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Contents and methods
This dataset is organized around the structure of the associated research paper and includes climate forcing data, hydrological and hydrodynamic model outputs, flood pulse spreadsheets, and relevant geographical vector files. The files are grouped into folders according to the type of data or analysis, and each folder is named to match key sections of the paper for ease of reference. Refer to the associated paper if more detail is required on the methods. 
Climate forcing data
All data contained within this folder correspond to the data that were required for Section 2.2. Climate Forcing Data of the associated paper. These are historical and future climate data obtained from phase 3a and 3b of the Inter-Sectoral Model Intercomparison Project (ISIMIP). The data are daily projections of precipitation and temperature, which have been processed from the raw ISIMIP netCDFs by clipping the data to the sub-catchment boundaries of the Upper Zambezi and converting to CSV.
3a_pr_tas_merged
ISIMIP 3a data, a reanalysis dataset. The data have been processed into CSV format and clipped to boundaries of sub-catchments. The data span 1961 to 2019, and there is a unique CSV for each sub-catchment.
3b_pr_tas_merged_future
ISIMIP 3b data, processed into CSV format and clipped to boundaries of sub-catchments. “future” refers to GCM modelled projections from 2015 to 2100. A unique CSV exists for each sub-catchment, model, and SSP scenario combination. The structure of each CSV is uniform and provides information on sub-catchment, GCM, and SSP scenario. 
3b_pr_tas_merged_historic
 ISIMIP 3b data, processed into CSV format and clipped to boundaries of sub-catchments. “historic” refers to GCM modelled projections from 1981 to 2014. The same five GCMs are used, but there are no scenarios. The structure of each CSV is uniform and provides information on sub-catchment and GCM.
Subcatchment_Vectors
These are shapefile vectors representative of the sub-catchment divisions of the Upper Zambezi. There are 5 individual files corresponding to each sub-catchment: Kabompo, Luanginga, Upper Zambezi (disambiguation: a distinct sub-catchment sharing the nomenclature of the wider basin), Lugwebungu, and Luena. These were used to clip climatic data, but were also used to create maps in QGis. 
Hydrological modelling
“discharge” refers to results of the hydrological modelling process. These are the outputs from the IHACRES hydrological modelling conducted using the HYDROMAD package. These data were all processed in the same way, though column names may differ as explained for each dataset below. 
3a_modelled_discharge
These are daily discharge projections for each sub-catchment for both the 1990s and 2000s decades (the baseline scenario selection is outlined in Section 2.3 of the associated paper) produced using the 3a_pr_tas_merged climatic inputs discussed prior. “x_avg” is discharge in cubic metres per second. For Kabompo, Upper Zambezi, Luanginga, and Lugwebungu, these data were then converted into flux measurements corresponding to a volumetric flow rate over the area of 900 m2 (cumecs divided by DEM resolution), which is the resolution of the DEM used in the hydrodynamic modelling – these flux measurements are in the column “900 m m2s-1 flux”. For the Luena, however, disregard this column. Its flux measurements are in the column “luena flux” where the value in cumecs was converted to flux by dividing by 1600 m which is the wide of the Luena Valley.
3b_modelled_discharge_future
The CSVs directly within this folder are the direct outputs from the hydrological modelling, and the strings correspond to the climatic inputs that were used to run the hydrological model. “x” refers to the value in cumecs. These data were then ensembled (equal weighting for each GCM) and placed into the folder “ensemble_averaged_discharge” with further folder sub-divisions for climate change scenarios. Each CSV is formatted using the same nomenclature. “x_avg” is the average discharge in cumecs calculated by averaging all GCM discharges. “div_by_len” is then flux calculated specifically for the Luena sub-catchment as described above. “900m m2s-1 flux” is the flux calculated for the other four sub-catchments, as described above. “seconds” was the timestamp converted into seconds for input into the hydrodynamic model.
3b_modelled_discharge_historic
The CSVs directly within this folder are the direct outputs from the hydrological modelling, and the strings correspond to the climatic inputs that were used to run the hydrological model. “x” refers to the value in cumecs. These data were then ensembled (equal weighting for each GCM) and placed into the folder “ensemble_averaged_discharge” with further folder sub-divisions for climate change scenarios. Each CSV is formatted using the same nomenclature. “x_avg” is the average discharge in cumecs calculated by averaging all GCM discharges. “div_by_len” is then flux calculated specifically for the Luena sub-catchment as described above. “900m m2s-1 flux” is the flux calculated for the other four sub-catchments, as described above. “seconds” was the timestamp converted into seconds for input into the hydrodynamic model.
Codes_and_parameters
This folder contains all of the R code that was used to create, calibrate and validate the individual hydrological models for each sub-catchment. The R package HYDROMAD was used. There are further instructions within each code that detail its operation and usage.
“All_five_sub-catchment_models_R_Code” was the final code used to run the hydrological models using the final parameter sets derived from the calibration and validation process. There are five “_Calibration_Validation_R_Code” codes marked for each sub-catchment which were used to calibrate and validate the codes.
The “Performance_Statistics_for_Calibration_R_Code” is a snippet of code that calculated performance metrics for calibration; this was added to the calibration/validation codes when required.
“Subcatchment_Hydrological_Model_PARAMETERS” provides the final parameter sets that were calculated for each sub-catchment, as well as outlining the years of the observed datasets* that were used in the calibration and validation, and the resulting performance metrics.
*NOTE: observed datasets are not provided as these are the intellectual property of WARMA and permission to share was not provided. WARMA can be contacted at the following address:  www.warma.org.zm/warma-about-us/contact 
River_Gauges
This is a text file containing meta information about the river gauge data provided by WARMA. The four-digit number refers to the gauge station ID. The following string is the name of the gauge station. Latitude and longitude coordinates for the gauge station are then provided. Variables refers to what data was provided by WARMA for each gauge station. As observed gauge data could not be freely-provided and requires a request for WARMA, this information can be used to request the same gauges that we used for calibration and validation.
Hydrodynamic modelling and flood pulse variables
mass_files
This folder contains the mass balance output files regarding the model mass balance performance. More information can be found from the LISFLOOD-FP User Manual and Technical Note about this type of file. Most importantly for this paper, this file provides daily flood extents simulated by LISFLOOD-FP. 
