Evaluation of ERA5 data
Evaluation of ERA5 incoming surface shortwave radiation 
The hourly ERA5 surface incoming irradiance is evaluated with surface observations obtained from the African Monsoon Multidisciplinary Analysis - Coupling the Tropical Atmosphere and the Hydrological Cycle Database (AMMA-CATCH DB) (Galle et al., 2018). From the AMMA-CATCH DB, surface irradiance data measured at 30-minute intervals at two flux stations (Nalohou and North Wankama) are retrieved (Table S1) and used for the validation. The hourly mean irradiances are computed for each station from the 30-minute measurements since the ERA5 irradiance data are hourly mean values. Within the period of the study (2006 to 2015), the percentage of missing records from the two stations is between 6% and 21%. The periods with missing records are excluded from the evaluation.
From the ERA5 data, the closest grid point to each station is then used for the evaluation. Aditionally, three other radiation products are also evaluated in order to compare their performances to ERA5. They are MERRA-2 (Modern-Era Retrospective analysis for Research and Applications, Version 2 (Gelaro et al., 2017)), SARAH-2 (Surface Radiation Data Set – Heliosat, Edition 2 (Pfeifroth et al., 2017)) and CERES (Clouds and the Earth’s Radiant Energy System SYN1deg (Atmospheric Science Data Center, 2017)). MERRA2 is a reanalysis product with a horizontal resolution of 0.5° x 0.625° whereas SARAH2 and CERES are satellite-based products with 0.05° x 0.05° and 1° x 1° horizontal resolutions respectively. The mean bias in the ERA5 data at each station is given by:

where,  and  are the ith observed and predicted irradiance values respectively and N is the number of data points. The Taylor’s diagram is also used to show the correlation (R) with the observation and root mean square error (RMSE) of each dataset. 
Table S1: Details of AMMA-CATCH observation sites used for the evaluation of ERA5 data. 
	Station
	Longitude (°E)
	Latitude (°N)
	Start Date
	End Date
	Missing SW Data (%)

	North Wankama
	2.6337
	13.6476
	16/06/2005
	09/06/2014
	20.8

	Nalohou
	1.6046
	9.7448
	11/11/2005
	01/01/2016
	6.9


The evaluation shows that ERA5 overestimates the incoming irradiance with a bias of 20.17 Wm-2 and 13.88 Wm-2 in North Wankama and Nalohou respectively (Table S2). Against the observed values, MERRA2 presents the least bias in both regions (1.19 Wm-2 and -1.65 Wm-2) while SARAH2 has the largest bias (23.84 Wm-2 and 28.64 Wm-2). However, MERRA2 has the largest RMSE and least R at both observation sites (Figure S1). ERA5 shows a good correlation with the surface observations with R of 0.96 and 0.93 in North Wankama and Nalohou respectively. All the four irradiance datasets correlates well (R values above 0.9 at both stations) with the surface observations as shown by the Taylor diagram. When the seasonality is removed from the time serise, the performace of ERA5 against the observations is quite poor (Figure S1b).
Table S2: Estimated mean bias (in W m-2) against in-situ observations at the North Wankama and Nalohou observation sites.
	
	North Wankama
	Nalohou

	ERA5
	20.17
	13.88

	MERRA2
	1.19
	-1.65

	SARAH2
	23.84
	28.64

	CERES
	4.15
	7.3




Figure S1: Taylor’s diagrams showing evaluation of ERA5 (and other datasets) surface irradiance data with surface measurements at the North Wankama and Nalohou observation sites. Evaluation is made with (a) time series with seasonality and (b) deseasonalized time series 
Evaluation of ERA5 cloud fraction and occurrence frequency
The hourly ERA5 cloud fraction is evaluated with the merged CloudSat (Stephens et al., 2009) Cloud Profiling Radar (CPR) and Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) (Winker et al., 2009) 2B-GEOPROF-LIDAR product (Mace et al., 2009). Both CloudSat and CALIPSO are polar orbiting satellites that pass over the equator twice daily at approximately 0130 and 1330 local time as part of the NASA A-Train constellation. The CPR and CALIOP aboard these satellites are active sensors that are able to penetrate different cloud structures. The CPR is able to penetrate optically thick clouds while CALIOP can detect optically thin clouds. Therefore, the 2B-GEOPROF-LIDAR product provides an unique insight into the vertical distribution of clouds in the atmosphere. It should however be noted that, the CPR has challenges in determining clouds in the lowest 1 km of the atmosphere. CALIOP may be able to detect these clouds but its signal may be totally attenuated when there are optically overlying clouds.
The 2B-GEOPROF-LIDAR product has horizontal and vertical resolutions of approximately 1.4 x 1.8 km (along track by across track) and 250 m respectively. Following the ERA5 definition, low-level clouds (LLC) are determined from the first 2 km above ground level in the 2B-GEOGROF-LIDAR product. Within these 2 km, there can be more than one cloud layer and the representative LLC fraction is computed with the maximum-random overlap rule (Geleyn and Hollingsworth, 1979). For this evaluation, six tracks of the 2B-GEOPROF-LIDAR product over West Africa (WA) are used (Figure S2). 

