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1 Content

This supplementary materials file contains additional figures and tables to support the analysis of the
results presented in the main manuscript. The methodology used to obtain these results is explained in
the main manuscript.

The following sections are presented:

= Section 2: Monthly time series of rainfall and temperature
Figure S1 to Figure S4

= Section 3: Annual time series of rainfall and temperature
Figure S5 to Figure S8

= Section 4: Spatial long-term averages of rainfall and temperature
Figure S9 to Figure S10

= Section 5: Temporal long-term averages of rainfall and temperature
Figure S11 to Figure S14

= Section 6: Ranking of rainfall and temperature datasets
Figure S15

= Section 7: Daily time series of streamflow
Figure S16

= Section 8: Model performance for streamflow
Figure S17 to Figure S26; Table S1 and Table S18

= Section 9: Model performance for terrestrial water storage
Figure S27 to Figure S42; Table S19

= Section 10: Model performance for soil moisture
Figure S43 to Figure S60; Table S20 to Table S21

= Section 11: Model performance for evaporation
Figure S61 to Figure S78; Table S22 to Table S23

= Section 12: Model parameters
Figure S79 to Figure S80; Table S24



2 Monthly time series of rainfall and temperature
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Figure S1. Time series of monthly rainfall over the period 2003-2012, averaged over four climatic zones (a, b, ¢
and d) for 17 rainfall datasets.
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Figure S2. Time series of monthly average air temperature over the period 2003-2012, averaged over four climatic
zones (a, b, ¢ and d) for 6 temperature datasets.
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Figure S3. Time series of monthly maximum air temperature over the period 2003-2012, averaged over four
climatic zones (a, b, ¢ and d) for 6 temperature datasets.
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Figure S4. Time series of monthly minimum air temperature over the period 2003-2012, averaged over four
climatic zones (a, b, ¢ and d) for 6 temperature datasets.



3 Annual time series of rainfall and temperature
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Figure S5. Time series of annual rainfall over the period 2003-2012, averaged over four climatic zones (a, b, ¢ and
d) for 17 rainfall datasets.
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Figure S6. Time series of annual average air temperature over the period 2003-2012, averaged over four climatic
zones (a, b, ¢ and d) for 6 temperature datasets.
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Figure S7. Time series of annual maximum air temperature over the period 2003-2012, averaged over four climatic
zones (a, b, ¢ and d) for 6 temperature datasets.
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Figure S8. Time series of annual minimum air temperature over the period 2003-2012, averaged over four climatic
zones (a, b, ¢ and d) for 6 temperature datasets.



4 Spatial long-term averages of rainfall and temperature
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Figure S9. Mean annual rainfall totals over the period 2003-2012 for 17 rainfall datasets the Volta River basin
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Figure S10. Mean annual air temperature (average (a), maximum (b) and minimum (c)) over the period 2003-2012
for 6 temperature datasets in the Volta River basin



5 Temporal long-term averages of rainfall and temperature
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Figure S11. Climatology of mean monthly rainfall totals over the period 2003-2012, averaged over four climatic
zones (a, b, ¢ and d). The colored bars represent 17 rainfall datasets.
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Figure S12. Climatology of mean monthly average air temperature over the period 2003-2012, averaged over four
climatic zones (a, b, ¢ and d). The colored bars represent 6 temperature datasets.
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Figure S13. Climatology of mean monthly minimum air temperature over the period 2003-2012, averaged over
four climatic zones (a, b, ¢ and d). The colored bars represent 6 temperature datasets.
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Figure S14. Climatology of mean monthly maximum air temperature over the period 2003-2012, averaged over
four climatic zones (a, b, ¢ and d). The colored bars represent 6 temperature datasets.



6 Ranking of rainfall and temperature datasets

Top 5 rainfall datasets for a given temperature dataset
1 2 | 3 | 4 5
Temporal dynamics of Q
JRA-55 TAMSAT GSMaP-std CHIRPS MERRA-2 CMORPH-CRT
MERRA-2 TAMSAT GSMaP-std PERSIANN-CDR CHIRPS CMORPH-CRT
EWEMBI TAMSAT GSMaP-std CHIRPS MERRA-2 ARC
WEFDEI TAMSAT GSMaP-std CHIRPS MERRA-2 ARC
ERAS CHIRPS TAMSAT CMORPH-CRT GSMaP-std ARC
PGF v3 TAMSAT GSMaP-std  PERSIANN-CDR CHIRPS MERRA-2
| Temporaldynamicsofst |
JRA-55 CMORPH-CRT ARC RFE TAMSAT CHIRPS
MERRA-2 ARC RFE TRMM 3B42-RT WFDEI-CRU CHIRPS
EWEMBI ARC CHIRPS TRMM 3B42-RT  GSMaP-std ERAS
WEDEI ARC CHIRPS TRMM 3B42-RT  GSMaP-std ERAS
ERAS ARC RFE CMORPH-CRT TAMSAT TRMM 3B42-RT
PGF v3 CMORPH-CRT RFE ARC CHIRPS TAMSAT
Temporal dynamics of Su
JRA-55 WFDEI-GPCC EWEMBI MERRA-2 PGF TAMSAT
MERRA-2 MERRA-2 WEDEI-GPCC EWEMBI PERSIANN-CDR ERAS
EWEMBI WEFDEI-CRU PGF PERSIANN-CDR MERRA-2 GSMaP-std
‘3 WEFDEI WEFDEI-CRU PGF PERSIANN-CDR MERRA-2 GSMaP-std
§ ERAS WEFDEI-GPCC EWEMBI MERRA-2 PGF ERAS
'§ PGF v3 WEFDEI-GPCC EWEMBI WFDEI-CRU MERRA-2 TAMSAT
§ Temporal dynamics of Ea
g JRA-55 ARC RFE TAMSAT WEFDEI-GPCC EWEMBI
g— MERRA-2 ARC CMORPH-CRT RFE WEFDEI-GPCC EWEMBI
2 |EWEMBI RFE GSMaP-std ARC TAMSAT PERSIANN-CDR
WEDEI RFE GSMaP-std ARC TAMSAT PERSIANN-CDR
ERAS ARC RFE WEDEI-GPCC EWEMBI GSMaP-std
PGF v3 TAMSAT WEFDEI-GPCC EWEMBI WEFDEI-CRU ARC
JRA-55 WEFDEI-GPCC EWEMBI TAMSAT MSWEP RFE
MERRA-2 MSWEP PGF ARC WEFDEI-CRU WEFDEI-GPCC
EWEMBI TAMSAT PERSIANN-CDR MSWEP WEFDEI-GPCC EWEMBI
WEDEI TAMSAT PERSIANN-CDR MSWEP WEFDEI-GPCC EWEMBI
ERAS MSWEP RFE WEFDEI-GPCC EWEMBI WEFDEI-CRU
PGF v3 RFE TAMSAT MSWEP ARC MERRA-2
Spatial patterns of Ea
JRA-55 TAMSAT WFDEI-GPCC EWEMBI MSWEP MERRA-2
MERRA-2 MSWEP CHIRPS MERRA-2 WEDEI-CRU PGF
EWEMBI PERSIANN-CDR TAMSAT MSWEP WEFDEI-GPCC EWEMBI
WEFDEI PERSIANN-CDR TAMSAT MSWEP WEDEI-GPCC EWEMBI
ERAS MSWEP MERRA-2 WEDEI-GPCC EWEMBI PERSIANN-CDR
PGF v3 MSWEP CHIRPS TAMSAT MERRA-2 PERSIANN-CDR

Figure S15. Best rainfall-temperature dataset combinations for simulating the spatial patterns and the temporal
dynamics of streamflow (Q), terrestrial water storage (S;), soil moisture (S.) and actual evaporation (E,) in the

Volta River basin.



7 Daily time serles of streamflow
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Figure S16. Hydrographs at 11 different gauging stations in the VRB during the modelling period comprised of
the calibration period (2003-2008) and the evaluation period (2009-2012).
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8 Model performance for streamflow
8.1 Ranking of rainfall and temperature datasets

8.1.1 Combined calibration and evaluation periods

Table S1. Ranking of rainfall and temperature datasets based on median Nash-Sutcliffe efficiency (Ens) of
streamflow (Q) over the simulation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of Q Temperature datasets _
Simulation period Rank - | Rank-
2003-2012 JRA-55 |MERRA-2|EWEMBI| WEFDEI ERAS PGF v3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.745 0.758 0.748 0.748 0.721 0.749 | 0.74 | 1.66 1 7
CHIRPS v2.0 0.742 0.732 0.740 0.740 0.735 0.742 | 0.74 | 0.57 2 1
ARCVv2.0 0.682 0.695 0.688 0.688 0.659 0.683 | 0.68 | 1.82 10 10
RFEv2.0 0.684 0.701 0.703 0.703 0.662 0.684 | 0.69 | 2.35 8 14
MSWEP v2.2 0.688 0.687 0.688 0.688 0.695 0.697 | 0.69 | 0.62 7 2
" GSMaP-std v6 0.670 0.692 0.712 0.712 0.692 0.692 0.70 | 2.25 6 13
§ PERSIANN-CDR v1rl| 0.738 0.710 0.743 0.743 0.740 0.737 | 074 | 1.71 3 8
% CMORPH-CRT v1.0 0.685 0.691 0.696 0.696 0.724 0.686 | 0.70 | 2.07 4 12
: TRMM 3B42 v7 0.566 0.607 0.601 0.601 0.584 0.580 | 0.59 | 2.66 14 15
ug TRMM 3B42-RT v7 0.577 0.573 0.582 0.582 0.556 0.572 057 | 1.71 15 9
'&_ﬂ PGF v3 0.677 0.704 0.700 0.700 0.691 0.700 | 0.70 | 1.43 5 6
ERAS 0.526 0.572 0.539 0.539 0.569 0.495 0.54 | 5.26 16 16
WFDEI-GPCC 0.674 0.665 0.677 0.677 0.687 0.680 | 0.68 | 1.06 11 4
WFDEI-CRU 0.653 0.625 0.656 0.656 0.641 0.642 | 0.65 | 1.85 13 11
EWEMBIv1.1 0.674 0.665 0.677 0.677 0.687 0.680 | 0.68 | 1.06 11 4
MERRA-2 0.691 0.690 0.688 0.688 0.673 0.691 | 0.69 | 1.00 9 3
JRA-55 0441 0503 0439 0440 0469 0468 | 046 | 546 [INaz0 | 47 |
g |Mean 065 | 0.66 | 066 | 066 | 0.66 | 0.66
S 5 |V2(%) 123 9.9 121 | 121 | 111 | 123
o C
% © |Rank -on mean 3 2 1 4 5
=
©
& [Rank-onV:2 1 4 3 2 5

Table S2. Ranking of rainfall and temperature datasets based on median Nash-Sutcliffe efficiency of the logarithm
(Ensiog) of streamflow (Q) over the simulation period. The mean and the second-order coefficient of variation (7>)
are calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of log Q Temperature datasets _
Simulation period Rank- | Rank-
zoos-zopu JRAS5 |MERRA-2| EWEMBI| WFDEI | ERAS | PGFV3 | Mean V2 (%)| "~ | “*1
TAMSAT v3.0 0694 0724 0693 0693 0713 0705 | 070 | 181 | 2 15
CHIRPS v2.0 0703 069 0704 0704 0694 0695 | 070 | 090 | 3 7
ARC V2.0 0692 0709 0690 0690 0688 0691 | 069 | 113 | 4 10
RFE v2.0 0673 0676 0649 0649 0668 0.668 | 066 | 1.77 | 12 14
MSWEP v2.2 0652 0656 0646 0.646 0.646 0654 | 0.65 | 0.68 | 14 4
 |GSMaP-stdvé 0653 0640 0648 0648 0636 0.652 | 065 | 1.07 | 15 9
% [PERSIANN-CDRvirl| 0714 0707 0711 0711 0706 0717 | 071 | 060 | & 3
£ |CMORPH-CRTVLO | 0.670 0678 0659 0659 0676 0663 | 067 | 1.25 | 10 13
S [TRMM3B42v7 0667 0670 0646 0.646 0677 0645 | 066 | 219 | 13 | a7
£ [TRMM3B42-RTv7 | 0671 0657 0672 0672 0679 0664 | 067 | 115 | 9 11
S [PGFv3 0682 0684 0677 0677 0670 0682 | 068 | 077 | 8 6
ERAS 0630 0619 0637 0637 0632 0630 | 063 | 103 | 16 8
WFDEI-GPCC 0687 0687 0687 0687 0.68 0689 | 069 | 0.16 | 6 1
WFDEI-CRU 0655 0.677 0664 0664 0673 0664 | 067 | 1.19 | 11 12
EWEMBI v1.1 0687 0687 0687 0687 068 0689 | 069 | 0.16 | 6 1
MERRA-2 0696 0682 0689 0689 0695 0694 | 069 | 075 | 5 5
JRA-55 0571 0579 0571 0571 0589 0602 | 058 | 249 |04z | 16
g |Mean 067 | 067 | 067 | 067 | 067 | 067
g "=E V2 (%) 5.0 52 5.0 5.0 46 43
E ‘S |Rank - on mean 4 1 5 2 3
£ Rank - on V2 8 4 5 2 1

