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A. Introduction

This document provides supplementary material to the paper presenting a
thorough evaluation framework, intended for testing hydrological model transferability

under changing climate conditions.

The Supplementary material consists of three sections presenting the prior
parameter ranges used in model calibration, equations and thresholds for model
performance measures used in evaluation framework and simulation results, which are

not presented in the paper.


mailto:zana.topalovic@aggf.unibl.org

B. Prior parameter ranges used in calibrations

Table S 1. Prior uniform parameter distributions used for the automatic model
calibration.

Parameter range
min value max value

Model Parameter

a 0.87 0.999
b 14 1900
abcd c 0.01 1
d 0 1
a 01 0.9
a 0.1 0.9
Budyko Smax 50 300
d 0.1 1
X4 50 300
GR2M X2 0.2 1
a1 0 0.1
WASMOD a 0.001 0.1

as 0 0.1




C. Results

C.1 Statistical efficiency measures

Table S 2. Statistical efficiency measures in the calibration and validation periods.

unacceptable model performance with respect to the defined acceptance ranges.

Grey cells denote calibration results. Red cells indicate

Statistical | Calibration abed Budyko GR2M WASMOD

measure period P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP
KGE P1 0.92 0.85 0.77 0.72 -2.05 0.84 0.95 0.68 0.56 0.47 -1.28 0.69 0.83 0.78 0.69 0.69 -2.65 0.75 0.88 0.56 043 | 0.25 | -3.52 0.55
KGE P2 0.78 0.95 0.86 0.73 -1.51 0.84 0.79 0.93 0.75 0.76 -0.70 0.86 0.81 0.82 0.73 0.64 -2.72 0.74 0.70 0.94 0.79 | 0.68 | -2.35 0.84
KGE P3 0.50 0.93 0.89 0.64 -0.88 0.77 0.73 0.91 0.77 0.75 -0.11 0.86 0.78 0.81 0.74 0.63 -2.54 0.72 0.66 0.92 0.80 | 0.72 | -2.22 0.84
KGE P4 0.68 0.86 0.80 0.75 0.54 0.83 0.71 0.88 0.71 0.81 -0.15 0.81 0.75 0.71 0.63 0.79 -1.71 0.74 0.56 0.77 0.75 | 0.80 | -2.36 0.74
KGE P5 0.22 0.51 0.59 0.44 0.80 0.46 0.49 0.74 0.63 0.65 0.78 0.65 0.12 0.10 0.06 0.14 0.85 0.11 | -0.06 | -0.01 | -0.02 | 0.02 0.76 | -0.01
KGE CpP 0.87 0.91 0.81 0.79 -0.79 0.90 0.77 0.91 0.76 0.73 -0.30 0.87 0.81 0.79 0.70 0.75 -2.19 0.77 0.69 0.93 0.79 | 0.68 | -2.17 0.85
NSEsqrt P1 0.83 0.84 0.80 0.61 -1.92 0.73 0.84 0.71 0.51 0.45 -0.51 0.65 0.79 0.81 0.72 0.60 -1.37 0.71 0.60 0.55 0.28 | 0.20 | -1.73 0.43
NSEsqrt P2 0.80 0.84 0.81 0.65 -1.02 0.76 0.84 0.79 0.67 0.56 -0.25 0.73 0.79 0.80 0.75 0.61 -1.42 0.71 0.73 0.76 0.62 | 050 | -1.17 0.65
NSEsqrt P3 0.72 0.78 0.79 0.60 -0.52 0.73 0.81 0.73 0.65 0.57 0.11 0.72 0.75 0.77 0.75 0.59 -1.40 0.70 0.74 0.77 0.65 | 053 | -1.10 0.67
NSEsqrt P4 0.53 0.61 0.53 0.49 0.47 0.59 0.76 0.74 0.68 0.61 0.10 0.72 0.83 0.82 0.77 0.68 -0.63 0.77 0.69 0.71 0.64 | 0.60 | -1.40 0.64
NSEsqrt P5 0.67 0.72 0.61 0.52 0.59 0.68 0.69 0.68 0.67 0.54 0.53 0.69 0.61 0.58 0.48 0.51 0.65 0.60 0.42 0.49 0.38 | 0.39 0.49 0.49
NSEsqrt cp 0.82 0.84 0.80 0.69 -0.13 0.79 0.83 0.76 0.66 0.56 0.02 0.73 0.81 0.81 0.76 0.65 -0.99 0.74 0.71 0.74 0.58 | 0.46 | -1.00 0.63
RSR P1 0.39 0.33 0.50 0.63 217 0.44 0.32 0.49 0.86 0.89 2.32 0.63 0.40 0.41 0.63 0.64 3.10 0.51 0.49 0.60 0.97 | 1.11 4.33 0.77
RSR P2 0.46 0.33 0.49 0.69 1.97 0.47 0.36 0.38 0.67 0.68 1.85 0.50 0.35 0.36 0.57 0.63 3.11 0.48 0.47 0.35 0.65 | 0.77 3.16 0.55
RSR P3 0.65 0.38 0.47 0.85 1.57 0.55 0.38 0.41 0.64 0.68 1.31 0.50 0.36 0.36 0.54 0.63 2.92 0.46 0.48 0.35 0.63 | 0.73 3.02 0.53
RSR P4 0.56 0.43 0.59 0.71 0.68 0.54 0.42 0.42 0.62 0.62 1.25 0.50 0.38 0.40 0.59 0.57 2.36 0.48 0.56 0.42 0.62 | 0.63 3.05 0.55
RSR P5 0.96 0.68 0.77 1.01 0.62 0.82 0.53 0.49 0.62 0.65 0.66 0.55 0.73 0.74 0.84 0.76 0.55 0.75 0.87 0.82 0.89 | 0.85 0.68 0.84
RSR CP 0.42 0.33 0.51 0.65 1.62 0.45 0.35 0.39 0.66 0.69 1.48 0.50 0.36 0.37 0.57 0.59 2.71 0.47 0.47 0.36 0.66 | 0.78 3.05 0.55
VE P1 0.99 0.94 0.94 0.82 -1.89 0.92 1.00 0.80 0.74 0.82 -0.43 0.80 0.92 0.99 0.98 0.77 -1.78 0.86 1.00 0.75 0.72 | 0.78 | -1.53 0.74
VE P2 0.87 1.00 0.99 0.85 -1.22 0.88 0.87 1.00 0.95 0.99 -0.11 0.98 0.86 0.91 0.91 0.69 -1.87 0.79 0.84 1.00 0.98 | 0.96 | -1.20 0.96
VE P3 0.72 0.99 1.00 0.91 -0.69 0.86 0.82 0.97 0.97 0.94 0.27 0.97 0.83 0.89 0.90 0.68 -1.81 0.77 0.82 0.97 0.99 | 098 | -1.15 0.99
VE P4 0.74 0.91 1.00 0.96 0.86 0.91 0.86 0.99 0.94 1.00 0.11 0.99 0.93 0.90 0.90 0.94 -1.03 0.99 0.81 0.94 0.98 | 099 | -1.44 1.00
VE P5 0.78 0.93 0.99 0.94 0.99 0.94 0.64 0.79 0.83 0.73 1.00 0.76 0.38 0.37 0.36 0.41 0.98 0.40 0.28 0.30 0.31 | 0.33 0.98 0.32
VE CP 0.96 0.93 0.91 1.00 -0.39 1.00 0.85 0.99 0.94 0.98 0.16 1.00 0.97 0.99 0.99 0.82 -1.42 0.90 0.81 0.97 1.00 | 0.99 | -0.97 1.00