Figure S2: 2B-GEOPROF-LIDAR tracks (white lines) used for evaluation of the ERA5 cloud data.
The ERA5 cloud fractions are instantaneously generated at every hour of the day. However, the 2B-GEOPROF-LIDAR observations over the study area are not recorded exactly on the hour (e.g., in Figure S3, the 2B-GEOPROF-LIDAR passed over whole WA in approximately 7 minutes from 14:08 to 14:15). In order to compare ERA5 with the satellite observations, we compute the mean cloud fraction of the two hours bounding the 2B-GEOPROF-LIDAR observation time (i.e., in this case 1400 and 1500 UTC, Figure S3c and S3d). The closest grid points to the 2B-GEOPROF-LIDAR observation track are chosen from the ERA5 dataset for this evaluation.

Figure S3: Top: (a) 2B-GEOPROF-LIDAR vertical profile of cloud fraction, for a given daytime track over WA. Black and white dashed lines delineate the locations of the Guinea and Sahel windows used in this study respectively. All cloud structures below the solid white horizontal line, are considered as LLC in our study. (b) Latitudinal cloud fraction seen along the 2B-GEOPROF-LIDAR track shown (blue) and the corresponding ERA5 closest grid point (red). Bottom: Corresponding ERA5 2D plots of LLC for the hours (c) preceding and (d) following the satellite observation time. 
Since the satellite moves along its track over WA in approximately seven minutes, the time taken for the satellite to pass along its track within the Guinea or Sahel window will be much smaller. Therefore, the cloud fractions along the satellite track have been averaged to compare ERA5 with 2B-GEOPROF-LIDAR. The difference between the maximum and minimum longitude (latitude) along the track passing through each window is approximately 0.5° (3°). We then compute the bias and RMSE between the 2B-GEOPROF-LIDAR observations and ERA5. We also compare the occurrence frequencies of LLC Class-1 and LLC Class-2 for both products. For this evaluation, only the daytime tracks of satellite from June 2006 to December 2007 is used. 
Figure S4 presents the comparison of LLC fraction (left column) and occurrence frequency (right column) of ERA5 and 2B-GEOPROF-LIDAR for the Sahel (upper row) and Guinea (lower row) windows. In terms of seasonality of the hourly LLC fraction, ERA5 captures the satellite observations well. It slightly overestimates the fraction in both regions with a bias of 0.044 and 0.101 in Sahel and Guinea respectively. It also presents low RMSE values of 0.134 and 0.255 in the Sahel and Guinea windows respectively. In terms of the occurrence frequency, ERA5 overestimates (underestimates) the occurrence of LLC Class-1 in the Sahel (Guinea) window by about 10%. The largest difference in occurrence frequency is obtained for LLC Class-2 in the Guinea region where ERA5 shows about 20% overestimation in the occurrence frequency. This could be due to many reasons such as model related errors in the ERA5 product. It could also be due to the difficulty of the 2B-GEOPROF-LIDAR to detect low cloud structures below the lowest 1 km of the atmosphere. In WA, the lowest 1 km is where most of the frequent low-level stratiform cloud bases are found. These clouds tend to have large fractions (and are most likely LLC Class-2 in our definition) and thus, their non-detection by the satellite may have led to the low occurrence frequencies in the 2B-GEOPROF-LIDAR product as shown in Figure S4. In a nutshell, although the ERA5 hourly LLC data present some biases and deviations from the satellite observations as shown, it also performs reasonably well in reproducing the LLC observations.
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Figure S4: Evaluation of the daytime ERA5 LLC fraction (1st column) and occurrence frequency (2nd column) with the 2B-GEOPROF-LIDAR observation in the (a) Sahel and (b) Guinea windows. This evaluation is based on observations from June 2006 to December 2007.
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