11



Table S3. Ranking of rainfall and temperature datasets based on median Kling-Gupta efficiency (Exs) of
streamflow (Q) over the simulation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Kling-Gupta Efficiency of Q Temperature datasets _
Simulation period Rank - | Rank-
2003-2012 JRA-55 |MERRA-2| EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.727 0.771 0.719 0.719 0.718 0.730 | 0.73 | 2.81 1 16
CHIRPS v2.0 0.696 0.700 0.708 0.708 0.726 0.683 | 0.70 | 2.03 3 8
ARCv2.0 0.677 0.656 0.686 0.686 0.698 0.679 | 0.68 | 2.04 7 9
RFE V2.0 0.635 0.624 0.658 0.658 0.663 0.641 | 0.65 | 243 11 13
MSWEP v2.2 0.661 0.666 0.653 0.653 0.640 0.661 0.66 | 1.39 10 3
" GSMaP-std v6 0.717 0.715 0.708 0.708 0.717 0.714 0.71 | 0.54 2 1
§ PERSIANN-CDR v1rl| 0.678 0.704 0.667 0.667 0.683 0.689 0.68 | 2.08 6 10
g CMORPH-CRT v1.0 0.683 0.695 0.684 0.684 0.717 0.673 | 0.69 | 2.21 4 11
: TRMM 3B42 v7 0.524 0.563 0.543 0.543 0.524 0.535 | 0.54 | 2.73 16 15
-E TRMM 3B42-RT v7 0.543 0.542 0.544 0.544 0.521 0.545 | 0.54 | 1.72 15 4
'j:g PGF v3 0.664 0.686 0.652 0.652 0.664 0.650 | 0.66 | 2.02 9 7
ERAS 0.604 0.643 0.641 0.641 0.620 0.617 0.63 | 2.62 14 14
WEFDEI-GPCC 0.642 0.659 0.631 0.631 0.634 0.629 0.64 | 1.76 12 5
WEFDEI-CRU 0.656 0.692 0.652 0.652 0.674 0.669 0.67 | 2.40 8 12
EWEMBIv1.1 0.642 0.659 0.631 0.631 0.634 0.629 | 0.64 | 1.76 12 5
MERRA-2 0.692 0.687 0.688 0.688 0.667 0.683 | 0.68 | 1.30 5 2
JRA-55 0.439 0.487 0.443 0.443 0.451 0.457 | 045 | 3.87 17 17
g Mean 0.64 0.66 0.64 0.64 0.64 0.64
E T [V2(%) 116 10.5 11.0 11.0 12.0 10.8
S £
% © [Rank-on mean 6 1 4 3 2 5
=]
©
& |Rank-onV2 5 1 4 3 6 2

Table S4. Ranking of rainfall and temperature datasets based on median Pearson correlation coefficient () of
streamflow (Q) over the simulation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Correlation of Q Temperature datasets _
Simulation period Rank - | Rank -
2003-2012 JRA-55 |[MERRA-2| EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| onV2
TAMSAT v3.0 0.907 0.904  0.907 0.907  0.898 0.906 | 0.90 | 0.40 4 10
CHIRPS v2.0 0.912 0.906  0.909 0.909 0.913 0913 | 091 | 0.33 1 6
ARCVv2.0 0.908 0.907 0.910 0.910 0.911 0.910 091 | 0.18 2 2
RFE V2.0 0.906 0.901 0.911 0.911 0.902 0.903 091 | 048 3 15
MSWEP v2.2 0.889 0.883 0.893 0.893 0.889 0.893 | 0.89 | 0.46 11 14
" GSMaP-std v6 0.898 0.900 0.898 0.898 0.900 0.898 0.90 | 0.12 8 1
§ PERSIANN-CDRv1rl| 0.906 0.899 0.902 0.902 0.906 0.903 0.90 | 0.32 5 4
% CMORPH-CRTv1.0 | 0.890 0.896 0908 0.908 0.903 0.887 | 0.90 | 1.00 7 17
2 |[TRMM 3B42v7 0.883 0.888 0.893 0.893 0.886  0.891 | 0.89 | 0.46 14 13
“E TRMM 3B42-RT v7 0.892 0.891 0.893 0.893 0.886 0.890 0.89 | 0.32 10 5
E PGF v3 0.895 0.901 0.897 0.897 0.897 0.892 0.90 | 0.34 9 7
ERA5 0.844  0.851 0.846 0.846 0848 0.842 | 0.85 | 0.36 17 8
WEFDEI-GPCC 0.887 0.887 0.894 0.894 0.891 0.886 0.89 | 0.42 12 11
WEFDEI-CRU 0.870 0.885 0.871 0.871 0.878 0.885 0.88 | 0.82 15 16
EWEMBI v1.1 0.887 0.887 0.894 0.894 0.891 0.886 | 0.89 | 0.42 12 11
MERRA-2 0.900  0.895 0.901  0.901 0.897 0.901 | 0.90 | 0.27 6 3
JRA-55 0.855 0.862 0.856 0.856 0.856 0.862 0.86 | 0.40 16 9
2 [Mean 08 | 089 | 089 | 089 | 089 | 089
8 = V2 (%) 2.1 1.7 2.1 2.1 2.0 2.0
8 €
& € |Rank - on mean 6 5 2 1 3 4
g Rank - on V2 6 1 4 5 3 2

Table S5. Ranking of rainfall and temperature datasets based on median bias () of streamflow (Q) over the
simulation period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given
from the best (green) to the worst performance (red) for the Volta River basin (VRB)
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Bias of Q Temperature datasets _
Simulation period o Rank- | Rank-
2003-2012 JRA-55 [MERRA-2| EWEMBI| WEFDEI ERAS PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.865 0.911 0.846 0.846 0.880 0.855 0.87 | 2.86 7 13
CHIRPS v2.0 0.829 0.847 0.837 0.837 0.849 0.829 0.84 | 1.03 8 3
ARCVv2.0 0.979 0.987 0.982 0.982 1.012 0.988 099 | 1.22 2 7
RFEv2.0 1.006 1.051 0.976 0.976 0.980 1.007 1.00 | 291 1 14
MSWEP v2.2 0.829 0.822 0.829 0.829 0.832 0.838 0.83 | 0.65 9 1
" GSMaP-std v6 0.926 0.949 0.910 0.910 0.931 0.918 092 | 1.60 4 8
§ PERSIANN-CDR v1rl| 0.812 0.867 0.814 0.814 0.825 0.824 0.83 | 2.52 10 11
% CMORPH-CRT v1.0 0.931 0.950 0.936 0.936 0.918 0.928 093 | 1.12 3 6
: TRMM 3B42 v7 0.651 0.654 0.673 0.673 0.630 0.664 0.66 | 2.48 16 10
ug TRMM 3B42-RT v7 0.701 0.743 0.701 0.701 0.646 0.706 0.70 | 443 15 16
'g PGF v3 0.799 0.846 0.825 0.825 0.784 0.825 0.82 | 2.67 11 12
ERAS 0.905 0.817 0.910 0.910 0.767 0.911 0.87 | 7.16 6 17
WEFDEI-GPCC 0.790 0.787 0.785 0.785 0.780 0.766 0.78 1.10 13 4
WFDEI-CRU 0.886 0.898 0.873 0.873 0.852 0.871 0.88 1.75 5 9
EWEMBI v1.1 0.790 0.787 0.785 0.785 0.780 0.766 0.78 1.10 13 4
MERRA-2 0.812 0.820 0.800 0.800 0.803 0.805 0.81 | 0.96 12 2
JRA-55 0.510 0.556 0.527 0.527 0.508 0.526 0.53 | 3.26 17 15
g Mean 0.82 0.84 0.82 0.82 0.81 0.82
§ E V2 (%) 14.6 14.1 13.7 13.7 15.5 14.3
S £
% 8 |Rank - on mean 3 1 5 4 6 2
=
©
»  |Rank-onV2 5 3 1 2 6 4

Table S6. Ranking of rainfall and temperature datasets based on median variability (y) of streamflow (Q) over the
simulation period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given
from the best (green) to the worst performance (red) for the Volta River basin (VRB)

Variability of Q Temperature datasets _
Simulation period Rank- | Rank-
2003-2012 JRA-55 [MERRA-2| EWEMBI| WEFDEI ERAS PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.953 0.963 0.970 0.970 0.911 0.968 0.96 | 2.40 11 15
CHIRPS v2.0 0.989 0.984 0.998 0.998 0.959 0.977 098 | 1.50 2 9
ARCVv2.0 0.987 0.996 0.994 0.994 1.015 0.997 1.00 | 0.94 4
RFEv2.0 0.964 0.964 0.953 0.953 0.969 0.981 0.96 | 1.08 10 5
MSWEP v2.2 0.910 0.916 0.899 0.899 0.897 0.907 0.90 | 0.83 14 2
" GSMaP-std v6 0.962 0.993 0.987 0.987 0.976 0.979 098 | 1.11 4 6
§ PERSIANN-CDR v1rl| 0.979 0.927 0.982 0.982 0.963 0.963 097 | 2.19 9 13
% CMORPH-CRT v1.0 0.934 0.910 0.879 0.879 0.922 0.918 091 | 254 13 17
: TRMM 3B42 v7 0.836 0.845 0.803 0.803 0.836 0.802 0.82 | 2.44 17 16
ug TRMM 3B42-RT v7 0.848 0.842 0.825 0.825 0.841 0.826 0.83 | 1.25 16 7
'g PGF v3 0.984 0.984 0.973 0.973 0.997 0.979 0.98 | 0.91 3 3
ERAS 0.971 0.995 0.946 0.946 0.995 0.984 0.97 | 2.30 8 14
WEFDEI-GPCC 0.995 0.995 0.954 0.954 0.984 0.984 0.98 | 1.95 6 10
WEFDEI-CRU 0.986 0.981 0.973 0.973 0.998 0.960 0.98 | 1.32 5 8
EWEMBI v1.1 0.995 0.995 0.954 0.954 0.984 0.984 0.98 | 1.95 6 10
MERRA-2 0.949 0.948 0.950 0.950 0.960 0.959 0.95 | 0.57 12 1
JRA-55 0.872 0.849 0.845 0.845 0.867 0.888 0.86 | 2.03 15 12
ﬁ Mean 0.95 0.95 0.93 0.93 0.95 0.94
& 3 |V2(%) 5.4 5.9 6.5 6.5 6.0 6.1
8 €
:‘é ‘S [Rank - on mean 1 2 5 6 3 4
©
»  |Rank-onV2 1 2 5 6 3 4

13



8.1.2 Separated calibration and evaluation periods

Table S7. Ranking of rainfall and temperature datasets based on mean Nash-Sutcliffe efficiency (Ens) of
streamflow (Q) over the calibration period. The mean and the second-order coefficient of variation (/2) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of Q Temperature datasets _
Calibration period o Rank- | Rank-
2003-2008 JRA-55 |MERRA-2| EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| onV2
TAMSAT v3.0 0.711 0725 0.710 0.710 0.695 0.714 | 0.71 | 1.34 1 14
CHIRPS v2.0 0.699 0706 0.700 0.700 0.700 0.703 | 0.70 | 0.41 3 2
ARCv2.0 0.705 0.706 0.704 0.704 0.708 0.706 0.71 | 0.23 2 1
RFE v2.0 0.684 0.674 0.676 0.676 0.690 0.677 | 0.68 | 0.92 5 9
MSWEP v2.2 0.642 0636 0.644 0644 0.637 0.643 | 0.64 | 0.58 9 4
» |GSMaP-std v6 0.654 0.655  0.655 0.655 0.666  0.652 | 0.66 | 0.77 7 7
§ PERSIANN-CDRv1rl| 0.693 0.677 0.690 0.690 0.684 0.686 | 0.69 | 0.80 4 8
E CMORPH-CRT v1.0 0.666 0.680 0.676 0.676 0.671 0.670 0.67 | 0.74 6 6
; TRMM 3B42 v7 0.442 0.455 0.476 0.476 0.445 0.473 0.46 | 3.46 17 17
"E TRMM 3B42-RTv7 | 0.511 0.526 0.530 0530 0.514 0.526 | 0.52 | 1.57 15 15
E PGF v3 0.633 0644 0.639 0639 0.638 0.635 | 0.64 | 0.56 10 3
ERA5 0.538  0.542 0.540 0.540 0.524 0.536 | 0.54 | 1.22 14 10
WFDEI-GPCC 0.592 0.598 0.606 0.606 0.604 0.589 0.60 | 1.23 12 11
WFDEI-CRU 0.600 0.631 0.597 0.597 0.625 0.624 | 0.61 | 2.56 11 16
EWEMBI v1.1 0.592 0.598 0.606 0.606 0.604 0.589 | 0.60 | 1.23 12 11
MERRA-2 0.646 0.646 0.644 0.644 0.649 0.636 | 0.64 | 0.65 8 5
JRA-55 0491 0.503 0.496 0.496 0.493 0.507 | 0.50 | 1.27 16 13
§ Mean 0.62 0.62 0.62 0.62 0.62 0.62
§ E V2 (%) 13.0 12.3 11.7 11.7 12.8 11.8
o C
% © [Rank-on mean 6 1 3 2 5 4
=
©
& Rank - on V2 6 4 1 2 5 3