Table S 3. Percentage of acceptable transfers for statistical measures.

Model Transfer (number of transfers)
Calibra  wet- wet- wet- avg- avg- avg- dry- dry-
tion wet avg dry wet avg dry wet avg
(6) ) (6) ) (6) (6) Q) ) Q)
KGE
abcd 100 100 100 0 100 100 33 50 33
Budyko 100 100 83 0 100 100 0 50 100
GR2M 100 100 100 0 100 100 0 0 0
WASMOD 100 50 83 0 100 100 0 0 0
NSEsqrt
abcd 83 100 100 0 100 100 0 100 100
Budyko 100 100 83 0 100 100 0 100 100
GR2M 100 100 100 0 100 100 0 50 100
WASMOD 83 50 67 0 100 83 0 0 0
RSR
abcd 83 100 83 0 100 100 33 0 33
Budyko 100 50 83 0 100 100 0 100 100
GR2M 100 100 100 0 100 100 0 0 0
WASMOD 100 50 50 0 100 67 0 0 0
VE
abcd 100 50 100 0 83 100 33 100 100
Budyko 100 50 100 0 100 100 0 50 67
GR2M 100 100 83 0 100 83 0 0 0
WASMOD 100 50 67 0 100 100 0 0 0

Table S 4. Definition of transfers (key for reading tableplots): CAL = calibration, wet =
wet period, avg = average period, dry = dry period.

Calibration period

P1 P2 P3 P4 P5 CP

= CP wet-avg | avg-avg | wet-avg | avg-avg | dry-avg | CAL

o

5 P5 wet-dry | avg-dry | wet-dry | avg-dry | CAL avg-dry
= P4 wet-avg | avg-avg | wet-avg | CAL dry-avg | avg-avg
= P3 wet-wet | avg-wet | CAL avg-wet | dry-wet | avg-wet
o

= P2 wet-avg | CAL wet-avg | avg-avg | dry-avg | avg-avg
> Pl CAL avg-wet | wet-wet | avg-wet | dry-wet | avg-wet
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Figure S 1. Kling-Gupta efficiency, KGE. Black cells denote simulations with KGE
outside the acceptance range (KGE < 0.5).
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Figure S 2. Nash-Sutcliffe efficiency computed from square-root flows, NSEsqit. Black
cells denote simulations with NSEsqr outside the acceptance range (NSEsqr < 0.5).
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Figure S 3. Ratio between RMSE and observed standard deviation, RSR. Black cells
denote simulations with RSR outside the acceptance range (RSR > 0.7).
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Figure S 4. Volumetric efficiency VE. Black cells denote simulations with VE outside
the acceptance range (VE < 0.75).



C.2 Hydrological signatures

Table S 5. Errors in hydrological signatures. Grey cells denote calibrations and red cells denote unacceptable model performance with respect to
the defined acceptance ranges.

