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n the supplementary material, we provide a detailed analysis of the drought class score

of seasonal ensemble hydrological drought forecasts, as part of the validation. We have

presented the median (Fig. ES1) and 25th percentile (Fig. ES2) of 15 ensemble members.
The analysis was carried out for the pan-European 2003 drought by comparing the drought
class difference derived from seasonal reforecasts of the runoff and the proxy observed runoff.
Forecast scores, that is. percent of cells that agree (none; no class difference) and disagree (-4
to +4 class differences), are provided for the standardized runoff index (SRI) with accumulation
periods of 1, 3, 6, and 12 months for the four seasons as the starting forecast months, with
different lead times (1-5 months). Light green color indicates high forecasting skill, light brown
color indicates medium forecasting skill, light red color indicates low forecasting skill, and
white color indicates 0% of area (see appendix B for the explanation of the color coding).

A screen shoot of the Multi Hazard-Early Warning System (MH-EWS) platform showing
drought in precipitation-evaporation forecasted in May 2019 is shown in Fig. ES3. Figure ES3
also shows the hazards that are forecasted by the MH-EWS, such as flood, fires, storm surge,
heatwaves, drought, and many more.
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Season Class SRI-1 with lead times of (month) | SRI-3 with lead times of (month) | SRI-6 with lead times of (month)| SRI-12 with lead times of (month)

difference
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Winter (DJF)
none 723 571 445 409 436| 8.9 709 498 414 41.7| 91.2 822 688 581 515 942 869 775 694 639
+1 alilal  dsial s A5 6.7 121 159 142 96| 50 94 120 117 9.7 29 6.8 10.7 103 8.0
+2 12.0 205 244 30.8 36.1 5.2 116 205 276 344 3.3 6.5 121 199 281 2.8 5.6 10.1 pESTAREIS S
+3 21 27 41 36 15| 0.7 26 46 36 18| 03 1.2 B 2 1°5 0.0 0.4 1.3 1.3 1.0
+4 1.7 3.7 5.9 7.0 80| 03 10 40 76 8.4 0.1 0.2 il 4.4 6.8 0.0 0.1 0.3 A5 34
-1 0.4 il 2.4 1.5 0.6/ 01 0.8 2.3 157 0.6 0.0 0.3 1.8 1.3 0.7 0.0 0.0 0.2 0.3 03
-2 02 06 16 21 200 00 02 10 24 26/ 00 00 01 0.7 1.4 0.0 0.0 0.0 0.1 0.2
-3 0.1 0.4 1.0 06 0.2 0.0 0.1 10 038 0.4 0.0 0.0 0.3 0.4 0.3 0.0 0.0 0.0 0.0 0.0
-4 0.1 0.1 04 06 04 00 01 02 04 0.7 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0

Spring (MAM)
none 58.2 46.1 48.3 51.1 55.0| 747 57.0 50.8 44.8 45.7| 826 71.1 63.5 556 49.0( 89.7 813 749 696 67.1

+1 145 99 94 103 137| 113 101 84 B84 98| 86 84 66 65 71 66 79 S, 5.4
+2 18.7 293 30.8 284 233| 9.2 237 309 340 322| 5.0 147 248 301 327 3.2 9.7 SRS e
+3 SR 1.0 0.6 OO|uEsiiNl 1.2 0.6 O.7[etcussl 1.1 0.7 0.7 04 08 05 05 09
+4 22 BRCOEENR O 0.4 EREEERCIOEESSToREe| 0.1 0.7 ESUENCSEe 0.0 0.1 0.9 s 38
-1 20 22 03 01 01 13 20 05 01 o01f 10 18 04 01 01 00 0.1 01 01 0.1
-2 04 19 19 17 14 01 06 17 29 27| 00 00 03 09 22 00 00 00 01 03
-3 06 09 02 00 00/ 03 09 03 01 O01f 02 03 02 01 01 00 00 00 00 0.0
-4 01 03 04 03 03] 01 00 03 06 07/ 00 00 00 01 02 00 00 00 00 0.0
Summer (JJA)
none 69.5 624 56.2 510 474| 8.5 717 574 503 451| 899 806 70.2 59.9 515 925 86.7 80.1 739 678
+1 101 124 218 258 286 56 96 171 228 28.7| 38 63 124 183 235 35 56 94 130 161
+2 17.0 192 159 165 15.1| 81 150 182 176 156| 59 117 141 159 16.1 SrE RS 9.0 102 11.7
+3 1.0 090 TOR2BENA 04 07 16264t 0.2 03 10002132 01 01 09 15 2.4
+4 20ICI O 0.3 22 EEnEERarEEedl 0.1 09 17Nl 00 03 06 1.2 15
-1 01 01 02 04 08 00 01 02 04 08 00 OO0 01 03 07 00 00 00 01 02
-2 03 09 10 09 09/ 00 04 11 14 14, 00 01 03 05 10/ 00 00 0O 01 03
-3 01 01 00 01 02/ 00 01 01 01 02/ 00 00 00 01 01 00 00 00 00 0.0
-4 00 01 01 02 02/ 00 00 01 03 04 00 00 00 00 01 00 00 00 00 0.0