Table S8. Ranking of rainfall and temperature datasets based on mean Nash-Sutcliffe efficiency (Ens) of
streamflow (Q) over the evaluation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of Q Temperature datasets _
Evaluation period o Rank- | Rank-
2008-2012 JRA-55 |MERRA-2|EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| onV2
TAMSAT v3.0 0.671 0.717 0.672 0.672 0.665 0.679 | 0.68 | 2.81 1 12
CHIRPS v2.0 0.663 0.640 0.645 0.645 0.665 0.651 | 0.65 | 1.61 2 9
ARCVv2.0 0.583 0.548 0.598 0.598 0.586 0.583 | 0.58 | 3.15 11 13
RFE v2.0 0.499 0.444 0.610 0.610 0.576 0.529 0.54 | 12.08 14 17
MSWEP v2.2 0.644 0.638 0.638 0.638 0.632 0.644 | 0.64 | 0.68 5 3
" GSMaP-std v6 0.645 0.627 0.641 0.641 0.655 0.648 | 0.64 | 144 4 7
§ PERSIANN-CDR v1rl| 0.623 0.636 0.619 0.619 0.617 0.624 | 0.62 | 1.16 6 5
% CMORPH-CRT v1.0 0.625 0.638 0.650 0.650 0.657 0.639 | 0.64 | 1.82 3 10
: TRMM 3B42 v7 0.490 0.526 0.515 0.515 0.485 0.502 0.51 | 3.18 15 14
'E TRMM 3B42-RT v7 0.543 0.559 0.548 0.548 0.535 0.547 | 055 | 143 13 6
E PGF v3 0.611 0.605 0.606 0.606 0.620 0.607 | 0.61 | 0.96 9 4
ERAS 0.465 0.534 0.496 0.496 0.531 0.458 | 0.50 | 6.40 16 16
WEFDEI-GPCC 0.613 0.617 0.621 0.621 0.618 0.613 | 0.62 | 0.57 7 1
WEFDEI-CRU 0.566 0.548 0.581 0.581 0.576 0.575 0.57 | 2.19 12 11
EWEMBI v1.1 0.613 0.617 0.621 0.621 0.618 0.613 0.62 | 0.57 7 1
MERRA-2 0.608 0.606 0.608 0.608 0.586 0.607 | 0.60 | 145 10 8
JRA-55 0.292 0.342 0.298 0.298 0.306 0.309 | 0.31 | 5.87 17 15
2 [Mean 057 | 058 | 059 | 059 | 058 | 058
§ E V2 (%) 16.3 14.9 14.8 14.8 14.8 15.5
o C
% ® |Rank - on mean 6 4 2 1 3 5
=]
©
& Rank - on V2 6 4 2 1 3 5
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Table S9. Ranking of rainfall and temperature datasets based on mean Nash-Sutcliffe efficiency of the logarithm
(Enslog) of streamflow (Q) over the calibration period. The mean and the second-order coefficient of variation (/>)
are calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of log Q Temperature datasets _
Calibration period o Rank- | Rank-
2003-2008 JRA-55 |MERRA-2|EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| onV2
TAMSAT v3.0 0.678 0.692  0.673 0.673 0.657 0.680 | 0.68 | 1.72 1 17
CHIRPS v2.0 0.676 0.666 0.677 0.677 0.679 0.663 | 0.67 | 1.01 2 8
ARCv2.0 0.667 0.675 0.669 0.669 0.676 0.670 0.67 | 0.55 3 4
RFE v2.0 0.648 0.633 0.640 0.640 0.658 0.648 0.64 | 1.37 7 15
MSWEP v2.2 0.658 0.656  0.651 0.651 0.654 0.656 | 0.65 | 0.42 5 2
» |GSMaP-std v6 0.622 0.627  0.625 0.625 0.631 0.627 | 0.63 | 0.47 13 3
§ PERSIANN-CDRv1rl| 0.671 0.684  0.663 0.663 0.667 0.669 | 0.67 | 1.15 4 11
% CMORPH-CRT v1.0 0.623 0.640 0.624 0.624 0.630 0.626 0.63 1.03 12 9
; TRMM 3B42 v7 0.614 0.619 0.617 0.617 0.632 0.612 0.62 1.11 14 10
-E TRMM 3B42-RTv7 | 0.564 0.586 0.577 0577 0572 0.577 | 0.58 | 1.26 17 14
'g PGF v3 0.631 0642 0.631 0631 0.638 0.629 | 0.63 | 0.84 11 5
ERA5 0.618 0.611 0.619 0619 0.606 0.616 | 0.61 | 0.89 15 6
WFDEI-GPCC 0.628 0.634 0.645 0.645 0.639 0.629 0.64 | 1.20 8 12
WFDEI-CRU 0.623 0646 0.626 0.626 0.646 0.637 | 0.63 | 1.65 10 16
EWEMBI v1.1 0.628 0.634 0.645 0645 0.639 0.629 | 0.64 | 1.20 8 12
MERRA-2 0.655 0.656 0.652  0.652 0.652 0.653 | 0.65 | 0.29 6 1
JRA-55 0.589 0.594 0.587 0587 0.600 0.585 | 0.59 | 0.96 16 7
§ Mean 0.63 0.64 0.64 0.64 0.64 0.64
&3 (V2 (%) 4.9 4.6 4.4 4.4 43 4.5
8 €
% T |Rank - on mean 6 1 4 3 2 5
S
©
& Rank - on V2 6 5 2 3 1 4

Table S10. Ranking of rainfall and temperature datasets based on mean Nash-Sutcliffe efficiency of the logarithm
(Enslog) of streamflow (Q) over the evaluation period. The mean and the second-order coefficient of variation (7>)
are calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Nash-Sutcliffe Eff. of log Q Temperature datasets _
Evaluation period Rank- | Rank-
2008-2012 JRA-55 |MERRA-2|EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| onV2
TAMSAT v3.0 0690 0.699 0688 0.688 0.680 0.697 | 0.69 | 0.98 1 10
CHIRPS v2.0 0683 0679 0684 0.684 0682 0.681 | 0.68 | 0.29 2 2
ARCVv2.0 0653 0.657 0660 0.660 0.664 0.661 | 0.66 | 0.56 3 6
RFEv2.0 0.629 0.609 0.652 0.652 0.654 0.641 | 0.64 | 2.75 10 16
MSWEP v2.2 0.646 0.647 0.644 0.644 0.644 0.647 | 0.65 | 0.26 9 1
»  |GSMaP-std v6 0.644 0.645 0643 0.643 0651 0.648 | 0.65 | 0.50 8 5
§ PERSIANN-CDRv1rl| 0.647 0.671 0.643 0.643 0.644 0652 | 065 | 1.71 6 14
g CMORPH-CRTV1.0 | 0.627 0.631 0.628 0.628 0.644 0.630 | 0.63 | 1.02 11 11
: TRMM 3B42 v7 0.599 0.603 0.606 0.606 0.604 0.603 0.60 | 0.46 16 4
"E TRMM 3B42-RT v7 0.622 0.628 0.629 0.629 0.633 0.626 | 0.63 | 0.58 12 7
& |PGFv3 0.650 0.662 0.658 0.658 0.650 0.655 | 0.66 | 0.73 4 8
ERAS 0601 0.614 0612 0.612 0.613 0.604 | 0.61 | 0.92 15 9
WEFDEI-GPCC 0617 0.621 0636 0.636 0.622 0.618 | 0.62 | 1.43 13 12
WEFDEI-CRU 0.634 0.661 0.645 0.645 0.659 0.663 0.65 | 1.79 5 15
EWEMBIv1.1 0.617 0.621 0.636 0.636 0.622 0.618 | 0.62 | 143 13 12
MERRA-2 0.647 0.652 0.646 0.646 0.650 0.648 | 0.65 | 0.38 7 3
JRA-55 0431 0483 0445 0445 0445 0422 | 045 | 471 17 17
g Mean 0.63 0.63 0.63 0.63 0.63 0.63
§ "‘=é, V2 (%) 8.9 7.4 8.3 83 8.3 9.4
o
:g © |Rank - on mean 6 1 4 3 2 5
g Rank - on V2 5 1 3 2 4 6
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Table S11. Ranking of rainfall and temperature datasets based on mean Kling-Gupta efficiency (Exc) of
streamflow (Q) over the calibration period. The mean and the second-order coefficient of variation (/2) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Kling-Gupta Efficiency of Q Temperature datasets _
Calibration period Rank - | Rank-
2003-2008 JRA-55 |MERRA-2| EWEMBI| WFDEI | ERAS | PGFv3 | Mean |V2 (%) onmean| onVa
TAMSAT v3.0 0702 0728 0704 0.704 0701 0.708 | 0.71 | 143 1 16
CHIRPS v2.0 0660 0674 0672 0672 0674 0.666 | 0.67 | 0.83 5 7
ARCVv2.0 0694 0698 0.695 0.695 0705 0.698 | 0.70 | 0.61 2 4
RFE v2.0 0672 0666 0.657 0.657 0.678 0.666 | 0.67 | 1.27 6 15
MSWEP v2.2 0.626 0.623 0.622 0.622 0.621 0.627 | 0.62 | 0.38 11
" GSMaP-std v6 0.667 0.681 0.678 0.678 0.677 0.676 | 0.68 | 0.71 3 3
‘é PERSIANN-CDRv1rl| 0.673 0.672 0.671 0.671 0.669 0.670 | 0.67 | 0.22 4
42 CMORPH-CRT v1.0 0.668 0.678 0.653 0.653 0.665 0.668 | 0.66 | 1.43 7 17
: TRMM 3B42 v7 0.525 0.537 0.538 0.538 0.530 0.532 | 0.53 | 1.04 17 12
"E TRMM 3B42-RT v7 0.532 0.546 0.533 0.533 0.529 0.530 | 0.53 | 1.17 16 14
& |PGFv3 0.640 0.660 0.650 0.650 0.644  0.648 | 0.65 | 1.04 10 13
ERAS 0.574 0582 0578 0578 0571 0.570 | 0.58 | 0.79 14 6
WEFDEI-GPCC 0.599 0.612 0607 0.607 0.608 0.600 | 0.61 | 0.84 12 8
WEFDEI-CRU 0.649 0661 0647 0.647 0658 0.652 | 0.65 | 0.90 8 11
EWEMBIv1.1 0.599 0.612 0607 0.607 0.608 0.600 | 0.61 | 0.84 12 8
MERRA-2 0.652 0.658 0.652 0.652 0.649 0.647 | 0.65 | 0.57 9 3
JRA-55 0552 0558 0.554 0.554 0557 0.566 | 0.56 | 0.89 15 10
é‘ Mean 0.63 0.64 0.63 0.63 0.63 0.63
® 3 (V2 (%) 8.8 8.7 8.4 8.4 8.9 8.7
S E
:g 8 [Rank - on mean 6 1 5 4 2 3
g Rank - on V2 5 3 2 1 6 4

Table S12. Ranking of rainfall and temperature datasets based on mean Kling-Gupta efficiency (Exc) of
streamflow (Q) over the evaluation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Kling-Gupta Efficiency of Q Temperature datasets _
Evaluation period o Rank- | Rank-
2008-2012 JRA-55 |MERRA-2|EWEMBI| WFDEI | ERA5 | PGFv3 | Mean | V2 (%) onmean!| onVa
TAMSAT v3.0 0.674 0726 0.676 0.676 0.667 0.683 | 0.68 | 3.11 1 14
CHIRPS v2.0 0.666 0.646 0.658 0.658 0.672 0.652 | 0.66 | 1.40 3 9
ARCVv2.0 0641 0620 0.653 0.653 0.659 0.647 | 0.65 | 2.18 6 13
RFEv2.0 0.575 0.537 0.645 0.645 0.629 0.597 | 0.60 | 7.13 14 17
MSWEP v2.2 0.653 0.652 0.644 0.644 0.637 0.650 | 0.65 | 0.95 5 6
»  |GSMaP-std v6 0.675 0671 0.680 0.680 0.684 0.681 | 0.68 | 0.68 2 2
§ PERSIANN-CDRv1rl| 0.634 0.652  0.627 0.627 0.624 0.634 | 0.63 | 1.62 11 12
% CMORPH-CRT v1.0 0.644 0.650 0.647 0.647 0.670 0.650 0.65 | 143 4 10
: TRMM 3B42 v7 0.497 0.534 0.514 0.514 0.486 0.505 0.51 | 3.23 16 15
"E TRMM 3B42-RT v7 0.529 0.542 0.532 0.532 0.525 0.531 0.53 | 1.05 15 7
E PGF v3 0.633 0.646 0.635 0.635 0.635 0.634 0.64 | 0.74 9 3
ERA5 0.616 0.640 0.625 0.625 0.627 0.613 0.62 | 1.50 13 11
WEFDEI-GPCC 0.636 0.647 0.645 0.645 0.635 0.635 0.64 | 0.87 7 4
WFDEI-CRU 0.634 0631 0640 0.640 0639 0.633 | 0.64 | 0.64 10 1
EWEMBI v1.1 0.636 0.647 0.645 0.645 0635 0.635 | 0.64 | 0.87 7 4
MERRA-2 0.629 0634 0630 0.630 0615 0.634 | 0.63 | 1.12 12 8
JRA-55 0343 0383 0347 0347 0351 0355 | 0.35 | 4.05 17 16
2 |Mean 061 | 062 | 061 | 061 | 061 | 061
§ E V2 (%) 13.6 12,5 13.1 13.1 13.6 13.0
2 £
% © |Rank - on mean 6 1 3 2 4 5
=
©
& Rank - on V2 5 1 4 3 6 2