Hydrological ~ |Calibration abcd Budyko GR2M WASMOD
signatures period P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP P1 P2 P3 P4 P5 CP
P1 0.02 |0.00 0.01 0.26 1.36 0.10 |0.10 |0.24 |0.26 [0.10 (1.71 0.30 [0.26 |0.16 0.24 019 (2.45 0.10 |0.17 [0.42 |0.33 |0.52 |4.51 0.47
P2 0.16 (0.17 0.12 0.20 L3 0.01 |0.10 0.04 |0.05 |0.19 (145 0.06 |(0.18 |0.12 0.18 |0.25 (2.43 0.03 [0.10 [0.01 |0.01 |0.13 |2.88 0.13
P3 0.32 (0.25 0.12 0.37 0.87 0.08 |0.13 |0.14 0.00 |0.29 [0.73 0.03 |0.15 |0.02 0.15 |0.30 (2.48 0.05 [0.13 [0.04 |0.03 |0.06 |2.72 0.10
£Q95 P4 0.24 (0.22 0.16 0.28 0.42 0.00 |0.18 |0.20 |0.16 |0.36 |(0.60 0.13 (0.31 |0.25 031 |0.36 (1.78 0.18 [0.19 [0.10 |0.14 |0.16 |2.62 0.13
P5 0.76 [0.59 0.72 0.01 0.09 0.28 |0.30 |0.16 |0.17 |0.29 (0.01 0.19 [(0.68 |0.61 0.67 |0.74 [0.15 0.65 [0.75 [0.72 |0.70 |0.75 ]0.01 0.71
CP 0.07 [0.06 0.09 0.19 1.18 0.01 (0.08 [0.06 (0.01 [0.24 [0.91 0.01 |(0.24 |0.18 0.25 031 (211 0.10 (0.09 [0.02 |0.02 |0.15 |2.83 0.14
P1 0.45 (0.09 0.14 0.38 1.45 0.18 |0.24 |0.71 ]0.83 |0.29 [0.36 0.25 [0.97 |0.71 091 048 (1.64 0.68 |0.21 [0.37 |0.89 |0.20 |0.21 0.01
P2 0.67 (0.17 0.21 0.31 1.12 0.23 |0.05 ]0.37 |0.67 |0.20 |(0.09 0.09 (1.12 |0.93 0.95 |0.66 |[1.52 0.93 |0.45 |0.52 ]0.80 ]0.03 |1.20 0.16
P3 0.63 (0.14 0.06 0.32 0.89 0.25 |0.06 ]0.26 |0.61 |0.34 |(0.04 0.00 (1.15 |1.06 1.10 (0.82 |1.55 0.96 [0.45 |[0.51 |0.76 |0.01 |1.23 0.18
£Q80 P4 0.77 (0.30 0.04 0.00 0.45 0.16 |0.44 052 |0.71 |0.18 (0.47 0.28 [0.71 |0.55 0.59 ]0.29 (0.90 0.54 [0.76 [0.80 |0.87 |0.34 |1.65 0.53
P5 0.37 [0.55 0.46 0.52 0.42 0.56 |0.18 |0.04 ]0.36 |0.60 [(0.37 0.26 [0.37 |0.41 0.34 052 (0.41 049 |0.47 |0.44 045 0.60 |0.23 0.58
CcP 0.36 [0.06 0.11 0.16 0.58 0.05 [(0.06 (043 [(0.66 [0.36 [0.05 0.00 [0.91 |0.76 0.78 10.48 (1.20 0.74 |0.37 [0.21 |0.78 |0.22 |0.78 0.00
P1 0.49 (0.09 0.15 0.34 25.92 0.54 |0.27 1045 047 |0.69 (2.99 049 (111 |0.27 0.05 |0.12 (11.0 0.54 [0.90 [0.97 (098 |0.99 |0.91 0.98
P2 059 (0.24 0.17 0.10 18.48 0.33 |0.02 ]0.17 |0.02 |0.54 (431 0.28 [1.53 |0.15 0.16 |0.22 [13.8 0.61 |0.42 [0.79 |0.71 |0.77 |1.35 0.66
P3 0.86 [0.00 0.03 0.06 15.88 0.38 |0.43 052 |0.58 |0.64 (2.33 059 (159 |0.20 0.38 |0.25 [16.52 0.75 [0.30 [0.76 |0.68 |0.75 |1.67 0.63
£Q50 P4 0.95 (0.46 0.09 0.05 4,53 040 |0.35 045 |0.11 |0.19 (441 0.11 |0.93 |0.10 0.15 |0.15 (9.34 0.18 |0.06 |0.63 |0.68 |0.79 |3.94 0.55
P5 0.23 [0.61 0.67 0.57 3.68 044 042 |0.57 0.60 |0.75 [(0.41 0.64 (045 |0.79 0.74 ]0.76 [1.02 0.71 |0.66 [0.83 |0.81 |0.83 |1.25 0.74
CcP 0.29 |(0.42 0.43 0.30 10.11 |0.08 0.30 |0.46 |0.37 |0.70 (2.77 052 [1.21 |0.00 0.01 |0.05 (115 0.39 |0.67 [0.87 |0.86 |0.88 |0.18 0.81
P1 091 (1.74 1.05 4.50 5460 497 |-0.47 |(-0.87 (-0.86 [-0.77 [94.7 -0.74 (1.23 |-0.20 -0.18 [0.54 |889 0.97 |-1.00 |[-1.00 |-1.00 |-1.00 |-1.00 -1.00
P2 0.84 (0.72 0.30 2.25 2928 251 |0.02 |-0.64 |-0.47 |-0.49 |203 -0.29 (145 ]0.12 0.08 |0.77 (1109 142 |(-0.84 [-094 (-090 (-0.90 (113.1 -0.85
P3 1.46 )0.83 0.38 1.86 1917 221 |-059 |-0.92 |-0.88 |[-0.82 |106 -0.78 |[1.77 |0.69 0.58 |1.33 (1416 192 (-0.76 |[-0.90 (-0.88 ([-0.84 [147.5 -0.79
EQZO P4 2.04 (253 1.80 1.75 901 1.84 (034 [-0.12 (0.02 |0.10 |512 049 [0.67 |-0.36 -0.30 (0.27 |631 049 |-0.56 |[-0.84 |-0.79 |-0.72 |225.0 -0.65
P5 0.54 (0.58 -0.10 0.66 623 1.02 (-0.67 (-0.89 ([-0.78 |[-0.80 [86.2 -0.75 [-0.65 |-0.90 -0.89 ([-0.80 |75.5 -0.76 |-0.71 |[-0.88 |-0.92 |-0.81 |136.1 -0.77
CP 0.33 [-0.02 -0.48 0.39 971 0.65 |-0.34 |-0.84 |-0.86 |[-0.76 |106 -0.68 (1.04 |-0.14 -0.11 [0.43 |856 0.93 [-0.90 [-0.98 |-0.95 |-0.96 |42.34 -0.94
P1 4,16 |54.55 13.23  |46.50 -99 -99 -0.94 [-1.00 (-0.96 (-1.00 [-99 -99 0.52 |2.08 -0.01 (2.26 |-99 -99 -1.00 |-1.00 |-1.00 (-1.00 (-99 -99
P2 2.27 [20.40 5.66 21.41 -99 -99 -0.68 [-0.41 |-0.71 (-0.58 [-99 -99 1.70 |(6.37 0.80 |4.87 [-99 -99 -0.91 |-0.63 |-0.95 (-0.74 ([-99 -99
P3 2.72 [20.49 2.85 12.54 -99 -99 -0.92 [-1.00 (-0.97 (-1.00 [-99 -99 223 (1191 222 (761 |-99 -99 -0.88 |-0.43 |-0.92 [-0.55 [-99 -99
SQS P4 5.25 [30.03 6.72 11.44 -99 -99 047 [0.56 (1.32 [0.87 [-99 -99 042 |2.75 -0.14 (1.94 |-99 -99 -1.00 |-0.36 |-0.86 (-0.18 ([-99 -99
P5 217 [30.22 3.93 10.82 -99 -99 -0.83 [-1.00 (-0.84 (-0.88 [-99 -99 -0.81 |[-0.69 -0.95 (-0.77 |-99 -99 -0.87 |-0.47 |-0.93 (-0.72 [-99 -99
CP 053 [5.64 0.47 3.60 -99 -99 -0.87 [-1.00 ([-0.91 (-0.91 [-99 -99 1.03 (4.34 029 |3.31 (-99 -99 -0.98 |-1.00 |-1.00 (-1.00 (-99 -99
P1 0.05 |0.06 0.08 0.13 0.32 0.11 |-0.01 |-0.03 |-0.02 |-0.07 |-0.02 -0.03 (0.06 |0.01 0.01 |-0.02 (0.03 0.02 |-0.03 |[-0.04 |-0.04 |-0.10 |-0.05 -0.05
P2 0.03 [0.02 0.04 0.04 0.19 0.05 |0.02 |-0.010 |0.00 [-0.05 [0.00 0.00 |(0.06 |0.02 0.02 |-0.01 (0.05 0.03 |-0.02 |-0.03 |-0.03 |-0.08 |-0.03 -0.03
P3 0.04 (0.02 0.03 0.02 0.13 0.04 |-0.02 |-0.03 |-0.02 |-0.08 |-0.02 -0.03 |(0.08 |0.03 0.03 |0.01 (0.07 0.04 |-0.02 |[-0.03 |-0.02 |-0.08 |-0.03 -0.03
eBFI P4 0.20 (0.15 0.15 0.21 0.28 0.18 |0.07 ]0.02 ]0.03 [0.00 [0.04 0.03 [0.05 |0.01 0.01 |-0.02 (0.03 0.02 |-0.01 |[-0.03 |-0.02 |-0.07 |-0.03 -0.03
P5 0.00 (0.01 0.00 0.00 0.14 0.01 |0.01 |-0.02 |-0.01 |[-0.06 (0.01 -0.01 (0.01 |-0.01 0.00 |-0.04 |(0.02 -0.01 |0.00 |-0.01 |-0.02 |-0.06 |0.00 -0.02
CP 0.01 (0.00 0.00 -0.03 0.05 0.00 |0.00 |(-0.02 |-0.01 [-0.07 [-0.01 -0.02 |(0.05 |0.01 0.02 |-0.01 (0.04 0.02 |-0.03 |[-0.03 |-0.03 |-0.09 |-0.04 -0.04
P1 0.25 |0.15 0.26 0.28 2.89 0.19 |0.15 ]0.31 059 |0.51 (1.52 0.34 [0.21 |0.15 0.34 ]0.33 (2.78 0.19 |0.41 |056 |0.74 0.72 |2.90 0.64
P2 0.34 (0.20 0.27 0.28 2.22 0.25 |0.23 0.08 ]0.35 |0.31 (1.15 0.17 |0.22 |0.16 0.30 |0.36 (2.87 0.24 |0.33 [0.28 |0.51 |0.48 |2.47 0.40
P3 051 (0.32 0.30 0.36 1.69 0.36 |0.28 |0.11 |0.31 |0.25 (0.83 0.13 |0.27 |0.21 0.31 ]0.37 (2.81 0.28 [0.32 [0.25 |0.48 |0.44 |2.41 0.38
elAFD P4 0.44 (0.44 0.45 0.47 0.46 0.36 |0.36 |0.17 ]0.27 |0.21 (0.89 0.14 |0.17 |0.15 0.26 ]0.20 (2.03 0.11 |0.31 (0.21 |0.38 |0.33 |2.68 0.28
