Supplementary Material

Table S1. Precipitation related natural proxies Ljungqvist et al. (2016)

NAME Lat (°N) Long Archive type season Temporal Reference
(°E) resolution
Bunker Cave 7.66 51.37 Speleothem winter multi-centennial to multi- Fohlmeister et al. (2012)
decadal

Central Europe 9 50 Tree-ring width ~ summer  500-2000 AD Biintgen and  Tegel
(2011)

Fagelmossen 114.27 59.29 OTH annual 4500-700 cal yr BP Borgmark and Wastegard
(2008)

Fagelmossen 114.27 59.29 OTH annual 4500-700 cal yr BP Borgmark and Wastegard
(2008)

Germany 9 51.5 Tree-ring summer  1000-2000 AD Biintgen et al. (2010)

Klapferloch 10.55 47.95 Speleothem annual 0-3000 yr a b2k Boch and Spétl (2011)

Cave

Kontolanrahka 22.78 60.78 Lake sediment annual last 5000 cal yr BP Viliranta et al. (2007)

Lake Allos 6.7 44.23 Lake sediment annual 700 - 2000 AD Wilhelm et al. (2012)

Lake Anterne 6.47 45.59 Lake sediment annual 9950 - 5550 cal yr BP Giguet-Covex et al.
(2011)

Lake Hackren 13.5 63.17 peat bogs annual 5000 BC - 2006 AD Gunnarson (2008)

Lake Mondsee 13.4 47.81 Lake sediment annual 400-2005 AD Swierczynski et al.
(2012)

Lake Shkodra 19.5 42.1 Lake sediment annual last 4500 cal a BP Zanchetta et al. (2012)

Lake le Bourget  5.68 45.82 Lake sediment annual 4500-3500 cal a BP Magny et al. (2012)

Lille Vildmose 10.22 56.88 peat bogs annual 2150 BC - 1830 AD Mauquoy et al. (2008)

Nerfloen 26.25 58.87 peat bogs annual last 4200 cal yr BP Vasskog et al. (2012)

Mannikjarve Bog 19.7 47.99 Lake sediment annual last 45000 cal yr BP Sillasoo et al. (2007)

NadasLake 6.87 61.93 Lake sediment winter last 2000 AD yrs Siimegi et al. (2009)

Stomyren 113.27 60.21 peat bogs annual 4500-700 cal yr BP Borgmark and Wastegard
(2008)

Store Mosse Bog  14.12 57.25 peat bogs annual 1500 cal yr BP- 1900 AD Jong et al. (2007)

Swiss Alps 8 46.3 Tree-ring summer 900 - 1350 AD Kress et al. (2014)

e a b2k (before the year AD 2000), cal yr BP (calibrated years before the present)



Table S2. Temperature related natural proxies Ljungqvist et al. (2016)

NAME Lat (°N) Long Archive type season Temporal Reference
(°E) resolution

Albania 20 41 Tree ring summer 968 - 2008 AD Seim et al. (2012)

The Alps 8 46.3 Tree ring summer 755 - 2005 AD Biintgen et al. (2006)

CentralEurope 8 46 Tree ring summer 962 - 2007 AD Biintgen et al. (2011)

Central England 2 52 Written evidence annual 900 -1950 AD Lamb (1965)

DeBilt summer 5.18 52.1 Written evidence summer 800 - 2000 AD Van Engelen et al. (2001)

DeBilt winter 5.18 52.1 Written evidence  winter 800 - 2000 AD Van Engelen et al. (2001)

Eastern 25.1 47.2 Tree ring summer 1163 - 2005 AD Popa and Kern (2009)

Carpathians

Gulf of Taranto 17.88 39.75 SEA annual 200 BC - 2000 AD Taricco et al. (2009)

Jamtland 13.3 63.1 Tree ring summer  450BC - 1900 AD Linderholm and Gunnar-
son (2005)

Lake Korttajarvi 25 62 Lake sediment annual 8000 BC - 2000 AD Tiljander et al. (2006)

Lake Lehmil- 29 63 Lake sediment annual last 2000 yrs Haltia-Hovi et al. (2007)

ampi

Lake Nautajarvi 24 61 Lake sediment annual 8000 BC - 2000 AD Ojala and Alenius (2005)

MD95 2011 7.64 66.97 SEA summer last 13000 yr B.P Berner et al. (2011)

NorthernSpain -3.5 429 Speleothem annual last 4000 yr BP Martin-Chivelet et al.
(2011)

Norwegian Sea  5.26 63.76 SEA annual 2000 BC- 1000 AD Sejrup et al. (2010)