16



Table S13. Ranking of rainfall and temperature datasets based on mean Pearson correlation coefficient () of
streamflow (Q) over the calibration period. The mean and the second-order coefficient of variation (/2) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Correlation of Q Temperature datasets _
Calibration period Rank - | Rank-
2003-2008 JRA-55 |MERRA-2| EWEMBI| WFDEI | ERAS | PGFv3 | Mean |V2 (%) onmean| onVa
TAMSAT v3.0 0.904 0900 0.902 0.902 0.892 0.903 | 0.90 | 0.46 4 12
CHIRPS v2.0 0911 0913 0910 0910 0914 0913 | 091 | 0.22 1 4
ARCVv2.0 0.905 0906 0.904 0.904 0902 0.904 | 0.90 | 0.12 2 1
RFE v2.0 0.898 0.895 0901 0901 0901 0.896 | 0.90 | 0.33 5 9
MSWEP v2.2 0.891 0.887 0.894 0.894 0.892 0.892 | 0.89 | 0.30 6 7
" GSMaP-std v6 0.886 0.885 0.888 0.888 0.892 0.887 | 0.89 | 0.27 10 6
‘é PERSIANN-CDRv1rl| 0.905 0.894 0.904 0.904 0.903 0.904 | 0.90 | 0.46 3 11
42 CMORPH-CRT v1.0 0.886 0.891 0.894 0.894 0.892 0.888 | 0.89 | 0.35 9 10
: TRMM 3B42 v7 0.866 0.871 0.878 0.878 0.876 0.874 | 0.87 | 0.54 14 16
"E TRMM 3B42-RT v7 0.869 0.874 0.875 0.875 0.873 0.873 | 0.87 | 0.26 15 5
& |PGFv3 0.887 0.885 0.885 0.885 0887 0.882 | 0.89 | 0.19 12 3
ERAS 0.864 0859 0.866 0.866 0.855 0.863 | 0.86 | 0.52 16 15
WEFDEI-GPCC 0.888 0.888 0.896 0.896 0.894 0.886 | 0.89 | 0.51 7 13
WEFDEI-CRU 0.870 0879 0869 0.869 0879 0.882 | 0.87 | 0.68 13 17
EWEMBIv1.1 0.888 0.888 0.89 0.896 0.894 0.886 | 0.89 | 0.51 7 13
MERRA-2 0888 0886 0.883 0.838 0.887 0.883 | 0.89 | 0.19 il 2
JRA-55 0838 0839 0839 0839 0834 0842 | 084 | 032 17 8
é‘ Mean 0.88 0.88 0.89 0.89 0.89 0.89
® 3 (V2 (%) 21 2.0 2.0 2.0 22 1.9
S E
:g 8 [Rank - on mean 5 6 2 1 3 4
g Rank - on V2 5 2 3 4 6 1

Table S14. Ranking of rainfall and temperature datasets based on mean Pearson correlation coefficient () of
streamflow (Q) over the evaluation period. The mean and the second-order coefficient of variation (V) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for the Volta River
basin (VRB)

Correlation of Q Temperature datasets _
Evaluation period Rank- | Rank-
2008-2012 JRA-55 [MERRA-2| EWEMBI| WEFDEI ERAS PGFv3 | Mean | V2 (%) on mean| on V2
TAMSAT v3.0 0.896 0.900 0.895 0.895 0.891 0.896 0.90 | 0.31 1 9
CHIRPS v2.0 0.893 0.892 0.889 0.889 0.894 0.893 0.89 | 0.27 2 7
ARCVv2.0 0.881 0.880 0.877 0.877 0.872 0.877 0.88 | 0.36 10 11
RFE v2.0 0.880 0.876 0.884 0.884 0.881 0.879 0.88 | 0.34 9 10
MSWEP v2.2 0.885 0.879 0.885 0.885 0.883 0.887 0.88 | 0.29 7 8
" GSMaP-std v6 0.883 0.880 0.880 0.880 0.886 0.884 0.88 | 0.26 8 6
‘é PERSIANN-CDR v1rl| 0.889 0.890 0.887 0.887 0.888 0.890 0.89 | 0.14 3 1
% CMORPH-CRT v1.0 0.880 0.887 0.887 0.887 0.889 0.883 0.89 | 0.37 4 12
: TRMM 3B42 v7 0.880 0.881 0.890 0.890 0.888 0.885 0.89 | 0.48 5 14
"E TRMM 3B42-RT v7 0.872 0.876 0.877 0.877 0.873 0.875 0.87 | 0.24 11 4
E PGF v3 0.870 0.868 0.865 0.865 0.868 0.866 0.87 | 0.22 12 3
ERAS 0.800 0.811 0.800 0.800 0.807 0.794 0.80 | 0.73 17 17
WEFDEI-GPCC 0.862 0.864 0.872 0.872 0.868 0.862 0.87 | 0.54 13 15
WFDEI-CRU 0.855 0.862 0.857 0.857 0.860 0.864 0.86 | 0.41 15 13
EWEMBI v1.1 0.862 0.864 0.872 0.872 0.868 0.862 0.87 | 0.54 13 15
MERRA-2 0.887 0.885 0.885 0.885 0.885 0.882 0.88 | 0.18 6 2
JRA-55 0.841 0.840 0.840 0.840 0.842 0.846 0.84 | 0.26 16 5
g Mean 0.87 0.87 0.87 0.87 0.87 0.87
® = |V2 (%) 2.7 2.4 2.6 2.6 2.5 2.8
8 €
:‘é © |Rank - on mean 6 4 2 3 1 5
g Rank - on V2 5 1 4 3 2 6
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Table S15. Ranking of rainfall and temperature datasets based on mean bias () of streamflow (Q) over the
calibration period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given
from the best (green) to the worst performance (red) for the Volta River basin (VRB)

Bias of Q Temperature datasets _
Calibration period Rank- | Rank-
2003-2008 JRA-55 [MERRA-2| EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.869 0.895 0.869 0.869 0.906 0.878 0.88 | 1.77 1 15
CHIRPS v2.0 0.820 0.843 0.828 0.828 0.840 0.840 0.83 | 1.12 10 11
ARCVv2.0 0.884 0.879 0.878 0.878 0.879 0.879 0.88 | 0.26 2 1
RFE v2.0 0.872 0.881 0.871 0.871 0.870 0.869 0.87 | 0.49 5 3
MSWEP v2.2 0.831 0.821 0.829 0.829 0.835 0.832 0.83 | 0.57 11 5
" GSMaP-std v6 0.881 0.885 0.870 0.870 0.887 0.876 0.88 | 0.81 3 8
'é PERSIANN-CDR v1rl| 0.859 0.857 0.856 0.856 0.855 0.864 0.86 | 0.38 6 2
42 CMORPH-CRT v1.0 0.874 0.881 0.886 0.886 0.868 0.872 0.88 | 0.85 4 9
S |TRMM 3B42v7 0.747 0.755 0.781 0.782 0.741 0.768 0.76 | 2.27 16 17
g TRMM 3B42-RT v7 0.815 0.794 0.824 0.824 0.791 0.822 0.81 1.87 12 16
E PGF v3 0.832 0.845 0.846 0.846 0.820 0.846 0.84 | 1.29 8 12
ERAS 0.764 0.762 0.779 0.779 0.755 0.762 0.77 | 1.30 15 13
WEFDEI-GPCC 0.795 0.804 0.807 0.807 0.801 0.792 0.80 | 0.76 13 6
WEFDEI-CRU 0.850 0.852 0.852 0.852 0.841 0.853 0.85 | 0.53 7 4
EWEMBI v1.1 0.795 0.804 0.807 0.807 0.801 0.792 0.80 | 0.76 13 6
MERRA-2 0.837 0.839 0.831 0.831 0.855 0.823 0.84 | 1.33 9 14
JRA-55 0.751 0.760 0.762 0.762 0.750 0.772 0.76 | 1.09 17 10
g |Mean 0.83 | 083 | 083 | 083 | 083 | 0.83
® T |V2(%) 5.4 5.5 45 4.4 6.0 49
8 €
:g © |Rank - on mean 6 3 2 1 5 4
g Rank - on V2 4 5 2 1 6 3

Table S16. Ranking of rainfall and temperature datasets based on mean bias () of streamflow (Q) over the
evaluation period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given
from the best (green) to the worst performance (red) for the Volta River basin (VRB)

Bias of Q Temperature datasets _
Evaluation period o Rank - | Rank-
2008-2012 JRA-55 |MERRA-2| EWEMBI| WFDEI | ERA5 | PGFv3 | Mean | V2 (%) onmean| onVa
TAMSAT v3.0 0.788 0.900 0.779 0779 0.797 0.798 | 0.81 | 5.74 10 15
CHIRPS v2.0 0.896 0.908 0918 0918 0.886 0.871 | 0.90 | 2.06 5 2
ARCVv2.0 1.054 1.105 1.020 1.020  0.995 1.040 | 1.04 | 3.66 1 8
RFE v2.0 1.161 1.217 1.006 1.006 1.056 1.118 1.09 | 7.85 3 16
MSWEP v2.2 0.754 0.774 0.740 0.740 0.727 0.749 0.75 | 2.14 14 3
" GSMaP-std v6 0.903 0.940 0.879 0.879 0.863 0.884 0.89 | 3.04 7 6
§ PERSIANN-CDR v1rl| 0.749 0.794 0.730 0.730 0.710 0.746 0.74 | 3.83 15 9
42 CMORPH-CRT v1.0 0.961 0.987 0.907 0.907 0.862 0.951 0.93 | 4.88 2 14
: TRMM 3B42 v7 0.580 0.615 0.611 0.611 0.557 0.602 0.60 | 3.87 16 10
"E TRMM 3B42-RT v7 0.801 0.852 0.782 0.782 0.754 0.787 0.79 | 4.12 11 12
'g:; PGF v3 0.841 0.897 0.834 0.834 0.791 0.845 | 0.84 | 4.02 9 11
ERAS 0984 0.827 0938 0938 0.779 0966 | 091 | 9.10 4 17
WEFDEI-GPCC 0.781 0.816 0.777 0777 0.752 0.769 | 0.78 | 2.69 12 4
WEFDEI-CRU 0909 0947 0.887 0.887 0.865 0.891 | 0.90 | 3.14 6 7
EWEMBI v1.1 0781 0.816 0.777 0777 0.752 0769 | 0.78 | 2.69 12
MERRA-2 0896 0915 0871 0.871 0.875 0.882 | 0.89 | 1.94 8 1
JRA-55 0409 0458 0419 0419 0415 0415 | 042 | 418 17 13
g Mean 0.84 0.87 0.82 0.82 0.79 0.83
E E V2 (%) 20.2 19.2 17.6 17.6 18.5 19.2
o C
% © |Rank - on mean 2 1 5 4 6 3
=]
©
& Rank - on V2 6 5 2 1 3 4
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Table S17. Ranking of rainfall and temperature datasets based on mean variability (y) of streamflow (Q) over the
calibration period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given

from the best (green) to the worst performance (red) for the Volta River basin (VRB)