P5 0.60 [0.46 0.41 0.38 0.35 042 |0.46 0.26 ]0.29 |0.27 (0.23 0.26 |0.62 |0.63 0.64 059 [0.24 0.60 [0.72 [0.70 |0.69 |0.67 ]0.45 0.68
CP 029 (0.17 0.29 0.25 1.39 0.21 (0.24 [0.09 (0.35 [0.29 [0.93 0.15 [0.19 |0.13 0.27 |0.27 |2.42 0.14 [0.33 [0.29 |0.52 |0.46 |2.28 0.41
P1 1.09 |0.55 0.15 0.51 0.94 0.56 |0.44 1.15 [0.27 |0.96 ]0.80 0.30 [0.29 |1.78 0.01 |0.09 (0.23 0.30 |0.43 |1.56 1.05 |0.67 ]0.32 0.40
P2 1.06 ]0.01 0.11 0.24 0.53 0.28 |0.36 1.04 0.08 0.92 0.60 0.33 0.75 2.13 0.05 0.12 (0.18 0.44 ]0.59 1.72 0.65 0.68 0.74 0.04
P3 1.24 1.23 0.67 0.03 0.30 0.13 |0.12 0.94 0.37 0.94 0.79 0.39 0.92 2.29 0.20 0.11 (0.11 0.45 |0.65 1.75 0.61 0.70 0.75 0.05
eSEL P4 1.61 0.58 0.93 0.45 0.81 0.74 |0.01 111 0.14 0.79 0.72 0.03 0.58 1.95 0.11 0.08 (0.23 0.25 [0.60 1.98 0.54 0.94 0.70 0.33
P5 1.04 |231 2.23 0.01 0.37 0.06 |0.59 0.52 0.33 1.02 0.93 0.68 0.71 1.25 0.55 0.05 [0.30 0.04 |0.75 2.24 0.29 0.50 0.52 0.20
CP 0.95 0.01 0.40 0.06 0.14 0.12 |0.15 0.96 0.29 0.96 0.76 0.37 0.69 2.05 0.03 0.10 (0.20 0.38 |0.23 1.67 0.88 0.65 0.69 0.03
P1 0.01 {0.03 0.17 0.16 0.05 0.05 |0.08 0.13 0.12 0.29 0.30 0.13 0.02 |0.16 0.14 |0.22 |(0.04 0.10 |0.15 0.11 0.13 0.13 0.11 0.11
P2 0.01 (0.02 0.18 0.17 0.06 0.04 |0.00 0.09 0.07 0.29 0.44 0.09 0.08 |0.19 0.23 0.25 [0.02 0.17 |0.16 0.11 0.16 0.18 0.07 0.13
P3 0.02 0.04 0.19 0.15 0.11 0.04 |0.16 0.15 0.22 0.34 0.19 0.19 0.15 |0.21 0.28 0.27 [0.06 0.21 |0.17 0.12 0.17 0.19 0.06 0.14
¢ACL P4 0.08 0.01 0.15 0.16 0.07 0.08 |0.13 0.15 0.19 0.36 0.20 0.18 0.07 |0.18 0.22 0.25 (0.01 0.15 ]0.32 0.25 0.30 0.30 0.07 0.27
P5 0.11 0.15 0.04 0.04 0.02 0.09 0.23 0.15 0.30 0.38 0.07 0.22 0.05 |0.14 0.23 0.23 [0.00 0.13 |0.12 0.11 0.16 0.18 0.11 0.12
CP 0.02 0.01 0.16 0.15 0.04 0.04 |0.11 0.13 0.18 0.33 0.27 0.16 0.08 |0.19 0.23 0.25 [0.02 0.16 [0.15 0.10 0.15 0.17 0.09 0.12
P1 0.11 |0.07 0.14 0.03 0.09 0.06 |0.02 0.05 0.16 0.11 0.01 0.02 0.00 |0.04 0.17 0.12 [0.07 0.05 |0.17 0.03 0.31 0.11 0.16 0.13
P2 0.11 (0.06 0.12 0.02 0.09 0.06 |0.03 0.10 0.09 0.10 0.02 0.02 0.07 |0.06 0.21 0.11 (0.10 0.09 |0.23 0.02 0.29 0.12 0.24 0.14
P3 0.13 0.01 0.05 0.01 0.11 0.04 |0.09 0.08 0.17 0.09 0.02 0.02 0.13 |0.06 0.21 0.10 (0.09 0.11 |0.24 0.03 0.29 0.12 0.25 0.14
gAC12 P4 0.10 |(0.03 0.03 0.11 0.13 0.01 0.08 0.13 0.11 0.10 0.04 0.01 0.07 |0.05 0.21 0.11 (0.09 0.09 |0.29 0.07 0.34 0.21 0.33 0.21
P5 0.05 0.00 0.00 0.13 0.05 0.04 |0.15 0.14 0.16 0.08 0.01 0.01 0.08 |0.03 0.18 0.08 [0.05 0.06 |0.24 0.02 0.20 0.10 0.23 0.11
CP 0.10 (0.07 0.13 0.02 0.08 0.06 |0.07 0.09 0.15 0.10 0.00 0.01 0.07 |0.05 0.21 0.11 (0.10 0.09 |[0.22 0.02 0.28 0.10 0.21 0.13
P1 0.00 |0.13 0.18 0.05 0.97 0.10 |0.00 0.24 0.20 0.46 1.76 0.19 0.12 |0.20 0.21 0.02 [2.37 0.14 |0.01 0.35 0.43 0.67 BN 0.33
P2 0.16 (0.00 0.06 0.07 1.15 0.04 |0.16 0.00 0.06 0.12 1.24 0.04 0.11 |0.14 0.18 0.06 [2.37 0.11 |0.23 0.00 0.03 0.22 2.52 0.02
P3 0.40 (0.01 0.00 0.05 0.80 0.13 |0.18 0.04 0.06 0.16 0.80 0.03 0.12 |0.14 0.18 0.03 [2.14 0.12 |0.27 0.05 0.02 0.16 2.38 0.07
&STD P4 0.15 0.04 0.06 0.03 0.35 0.03 |0.25 0.08 0.17 0.02 0.68 0.13 0.24 |0.26 0.30 0.09 1.79 0.24 ]0.38 0.21 0.14 0.01 2.29 0.19
P5 0.74 (0.48 0.37 0.49 0.00 0.52 0.35 0.11 0.25 0.06 0.00 0.20 0.63 |0.65 0.68 0.59 [0.02 0.64 |0.77 0.73 0.73 0.68 0.02 0.73
CP 0.10 (0.03 0.09 0.05 111 0.00 |0.16 0.06 0.03 0.19 0.95 0.01 0.18 |0.20 0.24 0.02 |[2.06 0.17 |0.22 0.01 0.04 0.23 2.47 0.01
P1 0.52 0.11 0.13 0.34 29.30 0.54 ]0.25 0.50 0.53 0.71 3.04 0.50 1.15 (0.28 0.05 0.14 12.59 0.51 [0.90 0.98 0.99 0.99 0.91 0.98
P2 0.60 [0.25 0.15 0.08 20.87 0.31 0.04 0.22 0.09 0.53 5.00 0.28 1.60 (0.15 0.12 0.25 15.31 0.61 |0.45 0.79 0.73 0.77 1.58 0.66
P3 0.88 0.08 0.00 0.07 17.82 0.38 |0.42 0.55 0.57 0.67 2.78 0.60 1.66 [0.20 0.33 0.26 18.79 0.75 ]0.32 0.78 0.71 0.74 1.87 0.63
sted P4 0.99 0.46 0.04 0.03 5.26 0.40 |0.34 0.44 0.13 0.20 5.12 0.11 0.97 |0.12 0.18 0.13 10.37 0.17 |0.07 0.63 0.67 0.78 4.34 0.55
P5 0.21 0.61 0.66 0.56 4.06 0.44 |0.46 0.58 0.60 0.75 0.59 0.64 0.45 ]0.80 0.75 0.76 1.29 0.71 |0.65 0.84 0.81 0.83 1.46 0.74
CP 0.33 0.44 0.42 0.31 11.36 0.08 |0.30 0.48 0.36 0.72 3.22 0.52 1.27 |(0.01 0.02 0.07 12.66 0.38 |0.67 0.88 0.86 0.88 0.33 0.81
P1 0.00 |0.02 0.00 0.02 0.24 0.06 |0.01 0.08 0.03 0.05 0.18 0.00 0.00 |0.02 0.00 0.02 [0.24 0.06 |0.26 0.35 0.32 0.36 0.18 0.30
P2 0.00 (0.02 0.00 0.02 0.24 0.06 |0.00 0.00 0.00 0.00 0.23 0.05 0.00 |0.02 0.00 0.02 [0.24 0.06 |0.00 0.00 0.02 0.01 0.24 0.05
P3 0.00 (0.02 0.00 0.02 0.24 0.06 |0.03 0.07 0.04 0.07 0.18 0.01 0.00 |0.02 0.00 0.02 [0.24 0.06 |0.00 0.01 0.01 0.01 0.24 0.05
PO P4 0.00 (0.02 0.00 0.02 0.24 0.06 |0.00 0.00 0.00 0.02 0.24 0.05 0.00 ]0.02 0.00 0.02 (0.24 0.06 |0.06 0.03 0.03 0.00 0.24 0.02
P5 0.00 (0.02 0.00 0.02 0.24 0.06 |0.00 0.04 0.01 0.01 0.22 0.03 0.01 |0.01 0.01 0.00 [0.23 0.04 |0.00 0.00 0.01 0.02 0.24 0.05
CP 0.00 (0.02 0.00 0.02 0.24 0.06 |0.00 0.04 0.01 0.03 0.19 0.02 0.00 |0.02 0.00 0.02 [0.24 0.06 (0.05 0.11 0.09 0.08 0.16 0.04
P1 0.06 |0.13 0.11 0.17 0.53 0.20 |0.16 0.22 0.17 0.17 0.15 0.11 0.03 |0.00 0.03 0.10 (0.43 0.12 |0.41 0.43 0.40 0.41 0.06 0.34
P2 0.06 0.13 0.11 0.17 0.53 0.20 |0.08 0.10 0.06 0.02 0.24 0.01 0.05 |0.04 0.07 0.14 (0.48 0.16 |0.22 0.24 0.24 0.19 0.06 0.16
P3 0.06 0.11 0.11 0.17 0.53 0.20 |0.16 0.25 0.17 0.17 0.15 0.12 0.06 |0.08 0.10 0.16 [0.53 0.19 |0.19 0.24 0.20 0.19 0.10 0.14
D20 P4 0.06 0.13 0.11 0.17 0.50 0.19 0.03 0.02 0.07 0.07 0.32 0.10 0.02 |0.01 0.04 10.08 (0.39 0.10 |0.15 0.19 0.13 0.13 0.19 0.08
P5 0.06 0.13 0.11 0.17 0.42 0.17 0.13 0.20 0.14 0.19 0.04 0.12 0.17 ]0.23 0.19 0.22 [0.09 0.14 |0.17 0.23 0.21 0.16 0.07 0.14
CP 0.02 0.04 0.05 0.11 0.45 0.14 ]0.13 0.19 0.15 0.13 0.18 0.08 0.04 ]0.02 0.05 0.11 (0.44 0.13 |0.27 0.27 0.29 0.27 0.01 0.22




