
 

Figure S1. δ¹⁸O and d-excess time series (panels a-b) in precipitation —from local measurements (red 
dots) and IsoGSM atmospheric simulations (lines)—, and (panels c-f) at the basin outlet –measured 
(dots) and across calibration scenarios (colours). Shaded envelopes show the 10th–90th percentile 
range of simulations, with solid lines indicating the median. In panels c-f, Observations of δ¹⁸O and 
d-excess are shown for non-evaporated water as black points and for evaporated water as hollow 
black points; note that panel e-f is similar to Fig. 7a-b, adding evaporated measurements. 

 

 

 

 



 

Figure S2. Left panels: simulated discharge time series at the sub-basin stations across calibration 
scenarios. Shaded envelopes indicate the 10th–90th percentile range of simulations, with solid lines 
inside representing the median. Observations are shown as black lines. Right panels: colored bars 
represent the 10th–90th percentile of KGE values across scenarios, for calibration (C) and evaluation 
(E) period, with thin black horizontal bars indicating median values. 

 



 

Figure S2 (continued). 

 

 



 

Figure S3. Median (50th), 10th and 90th percentile KGE values for each calibration scenario during 
the calibration period (C, 2018-2020) and evaluation period (E, 2021-2022) across discharge (S1–
S7) and the isotopic (ISO) targets. Gray cells indicate missing data for station S6 during the evaluation 
period.  

 

 

 



 

Figure S4. Simulated baseflow time series from the middle (Layer 2) and deep (Layer 3) subsurface 
layers at the basin outlet. The observed discharge is shown as a black line. Shaded envelopes indicate 
the 10th–90th percentile range of simulations, with solid lines representing the median. Baseflow from 
topsoil (Layer 1) is negligible and therefore omitted. 

 

 

 

 

 

 

 

 

 



 

Figure S5. Statistical comparison of mean annual baseflow (2018–2022) across simulation scenarios. 
Triangles show Wilcoxon-Mann-Whitney (WMW) test p-values. Green tones indicate p ≥ 0.05 (no 
significant difference) and red tones indicate p < 0.05 (significant difference).  



 

Figure S6. Statistical comparison of of mean annual evapotranspiration (ET) and seasonal ET (2018–
2022) across simulation scenarios. Triangles show Wilcoxon-Mann-Whitney (WMW) test p-values. 
Green tones indicate p ≥ 0.05 (no significant difference) and red tones indicate p < 0.05 (significant 
difference).  



 

Figure S6. (continued). 

 

 

 

 



 

Figure S7. Statistical comparison of water budget components and subcomponents (2018–2022) 
across simulation scenarios. Triangles show Wilcoxon-Mann-Whitney (WMW) test p-values. Green 
tones indicate p ≥ 0.05 (no significant difference) and red tones indicate p < 0.05 (significant 
difference).  

 



 

Figure S7. (continued). 



 

Figure S8. Mean annual simulated specific baseflow for 2018-2022 at the sub-basin stations (S1-S6) 
and the basin outlet (S7) across calibration scenarios. Light blue bars indicate mean annual 
precipitation at each sub-basin. 

 

 

 

 

 

 

 

 

 



 

Figure S9. Statistical comparison of benchmark values and simulation ensembles (2018–2022) using 
the one-sample Wilcoxon signed-rank test  for seasonal and annual evapotranspiration (ET) at model 
pixels representing the Béléfongou (Woodland) and Nalohou (Fallow) sites. Green tones indicate p ≥ 
0.05 (no significant difference) and red tones p < 0.05 (significant difference); the lower triangle 
shows the difference between ensemble median and benchmark values, with red and green tones 
indicating negative and positive biases, respectively. 



 

 

Figure S9. (continued). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S10. Statistical comparison of benchmark values and simulation ensembles (2018–2022) using 
the one-sample Wilcoxon signed-rank test  for for the main water budget components, including outlet 
discharge (Q) and evapotranspiration (ET). Green tones indicate p ≥ 0.05 (no significant difference) 
and red tones p < 0.05 (significant difference); the lower triangle shows the difference between 
ensemble median and benchmark values, with red and green tones indicating negative and positive 
biases, respectively. 