Variability of Q

Temperature datasets

Calibration period Rank- | Rank-
2003-2008 JRA-55 [MERRA-2| EWEMBI| WFDEI ERAS PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.969 0.995 0987 0987 0918 0983 | 0.97 | 291 6 16
CHIRPS v2.0 0.992 0.988  0.991 0.991 0944 0995 | 098 | 1.96 3 13
ARC V2.0 0950 0.968 0.971 0.971 0.983 0.971 | 0.97 | 1.12 10 4
RFE v2.0 0.969 0.984 0.970 0.970 0.968 0.994 0.98 1.07 4 2
MSWEP v2.2 0.935 0.954 0.924 0.924 0.924 0.932 0.93 1.26 15 6
" GSMaP-std v6 0.927 0.957 0.967 0.967 0.932 0.954 0.95 1.79 12 10
'é PERSIANN-CDR v1rl| 0.983 0.943 0.987 0.987 0.965 0.972 0.97 1.77 7 9
42 CMORPH-CRT v1.0 0.964 0.940 0.915 0.915 0.951 0.951 094 | 2.17 13 14
: TRMM 3B42 v7 0.893 0.898 0.849 0.849 0.889 0.853 0.87 | 2.74 17 15
"E TRMM 3B42-RTv7 | 0.920 0.917 0.901 0.901 0920 0.898 | 091 | 1.15 16 5
E PGF v3 0.960 0.977 0970 0970 0.991 0.983 | 098 | 1.11 5 3
ERAS 0.953 0.990 0924 0924 0.986 0.945 | 0.95 | 3.02 11 17
WEFDEI-GPCC 0.988 0.984  0.948 0.948 0.972 0.983 | 0.97 | 1.90 8 11
WFDEI-CRU 0.995  0.982 0.988 0.988 0.997 0.955 | 0.98 | 1.55 2 7
EWEMBI v1.1 0.988 0.984  0.948 0.948 0.972 0.983 | 0.97 | 1.90 8 11
MERRA-2 0.980 0977 0.987 0.987 0.986 0.994 | 0.99 | 0.61 1 1
JRA-55 0.937 0922 0917 0.917 0.942 0.958 | 0.93 | 1.77 14 8
g Mean 0.96 0.96 0.95 0.95 0.96 0.96
8 3 (V2 (%) 3.0 3.0 4.2 4.2 3.2 39
8 €
:g © |Rank - on mean 2 1 5 6 4 3
g Rank - on V2 1 2 6 5 3 4

Table S18. Ranking of rainfall and temperature datasets based on mean variability (y) of streamflow (Q) over the
evaluation period. The mean and the second-order coefficient of variation (7>) are calculated across 6 temperature
datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset. The rank is given

from the best (green) to the worst performance (red) for the Volta River basin (VRB)

Variability of Q

Temperature datasets

Evaluation period Rank- | Rank-
2008-2012 JRA-55 |MERRA-2| EWEMBI| WFDEI ERAS | PGFv3 | Mean | V2 (%) onmean| on V2
TAMSAT v3.0 0.896 0.920 0.912 0.912 0.859 0.907 | 0.90 | 2.46 14 16
CHIRPS v2.0 0.985 0.993 0.986 0.986 0.954 0.990 | 0.98 | 1.45 4 8
ARCVv2.0 0.970 0.975 0.975 0.975 1.006 0.979 | 098 | 1.32 5 5
RFE v2.0 0.940 0.940 0.935 0.935 0.952 0.952 | 0.94 | 0.86 10 2
MSWEP v2.2 0.943 0.958 0.928 0.928 0.943 0.939 094 | 1.21 12 3
" GSMaP-std v6 0.949 0.973 0.979 0.979 0.961 0.969 0.97 1.22 7 4
§ PERSIANN-CDR v1rl| 0.970 0.917 0.974 0.974 0.958 0.957 096 | 2.24 9 14
42 CMORPH-CRT v1.0 0.942 0.922 0.892 0.892 0.936 0.929 092 | 2.38 13 15
: TRMM 3B42 v7 0.822 0.848 0.787 0.787 0.821 0.788 0.81 | 3.17 16 17
"E TRMM 3B42-RT v7 0.838 0.833 0.814 0.814 0.838 0.816 0.83 1.46 15 9
'g:; PGF v3 0.971 0.980 0.964 0.964 0.998 0.968 | 0.97 | 1.34 6 6
ERAS 0.964 0.986 0.941 0.941 0.987 0.968 | 0.96 | 2.11 8 13
WFDEI-GPCC 1.008 1.002 0.966 0.966 0.998 0.998 | 0.99 | 1.87 2 10
WFDEI-CRU 1.004 1.010 0.999 0.999 1.026 0.985 | 1.00 | 1.37 1 7
EWEMBI v1.1 1.008 1.002 0.966 0.966 0.998 0.998 | 0.99 | 1.87 2 10
MERRA-2 0.935 0.937 0.939 0.939 0.957 0.943 | 0.94 | 0.83 11 1
JRA-55 0.796 0.783 0.779 0.779 0.804 0.819 | 0.79 | 2.01 17 12
g Mean 0.94 0.94 0.93 0.93 0.94 0.94
8 3 (V2 (%) 6.8 6.9 7.4 7.4 7.3 7.0
8 €
E © |Rank - on mean 3 2 6 5 1 4
g Rank - on V2 1 2 6 5 4 3

19



8.2 Boxplots and range plots

8.2.1 Combined calibration and evaluation periods
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Figure S17. Nash-Sutcliffe efficiency (Ens) of daily streamflow (Q) over the simulation period (2003-2012) for
102 combinations of 17 rainfall datasets (y-axis) and 6 temperature datasets (subplots on x-axis) used as inputs in
the mHM model. Each boxplot has 22 values representing the combined performance for the calibration and
evaluation periods for 11 streamflow gauging stations. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S18. Nash-Sutcliffe efficiency of the logarithm (Ensiog) of daily streamflow (Q) over the simulation period
(2003-2012) for 102 combinations of 17 rainfall datasets (y-axis) and 6 temperature datasets (subplots on x-axis)
used as inputs in the mHM model. Each boxplot has 22 values representing the combined performance for the
calibration and evaluation periods for 11 streamflow gauging stations. The boxplots are colored from the best
(green) to the worst performance (red) based on the median value.
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Figure S19. Kling-Gupta efficiency (Exc) of daily streamflow (Q) over the simulation period (2003-2012) for 102
combinations of 17 rainfall datasets (y-axis) and 6 temperature datasets (subplots on x-axis) used as inputs in the
mHM model. Each boxplot has 22 values representing the combined performance for the calibration and evaluation
periods for 11 streamflow gauging stations. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Correlation (r) of Q Temperature products
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Bias (8) of Q Temperature products
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Variability (7) of Q Temperature products
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Figure S20. Pearson correlation coefficient (r), bias (f) and variability (y) of daily streamflow (Q) over the
simulation period (2003-2012) using different combinations of precipitation and temperature datasets as inputs for
hydrological modelling. Each boxplot has 22 values representing the combined performance of the calibration and
evaluation periods for 11 streamflow stations. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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8.2.2 Separated calibration and evaluation periods
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Figure S21. Nash-Sutcliffe efficiency (Ens) of daily streamflow (Q) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of precipitation
and temperature datasets as inputs for hydrological modelling. The dots give the mean score and the bars represent
the min-max range of values for 11 streamflow gauges. The mean values are colored from the best (green) to the

worst performance (red).
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b) Evaluation Temperature products
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Figure S22. Nash-Sutcliffe efficiency of the logarithm (Ensiog) of daily streamflow (Q) over (a) the calibration
(2003-2008) and (b) the evaluation (2009-2012) periods for the Volta River basin (VRB), using different
combinations of precipitation and temperature datasets as inputs for hydrological modelling. The dots give the
mean score and the bars represent the min-max range of values for 11 streamflow gauges. The mean values are
colored from the best (green) to the worst performance (red).
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Figure S23. Kling-Gupta efficiency (Exc) of daily streamflow (Q) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of precipitation and
temperature datasets as inputs for hydrological modelling. The dots give the mean score and the bars represent the
min-max range of values for 11 streamflow gauges. The mean values are colored from the best (green) to the worst

performance (red).
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Figure S24. Pearson correlation coefficient (r) of daily streamflow (Q) over (a) the calibration (2003-2008) and
(b) the evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of
precipitation and temperature datasets as inputs for hydrological modelling. The dots give the mean score and the
bars represent the min-max range of values for 11 streamflow gauges. The mean values are colored from the best
(green) to the worst performance (red).
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Figure S25. Bias (f) of daily streamflow (Q) over (a) the calibration (2003-2008) and (b) the evaluation (2009-
2012) periods for the Volta River basin (VRB), using different combinations of precipitation and temperature
datasets as inputs for hydrological modelling. The dots give the mean score and the bars represent the min-max
range of values for 11 streamflow gauges. The mean values are colored from the best (green) to the worst
performance (red).
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Figure S26. Variability (y) of daily streamflow (Q) over (a) the calibration (2003-2008) and (b) the evaluation
(2009-2012) periods for the Volta River basin (VRB), using different combinations of precipitation and
temperature datasets as inputs for hydrological modelling. The dots give the mean score and the bars represent the
min-max range of values for 11 streamflow gauges. The mean values are colored from the best (green) to the worst
performance (red).
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9 Model performance for terrestrial water storage

9.1 Ranking of rainfall and temperature datasets

Table S19. Ranking of rainfall and temperature datasets based on the Pearson correlation coefficient () of
terrestrial water storage (S7) over the simulation period. The mean and the second-order coefficient of variation
(V>) are calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for four climatic zones
in the Volta River basin (VRB)

Mean V2 (%) Rank - on mean Rank - on V2
Pearson's correlation B B € B
coeflicient of St E’w %w-gmﬁw @ éw%wévéw méﬂ’%wé‘”é“’ﬂlé‘”%”g”é”m
Lt . 25|96|8S|£65| £ |25|96|s5|£5| £ |2s5|bs|ss|s5| z|25|e8/s5|s8| &
Simulation period EN|[2KN|B N3N > |§N|[2R[BN|5N > |§ N2 N|B RSN 2 |FNERTNSKN >
2003-2012 a s = (C] a s & (C] a k & (C) a s & (C)
a a a a
TAMSAT v3.0 0.686 0.777 0.857 0.740 0.856| 501 290 392 639 337 9 3 3 6 12 8 10 11
CHIRPS v2.0 0.671 0.740 0.824 0.715 0.863| 7.38 2.14 260 355 149 4
ARCVv2.0 0.732 0.799 0918 0.667 0910| 1.74 214 134 185 130 B
RFE V2.0 0.709 0.780 0.890 0.648 0.882 | 3.88 3.14 466 382 456 9
MSWEP v2.2 0.579 0.681 0.728 0.490 0.719 | 3.07 280 363 671 354 6
. |GSMaP-std v6 0.718 0.756 0.845 0.656 0.842 | 3.29 265 133 333 163 5
§ PERSIANN-CDRv1rl | 0.594 0.718 0.807 0.637 0.804 | 391 320 294 768 270
% CMORPH-CRTv1.0 |0.691 0.764 0.856 0.775 0.875| 4.06 431 546 4.09 5.16
: TRMM 3B42 v7 0.671 0.717 0.780 0.516 0.769 | 574 596 6.72 829 593
ug TRMM 3B42-RTv7 | 0.677 0.744 0.834 0.724 0860 | 137 163 079 2.04 138
S |PGFv3 0.688 0.729 0.824 0.715 0.823 | 450 2.85 263 347 244
ERAS 0.574 0.704 0.814 0.691 0.823 | 11.55 7.68 3.12 208 4.18
WEFDEI-GPCC 0.707 0.678 0.756 0.546 0.748 | 8.67 821 829 798 7.48
WFDEI-CRU 0.720 0.730 0.829 0.697 0.829 | 2.99 439 523 517 464
EWEMBI v1.1 0.707 0.678 0.756 0.546 0.748 | 867 821 829 798 748
MERRA-2 0.558 0.712 0.807 0.615 0.800| 2.75 1.85 234 409 210
JRA-55 0.658 0.558 0.385 -0.185 0.377 | 2.55 7.48 30.03 25.54 20.23
0.682 0.733 0.817 0.609 0.811| 985 6.47 886 3160 11.08
g 0.659 0.706 0.785 0.594 0.785|10.88 9.00 15.83 36.09 16.01
g 0.663 0.713 0.776 0.593 0.781| 852 9.52 16.98 34.65 16.68
E- 0.663 0.713 0.776 0.593 0.781| 852 952 16.83 34.60 16.63
2 0.665 0.736 0.808 0.587 0.808 | 11.98 9.35 16.27 36.70 16.43
0.670 0.728 0.807 0.620 0.808 | 7.68 7.42 1547 33.23 15.28
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9.2 Boxplots
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9.2.1 Combined calibration and evaluation periods
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Figure S27. Pearson correlation coefficient (7) of terrestrial water storage (St) over the entire simulation period (2003-2012) for the Volta River basin (VRB) and its climatic
zones, using different combinations of precipitation and temperature products for hydrological modelling. Each boxplot has 120 values corresponding to the number of months.