Table S 6. Percentage of acceptable transfers for hydrologic signatures.

Model Transfer (number of transfers)
Calibrat  wet-wet wet-avg wet-dry avg-wet avg-avg avg-dry dry-wet dry-avg
ion
(6) ) (6) ) (6) (6) @) @ @)
elAFD
abcd 50 0 33 0 0 33 0 0 0
Budyko 83 0 50 0 33 67 0 0 0
GR2M 83 0 50 0 50 67 0 0 0
WASMOD 0 0 0 0 0 17 0 0 0
eBFI
abcd 67 100 67 0 67 67 33 100 100
Budyko 100 100 100 100 100 100 100 100 100
GR2M 100 100 100 100 100 100 100 100 100
WASMOD 100 100 100 100 100 100 100 100 100
eP0
abcd 83 100 100 0 100 100 0 100 100
Budyko 83 100 100 0 100 100 0 100 100
GR2M 83 100 100 0 100 100 0 100 100
WASMOD 67 50 50 0 100 83 0 100 100
eSTD
abcd 100 50 100 0 100 100 0 0 0
Budyko 100 100 83 0 100 100 0 50 100
GR2M 100 100 100 0 83 83 0 0 0
WASMOD 100 0 50 0 83 100 0 0 0
eSEL
abcd 33 50 33 0 17 50 33 0 67
Budyko 17 100 17 0 83 17 0 50 0
GR2M 50 50 50 50 50 50 67 0 67
WASMOD 17 0 17 0 17 17 0 50 33
eACl
abcd 100 100 100 100 100 100 100 100 100
Budyko 67 100 67 50 100 67 0 0 33
GR2M 67 100 33 100 50 67 100 50 67
WASMOD 83 100 100 100 67 67 100 100 100
eACI12
abcd 100 100 100 100 100 100 100 100 100
Budyko 100 100 100 100 100 100 100 100 100
GR2M 83 100 100 100 50 100 100 100 100
WASMOD 50 0 100 50 0 83 0 0 100
€D20
abcd 17 50 0 0 67 17 0 50 0
Budyko 50 0 0 0 67 67 0 0 0
GR2M 67 100 33 0 100 33 0 0 0
WASMOD 17 0 0 50 0 17 67 0 0
€Q5
abcd 0 0 0 0 0 0 0 0 0
Budyko 0 0 0 0 0 0 0 0 0
GR2M 0 50 0 0 17 0 0 0 0
WASMOD 17 0 0 0 0 0 0 0 0
£Q20
abcd 0 0 0 0 0 17 0 50 0
Budyko 17 0 0 0 33 17 0 0 0
GR2M 17 50 17 0 33 17 0 0 0
WASMOD 0 0 0 0 0 0 0 0 0
Q50
abcd 67 50 50 0 33 17 0 50 0
Budyko 33 0 0 0 50 17 0 0 0
GR2M 33 50 33 0 50 83 0 0 0
WASMOD 0 0 0 0 17 0 33 0 0
€Q80
abcd 67 50 67 0 50 67 0 0 0
Budyko 50 50 17 50 33 33 67 50 33
GR2M 0 0 0 0 0 0 0 0 0
WASMOD 50 0 67 50 0 67 0 0 0