Autumn (SON)
none 67.8 56.1 549 568 548 816 678 56.7 523 519| 869 751 680 636 59.0( 928 857 789 729 678

+1 16.3 233 22,7 213 201| 102 174 225 255 249] 8.1 143 18.0 20.2 226| 45 9.1 129 164 189
+2 129 152 154 152 17.2| 7.0 115 150 157 159| 44 83 99 113 13.0 27 48 66 80 97
+3 1l e ey 0.6 1o CEEEOREEET 0.3 12 ERZUEERaEmd 00 03 1.0 2.2
+4 1.4 EPr TRt OR | 05 1.6 16 120 @2 08 13 12 11 00 01 04 07 08
-1 o2 03 08 07 09 01 03 07 10 11, 0O 02 05 07 08 00 00 01 03 04
-2 02 05 05 04 03 01 03 05 03 01f 00 01 03 03 02 00 00 00 01 01
-3 01 01 02 02 03 00 00 02 03 04 00 00 01 02 03 00 00 00 00 0.0
-4 00 01 01 00 O01f 00 00 01 01 00/ 00 0O ©00 00 00 00 ©00 00 0.0 0.0

Fig. ES1. SRI drought forecasting scores for the pan-European 2003 drought: difference (percentage of area in Europe)
between the drought classes derived from the median of 15 ensemble forecasts and the observed. SRl is presented for
different accumulation periods covering 1, 3, 6, and 12 months.
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Season Class SRI-1 with lead times of (month) | SRI-3 with lead times of (month) | SRI-6 with lead times of (month) | SRI-12 with lead times of (month)