.mass is the native output of LISFLOOD-FP which can be opened with a text viewer, however all .mass files were converted to CSVs for ease of usage; both are provided in this folder. There is a mass file for every model run, and all have consistent formatting. 
There are two folders to separate ISIMIP 3a from ISIMIP 3b. The column Time refers to time in seconds since the model began and at which the data were saved, and can be converted to a date-time stamp; it equivalates to a daily timestep for a daily flood extent. The column Area refers to all flood areas (permanently flooded and seasonally flooded), and the output units are in m2.
waterdepth_files
This folder contains water depth files output from LISFLOOD-FP. More information can be found from the LISFLOOD-FP User Manual and Technical Note. These files are a grid of water depths in ascii raster format, with the file type .wd. The strings of each filename have been modified for readability, so that there is the year and month listed in it. Water depth files were output in the middle of each month. The cell resolution is 900 m. The first folder sub-division separates ISIMIP 3a from ISIMIP 3b. In the “3a” folder, the files are separated into “00s” and “90s.” In the “3b” folder, there is a folder sub-division into “126” “370” and “585” corresponding to the different climate change scenarios which are each sub-divided further into “30s”, “50s” and “70s” respectively. There is also a “baseline” folder containing the “00s” and “90s”. 
flood_pulse_variables 
This folder contains 7 Microsoft Excel worksheets that were used to calculate the flood pulse variables from the .mass files. There is an individual worksheet calculated for the two baseline decades for both ISIMIP 3a and 3b, which is shown in the filestrings. However, for ISIMIP 3b future simulations, all decades are grouped into the same worksheet with the filestring referring to SSP number. Important to note is that all sheets commonly refer to “AUFC” – this is CFF (Cumulative Flood Footprint – refer to paper for information), which was renamed in the final draft of the paper after all analysis was long-completed, hence the usage of AUFC instead. 
Whilst these worksheets all involve the same principles, there are some formatting differences. The number of sheets within each worksheet may differ (depending on how streamlined the analysis was at the point of a particular workbook completion), but below gives general sheet names used (these may vary slightly but rely on same general notation) and how flood pulse variables are calculated:
(1) MASS sheet is just a copy of the .mass file with no modifications. There are maximum flood extent calculations at the side of this .mass table, where start and end simply refer to row numbers that bound each hydrological year. 
(2) MAX + ROW sheet are the whole row outputs from the .mass for each year’s maximum flood extent. The area is converted from m2 into km2. 
(3) AUFC sheet has taken each area extent for each year and formatted them into a table. The values in the table have had the threshold (distinguishing between flooded and permanent water) applied to subtract the threshold value of 2080. Red highlighted cells denote non-flooded data entries. These red cells are then subsequently ignored in the CFF calculations, which are at the bottom of the table. 
(4) AUFC_VAR sheet (or similar name with VARIABILITY in it) is the same as the prior sheet but with figures potentially produced for ISIMIP comparison. 
(5) ALL_YEARS has all the years of flood extent plotted together on the same table. This is similar to the AUFC sheet only the threshold value has not been removed from the values. Red cells still highlight those entries that are below the threshold value.
(6) RISE_RECESSION_CALC highlights the day of flood rise in green and the day of flood recession in yellow for each year.
(7) SEPT_MIN_BASELINE identifies the minimum flood extent in September of each hydrological year. The maximum of these minimum values is then calculated. 
(8) VARIABLES is the most important sheet, and contains the final flood pulse variables derived as from the workings of the entire workbook. These were used in subsequent figure making and data analysis. 
boundary_barotse_floodplains
A shapefile denoting the extent/boundary of the Barotse Floodplain as used in the hydrodynamic model. 
Rivers_vectors
A shapefile of rivers on the Barotse Floodplain as used in the hydrodynamic model.
Statistical analysis
Sum_DJF_Precipitation
This folder contains multiple CSVs of yearly (hydrological year since 1st Oct) summed DJF precipitation measurements. The CSVs are organised by decades and SSP scenario, as detailed in the filenames. Within each CSV, the format is the same: there is one column for year, a column summing DJF precipitation amounts for each sub-catchment, and then a final column summing the DJF precipitation across all of the sub-catchments combined.
Temperature_PET_Conversion
“Average_JJA_PET_proxy” is an Excel worksheet that provides a complete table of all the average JJA (June-July-August) PET values found for each individual year across different decades and climate scenarios over the Barotse Floodplain. The data are organized by decade (1990s, 2000s, 2030s), climate scenario (historical or future scenario, such as SSP126), and year within each decade. Each row represents a specific decade in the format of (199#, 200#, 203#, etc., and the columns labeled "0," "1," and "2" contain the corresponding average values for each location or variable at that particular year (fill in the #). 
The other files in the folder are CSVs formatted identically as “MEAN_monthly_TAS_[decade]_[scenario]_Barotse_secs” These files show how the monthly average of TAS across each decade of each scenario is converted to an estimate of PET. 
The “Year” and “Month” columns specify the time period for which the “TAS_avg” (monthly average of TAS) is computed. Month is a numeric value between 1 and 12 where 1 refers to January, 12 to December, etc. 
The “2018_TAS” column represents the average temperature for the corresponding month in 2018. This value was computed since no PET data is available except for measured data from 2018.
By comparing “2018_TAS” with the monthly average, a scale factor labelled “SCALE” is determined.
The “2018_PET” value corresponding to the month is then multiplied by this scale factor to estimate PET for that month of that year.
The “SECONDS” column provides timestep data for LISFLOOD-FP modelling.
Anova_kw_analysis
This Python code was used to compute differences in flood pulse variables using ANOVA and Kruskall-Wallis, plus the relevant Tukey’s or Dunn’s post-hoc test. All data on flood pulse variables is provided in the format of lists.
Anova_kw_reported_paper
This Excel worksheet presents all p-values and test statistics used to inform the paper’s conclusions, output from ANOVA, Kruskal-Wallis, and post-hoc tests. Rows 1–14 contain a table with ANOVA (uncolored) and Kruskal-Wallis (colored green) results, where the p-value is reported first, followed by the test statistic (in the column labeled "stat"). Rows 17–59 are colored yellow to indicate post-hoc test results for the 1990s groups, and rows 71–112 are colored blue to indicate post-hoc test results for the 2000s groups. Bold titles specify which climate scenario and flood pulse variable the post-hoc results pertain to.
The post-hoc test results are direct outputs from Python, with formatting depending on whether Tukey’s or Dunn’s post-hoc test was used:
Tukey’s is formatted as a table with rows and columns: 
	