Model Transfer (number of transfers)
Calibrat  wet-wet wet-avg wet-dry avg-wet avg-avg avg-dry dry-wet dry-avg
ion
(6) (@3] (6) (@3] (6) (6) @) (3] @)
€Q95
abcd 83 50 50 0 100 100 0 0 33
Budyko 83 50 67 0 100 100 0 50 67
GR2M 67 100 83 0 67 83 0 0 0
WASMOD 100 50 50 0 100 100 0 0 0
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Figure S 5. Errors in low flows error (5" flow percentile), egs. Black cells denote
simulations with ggs outside the acceptance range (eqgs > 0.25).
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Figure S 6. Errors in low flows error (20" flow percentile), eqzo. Black cells denote
simulations with eq2o outside the acceptance range (gq20 > 0.25).
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Figure S 7. Errors in mid flows error (50" flow percentile), oso. Black cells denote
simulations with egso outside the acceptance range (eqgso > 0.25).
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Figure S 8. Errors in high flows error (80" flow percentile), eoso. Black cells denote
simulations with gggo outside the acceptance range (egso > 0.25).
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Figure S 9. Errors in high flows (95" flow percentile), eqes. Black cells denote
simulations with €ges outside the acceptance range (eqos > 0.25).
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Figure S 10. Errors in baseflow index, egri. Black cells denote simulations with &g
outside the acceptance range (egr1 > 0.1).
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Figure S 11. Errors in intra-annual flow distribution, €arp. Black cells denote
simulations with garp outside the acceptance range (eiarp > 0.25).
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Figure S 12. Error in streamflow elasticity, eseL. Black cells denote simulations with
eseL outside the acceptance range (eseL > 0.1).
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Figure S 13. Errors in lag 1 autocorrelation, eac1. Black cells denote simulations with
eac1 outside the acceptance range (eac1 > 0.25).