The boxplots are colored from the best (green) to the worst performance (red) based on the median value.
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Figure S28. Pearson correlation coefficient () of terrestrial water storage (Sf) over the entire simulation period
(2003-2012) for the Volta River basin (VRB), using different combinations of precipitation and temperature
products for hydrological modelling. Each boxplot has 104 values representing the combined performance of the
calibration and evaluation periods for 52 pixels. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S29. Pearson correlation coefficient () of terrestrial water storage (Sf) over the entire simulation period
(2003-2012) for the Sahelian zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on

the median value.
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Figure S30. Pearson correlation coefficient () of terrestrial water storage (Sf) over the entire simulation period
(2003-2012) for the Sudano-Sahelian zone, using different combinations of precipitation and temperature products
for hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based

on the median value.
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Figure S31. Pearson correlation coefficient () of terrestrial water storage (Sf) over the entire simulation period
(2003-2012) for the Sudanian zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on

the median value.
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Figure S32. Pearson correlation coefficient () of terrestrial water storage (S7) over the entire simulation period
(2003-2012) for the Guinean zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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9.2.2 Separated calibration and evaluation periods
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Figure S33. Pearson correlation coefficient (») of terrestrial water storage (St) over (a) the calibration (2003-2008)
and (b) the evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of
precipitation and temperature products for hydrological modelling. The boxplots are colored from the best (green)
to the worst performance (red) based on the median value.
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b) Evaluation
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Figure S34. Pearson correlation coefficient () of terrestrial water storage (St) over (a) the calibration (2003-2008)
and (b) the evaluation (2009-2012) periods for the Guinean zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S35. Pearson correlation coefficient (r) of terrestrial water storage (St) over (a) the calibration (2003-2008)
and (b) the evaluation (2009-2012) periods for the Sudanian zone, using different combinations of precipitation
and temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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b) Evaluation Temperature products
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Figure S36. Pearson correlation coefficient (») of terrestrial water storage (St) over (a) the calibration (2003-2008)
and (b) the evaluation (2009-2012) periods for the Sudano-Sahelian zone, using different combinations of
precipitation and temperature products for hydrological modelling. The boxplots are colored from the best (green)
to the worst performance (red) based on the median value.
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JRA-55 MERRA-2 EWEMBI WFDEI ERAS5 PGF v3
TAMSATv3o [ & Jf To-7 JF =m T =T T e | =m
CHIRPS v2.0 ®© 4 o= . ® ® . om-
ARC v2.0 ® @ @ @ ® @
RFE v2.0 @ @ @ @t @ ®
MSWEPv22 [ O 1 == O 1+ S|S0 5 1 o=
GSMaP-std v6 SOR ® ® @ 4+ ® A ®
PERSIANN-CDR v1r1 ® 1+ @ 1 O i+ e 1+ =
» CMORPH-CRT v1.0 ® ® ® A @ 4 e 4 ®
s TRMM 3B42Vv7 | - @ | @ i+ s e e {4 -e
g TRMM 3B42-RTv7 -® . ®- i S R | O e S
5 PGF v3 ® : ® @ e | ® 1t ®
c ERA5 @ 1 o 1+ e i+ e 1 e T
2 WFDEI-GPCC o o 4 o 4 e 4 ORE.I1 @
£ WFDEI-CRU ® ® a @ @ ®
9 EWEMBI v1.1 ® @ ® i+ e 1+ ® @
S MERRA-2 | @ S o 1+ e i+ O
JRASS| ® e 4 e 4 e e | @
05 08 1 05 08 1 05 081 05 08 1 05 08 1 05 08 1
r of St

Figure S37. Pearson correlation coefficient (») of terrestrial water storage (St) over (a) the calibration (2003-2008)
and (b) the evaluation (2009-2012) periods for the Sahelian zone, using different combinations of precipitation
and temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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subplots) used as inputs in a hydr
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ological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S39. Monthly time series of terrestrial water storage (St) in the Sahelian zone of the Volta basin obtained
for different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6

subplots) used as inputs in a hydr

ological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S40. Monthly time series of terrestrial water storage (St) in the Sudano-Sahelian zone of the Volta basin
obtained for different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of

the 6 subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S41. Monthly time series of terrestrial water storage (St) in the Sudanian zone of the Volta basin obtained
for different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6

subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S42. Monthly time series of terrestrial water storage (St) in the Guinean zone of the Volta basin obtained
for different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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10 Model performance for soil moisture

10.1 Ranking of rainfall and temperature datasets

Table S20. Ranking of rainfall and temperature datasets based on the Pearson correlation coefficient (#) of soil
moisture (S,) over the simulation period. The mean and the second-order coefficient of variation (7>) are calculated
across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset.
The rank is given from the best (green) to the worst performance (red) for 4 climatic zones in the Volta River basin
(VRB)

Mean V2 (%) Rank - on mean Rank - on V2
Pearson's correlation < <
coefficient of Su k k 3 3
Eg"wéwéw @ Ew'wéméw méw%u-gméoméw%m-éméwm
P : 25|26|85|£6| £ |25|95|s6|£6| £ |25|285|sS5|cs8 £|25/85|s5|£5| %
Simulation period S N NS N|S5 N > S N NS N[5 N > |§ N2 RNBR5K > |G NE2NTBNSN >
2003-2012 RO a | @ RO a | @ ° |8 |2 |® ° |8 |2 |©
a a
TAMSAT v3.0 0.931 0.936 0927 0901 0.937| 138 393 493 3.06 322 13 11 8 9 13 15 13 15
CHIRPS v2.0 0.923 0915 0.919 0.891 0933 | 1.66 293 324 337 247 | 15 14 11 10 14 14 14 15 14
ARC V2.0 0.968 0.948 0.926 0.840 0932 077 0.83 106 135 081
RFE v2.0 0.969 0.935 0.913 0.833 0920 | 049 121 136 137 143
MSWEP v2.2 0.945 0.937 0.911 0.822 0918 | 040 135 186 150 151
" GSMaP-std v6 0973 0956 0.938 0.878 0945 | 0.88 196 246 327 224
§ PERSIANN-CDRv1rl | 0.952 0.956 0.950 0.921 0.957 | 249 265 3.04 282 207
.E CMORPH-CRTv1.0 | 0.953 0.940 0.926 0915 0939| 032 042 0.68 095 031
: TRMM 3B42 v7 0.934 0918 0.890 0.842 0907 | 094 115 166 141 1.27
"E TRMM 3B42-RTv7 | 0.929 0.905 0.890 0.849 0.907 | 0.86 050 1.03 049 0.2
E PGF v3 0.954 0.973 0.951 0.900 0.960 | 0.38 198 257 233 233
ERAS 0.868 0.893 0.874 0.870 0907 | 3.49 4.74 597 584 425
WEFDEI-GPCC 0.974 0975 0.955 0.884 0965| 090 1.55 272 238 226
WEFDEI-CRU 0.967 0972 0.946 0902 0958 | 097 1.77 230 3.02 239
EWEMBIv1.1 0.974 0.975 0955 0.884 0965| 090 155 272 238 226
MERRA-2 0.934 0973 0970 0932 0974 | 131 046 063 037 0.56
JRA-55 0.904 0.894 0.839 0.505 0.830| 2.64 3.27 584 1548 6.20

0.950 0.950 0.933 0.869 0.943 | 3.08 334 416 795 332
0.943 0.934 0913 0.848 0.924 | 3.05 349 421 1272 417
0.944 0.940 0.920 0.855 0.931 | 3.67 3.84 484 1228 458
0.944 0.940 0920 0.855 0.931 | 3.67 3.84 4.84 1228 458
0.944 0.947 0.932 0.861 0940 | 2.81 328 411 1219 4.25
0.940 0.936 0.916 0.854 0927 | 3.47 387 502 1159 4.70

Temperature

Table S21. Ranking of rainfall and temperature datasets based on the spatial pattern efficiency (£sp) of soil
moisture (S,) over the simulation period. The mean and the second-order coefficient of variation (7>) are calculated
across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each temperature dataset.
The rank is given from the best (green) to the worst performance (red) for 4 climatic zones in the Volta River basin
(VRB)

Mean V2 (%) Rank - on mean Rank - on V2
Spatial pattern efficiency < B B B
of Su c ] ] c S ] ] < c |8 s < c | < c
gmﬁm-gw S e @ gmﬁw-gm S e mgwﬁw-gwﬁmmgmﬁw-gwgum
R ) 25(%968|865|£68| £ |25|285|ass5|=685| £ |25/95/s5/£5 £ |25|268|s8/£8
Simulation period SN|[2R[BTRN|SN > SN|[2RN|TKN|SN > |§ NS R[BRNS5SN 2 |5 N2 KNTNSN >
w 5 3, o [ E 5’, (U] wn E .2 (U] (7] E 5’, (U]
2003-2012 £l - ° °
=3 =3 3 =3
a ) 7} @
TAMSAT v3.0 -0.223 -0.313 -0.371 -0.503 -0.044| 18.04 4.97 596 1429 83.58 11 11 4 5
CHIRPS v2.0 -0.337 -0.359 -0.411 -0.318 -0.114| 851 7.38 12.00 25.95 2772 | 3 6 12 4 13 12 15 15 15 6
ARCVv2.0 -0.477 -0.330 -0.337 -0.416 -0.055| 592 2.78 6.21 1458 4693
RFEV2.0 -0.546 -0.343 -0.354 -0.380 -0.066| 431 6.20 3.84 31.76 58.89
MSWEP v2.2 -0.365 -0.299 -0.359 -0.270 -0.003| 4.21 429 6.85 16.11 98.92
" GSMaP-std v6 -0.582 -0.372 -0.360 -0.371 -0.100| 4.05 132 6.71 19.54 1864
E PERSIANN-CDR v1rl | -0.405 -0.361 -0.347 -0.453 -0.082| 6.51 8.18 1825 2501 63.36
% CMORPH-CRTv1.0 |-0.549 -0.383 -0.352 -0.293 -0.110| 6.02 1.20 10.87 15.30 30.83
; TRMM 3B42 v7 -0.599 -0.373 -0.448 -0.276 -0.157| 1331 4.07 9.79 30.72 16.59
ng TRMM 3B42-RTv7 |[-0.613 -0.399 -0.486 -0.376 -0.295| 2.17 0.73 143 1511 8.99
E PGF v3 -0.540 -0.421 -0.334 -0.431 -0.080| 11.91 4.59 9.53 20.89 40.78
ERAS -0.396 -0.398 -0.500 -0.327 -0.195| 6.62 9.18 20.15 23.13 27.38
WFDEI-GPCC -0.517 -0.384 -0.356 -0.496 -0.065| 430 5.68 797 12.70 76.28
WFDEI-CRU -0.545 -0.415 -0.367 -0.470 -0.091| 9.92 3.15 4.02 1241 40.85

EWEMBIv1.1 -0.517 -0.384 -0.356 -0.496 -0.065| 430 5.68 7.97 1270 76.28
MERRA-2 -0.274 -0.318 -0.429 -0.530 -0.112| 1869 298 6.01 4.10 35.68
JRA-55 -0.501 -0.413 -0.494 -0.395 -0.185| 822 444 642 19.71 15.52

-0.494 -0.373 -0.411 -0.371 -0.115|22.78 9.80 15.15 2823 59.42
-0.452 -0.361 -0.388 -0.393 -0.101|27.57 11.03 14.04 20.12 60.15
-0.454 -0.368 -0.398 -0.403 -0.102| 24.74 11.87 1825 26.84 61.27
-0.454 -0.368 -0.400 -0.403 -0.102|24.69 11.86 18.60 26.85 61.28
-0.478 -0.367 -0.370 -0.396 -0.105|26.45 849 19.23 2476 6135
-0.484 -0.374 -0.385 -0.434 -0.116) 22.93 12.60 16.29 29.02 60.32

Temperature
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10.2.1 Combined calibration and evaluation periods

10.2 Boxplots
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Figure S43. Spatial pattern efficiency (Esp) of soil moisture (S,) over the entire simulation period (2003-2012) for the Volta River basin (VRB) and its climatic zones, using
different combinations of precipitation and temperature products for hydrological modelling. Each boxplot has 120 values corresponding to the number of months. The boxplots

are colored from the best (green) to the worst performance (red) based on the median value.
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Figure S44. Spatial pattern efficiency (Esp) of soil moisture (Sy) over the entire simulation period (2003-2012) for
the Volta River basin (VRB), using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on

the median value.
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Figure S45. Spatial pattern efficiency (Esp) of soil moisture (Sy) over the entire simulation period (2003-2012) for
the Sahelian zone, using different combinations of precipitation and temperature products for hydrological
modelling. The boxplots are colored from the best (green) to the worst performance (red) based on the median

value.
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Figure S46. Spatial pattern efficiency (Esp) of soil moisture (Sy) over the entire simulation period (2003-2012) for
the Sudano-Sahelian zone, using different combinations of precipitation and temperature products for hydrological
modelling. The boxplots are colored from the best (green) to the worst performance (red) based on the median
value.
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Figure S47. Spatial pattern efficiency (Esp) of soil moisture (Sy) over the entire simulation period (2003-2012) for
the Sudanian zone, using different combinations of precipitation and temperature products for hydrological
modelling. The boxplots are colored from the best (green) to the worst performance (red) based on the median
value.
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Figure S48. Spatial pattern efficiency (Esp) of soil moisture (Sy) over the entire simulation period (2003-2012) for
the Guinean zone, using different combinations of precipitation and temperature products for hydrological
modelling. The boxplots are colored from the best (green) to the worst performance (red) based on the median
value.
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Figure S49. Spatial pattern efficiency (Esp) of soil moisture (S,) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S50. Spatial pattern efficiency (Esp) of soil moisture (S,) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Guinean zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S51. Spatial pattern efficiency (Esp) of soil moisture (S,) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Sudanian zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S52. Spatial pattern efficiency (Esp) of soil moisture (S,) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Sudano-Sahelian zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.

