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Supplementary material D: Leaf Area Index validation
The simulated LAI shows a strong seasonality with remote sensing (RS) derived LAI in Fig. D1 and Fig. D2 for the single and double cropping systems respectively. In the Upper Blue Nile (Fig. D1a) and Fig. D1b), the LAI peaks between the months of July to October for the single cropping system. However, the double cropping system (Fig. D2d) has an additional peak in the months of December to April (irrigated second cropping season) that coincides with the dry period (October to January) and extends into the short rainy period (February to May). According to Musayev et al. (2021), farmers that irrigate can have an additional cropping season in either the dry period or the short rainy period. The growing season of double cropping system in the Victoria catchment is well aligned with the two rainy seasons (Fig. D2a) and Fig. D2b) 
However, in the Victoria catchment, located in the equatorial region, we observe a single growing season in areas where we have two rainfall seasons (Fig. D1c) and Fig. D1d). This shows that there is still potential for crop intensification by adding a second cropping season (sequential cropping) during the second rainy season or some multiple cropping areas are not captured in the multiple cropping dataset (Waha et al., 2020) used. It is worth mentioning that in other parts of the basin with only one rainy season, potentially a second irrigated season could be added if resources and management practices allow.
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Fig. D1: Seasonal LAI simulations of single cropping systems for selected HRU’s for; (a) rainfed wheat and (b) rainfed maize in the Upper Blue Nile catchment; (c) rainfed maize and (d) rainfed soy in the Victoria catchment
In the Nile delta (Fig. D2c), we only have an irrigated double cropping system whose LAI signal agrees with the remote sensing signal. In both Fig. D1 and Fig. D2, the result of the different catchments in the Nile basin show that the crop phenology is strongly coupled to rainfall seasonality in regard to both spatial and temporal patterns in the basin. It is also worth noting that the LAI signal of the remote sensing does not go to zero due to the likely presence of other vegetation in a pixel e.g weeds unlike the LAI signal from the SWAT+ model that goes to zero once the crop is harvested. Additionally, 3.4 % of crop area had a triple cropping system which was adjusted to a double cropping system as the LAI from the seasons mismatched the LAI from RS. Another limitation of this LAI validation is that validation was only done on the largest HRUs that occupied the catchments. This may not be representative of the whole catchment e.g overlaps in seasonal cropping in different parts of the region. Hence, for local application, a detailed validation is required with farmer practices. 
 [image: ]
Fig. D2: Seasonal LAI simulations of double cropping systems for; (a) irrigated wheat and (b) irrigated soy in the Victoria catchment; (c) irrigated wheat in the Nile delta; (d) irrigated maize in the Upper Blue Nile catchment
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