abed i Budyke

Validation

Validation

0.0S 0as

P P4 Pl P2 P3 P4
Calibration Calibeation

Validation
Validation

oS 0nos

P3

Calibration Calibration

Figure S 14. Errors in lag 12 autocorrelation, eaci12. Black cells denote simulations with
eac12 outside the acceptance range (eac12 > 0.25).
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Figure S 15. Errors in standard deviation, &;. Black cells denote simulations with &5

outside the acceptance range (€5 > 0.25).
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Figure S 16. Errors in percentage of zero flows, epo. Black cells denote simulations with

epo outside the acceptance range (epo > 0.1).
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C.3 Limits of model transferability
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Figure S 18. NSEsqrt vs. change in climate indices
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Figure S 19. RSR vs. change in climate indices
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Figure S 20. VE vs. change in climate indices
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Figure S 21. &gs vs. change in climate indices

abed

Q20
:

20 0 20
AP (%)
GRIM

20

Q

2000

0

AP (%)

Budyko
2000
f=1
i
=
1] P
20 0 20
AP (%)
WASMOD
2000
(=3
[
& 2000
n o3 &
-20 0 20
AP (%)

Figure S 22. eq20 vs. change in climate indices
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Figure S 24. gqso Vs. change in climate indices
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Figure S 25. gqos vs. change in climate indices
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Figure S 26. egri vs. change in climate indices
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Figure S 27. eiarp Vs. change in climate indices
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Figure S 28. eseL vs. change in climate indices
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Figure S 29. eac1 vs. change in climate indices
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C.4 Water balance components
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Figure S 34. Simulated actual evapotranspiration E with parameter sets from the six
calibration periods.
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Figure S 37. Simulated baseflow Qp with parameter sets from the six calibration
periods.
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Figure S 38. Simulated direct/surface flow Qg with parameter sets from the six
calibration periods.
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C.5 Parameter correlations to climate indices

Table S 7. Spearman rank correlation coefficients between the model parameters and
the selected hydroclimatic indices.

Parameters P PET Tavg Qavg AR VO/P

abcd

a 0.714 -0.771 -0.200 0.543 -0.714 0.543

b -0.086 0.314 -0.257 -0.600 0.086 -0.600
c -0.029 -0.029 0.600 0.371 0.029 0.371

d 0.486 -0.429 0.143 0.429 -0.486 0.429

Budyko

a 0.200 -0.257 0.143 0.600 -0.200 0.600

b -0.714 0.771 0.200 -0.543 0.714 -0.543
Smax 0.829 -0.771 -0.486 0.486 -0.829 0.486

d -0.771 0.657 0.257 -0.543 0.771 -0.543
GR2M

X1 0.486 -0.600 -0.600 0.314 -0.486 0.314

X2 -0.371 0.429 0.029 -0.829 0.371 -0.829
WASMOD

al -0.600 0.486 0.714 -0.086 0.600 -0.086
a2 0.377 -0.232 0.058 -0.116 -0.377 -0.116

a3 -0.829 0.771 0.486 -0.486 0.829 -0.486




C.6 Hydrographs
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Figure S 46. Hydrographs obtained in the calibration in the P1 period.
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Figure S 47. Hydrographs simulated in the P2 period with the P1 parameter set.
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Figure S 48. Hydrographs simulated in the P3 period with the P1 parameter set.

abed

120
108
96
34

o

60
48
36
q
12 f.‘ “ l
o b e SN IR
1993 1994 1905

RunofT (mm/month)

1996

120
108
96
84
2
(4]
a8
16
24} |
12 f\ It
o bl
1993

Runoff (mm/month)

\ N .

1994 1995 1996

A
1908

1998

T il

120

144
168
192
216
o 54
1999 2000

Wy \__‘f‘. w0

1999

240
2000

Rainfall (mm/month)

Rainfall (mm/month)

Mol - ===

120
108
96
84

7

o0
48
36
24

l"

Runoff (mm/month)

199

120
108

Runoff (mm/month)

24

12

0
1993

2 A&
O \;.’i.\s..{'»

Observed
Budvko

'

l
4ok
\

)
\ A

l

3 O199%4 1995 1996 199R%

WASMOD

Ee—

--::.s
- —

|

Ia b
\ ]
AN ~-_J Jt
3 1994 199 5

1996 1998

1999

1999

e b L A AAL iln o

-_.Ju... - 'A,--/ Al

120
144
168
192
216

240
2000

192
216

240
2000

Figure S 49. Hydrographs simulated in the P4 period with the P1 parameter set.
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Hydrographs simulated in the P5 period with the P1 parameter set.
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Figure S 51. Hydrographs simulated in the P1 period with the P2 parameter set.
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Figure S 52. Hydrographs obtained in the calibration in the P2 period.
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Figure S 53. Hydrographs simulated in the P3 period with the P2 parameter set.
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Figure S 54. Hydrographs simulated in the P4 period with the P2 parameter set.
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S 55. Hydrographs simulated in the P5 period with the P2 parameter set.
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Figure S 56. Hydrographs simulated in the P1 period with the P3 parameter set.
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Figure S 57. Hydrographs simulated in the P2 period with the P3 parameter set.
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Figure S 58. Hydrographs obtained in the calibration in the P3 period.
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Figure S 59. Hydrographs simulated in the P4 period with the P3 parameter set.
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Figure S 60. Hydrographs simulated in the P5 period with the P3 parameter set.
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Figure S 61. Hydrographs simulated in the P1 period with the P4 parameter set.
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Figure S 62. Hydrographs simulated in the P2 period with the P4 parameter set.
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Figure S 63. Hydrographs simulated in the P3 period with the P4 parameter set.
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Figure S 64. Hydrographs obtained in the calibration in the P4 period.
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Figure S 65. Hydrographs simulated in the P5 period with the P4 parameter set.
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Figure S 66. Hydrographs simulated in the P1 period with P5 parameter set.
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Figure S 67. Hydrographs simulated in the P2 period with the P5 parameter set.
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Figure S 68. Hydrographs simulated in the P3 period with the P5 parameter set.
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Figure S 69. Hydrographs simulated in the P4 period with the P5 parameter set.
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Figure S 70. Hydrographs obtained in the calibration in the P5 period.
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Figure S 71. Hydrographs simulated in the P1 period with the CP parameter set.

