4.3
MPI-M-ESM-LR-RCA4 1770 3.7 42,9 5.1 9.7 4.9
NorESM1-RCA4 1573 29 41.0 44 8.1 5.0
BC
GFDL 220.7 3.9 304 4.3 8.6 4.0
HadGEM 180.7 3.9 73.5 5.2 8.4 4.9
IPSL 153.1 3.7 65.8 6.5 8.9 6.8
MIROC 192.9 3.9 90.8 6.4 8.7 9.1
NorESM 1871 3.9 51.0 5.5 8.5 6.4
CanESM2-RCM4 1742 3.8 305.8 8.3 8.8 134
CanESM2-RCA4 130.4 3.2 142.0 7 8.6 10.5
CNRM-CM5-RCA4 161.6 3.7 117.3 6.9 8.5 9.4
GFDL-RCA4 159.8 39 1336 7.6 9.2 10.8
EC-EARTH-Hirham5b 159.6 4.0 85.1 7.3 8.8 10.5
EC-EARTH-RACMO 155.1 3.8 210.8 8.8 9.0 13.7
EC-EARTH-RCA4 1642 3.8 155.1 74 9.0 10.7
MIROC-RCA4 158.7 3.6 1075 7.1 8.5 9.6
MPI-M-ESM-LR-RCA4 153.8 3.7 108.0 7.8 8.8 11.5
NorESM1-RCA4 146.2 3.5 1445 7.5 8.9 11.2




Table S 4: Daily precipitation parameters in [mm)], differences to WFD

Model nDays>1lmm ave max SD ave (JAS) SD (JAS)
UC
GFDL 243 -0.1 -139 0.7 -1.5 0.4
HadGEM 639 -04 -41.5 0.5 -1.6 0.3
IPSL =297 -2.2 -35 04 -3.9 0.3
MIROC 30.1 -0.2 2.7 08 -1.3 0.8
NorESM 406 -04 -349 0.7 -3.7 0.4
CanESM2-RCM4 8.0 05 -58 06 -0.5 0.4
CanESM2-RCA4 -33.8 -2.1 -23.8 04 -3.8 0.4
CNRM-CM5-RCA4 16.5 -1.3 -33.1 0.5 -2.5 0.3
GFDL-RCA4 19.7 -0.5 -23.0 0.6 -0.5 0.4
EC-EARTH-Hirham5b 13.6 -03 -22.8 0.8 -0.1 0.6
EC-EARTH-RACMO 495 -0.1 -11.1 0.6 -1.3 0.5
EC-EARTH-RCA4 333 03 -186 0.8 1.0 0.5
MIROC-RCA4 276 -05 -249 0.7 -0.2 0.4
MPI-M-ESM-LR-RCA4 129 -0.2 -20.6 0.7 0.6 0.5
NorESM1-RCA4 -6.8 -1.1 -224 0.6 -1.0 0.5
BC
GFDL 56.6 0.0 -33 0.6 -0.5 0.4
HadGEM 16.6 0.0 10.1 0.7 -0.7 0.5
IPSL -11.0 -0.2 24 09 -0.2 0.7
MIROC 28.8 0.0 274 09 -0.4 1.0
NorESM 229 00 -124 0.8 -0.6 0.7
CanESM2-RCM4 10.1 -0.1 2423 1.2 -0.3 14
CanESM2-RCA4 -33.7 -0.7 786 1.0 -0.5 1.1
CNRM-CM5-RCA4 -25 -0.2 53.8 1.0 -0.6 1.0
GFDL-RCA4 -4.4 -0.1 70.2 1.1 0.1 1.1
EC-EARTH-Hirhamb -4.6 0.1 217 1.1 -0.3 1.1
EC-EARTH-RACMO -9.1 -01 1473 1.3 -0.1 14
EC-EARTH-RCA4 0.1 -0.1 916 1.1 -0.1 1.1
MIROC-RCA4 -5.4 -03 440 1.0 -0.6 1.0
MPI-M-ESM-LR-RCA4 -10.3 -0.2 445 1.1 -0.3 1.2
NorESM1-RCA4 -179 -04 81.0 1.1 -0.1 1.2




Table S 5: Relative deviation [%] of FDC values between UC ESMs and WFD in the
period 1970-1999. Q,: = percentile of discharge.