Spannagel Cave  11.4 47.05 Speleothem annual 2000 BPyrs -1 AD Mangini et al. (2005)

Vallee des 7.28 44.05 Tree ring summer 1356 - 2007 AD Biintgen and  Tegel

Merveilles 2011)




MAE calibration MAE validation

Orsova-Danube | 37 24 22 20 18 22 19 19 14 78 23 28 40 33 2% 25 28 30
Decin-Elbe | 41 27 24 2% 2 25 22 23 2 62 29 30 31 33 28 28 28 27
Dresden-Elbe | 3% 27 26 27 2 2% 28 24 23 50 31 32 33 34 32 31 79 79
Elverum-Glama | 55 46 38 43 4 44 43 45 36 72 66 84 105 68 59 63 54 79
vargoens KRV- Goeta | 98 58 48 59 60 57 53 42 40 64 55 71 57 55 52 56 54 50
Wasserburg-nn | 88 54 | so | 53 | 4 | s3 | s3 | sz | 37 | 428 & &3 60 | 68 | 62 | 62 60 | 65
Muroleekoski-Kokemenjoki | 72 38 23 38 38 34 35 31 33 79 %6 28 5 47 43 a5 43 43
Blois-Loire | 42 39 34 37 32 40 29 35 31 44 34 32 41 43 33 33 35 36
Montjean-Loire | 40 33 29 33 26 34 26 29 25 44 37 40 37 37 36 38 31 33
MeuerHafen-Main | 42 38 5 37 33 36 35 35 33 51 ) 42 44 42 40 42 35 33
Wuerzburg-Main | 46 42 8 41 40 40 38 38 28 59 34 39 35 43 31 36 32 36
Smalininkai-Nemunas | 62 24 24 24 23 23 22 2 20 44 26 26 28 28 25 26 28 27
BaselRheinhalle-Rhine | 108 64 60 55 52 59 57 61 46 %8 72 73 74 82 69 &7 69 75
Baselschifflaende-Rhine | 107 61 54 52 50 57 61 57 45 96 73 73 82 77 70 64 70 ]
Koeln-Rhine | 44 38 & 35 £ 37 33 32 24 48 33 32 62 55 35 34 32 33
Rees-Rhine | 46 37 32 35 2 35 33 32 27 51 35 37 45 50 38 39 35 37
Burghausen-Salzach ~ 106 105 & 100 84 & 64 106 80 22 146 | 154 142 | 149 | 162 167 | 144 | 164 |
Hann-Munden-\Wesser 37 34 32 33 32 34 32 30 24 56 33 33 45 46 34 35 30 35
Bodenwerder-Wesser | 38 33 20 33 23 33 32 30 2 45 38 36 43 40 38 36 35 45
Viotho-Wesser | 44 34 33 34 46 34 32 30 32 70 56 51 72 a7 57 52 54 50
Intschede-Wesser | 40 34 30 33 28 34 34 29 31 48 44 42 40 42 43 40 4 38
RMSE calibration RMSE validation
Orsova-Danube | 47 29 28 24 23 27 25 24 20 91 35 35 51 42 32 32 36 38
Decin-Elbe | 52 34 33 33 30 32 30 29 28 75 37 38 39 43 37 36 36 35
Dresden-Elbe | 48 34 34 34 31 33 37 32 31 &2 40 41 41 44 41 40 37 38
Elverum-Glama | 71 58 52 55 57 55 55 57 49 04 90 88 [ 14a o2 95 5 0 107
Vargoens KRV- Goeta | 116 71 65 69 75 69 67 51 51 81 86 88 89 6 67 89 85 59
Wasserburg-nn | 126 71 68 6 51 70 72 63 s+ BN 74+ 76 74 8 74 7T 74 19
Muroleekoski-Kokemenjoki | 87 47 33 47 47 44 45 40 42 98 61 35 81 B4 80 &1 56 57
Blois-Loire | 54 50 46 47 44 50 # 44 43 53 42 43 54 55 42 m 45 47
Montjean-Loire | 50 43 3 42 43 43 37 35 35 53 a5 49 43 45 44 47 42 44
MeuerHafen-Main | 52 50 48 48 46 47 46 45 43 68 49 51 54 51 50 53 45 43
Wuerzburg-Main | 58 54 50 51 55 51 2 43 39 70 42 49 44 52 37 45 38 45
smalininkai-Nemunas | 70 33 23 33 3 32 32 3 29 52 33 33 35 35 32 33 34 33
BaselRheinhalle-Rhine 4s08 79 77 71 71 75 75 77 64 117 8 e 88 100 84 83 81 87
Baselschifflaende-Rhine [ 128 74 70 6 68 71 7 T &0 115 8 89 95 8@ 85 76 82 84
Koeln-Rhine 52 48 47 43 51 47 44 40 34 59 42 43 74 69 45 44 41 44
Rees-Rhing | 59 47 43 42 40 45 43 40 35 64 54 54 63 85 56 59 54 56
Burghausen-Salzach |[SSIIINSIN i2s 0 INEE iie T e o7 SEN i ez [aet sz | a7s [Ties |NEGERIEGEN 7 [SSN
Hann-Munden-Wesser | 46 45 44 43 42 44 43 38 33 7 4 43 58 58 43 25 38 44
Bodenwerder-Wesser | 46 45 42 44 45 45 44 38 28 57 47 45 53 53 47 47 43 54
Viotho-Wesser | 53 45 45 44 59 45 4 37 4 84 8 63 88 63 70 64 65 63
Intschede-Wesser | 49 45 42 43 40 45 45 37 40 56 52 50 51 55 50 51 13
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Table S3. Same as Tab. 3 but for MAE and RMSE