50



Sahelian zone

a) Calibration Temperature products
JRA-55 MERRA-2  EWEMBI WFDEI ERAS5 PGF v3
TAMSAT v3.0 —ime— {f. —mo— |—sme— s | e —{—-—
CHIRPS v2.0 —®—  {— & — {—i— | — i | — & —e—
ARCV20 — @ —— —® — {— ®@— f— @— |— O&— {— ® —
RFE V20 —om— {—@w— (= ®— {—@— o— {—® —
MSWEP v2.2 —W&i— {—8G— |{—&—  {—o—  |—ee— | —ee—
GSMaP-sid v6 —EEE— — |HCE— [ —EE— - —E— | E— e
PERSIANN-CDR v1rl F— ® — {—@— o —8@—  {—8@—  {—® — {—@—
£ CMORPH-CRT v1.0 —iE—  {—i@i—— {—@—— {—@i— {— ® — 1 —E—
_‘g’ TRMM 3B42 v7 —o—— {l—@— . {—Em—— | | .
S TRMM 3B42-RT v7 B —+ « {—B—— + {—OF—— « {—E—— | {—o— -
> PGFv3 HIB— {— ®— {— ®— {— 06— |—m— {— © —
] ERA5 — @ — {—i@— (|—®— {|—@— {—&— {— o —
8 WFDEIGPCC — ® —  {— ©® — = @ — |— ® — — o — J—io—
& WFDEICRU — & —  {—#1e— {l— o0 — f—e— {e— | mem—
g EWEMBIVIA F—©® — {— ©® — {— @ — {— ® — {—@&— {—@—
MERRA2 —E@— {— @0 — {f —— | ——  {[— O {—
RASS O — J— @~ @~/ J—@®—F— jJ—®— j— @7/ 1|
05 0 05 05 0 05-050 05050 05-050 05 -05 0 05
ESPOfSu
b) Evaluation Temperature products
JRA-55 MERRA-2  EWEMBI WFDEI ERA5 PGF v3
TAMSATv3.0 —mem— || —o— {[—mo——m=— —=— {—men—
CHIRPS v2.0 | —&8— {—H— |} —— + 1| —i&— + |} —— | ——
ARCV20 —® — f— 86— {—&— * |— 0— + {—&— f—& —
RFEv20 —@—  {Ho— {—® — » (| —o— » {—o— {—o —
MSWEP v2.2 —@— {—8@—  {—0—  {—O— A —e— A —e—
GSMaP-stdv6 —®&— - ® — {—® — {—0o — {—moe— | o —
PERSIANN-CDR virl F—@— {l—@— - { —@— || —@o— {—io— {—o—
,, CMORPH-CRT v1.0 —M—  {—®— {—® — {—@— {—o— —om—
S TRMM 3B42 v7 HIE— {—©® — {HE— {H— HEm— .
S TRMM 3B42-RTv7 —EM— [ CW— W W o o
5 PGFv3 HEB— |—@— |- 66— {- 6— {Em— - o—
c ERAS f—@— |t —@— {l—@— |t —E— L —E— | —O—
£ WREGPCCE © — - ©— {eom— feos— |leoe— {-mcE—
£ WFDEI-CRU HIiGF— {1 —  {— @ —  {— ®— | O— o —e—
2 EWEMBIVIA - © — - © — {HEOE— |HEOE— {HEI— - HEE—
& MERRA2 | —@& {t —@— | —m— || & {} = (e
JRASS —O— —@— r—@—7 J—®— @ — I— @——
050 05 050 05-050 05050 05050 05 05 0 05
ESPOfSu

Figure S53. Spatial pattern efficiency (Esp) of soil moisture (S,) over (a) the calibration (2003-2008) and (b) the
evaluation (2009-2012) periods for the Sahelian zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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10.3 Time series
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Figure S54. Monthly time series of soil moisture (S,) in the Volta River basin (VRB) obtained for different
combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6 subplots) used
as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S55. Monthly time series of soil moisture (Su) in the Sahelian zone of the Volta basin obtained for different
combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6 subplots) used
as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S56. Monthly time series of soil moisture (S,) in the Sudano-Sahelian zone of the Volta basin obtained for
different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S57. Monthly time series of soil moisture (S,) in the Sudanian zone of the Volta basin obtained for different
combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6 subplots) used
as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S58. Monthly time series of soil moisture (S,) in the Guinean zone of the Volta basin obtained for different
combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6 subplots) used

as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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10.4 Maps of long-term average
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Figure S59. (Part1/2) Maps of long-term (2003-2012) annual average of soil moisture (S,) obtained as outputs of
hydrological modelling using different combinations of rainfall datasets (y-axis, blue font) and temperature
datasets (x-axis, red font). The values are normalized for better emphasizing on patterns and using a unique color
scale.
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Figure S60. (Part2/2) Maps of long-term (2003-2012) annual average of soil moisture (S,) obtained as outputs of
hydrological modelling using different combinations of rainfall datasets (y-axis, blue font) and temperature
datasets (x-axis, red font). The values are normalized for better emphasizing on patterns and using a unique color
scale.
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11 Model performance for evaporation

11.1 Ranking of rainfall and temperature datasets

Table S22. Ranking of rainfall and temperature datasets based on the Pearson correlation coefficient (7) of actual
evaporation (E,) over the simulation period. The mean and the second-order coefficient of variation (V>) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for 4 climatic zones in
the Volta River basin (VRB)

Mean V2 (%) Rank - on mean Rank - on V2
Pearson's correlation B B B B
coefficentof Ea Em %m-gwﬁo @ Em %wémém ) Ew%m-éwﬁwuém%mémﬁam
- . 25(96|865|£68| £ |25|285|as5|=685| £ |25/95/s5/£5 £ |25|26/s8/£8
Simulation period S N|2R|[Z N3N > EN[2KN|B N3N > |§ N2 RNBN3KN > 5 NE2NTKNSR >
2003-2012 v g a o (7] % a (U] wn % a (U] (7] % a (U]
a a a a
TAMSAT v3.0 0.929 0.954 0916 0.808 0945| 1.13 352 3.83 203 280 | 11 10 4 6 7 14
CHIRPS v2.0 0.958 0.920 0.880 0.819 0919 | 138 3.16 3.08 177 241 7 i3 13 6 13 11 14 11 14
ARCv2.0 0.952 0.969 0.940 0.887 0.965| 1.50 0.40 092 119 061 8 6
RFEV2.0 0.948 0.976 0.938 0.886 0964 | 261 141 227 1.02 152 9
MSWEP v2.2 0.965 0.950 0.904 0.863 0937 | 043 090 0.88 035 0.69 5
" GSMaP-std v6 0.971 0.970 0.924 0.856 0949 | 098 149 254 167 167 .
§ PERSIANN-CDRv1rl | 0.974 0954 0905 0.820 0.938 | 1.17 3.10 353 197 278
% CMORPH-CRTv1.0 | 0.966 0.956 0.905 0.809 0.937 | 0.97 112 169 084 1.00 3
: TRMM 3B42 v7 0.965 0.897 0.833 0.776 0.880| 034 180 182 170 1.53 4
~E TRMM 3B42-RTv7 | 0.943 0.890 0.842 0.752 0.887 | 068 089 0.79 0.89 0.72
E PGF v3 0.904 0.968 0.888 0.762 0928 | 3.05 103 108 195 0.84
ERAS 0.903 0.888 0.813 0.697 0.867| 1.28 3.16 421 392 311
WFDEI-GPCC 0.909 0980 0912 0.806 0.948 | 3.12 0.81 110 133 0.88
WFDEI-CRU 0.927 0.977 0.909 0.791 0.945| 2.47 054 071 323 0.55
EWEMBIv1.1 0.909 0.980 0.912 0.806 0948 | 3.12 081 110 133 0.88
MERRA-2 0.959 0.952 0.904 0.809 0932 | 1.16 044 036 103 037
JRA-55 0.909 0.865 0.804 0.748 0.838 | 0.71 161 214 311 226
0.934 0.948 0.892 0.801 0928 | 437 389 482 642 378
; 0.943 0.938 0.886 0.810 0921 | 2.89 420 466 581 3.80
g 0.942 0.944 0.891 0.804 0925| 2.72 468 575 7.08 4.64
g— 0.942 0.944 0.891 0.804 0925| 2.72 468 576 7.08 4.64
] 0.939 0.946 0.892 0.807 0927 | 286 397 448 593 3.86 5
0.944 0.943 0.888 0.807 0.925| 330 414 500 6.16 4.14 -

Table S23. Ranking of rainfall and temperature datasets based on the spatial pattern efficiency (Esp) of actual
evaporation (E,) over the simulation period. The mean and the second-order coefficient of variation (V>) are
calculated across 6 temperature datasets for each rainfall dataset, and across 17 rainfall datasets for each
temperature dataset. The rank is given from the best (green) to the worst performance (red) for 4 climatic zones in
the Volta River basin (VRB)

Mean V2 (%) Rank - on mean Rank - on V2
Spatial pattern efficiency B B B B
of e .Em%w'gm Eﬂl o0 -EW%W-Ewgw o .Ew%wéwsom.gm%w-gwswm
N ) 2:(95|E5|25| £ |25|495|85|£5| € |25/95|685(25| 2 |25/25/&85|25 <
Simulation period EN|2N[BNR|S5N > |ER|2R|[BR|[S5N > |§ N2 RNBRIZN 2 |5 NERTNSG N >
2003-2012 wn % a o [ g @ o wn % a o wn % a o
a a a a
TAMSAT v3.0 -1.21 -029 -0.22 -061 0.21 | 177 131 329 221 341 | 13 7 4 6 10 9 12 10
CHIRPS v2.0 -1.60 -0.24 -036 -0.82 0.18 | 494 227 369 140 385 | 15 5 9 12 4 12 15 14 13
ARCV2.0 058 024 -044 059 003 | 64 109 81 41 745| 3 4 11 3 12| 4 6 3 2 ‘17|
RFE v2.0 -049 -022 -035 -067 010 | 281 273 121 105 346 8 10 10 13 14 6 10 11
MSWEP v2.2 -1.90 -032 -019 -053 0.26 | 167 360 269 114 20.1 8 9 11 11 6
» |GSMaP-std v6 -040 -0.19 -036 -0.81 0.08 7.8 7.4 4.4 3.9 35.5 10 11 11 5 4 12
§ PERSIANN-CDRv1rl1 | -1.13 -0.22 -0.29 -0.65 0.17 | 334 212 495 168 553 | 12 3 5 9 7 14 11 15
g CMORPH-CRT v1.0 -0.72 -0.28 -0.53 -1.04 -0.12 | 217 117 103 5.0 322 6 6 13 15 14 12 8 5] 3 9
: TRMM 3B42 v7 -0.79 -034 -055 -0.89 -0.06| 451 29.0 9.2 7.5 74.4 8 10 14 14 13 15 15 4 8 -
"E TRMM 3B42-RT v7 -092 -059 -085 -161 -0.16 | 3.7 4.5 55 5.2 8.7 11 15 5 3
'j;ﬂ PGF v3 -0.61 -033 -0.15 -0.58 0.16 | 18.0 7.7 398 146 101 4 9 8 11 5 15 4
ERAS -142 -050 -0.75 -143 -023 | 510 296 150 12.0 539 | 14 15 15 9 12 14
WFDEI-GPCC -0.79 -039 -030 -0.62 0.17 5.1 6.9 34.2 5.7 304 9 12 6 7 5 13 6 7
WEFDEI-CRU -0.69 -036 -0.20 -059 0.14 | 123 211 188 102 18.0 5 11 3 4 9 6 10 10 9 5
EWEMBIv1.1 -0.79 -039 -030 -0.62 0.17 5.1 6.9 342 5.7 30.4 9 12 6 7 5 13 6 7
MERRA-2 -2.00 -048 -045 -060 0.20 | 145 110 13.0 5.2 3.2 14 12 5 3 7 7 8 4
JRA-55 -0.73 -055 -0.83 -085 -0.18 | 159 243 123 133 6.0 7 13 8 13 7 13
-0.84 -033 -039 -0.77 0.07 | 400 333 523 378 932 2
g -1.14 037 -044 -0.76 007 | 581 408 467 343 9038 1
g -096 -033 -042 -081 0.06 | 444 325 482 390 943 5
g- -0.96 -0.33 -0.41 -081 0.06 | 444 325 472 390 944 4
2 -1.01 -034 -045 -083 0.08 | 546 39.1 426 327 880
-1.01 -038 -039 -0.78 0.06 | 50.1 384 543 392 954
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11.2 Boxplots

.
[=]
.
(=]
.