 

 



 

Figure S11. Basin-scale annual water budget components for 2018–2022 for each calibration 
scenario. Components include annual evapotranspiration (ET), with subcomponents soil evaporation 
(Soil), interception (Intercep), and transpiration (Transp); annual discharge (Q), with subcomponents 
surface-runoff (SrfToCh) and subsurface-flow from the topsoil (L1toCh), middle (L2toCh), and 
deepest (L3toCh) layers; deep drainage (D); and annual storage change (ΔS). Light blue bars indicate 
mean basin-scale annual precipitation. 

 

 

 

 

 



 

Figure S12. Soil physical and vegetation parameter distributions by calibration scenario for the 30 
selected simulations. Individual parameter values are shown as black points. 

 

 

 

 

 



 

Figure S12. (continued). 

 

 

 



 

Figure S13. Map of mean annual isohyets showing precipitation distribution across the Bétérou basin 
and its sub-basins. The map was derived from 1999–2012 rainfield data at a 5-minute temporal 
resolution and 0.01° spatial resolution (Ali et al., 2003; Vischel et al., 2011). 

 



 

Figure S14. Mean evapotranspiration time series (2018–2022) across calibration scenarios at the 
woodland pixel (Béléfongou) and the fallow pixel (Nalohou). Shaded envelopes show the 10th to 90th 
percentile range of simulations, with solid lines marking the median. The year was divided into five 
periods following Mamadou et al. (2016), using the mean starting day of year and mean number of 
days reported for 2008–2010. Black circles with error bars show the measured mean 
evapotranspiration and its uncertainty for each period, based on 2008–2010 observations. Black 
boxplots show the distribution of the simulated mean evapotranspiration for each period. 

 

 

 

 

 

 

 

 



 

Figure S14 (continued).  

 

 

 

 

 



 

Figure S15. Mean daily time series (2018 to 2022) for (a to c) the fraction of transpiration extracted 
from the topsoil (L1), middle (L2), and deep (L3) layers and (d) total transpiration .Green and yellow 
denote Woodland and Fallow, respectively, each shown with shaded envelopes indicating the 10th to 
90th percentile range of simulations and solid lines inside representing the median. 

 

 



 

Figure S15 (continued).  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Rain gauge stations of the Bétérou basin, part of the AMMA-CATCH monitoring network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Benchmark evapotranspiration values from Mamadou et al. (2016). Seasonal and annual 
totals (mm ± SE) were converted to daily rates (mm d⁻¹) by dividing the mean and standard error by 
the corresponding period duration, then combined across the two hydrological years using an inverse 
variance weighted mean with propagated uncertainties. Representative start dates were selected as 
the calendar date closest to the mean day-of-year of the two original start dates, and representative 
end dates were obtained by adding the mean duration to the representative start date. 

 



Table S3. Basin-scale water budget components (mm/year) for the 30 behavioural simulations of each calibration scenario, including precipitation 
(P), evapotranspiration (ET), discharge (Q), deep drainage (D), and storage change (ΔS), expressed as the 10th, 50th and 90th percentiles per 
year over the 2018 to 2022 period, along with the corresponding mean values. 

 

 

 

 

 

 

 

 



Table S4. Basin-scale discharge (Q) subcomponents (mm/year) for the 30 behavioural simulations of each calibration scenario, including surface 
runoff (SrfToCh) and subsurface flow contributions from the topsoil (L1toCh), middle (L2toCh), and deep (L3toCh) layers, and observed outlet 
discharge values, expressed as the 10th, 50th and 90th percentiles per year over the 2018 to 2022 period, along with the corresponding mean values. 

 

 

 

 

 

 

 



Table S5. Basin-scale evapotranspiration (ET) subcomponents (mm/year) for the 30 behavioural simulations of each calibration scenario, including 
soil evaporation (Soil), interception (Intercep), and transpiration (Transp), expressed as the 10th, 50th and 90th percentiles per year over the 2018 
to 2022 period, along with the corresponding mean values. 

 

 



Table S6. Proportion of baseflow-contributing seepage cells and woodland cells at the basin 
and sub-basin scale 

 

 