Orsova-Danube
Decin-Elbe
Dresden-Elbe
Elverum-Glama
Vargoens KRV- Goeta
Wasserburg-inn
Muroleekoski-Kokemenjoki
Blois-Loire
Montjean-Loire
MNeuerHafen-Main
Wuerzburg-Main
Smalininkai-Nemunas
BaselRheinhalle-Rhine
Baselschifflaende-Rhine
Koeln-Rhine
Rees-Rhine
Burghausen-Salzach
Hann-Munden-\Wesser
Bodenwerder-Wesser
Viotho-Wesser
Intschede-Wesser

Orsova-Danube
Decin-Elbe
Dresden-Elbe
Elverum-Glama
Vargoens KRV- Goeta
Wasserburg-inn
Muroleekoski-Kokemenjoki
Blois-Loire
Montjean-Loire
NeuerHafen-Main
Wuerzburg-Main

smalininkai-Nemunas [l 028

BaselRheinhalle-Rhine
Baselschifflaende-Rhine
Koeln-Rhine
Rees-Rhine
Burghausen-Salzach
Hann-Munden-Wesser
Bodenwerder-Wesser
Viotho-Wesser
Intschede-Wesser

Table S4. Same as Tab. 3 but for D and KGE

D calibration

0.52
0g
0.89
0.84
0.59
0.35
0g
0.9
0.82
0.34
0.81
0.66
0.93
0.93
0.92
0.93
0.84
0.33
0.39
0.89
0.86

0.8
0.75
0.74
063

084 | 081 | 082 | 094 | 085
078 | 083 | 08 | 089 | 091
08 | 088 | 08 | 088 | 09
078 | 0.82 | 088 | 0.85 | 0.81
058 | 054 | 071 | 056 | 026
077 | 0.85 | 087 | 085 | 082
063 | 087 | 07 | 087 | 0.9
09 | 081 | 083 | 082 | 092
089 | 082 | 084 | 092 | 089
083 | 0.81 | 084 | 083 | 0.84
081 | 073 | 083 | 08 | 074
05 | 081 | 057 | 062 | 065
083 | 082 | 083 | 093 | 0.94
0.84 | 083 | 084 | 094 | 094
092 | 082 | 083 | 094 | 091
09 | 082 | 084 | 084 | 095
072 | 075 | 081 | 076 | 0.81
098 | 038 | 08 | 089 | 091
09 | 08 | 08 | 089 | 088
086 089 | 08 | 089 | 08
086 | 086 | 08 | 087 | 091
KGE calibration

061 | 077 | 079 | 082 | 085
061 | 071 | 078 | 073 | 071
065 | 072 | 078 | 072 | 076
06 | 058 | 075 | 063 | 054
02 0z 04 o0z [l
039 | 067 | 069 | 067 | 079
046 07 | 041 | 07 | 075
081 | 077 | 083 | 078 | 072
076 | 0.8 | 084 | 079 | 0.71
068 | 056 | 064 | 06 | 061
065 | 052 | 0685 | 055 | 0.44

022 03 038
066 | 079 | 085 | 0.82 | 0.86
066 | 0.81 | 088 | 0.84 | 0.34
084 | 03 | 082 | 082 | 079
08 | 08 | 087 | 082 | 084
061 | 048 | 061 | 049 | 058
081 | 071 | 076 | 072 | 078
081 | 072 | 075 | 072 | 068
075 | 072 | 078 | 071 | 059
074 | 067 | 075 | 088 | 08
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0.94
0.82
0.85
0.85
0.65
0.25
0.29
0.94
0.95
0.85
0.24
0.69
0.92
0.91
0.94
0.93
0.9
0.9
0.9
0.91
0.87