I o

2af.
I
®

—(eym————— GGV
+ C-VHH3IN
o L'LA1GAESM3
-® ——- « NYD1304M
« 00d9-130a4M
—(Cm——— GV
€A 49d
—iOmm——— /A | H-278C WNY L
LA ZPaE WINHL
— —@m—— e ov 0'LA 1HD-HJHOWD
- — @ e LA YHOONNYISHId
— R —® ——a ¢ 9APISdEASO

foreaciol ol
L 1)

I
®
RRERRRIE

i
|
|

e
|

N

i
|

il

-® o ZZn dams
. -® —— -+ +{02Zr3dY
0ZA DYV
0'2A SAHIHO
s | O'EA JYSWYI

] ]
®@©®

!
i

I
®
|

O]
|
i

®

|
|

58

SS-vdr
=@+ | TVHEIN

—©® — | LIAIgAEM3
NAD-1304M

< 1 00d9-1304M
GVd3

e+ | EA4Dd

LA 1d-278E WYL
LA ZPaE WINHL

- « 0'LA 1HO-HJHOWD
~ —=(® LA HAO-NNYISH3d
—® - —® —— ¢ OAPIS-HBRNSO
—® « ¢ ¢h dIMSI

02A 34

0'gn DYV
—®— —® 0°¢A SddIHO

0'Er IVSWVL

]

®

NERE

]
|
H

I
®
I
oo
|
®
|
oY)

%
f

|

MERRA-2
®
|
I
©

|
|
I
|
|

1
0]

f

$

|

®

|

H
i

11

®®

]

ty

i

®
I
1G]

—(O———— GGVl

O 2 VHE3IN
—©mm———s 1 |'|A JENIMIT
-9 — NAO-1304M
—@mm—— 1 00dO-130dM

|

[OJCJOJON § OY0)

HImN
)

—(@mm—— A | H-crae WNY L
—@mm———— A ZFEE WNEL
—i@u—— *wa 0'LA 1HO-HJHOWD
“ WA EAD-NNVISH3d
—_— — ~e —©® —— «  9A PIS-JBNSO

—_—® « ¢'¢h dIMSIN

see 1 02ATdY

4 0°CA DUV

0°¢A SdHIHO

0'er IVSWVL

REERERRREI
LA

Clogatoloroteroy o)

EWEMBI

%l

®
(|

®®
[
I

[0XC]

®e ®©

i
|
|
|
T@

|

|
%
|

—(Sm————— GGV
—®— ZVHY3N
—@mm———e | 'L A |ENIMI
-® — NAD-13a4M
—@m=— | D0dO"1304M

SRINIRRRENE
®

Temperature products
(oJolotoy (O]

Hin
|
|

—(Omm—— A | H-CEE WINY L

—a@m———— /A Z78E WNHL

—(@m——— =ew 0'LA 1HD-HJHOWD

WA EAD-NNVISH3d
LL —® —— = ¢ OA DIS-JBNSDH

—® « ¢'¢h dIMSIN

+ee 1 0°2AT4Y

0'gn DYV

0°¢r SddIHO

0EA IVSWV.L

LEPrp g
RERRNRNRS

OP,%00®a | ®

WFDEI
|
®
|
®

|
i

|
.T
f%
T@

®®©@ ®®
nu
|

®

|

®

sjonpoud uoneydinaid

S5-vdr

LA 18IN3M3
NYO1304M
+400d9-304M
—@———] GYY3

v+ EA 49d
—Om—— /A 1H-ZYEE NS L
LA ZPAE WML
0°LA 1HD-HIHOWD
—® —@——= | LILA ¥AD-NNVISHId
o —@ ——¢ o OA PIS-JBANISD

Z'ZA d3MSIN

. -© — = 402ZAIRY
—@®——— +{ 0'TA DUV

—-® ——02ASdHIHD

0'en LIYSWV.L

|
®
I
®
|
®
|

|
i

inn
|

g
@@@@G)@

|

|

®

I

®

ERA5
1l
®@

L
1l
®®
I
I
®
®
L
1!
®@
k4

i
!

—=om———— GG-vdl

— @ ——— e LA IINIMT
NYD-13a4M

—@® ——— -« 22dO"13a4M
—mOm——— CYH3

o 1 €A 40d
—(Omm—— /A | H-2r3e WINYH L
—m@m—— JA Z78E NINYL
—@m—— (@t e « 0'LA 1HD-HJHOWO
—® —= (o —@— LILAEAD-NNVISH3d
—_— —} —® —@ —— .« ¥ 9APIS-dRASD
—® ¢'ch dIMSIN

—_ ® —} —@® —=| —® *e s 0'CA 34

—® —® =@ ey 0'CA DYV

— ® — —O=— - ® 0°2A SddIHO
——— —@—— » — (@) (o) 0eA IVSAIV.L

|

FENENIE

TR AR

Ll
|

& ®ole®e @I@@
69f 020000 ge®F

|
|

NERNRRRRERIR

PGF v3

|

ugauIng ueluEPNS  UBIRUES-PNS  uelsyes auA
sauoz ojjew||n

11.2.1 Combined calibration and evaluation periods
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Figure S61. Spatial pattern efficiency (Esp) of actual evaporation (E,) over the entire simulation period (2003-2012) for the Volta River basin (VRB) and its climatic zones,
using different combinations of precipitation and temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst performance

(red) based on the median value.
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Figure S62. Spatial pattern efficiency (Esp) of actual evaporation (£,) over the entire simulation period (2003-
2012) for the Volta River basin (VRB), using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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Figure S63. Spatial pattern efficiency (Esp) of actual evaporation (E.) over the entire simulation period (2003-
2012) for the Sahelian zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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Figure S64. Spatial pattern efficiency (Esp) of actual evaporation (£,) over the entire simulation period (2003-
2012) for the Sudano-Sahelian zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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Figure S65. Spatial pattern efficiency (Esp) of actual evaporation (£,) over the entire simulation period (2003-
2012) for the Sudanian zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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Guinean zone

Actual Evaporation (Ea) Temperature products
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Figure S66. Spatial pattern efficiency (Esp) of actual evaporation (E,) over the entire simulation period (2003-
2012) for the Guinean zone, using different combinations of precipitation and temperature products for
hydrological modelling. The boxplots are colored from the best (green) to the worst performance (red) based on
the median value.
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11.2.2 Separated calibration and evaluation periods

a) Calibration Temperature products
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Figure S67. Spatial pattern efficiency (Esp) of actual evaporation (£,) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Volta River basin (VRB), using different combinations of precipitation
and temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S68. Spatial pattern efficiency (Esp) of actual evaporation (£,) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Sahelian zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S69. Spatial pattern efficiency (Esp) of actual evaporation (£,) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Sudano-Sahelian zone, using different combinations of precipitation
and temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S70. Spatial pattern efficiency (Esp) of actual evaporation (£,) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Sudanian zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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Figure S71. Spatial pattern efficiency (Esp) of actual evaporation (E,) over (a) the calibration (2003-2008) and (b)
the evaluation (2009-2012) periods for the Guinean zone, using different combinations of precipitation and
temperature products for hydrological modelling. The boxplots are colored from the best (green) to the worst
performance (red) based on the median value.
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11.3 Time series
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Figure S72. Monthly time series of actual evaporation (£,) in the Volta River basin (VRB) obtained for different
combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6 subplots) used
as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S73. Monthly time series of actual evaporation (E,) in the Sahelian zone of the Volta basin obtained for
different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.

67



Sudano-Sahelian zone

- _Calib;a jon | T T i Evaluation, | i T
:
0 | &
o 74
o
_ m
['e]
£ 2
o
Eo
= £
@®
w2 E
5 !
So
g g
5 w0 2
z o | &
o
T z
0 B
e z
o
o
0 | \| £
- N ; N \, Y. A N
01.2004 01.2006 01.2008 01.2010 01.2012
Dates
- =abs TAMSAT v3.0 IS CHIRPS v2.0 I ARC v2.0 RFE v2.0 I MSWEP v2.2 Il GSMaP-std v6 [ PERSIANN-CDR v1r1 Il CMORPH-CRT v1.0
I TRMM 3842 v7 TRMM 3B42-RT v7 B PGF v3 [ ERAS WFDEI-GPCC NI \WFDEI-CRU Il EWEMBI v1.1 MERRA-2 I JRA-55

Figure S74. Monthly time series of actual evaporation (£,) in the Sudano-Sahelian zone of the Volta basin obtained
for different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S75. Monthly time series of actual evaporation (£,) in the Sudanian zone of the Volta basin obtained for
different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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Figure S76. Monthly time series of actual evaporation (E,) in the Guinean zone of the Volta basin obtained for
different combinations of rainfall datasets (colors in legend) and temperature datasets (right y-axis of the 6
subplots) used as inputs in a hydrological model (i.e. mHM). All values are normalized between 0 and 1.
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11.4 Maps of long-term average
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Figure S77. (Part1/2) Maps of long-term (2003-2012) annual average of actual evaporation (E,) obtained as outputs
of hydrological modelling using different combinations of rainfall datasets (y-axis, blue font) and temperature
datasets (x-axis, red font). The values are normalized for better emphasizing on patterns and using a unique color
scale.
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Figure S78. (Part2/2) Maps of long-term (2003-2012) annual average of actual evaporation (£,) obtained as outputs
of hydrological modelling using different combinations of rainfall datasets (y-axis, blue font) and temperature
datasets (x-axis, red font). The values are normalized for better emphasizing on patterns and using a unique color
scale.
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12 Model parameters
12.1 Initial global parameter set used for model calibration

Table S24. mHM global parameters. The description of the model parameters can be found in the work of
Samaniego et al. (2010).

Parameters Lower bound | Upper bound | Initial value
Interception

canopylnterceptionFactor 0.01 0.40 0.278
Soil Moisture

orgMatterContent_forest 0.00 200.00 105.84
orgMatterContent_impervious 0.00 1.00 0.755
orgMatterContent_pervious 0.00 4.00 2.967
PTF_lower66_5_constant 0.65 1.00 0.939
PTF_lower66_5_clay 0.000 0.004 0.003
PTF_lower66_5_Db -0.373 -0.187 -0.204
PTF_higher66_5_constant 0.536 1.123 0.924
PTF_higher66_5_clay -0.009 0.005 -0.001
PTF_higher66_5_Db -0.551 -0.091 -0.107
PTF_Ks_constant -1.700 -0.285 -0.424
PTF_Ks_sand 0.0060 0.0260 0.0064
PTF_Ks_clay 0.001 0.013 0.005
rootFractionCoefficient_forest 0.800 0.999 0.864
rootFractionCoefficient_impervious 0.800 0.950 0.912
rootFractionCoefficient_pervious 0.001 0.090 0.022
infiltrationShapeFactor 1.000 4.000 3.945
Direct sealed area runoff

imperviousStorageCapacity 0.00 100.00 5.340
Potential evapotranspiration

PET_a_forest 0.30 1.30 0.5282
PET_a_impervious 0.90 1.30 0.9743
PET_a_pervious 0.30 1.30 0.5088
PET_b 0.00 1.50 1.4993
PET_c -3.00 0.00 -1.0330
HargreavesSamaniCoeff 0.0020 0.0027 0.0023
Interflow

interflowStorageCapacityFactor 75.00 400.00 313.85
interflowRecession_slope 0.00 10.00 5.51
fastinterflowRecession_forest 0.00 3.00 2.52
slowInterflowRecession_Ks 1.00 30.00 22.21
exponentSlowInterflow 0.005 0.300 0.283
Percolation

rechargeCoefficient 0.00 200.00 183.51
Routing

streamflow_celerity 0.10 15.00 12.47
Geology

GeoParam1l 1.00 1500.00 1037.16
GeoParam2 1.00 1500.00 709.99
GeoParam3 1.00 1500.00 381.09
GeoParam4 1.00 1500.00 525.30
GeoParam5 1.00 1500.00 783.83
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12.2 Distribution of model parameters after model calibration
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Figure S79: Distribution of mHM global parameters after model calibration with different combinations of precipitation and temperature datasets as inputs. Each boxplot has
102 elements corresponding to parameter values obtained with different input datasets. The initial parameters’ ranges are provided in squared brackets. The second-order
coefficient of variation (7>) is given in percentage.
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Figure S80: Model performance for streamflow (Q) as a function of final global parameters (subplot titles) obtained after model calibration with different combinations of
precipitation and temperature datasets as inputs. The x-axis give the parameter values for 102 different input datasets. The y-axis gives the Kling-Gupta efficiency (ExG) of O
over the simulation period (2003-2012). The vertical lines (in blue) show the lower and upper bounds of the parameter ranges.
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