Qy GFDL HadGEM IPSL MIROC NorESM

99.99 3.0 37.9 -107.0 -106.7 -106.8
99.9 3.3 55.9 -106.6 -103.0 -106.2
99 -63.8 -37.5  -101.6 -36.7 -98.7
95 -37.0 -21.8  -100.4 15.2 -38.2
90 9.8 -22.5  -100.2 16.1 -10.3
80 49.1 -26.8 -100.1 5.1 -7.4
70 53.8 -20.3  -99.9 4.1 12.2
60 49.5 -19.2 -98.5 1.8 14.6
50 55.9 -18.9  -96.2 0.8 14.1
40 67.1 -179  -94.6 -1.1 4.1
30 45.4 -19.2 -93.1 -9.8 -18.6
20 0.7 -24.1  -89.3 -13.7 -42.6
10 -12.6 -29.3 -81.3 -15.1 -42.5

) -11.9 -33.5 -75.6 -11.5 -34.4

1 -15.3 -38.3  -69.1 -4.3 -174
0.1 -13.6 -42.4  -59.3 14.2 -11.1
0.01 -2.5 -43.0  -49.6 42.8 -13.2




Table S 6: Relative deviation [%] of FDC values between BC ESMs and WFD in the
period 1970-1999. Q,: = percentile of discharge.

@y GFDL HadGEM IPSL MIROC NorESM

99.99 -3.4 36.5 -107.0 -93.4 -70.7
99.9 -3.5 63.4 -106.6 -5.6 -9.6
99 -66.8 55.6 -101.1 -33.6 -68.8
95 -33.7 36.1 -734 2.6 -12.7
90 1.4 26.3 -27.6 8.6 14.5
80 25.9 14.4 -6.6 -3.0 5.4
70 31.8 10.5 7.8 2.3 18.6
60 28.4 3.0 9.8 0.5 20.3
50 29.5 0.4 9.1 -0.4 17.1
40 24.9 -5.3 7.7 -4.4 9.3
30 15.3 -12.1 1.9 -11.5 2.8
20 -8.3 -10.1 -10.7 -20.5 -16.8
10 -7.5 -15.3 -5.2 -15.1 -17.9

5 -11.1 -17.0 8.3 -5.8 -14.3

1 -10.1 -20.9 45.3 20.2 -1.2
0.1 26.6 -23.8 76.7 54.5 33.5
0.01 77.1 =247 1420 66.1 41.4




Table S 7: Relative deviation [%] of FDC values between UC RCMs and WFED in the
period 1970-1999. Q,: = percentile of discharge.

Model ID

th 6 7 8 9 10 11 12 13 14 15
99.99 611.8 -107.0 -106.1 1016.3 314.6 551.8 3048.1 736.0 433.3 2.2
99.9 7219 -106.6 -96.1 1103.3 476.5 820.7 3208.3 1184.7 4784 -1.4
99 836.5 -101.6 -50.7 475.9 360.7 518.2 1104.2 803.1 377.2 -33.5
95 325.3 -100.4  -44.2 124.8 124.2 2319 4163 2172 174.8 -15.9
90 217.2 -100.0 -44.5 69.6 101.2 159.0  296.0 121.8 1289 -21.1
80 139.7 -96.8 -52.5 304  79.8 104.0 187.2 56.3  85.3 -30.6
70 1224 -92.7  -50.5 27.5 74.6  96.4 169.0 42.0 76.6 -30.7
60 111.5 -89.8  -48.0 234 768 959 157.0 326 716 -29.6
50 120.8 -87.9  -43.7 29.8 88.1 104.7 157.7 26.5 74.1 -28.2
40 119.0 -87.4 -42.9 28.9 82.7 105.6 142.2 14.7 62.7 -29.6

30 714 -864  -48.2 144 633 79.1 115.3 -8.1 421 -39.3
20 123  -86.2  -54.8 -3.3 411 323 7.2 -11.7 477 -40.2
10 -2.9 -T43  -459 9.6  35.1 9.0 56.1 -1.5 328 -15.0
5 -74  -65.1  -43.6 -6.8  35.6 2.7 50.0 1.0 241 -48
1 -5.5 -53.6 -444 -3.2 325 -1.3 46.1 6.2 216 121

0.1 6.5 -364 -42.8 6.8 25.2 5.5 50.8 172 365 12.7
0.01 158 -15.6  -41.6 173 319 168 60.7 311 36.0 21.7

Table S 8: Relative deviation [%)] of FDC values between BC RCMs and WFD in the
period 1970-1999. Q,: = percentile of discharge.