0.86
0.33
0.66
0.54
033
0.58
0.75
0.87
0.9
0.67
0.52
0.4
0.8
0.76
0.87
0.78
0.7z
077
078
072
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0.94 0.95
0.92 0.52
0.9 0.91
0.83 0.89
0.85 0.34
0.27 0.83
0.92 0.51
0.93 0.94
0.95 0.95
0.35 0.38
0.24 0.9
0y 075
0.92 0.95
0.93 0.95
0.95 0.95
0.94 0.96
0.75 0.85
0.92 0.94
0.82 0.95
0.93 0.52
0.92 0.91
0.84 0.52
079 0.ve
0.75 077
081 0.74
0.65 0.59
058 0.33
078 078
0.82 0.35
0.86 0.86
0.67 0.7
083 074
0.41 0.47
0.8 0.83
0.82 0.9z
0.36 0.35
0.85 0.3%
0.47 0.66
0.7e 0.8
0.3 0.37
0.81 0.31
0.78 0.31
\?® \?®
x x

D validation
058 | 084 | 083 | 071 | 065 | 085 | 085 | 085 | 084
061 | 076 | 074 | 073 | 068 | 078 | 079 | 082 | 083
068 | 078 08 | 078 | 065 | 078 081 083 | 083
054 | 056 | 066 | 047 | 058 | 054 | 059 | 055 | 059
059 | 049 | 056 | 047 033 055 | 055 | 061 | 061
067 | 081 | o078 | 08 | 077 | 08 | 078 | 082 | 07
056 066 055 | 086 | 07 | 065 068 | 071 | 071
085 | 089 089 082 | 078 | 0.89 089 089 | 086
081 | 083 | 08 | 083 | 08 | 084 | 084 | 087 | 085
071 | 073 | 072 | 067 | 073 | 075 | 072 | 081 | 084
067 | 077 | 072 | 072 | 063 | 084 | 075 | 083 | 081
059 | 05 | 044 | 051 | 047 | 056 | 057 | 058 06
0.81 | 0.85 084 | 086 | 075 | 0.87 | 0.86 087 | 085
081 | 085 | 084 | 084 | 083 | 086 | 088 | 087 | 087
086 | 08 | 08 | 076 | 055 | 08 | 08 | 091 | 08
086 | 086 087 082 | 077 | 085 082 087 | 087
059 | 062 068 | 084 | 066 | 06 | 06 | 063 | 067
07 | 08 | 08 | 088 | 073 | 08 | 078 | 086 | 082
077 | 08 | 082 |07 | 07 | 08 | 078 | 085 | 078
062 | 07 | 073 | 081 | 073 | 07 | 074 | 076 | 079
078 | 076 073 | 08 | 081 | 076 | 08 | 082 | 085
KGE validation
055 | 065 | 063 | 055 | 034 067 | 064 | 073 | 073
049 | 051 | 049 | 046 | 043 | 058 | 057 | 065 | 067
049 | 056 | 061 | 057 | 034 | 050 | 064 | 063 | 066
02 024 o046 006 034 019 031 024 037
0z 008 03 | 007 M oz o0 03 03
067 | 055 | 053 | 055 | 054 | 054 | 051 | 059 | 058
028 038 025 038 048 037 041 044 044
073 | 075 | 074 | 086 | 053 | 075 | 077 | 079 | 072
067 | 067 063 | 089 | 062 | 07 | 071 | 076 | 072
047 | 042 041 038 042 | 047 | 043 053 | 059
055 | 047 | 049 | 042 03 | 050 | 049 06 | 063
028 046 008 0417 |04 023 026 031 032
072 | 067 | 064 | 071 | 047 | 07 | 067 | 069 | 066
072 | 067 | 064 | 089 | 061 | 07 | 067 | 069 | 073
079 | 076 | 077 | 075 022 082 | 082 | 084 | 081
077 | 062 | 068 | 084 | 05 | 088 | 055 | 07 | o7
028 039 05 039 042 037 033 033 053
054 | 053 053 | 045 | 054 | 055 053 066 | 065
059 | 056 | 06 | 055 | 041 | 056 | 052 | 067 | 068
038 048 | 049 | 041 | 044 | 049 | 054 | 061 | 068
059 | 052 057 | 056 | 06 | 053 05 067 | 076
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Orsova-Danube River Dresden-Elbe River
Calibration rmse: 27.087 corr: 0.866 d: 0.923 MAE 21.833 Nse 0.749 Kge 0.799 Callibration rmse: 31.779 corr: 0.836 d: 0.902 MAE 24.344 Nse 0.698 ngé) .756