Rainfall (mm/month)

Rainfall (mm/month)



T i)

160 0
144 28
é‘ 128 56
£ 112 84
£ 9% 12
£
£ 80 140
= o4 168
E M 196
& 32 | ’A‘ 224
16 A j'i A ,J' fl 1252
0 .L‘Jkt.‘l LT "‘.4_._.'_} AY 280
1977 1978 1979 1980 1982 1983 1984
160 GR2M 0
144 28
g 128 56
£ 112 84
S 96 12
£ S0 130
= 64 168
é 48 H 196
32 : A 224
{4 ]
16 ’ A [,‘ /\‘ “ J\ ‘I\ 252
0 b o LA LA (N oo LAJIN 280
1977 1978 1979 1980 1982 1983 1984

Ramfall (mm/month)

Rainfall (mm/month)

Model -+~

160
144
128
112

Runoff (mm/month)

!
|
|

Runoff (mm/month)

96
50
64
48
32
16

0

1977

60
a4
28
11
O
80
(2
48
32
16

,.
o

1977

i
La A NN

Observed

Budvko

INTS

1978 1979 1980 1982

WASMOD

1983

Il )

r ,' ‘r: ’ ‘
- \--..4“ - '\..; k--_...." 1‘
1978 1979 1980 1982 1983

LA

112
140
168
196
224

15

+ 280
1984

12
140
168
196
224
N 252
280
1984

Figure S 72. Hydrographs simulated in the P2 period with the CP parameter set.
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Figure S 73. Hydrographs simulated in the P3 period with the CP parameter set.
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Figure S 74. Hydrographs simulated in the P4 period with the CP parameter set.

I i fall -
40 abed 0
16 20
= 12 40
E28¢ 60
£ 24} 80
E 20 100
= 16 120
£ 12 140
eoglk o\ : 160
4 j A\ N A n X 180
o LA S8 PNl A AN Asgg
2001 2002 2003 2004 2006 2007 2008
40 GR2M 0
6 20
= 32 40
E 28 60
E 24 80
E 20 100
= 16 120
gt 140
st f\ | —1— 1160
arpl ARA /\ A 41180
AL LN LW S0V AN (1 S ASET
2000 2002 2003 2004 2006 2007 2008

Rainfall (mm/month)

Rainfall (mm/month)

Model

Runoff (mm/month)

Runoff (mm/month)

== Observed

40 Budyvko

36
32
2%}
24+
20
16

l’

8

4 N | T A 1180
— ey 13

0 ﬂ(\ [l T IS5 IV A :()“

2000 2002 2003 2004 2006 2007 2008

40 WASMOD 0
36 20
32 40
28 60
24 1 80
20 <100
16 1120
12 ‘ <140
8F | :‘ fl Jr-, lv ﬂ < 160
b J i | | I\ I . 180
: :) \ P 23 gA W ) A [h A ;0“

2001 2002 2003 2004 2006 2007 2008

Figure S 75. Hydrographs simulated in the P5 period with the CP parameter set.
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Figure S 76. Hydrographs simulated in calibration in the CP period.
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Figure S 77. Inter-annual flow distribution simulated with the abcd model.
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Figure S 78. Inter-annual flow distribution simulated with the GR2M model.
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C.8 Rainfall-runoff (Q-P) relationships
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Figure S 80. The Q-P relationships simulated by MWB models in the complete period
with the CP (left panels) and P1 parameter sets (right panels). Slope of each regression
line p1 is given in the graphs.
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Figure S 81. Q-P relationships obtained from the observed and simulated annual runoff
with the P2 (left panels) and P4 parameter sets (right panels). Slope of each regression

line p1 is given in the graphs.



C.9 GLUE results
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Figure S 82. Boxplot of GLUE behavioural parameters



Table S 8. Relative ranges of simulated water balance components (SRre) with GLUE
behavioural parameters across the simulation periods

Model SRyrel

P1 P2 P3 P4 P5 cP mean

Actual evapotranspiration, E
abcd 0.28 0.20 0.20 0.24 0.36 0.21 0.25
Budyko 0.10 0.08 0.09 0.09 0.09 0.08 0.09
GR2M 0.07 0.05 0.04 0.07 0.08 0.05 0.06
WASMOD  0.02 0.13 0.11 0.10 0.19 0.06 0.10
Soil water storage, S
abcd 1.84 0.63 0.73 1.23 2.37 1.01 1.30
Budyko 0.21 0.17 0.14 0.15 0.12 0.15 0.16
GR2M 0.26 0.19 0.18 0.25 0.43 0.20 0.25
WASMOD  0.05 0.31 0.24 0.23 0.52 0.14 0.25
Groundwater storage, G
abcd 2.22 2.90 76.91 264 75.88  2.30 27.14
Budyko 2.43 2.33 0.94 0.98 1.82 1.36 1.64
GR2M 0.20 0.13 0.09 0.08 0.45 0.11 0.18
Baseflow, Qp
abcd 52.5 2055  2075.1 1.6 15.3 27109 8435
Budyko 1.2 1.1 0.7 0.7 0.8 0.8 0.9
WASMOD 0.2 0.5 0.3 0.4 0.6 0.3 0.4
Direct runoff, Qq
abcd 0.50 0.44 0.54 0.78 0.78 0.46 0.58
Budyko 0.37 0.34 0.53 0.37 0.62 0.36 0.43
WASMOD  0.06 0.16 0.28 0.25 0.55 0.13 0.24
Total runoff, Q

abcd 0.39 0.42 0.45 0.52 0.72 0.39 0.48
Budyko 0.44 0.40 0.46 0.46 0.71 0.39 0.48
GR2M 0.05 0.04 0.04 0.04 0.07 0.03 0.04
WASMOD 0.05 0.14 0.18 0.21 0.43 0.10 0.18
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