	1
	2
	3
	4

	1

	2

	3

	4


Where the row and column numbers of 1, 2, 3, and 4, refer to the different decades compared. 1 always corresponds to the baseline decade (so either 90s or 00s, as indicated by colour of the cells), 2 always corresponds to the 2030s, 3 always corresponds to the 2050s, and 4 always corresponds to the 2070s. 
Dunn’s output is formatted as rows in the style of:
(0 – 1)
(0 – 2)
(0 – 3)
(1 – 0)
Etc. 
The numbers 0, 1, 2, and 3 all refer to the different decades compared, again in a consistent format where: 0 corresponds to the baseline decade (either 90s or 00s, as indicated by colour of the cells), 1 always corresponds to the 2030s, 2 always corresponds to the 2050s, and 3 always corresponds to the 2070s. 
Pet_analysis
This Python code analyses the relationship between JJA temperatures (represented as a proxy of PET) and the flood pulse variable, day of flood recession. Kendall’s Tau correlation tests were conducted for each paired dataset. 
Pr_analysis 
This Python code first calculates the ensemble average of DJF precipitation, before analysing the relationship between these DJF precipitation sums and the flood pulse variables of: day of flood rise, cumulative flood frequency (denoted as aufc, see earlier explanation), day of flood peak, and flood peak extent. Kendall’s Tau correlation tests were conducted for each paired dataset.  
Figure codes
Figure4_boxplot
This is the code used to produce the boxplots in Figure 4. Note that this code does not create the final figure, but rather was modified to create each individual boxplot which were then combined into the final figure in a graphical software. 
Kuom_analysis
This is the code used in Figure 8 to visualise the days on which the Kuomboka festival was held over a series of years, using a scatterplot to represent variations in the festival dates and highlighting cancellations due to factors such as low floods. 