500 Validation rmse: 32.394 corr: 0.764 d: 0.855 MAE 26.393 Nse 0.569 Kge 0.668 Validation rmse: 36.942 corr: 0.715 d: 0.826 MAE 28.563 Nse 0.506 Kge 0.632
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g Calibration rmse: 68.989 corr: 0.784 d: 0.868 MAE 51.759 Nse 0.614 Kge 0.684 6001 Calibration rmse: 50.091 corr: 0.841 d: 0.907 MAE 39.366 Nse 0.707 Kge 0.766
€ 1200- Validation rmse: 73.852 corr: 0.721 d: 0.818 MAE 60.356 Nse 0.519 Kge 0. 586 Validation rmse: 42.032 corr: 0.818 d: 0.894 MAE 33.528 Nse 0.668 Kge 0.753
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Montjean-Loire River Schweinfurt Neuerhafen—-Main
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Figure S1. Reconstruction of Runoff over the past 500 years (data series are available in Orsova-Danube River, Dresden-Elbe River, Wasserburg-Inn River, Blois-
Loire River, Montjean-Loire River, Schweinfurt Neuerhafen-Main. The black and red color indicate the GRDC observation runoff variable for calibrated and
validated portion, whereas, the blue color represents reconstruction value of runoff simulated with the specific combinations. The observed statistic properties for
calibration and validation data are displayed in top of the figure



Runoff reconstruction [mm/year]

Weurzburg—Main

5001 Calibration rmse: 50.93 corr: 0.709 d: 0.81 MAE 39.535 Nse 0.502 Kge 0.572

Validation rmse: 37.021 corr: 0.772 d: 0.837 MAE 30.673 Nse 0.57 Kde 0.59
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Basel Schifflaende—Rhine river

Basel Rheinhalle-Rhine River

Callibration rmse: 76.942 corr: 0.864 d: 0.921 MAE 60.889 Nse 0.746 Kge 0. 797
Valldatlon rmse: 81.05 corr 0. 848 d: 0.873 MAE 69.146 Nse 0.605 Kge 0.692
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. Kolen—Rhine River

Calibration rmse: 64.829 corr: 0.907 d: 0.949 MAE 49.837 Nse 0.817 Kge 0.892

1200-

800-

400-

Callibration rmse: 40.309 corr: 0.904 d: 0.947 MAE 32.075 Nse 0.818 Kge 0.856

Validation rmse: 83.593 corr 0.809 d: 0.859 MAE 69.194 Nse 0.58 Kge 0.665 Valldanon rmse: 41.305 corr 0. [ d: 0.914 MAE 32.028 Nse 0.707 Kge 0.841
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Rees—Rhine River

Hann Muenden—-Wesser River

Calibration rmse: 46.827 corr: 0.862 d: 0.921 MAE 36.568 Nse 0.743 Kge 0.796 500 Callibration rmse: 38.147 corr: 0.861 d: 0.921 MAE 30.341 Nse 0.742 Kge 0.794
Validation rmse: 53.638 corr: 0. 327 d: 0.861 MAE 34.8 Nse 0.648 Kge 0.623 Validation rmse: 38.032 corr: 0.823 d: 0.865 MAE 29.842 Nse 0.637 Kge 0,655
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Figure S2. Same as Fig. S1 but runoff series are available in Weurzburg-Main, Basel Rheinhalle-Rhine River, Basel Schifflaende-Rhine river, Kolen-Rhine River,
Rees-Rhine River, Hann Muenden-Wesser River.




Bodenwerder-Wesser River

Instchede— Wesser River

Calibration rmse: 38.249 corr: 0.865 d: 0.923 MAE 30.286 Nse 0.747 Kge 0.799
500 Validation rmse: 43.098 corr: 0.851 d: 0.847 MAE 35.447 Nse 0.58 Kge 0.667
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Calibration rmse: 39.891 corr: 0.835 d: 0.91 MAE 30.862 Nse 0.689 Kge 0.807

500 Validat‘ion rmse: 49. 139 corr: 0.824 d: 0.853 MAE 37.518 Nse 0.526 Kge 0.763
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Figure S3. Same as Figs. S1 and S2 but for runoff series in Bodenwerder and Intschede - Wesser river
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