difference
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Winter (DJF)
none 715 556 40.8 39.1 44.8| 8.7 689 455 356 39.1| 90.8 804 66.6 55.1 49.6| 943 86.1 76.2 680 655
+1 155 21.8 239 198 209| 89 17.0 212 200 193 6.8 135 174 172 17.6| 43 105 155 16.3 140
+2 6.6 111 166 209 228| 25 6.6 151 223 261| 16 32 76 153 225 1.3 27 5.7 LSS
+3 41 61 70 66 34| 14 46 80 69 42| 06 22 47 53 36/ 00 07 22 29 21
+4 0.8 1.5 IR () R 0.2 0.4 2.6 Gy 6.2 0.1 0.1 0.3 2.3 4.0 0.0 0.0 0.1 0.5 1.2
-1 1.2 24 41 48 17/ 03 16 44 50 19/ 01 05 28 34 15 00 00 03 07 06
-2 0.1 0.2 11 il 13 0.0 0.1 0.6 1.5 19 0.0 0.0 0.0 0.2 0.5 0.0 0.0 0.0 0.0 0.0
-3 0.3 1.0 23 2.6 1.0 0.0 0.3 2.0 2.6 1l 0.0 0.0 0.5 1.0 0.7 0.0 0.0 0.0 0.1 0.1
-4 0.0 00 0.2 0.3 0.3 0.0 0.1 0.1 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spring (MAM)
none 56.5 46.5 50.3 53.6 56.1| 73.4 56.7 528 49.2 503| 814 70.7 67.2 61.1 53.2| 85 809 789 743 713
+1 EDIGENTSIC TR IS S Ral 1 5 IERTRSRN GISRN 507 6i8] 11.4  13.7 125 119 144| 93 1221 99 95 98
+2 10.6 186 200 172 124 4.4 P52 )52 3729 2.3 8.0 15.0 20.7 235 1.4 4.9 9.4 137 14.7
+3 CNIE ST S CERC T ERCEC BT 304 Sl 2.9@mestEl 26 27 27| 08 17 12 15 23
+4 09 40 46 4.2 2.8 0.2 1.5 RN C 54| 0.0 0.2 1.2 27, 4.7 0.0 0.0 0.2 0.7 1.4
-1 34 37 13 06 06| 21 32 15 07 09/ 18 30 10 05 05/ 01 03 03 02 03
-2 0.1 0.9 1.0 0.9 0.6 0.0 0.1 0.8 1.7 7 0.0 0.0 0.0 0.2 0.8 0.0 0.0 0.0 0.0 0.1
-3 1.7 26 06 01 014 07 18 08 03 02, 01 07 06 02 02/ 00 00 00 00 0.1
-4 0.0 01 02 0.1 0.1 0.1 0.0 0.1 0.3 0.3 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Summer (JJA)
none 69.4 61.7 535 452 389| 8.3 719 549 467 375| 90.8 822 70.2 57.0 455 927 867 79.0 717 64.0
+1 16.1 209 276 322 33.8| 87 158 238 286 335 63 106 180 251 304| 55 94 140 179 224
+2 84 104 8.1 6.8 6.9 3.8 86 10.8 9.3 7.8 25 6.0 7.8 9.2 9.1 15 3.3 4.5 5.4 6.1
+3 41 40 76 113 145| 10 21 63 95 136] 03 08 26 58 96| 03 06 21 40 57
+4 08 19 19 17 14| 01 09 22 25 22 00O 03 07 13 20f 00 01 02 05 08
-1 09 06 12 28 43 01 04 11 21 39/ 00 01 04 12 22| 00 00 02 04 09
-2 0.1 03 04 0.4 0.3 0.0 0.1 0.5 0.8 0.7 0.0 0.0 0.1 0.2 0.5 0.0 0.0 0.0 0.0 0.1
-3 02 01 02 06 08 00 01 02 04 08 00 00 O0O1L 03 06 00 00 00 00 01
-4 00 00 O00 00 00/ 0O 00 00 01 01 0O 00O 00 00 00O 00 00 00 00 00

Autumn (SON)|
none 62.5 449 464 47.8 450| 79.1 61.3 466 39.7 419| 849 699 59.7 53.8 479| 919 824 733 653 591

+1 26.2 36.8 321 328 319| 162 282 344 379 351| 125 231 278 310 340( 70 153 211 256 291
+2 56 49 56 54867 26 44 56 57 54 16 28 37 42 51 09 14 22 28 34
+3 A S Ry 1.6 ORI CIGR TN 0.3 3.3 ECINETEERcs| 0.1 0.8 2.8 EEatCice
+4 05 o0& 09 07 06 O0O1 O5 08 06 03l 01 02 05 05 04 00 00 01 02 02
-1 08 26 34 26 32 03 11 31 37 40f 01 07 19 24 29 00 01 05 11 1.7
-2 i1 02 01 01 01 0O 01 02 01 0Of OO 00O 00O 01 O0Of OO 00 00 00 00
-3 02 05 11 08 14 0O 02 08 14 15 00 01 03 06 08 00 00 00 01 0.2
-4 00 00 00 00 00/ 0O 00O 00O 00 00/ 00 00 00 00 00f 00 00 00 00 0.0

Fig. ES2. SRI drought forecasting scores for the pan-European 2003 drought: difference (percentage of area in Europe)
between the drought classes derived from the 25th percentile of 15 ensemble forecasts and the observed. SRl is presented
for different accumulation periods covering 1, 3, 6, and 12 months.
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Fig. ES3. The standardized precipitation evaporation index (SPEI) for July 2019 forecasted in May 2019

(i.e., a 3-month lead time) for the pan-

European region, as shown by the MH-EWS platform. The pull-

down menu in the upper left shows the hazards that are forecasted by the MH-EWS, such as flood, fires,

storm surge, heatwaves, and drought.
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