Model ID
Qpt 6 7 8 9 10 11 12 13 14 15
99.99 -101.4 -107.0 -106.9 -106.9 -106.4 -106.9 -3.4 -106.8 -107.0 -106.8
99.9 -33.8 -106.6 -1044 -103.3 -954 -106.4 -7.7 -103.9 -105.9 -103.7
99 -10.8 -101.6 -67.4 -41.7 -742 -50.2 -71.8 -73.1 -67.9 -68.5
95 -34  -936 -46.6 -157 -60.2 -174 -6.4 -67.8 -42.6 -434
90 -74  -86.8 -32.5  -15.7  -425 -5.3 0.1 -51.0 -12.2  -34.3
80 -16.8 -65.7 -244 -9.7  -13.7 -9.6 -7.6  -35.3 -3.9 249
70 -14.0 -46.3  -10.7 -1.6 1.4 -5.4 2.0 -23.1 42  -159
60 -11.7  -35.1 -6.2 6.0 9.9 4.8 78 -17.3 6.8 -10.7
50 -1.8  -20.1 0.3 16.7 15.9 9.3 123 -6.4 9.8 1.9
40 5.7  -14.8 2.1 18.1 11.0 3.4 4.9 -6.5 8.6 5.2
30 10.1  -304 -6.9 0.4 2.7 -r7 -11.1 -18.0 -1.5 -6.6
20 -6.2 406 -13.2 -11.2 -6.6 -164 -114 -23.3 -108 -17.9
10 8.9 -16.3 -0.9 11.0 9.9 -1.1 3.3 -9.0 1.0 7.1
5 37.2 24.5 15.3 39.6 22.8 23.3  26.9 17.7 214 43.9
1 1405 120.3 53.0  109.5 524 116.0 98.4 86.2 67.5  146.8
0.1 3276 279.1 1329 2425 71.3  260.0 2135 245.8 185.8 246.9
0.01 656.9 593.0 146.7 411.2 1004 418.2 233.8 313.5 217.3 401.0
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Figure S 1: Monthly observed and simulated discharges
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Figure S 5: FDCs of average daily discharge using WFD and ESM and RCM climate

input in the reference period (1970-1999).
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Figure S 6: Changes of average daily discharges (ESMs) in the period (2030-2059)
under RCP 8.5 relative to the models’ reference period (1970-1999). R? and PBIAS
values are computed to show the differences between projection period and reference

period.
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Figure S 7: Changes of average daily discharges (RCMs) in the period (2030-2059)
under RCP 8.5 relative to the models’ reference period (1970-1999). R? and PBIAS
values are computed to show the differences between projection period and reference
period.
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Figure S 9: Precipitation and temperature changes in the UBN catchment (CMIP5
ESM ensemble). ESMs used in this study are highlighted in colours.
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Figure S 10: Monthly discharge changes of uncorrected (UC) and bias-corrected (BC)
ESM simulations in [%] under RCP 4.5. Changes are relative to average annual dis-
charge in the reference period (1970-1999) at gauge El Diem.
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Figure S 11: Monthly discharge changes of uncorrected (UC) and bias-corrected (BC)
ESM simulations in [%] under RCP 8.5. Changes are relative to average annual dis-
charge in the reference period (1970-1999) at gauge El Diem.
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Figure S 12: Monthly discharge changes of uncorrected (UC) and bias-corrected (BC)
RCM simulations in [mm] under RCP 4.5. Changes are relative to the reference period
(1970-1999) at gauge El Diem.
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Figure S 13: Monthly discharge changes of uncorrected (UC) and bias-corrected (BC)
RCM simulations in [mm] under RCP 8.5. Changes are relative to the reference period

(1970-1999) at gauge El Diem.
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