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Table S1. Time and location invariant global parameters of mHM v4.3 which are purpose to an automated calibration.

Category Number Paraeter Name Unit Minimum Maximum
Interception 1 canopyInterceptionFactor [1] 0.1 0.3

2 snowTreshholdTemperature [°C] -2 2

3 degreeDayFactor_forest [mmd~!°C™!]  0.0001 4

4 degreeDayFactor_impervious [mmd~!'°C7!] 05 4
Snow 5 degreeDayFactor_pervious [mmd~'°C™!] 05 6

6 increaseDegreeDayFactorByPrecip  [d™ I mm™1] 0.1 7

7 maxDegreeDayFactor_forest [mmd~!°C™! 3 8

8 maxDegreeDayFactor_impervious  [mm d~! °C™!] 3 8

9 maxDegreeDayFactor_pervious [mmd~!°C™] 3 8

10 orgMatterContent_forest [%] 4 7

11 orgMatterContent_impervious [%] 0 0.1

12 orgMatterContent_pervious [%] 1.5 3
Soil moisture - 13 PTF_lower66_5_constant [-] 0.7 0.8
storage 14 PTF_lower66_5_clay [-1 0.0005 0.0015

15 PTF_lower66_5_Db [-] -0.27 -0.25

16 PTF_higher66_5_constant [-] 0.8 0.9

17 PTF_higher66_5_clay [-] -0.0015 -0.0005

18 PTF_higher66_5_Db [-] -0.35 -0.3

19 infiltrationShapeFactor [-] 0.5 4

20 Permanent Wilting Point [-] 0.001 0.5
Soil moisture - 21 Field Capacity [-] 0.5 0.98
evapotranspiration 22 rootFractionCoefficient_forest [-] 0.96 0.98

23 rootFractionCoefficient_impervious [-] 0.91 0.95

24 rootFractionCoefficient_pervious [-] 0.94 0.965

25 minCorrectionFactorPET [-] 0.8 1
Evapotranspiration 26 maxCorrectionFactorPET [-] 1 1.2

27 aspectTresholdPET [°] 175 195
Direct runoff 28 imperviousStorageCapacity [mm] 0 1

29 interflowStorageCapacityFactor [mm] 1 40

30 fastInterflowRecession_slope [d] 1 10
Interflow 31 slowInterflowRecession_constant [d] 1 30

32 slowInterflowRecession_slope [d] 0 30

33 slowInterflowRecession_Ks [d] 0 30

34 slowInterflowExponent [-] 0 1

35 PTF_Ks_constant [-] 50 60
Percolation 36 PTF_Ks_sand [-] -0.1 -0.05

37 PTF_Ks_clay [-] 0.16 0.17

continued on next page




Category Number Paraeter Name Unit Minimum Maximum
38 rechargeCoefficient [d] 1 100
Percolation 39 gain_loss_GWreservoir_karstic [-] 0 1
40 rechargeFactor_karstic [-] 0.75 1.5
41 muskingumTravel Time_constant [-] 0.31 0.35
42 muskingumTravelTime_riverLength [-] 0.073 0.079
Routing 43 muskingumTravelTime_riverSlope  [-] 1.95 2.1
44 muskingumTravelTime_impervious [-] 0.09 0.11
45 muskingumAttenuation_riverSlope [-] 0.05 0.5
46 baseflow_parameter_geounit_1 [d] 10 400
47 baseflow_parameter_geounit_2 [d] 10 400
48 baseflow_parameter_geounit_3 [d] 10 400
49 baseflow_parameter_geounit_4 [d] 10 400
50 baseflow_parameter_geounit_5 [d] 10 400
51 baseflow_parameter_geounit_6 [d] 10 400
52 baseflow_parameter_geounit_7 [d] 10 400
53 baseflow_parameter_geounit_8§ [d] 10 400
54 baseflow_parameter_geounit_9 [d] 10 400
55 baseflow_parameter_geounit_10 [d] 10 400
56 baseflow_parameter_geounit_11 [d] 10 400
Geology 57 baseflow_parameter_geounit_12 [d] 10 400
58 baseflow_parameter_geounit_13 [d] 10 400
59 baseflow_parameter_geounit_14 [d] 10 400
60 baseflow_parameter_geounit_15 [d] 10 400
61 baseflow_parameter_geounit_16 [d] 10 400
62 baseflow_parameter_geounit_17 [d] 10 400
63 baseflow_parameter_geounit_18 [d] 10 400
64 baseflow_parameter_geounit_19 [d] 10 400
65 baseflow_parameter_geounit_20 [d] 10 400
66 baseflow_parameter_geounit_21 [d] 10 400
67 baseflow_parameter_geounit_22 [d] 10 400
68 baseflow_parameter_geounit_23 [d] 10 400




Table S2. List of effective parameters of mHM v4.3 with the corresponding physiographic characteristics and the upscaling operators
(Arithmetic mean (A), Harmonic mean (H), Geometric mean (G) and Majority statistic (M)) for the MPR approach is shown. Soil properties
include the fractions of sand and clay contents, bulk destiny and rootzone depth, whereas landcover is mainly distinguished in three major
classes: forest, sealed and mixed cover. These effective parameters are estimated based on transfer functions connecting physiographic
characteristics and global parameters which are shown in Table S1.

Parameter Description Phy siograp h.ic Upscaling
Characteristic Operator
51 Thickness of waterfilm on the canopy surface (-). Landcover A
B2 Threshold temperature for phase transition snow and rain (°C). - —
Bs Degree day factor during rainless days (mm d—* °C). Land cover A
Ba Rate of increase of the degree-day factor per unit of precipitation (mm d~* °C). - -
Bs Max. degree-day factor reached during rainy days (mm d ' °C). Land cover A
Be Porosity of soil layers (-). Soil texture, land cover H
B7 Field capacity of soil layers (-). Soil texture, land cover  H
Bs Permanent wilting point of soil layers (-). Soil texture, land cover H
Bo Parameter that determines the relative contribution of rain or snowmelt to runoff (-).  Soil texture, land cover H
B1o Max. ponding retention in impervious areas (mm). Land cover A
B11 Fraction of roots in soil layers (-). Land cover A
B2 Max. water holding capacity of the unsat. zone (mm). Soil texture, land cover H
B13 Fast recession constant (d). Slope A
B14 Slow recession constant (d). Soil texture A
B1s Exponent that quantifies the degree of nonlinearity of the cell response (-). Soil texture A
Bie Effective percolation rate (d). Soil texture A
Bi7 Baseflow recession rate (d). Geology M
Fraction of the groundwater recharge that might be gained or lost either as deep
Bis . . . . . Geology M
percolation or as intercatchment groundwater flow in nonconservative basins (-).
B9 Muskingum travel time parameter (h). ]ggjglé} :35 :rzzghland —
B20 Muskingum attenuation parameter (-). Slope of river reach —
B21 Aspect correction factor of the PET (-). Aspect A
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