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Welcome to LSDPlottingTools’s documentation!

This is the basic documentation that simply repeats information sored within the python files themselves.
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LSDPlottingTools package


Submodules




LSDPlottingTools.LSDMap_BasicManipulation module


	
LSDPlottingTools.LSDMap_BasicManipulation.BasicMassBalance(path, file1, file2)[source]

	This function checks the difference in “volume” between two rasters.





	Parameters:	
	path (str) – The path to the files

	file1 (str) – The name of the first raster.

	file2 (str) – The name of the second raster






	Returns:	The differnece in the volume betweeen the two rasters




	Return type:	float







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.BasinKeyToJunction(grouped_data_list, thisPointData)[source]

	This takes a basin_info_csv file (produced by several LSDTopoTools routies) and spits out lists of the junction numbers (it converts basin numbers to junction numbers).





	Parameters:	
	grouped_data_list (int list) – A list of list of basin numbers

	thisPointData (str) – A point data object with the basins






	Returns:	the junction numbers of the basins.




	Return type:	Junction_grouped_list







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.BasinOrderToBasinRenameList(basin_order_list)[source]

	When we take data from the basins they will be numbered accoring to their junction rank, which is controlled by flow routing.

The result is often numbered basins that have something that appears random to human eyes.
We have developed a routine to renumber these basins.
However, the way this works is to find a basin number and rename in the profile plots,
such that when it finds a basin number it will rename that.
So if you want to rename the seventh basin 0, you need to give a list where the seventh element is 0.

This is a pain because how one would normally order basins would be to look at the image of the basin numbers,
and then write the order in which you want those basins to appear.

This function converts between these two lists. You give the function the order you want the basins to appear,
and it gives a renaming list.





	Parameters:	basin_order_list (int) – the list of basins in which you want them to appear in the numbering scheme


	Returns:	The index into the returned basins





Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.BasinOrderer(thisPointData, FileName, criteria_string, reverse=False, exclude_criteria_string=u'None', exlude_criteria_greater=False, exclude_criteria_value=0)[source]

	




	
LSDPlottingTools.LSDMap_BasicManipulation.ConvertNorthingForImshow(RasterName, Northing)[source]

	This returns a northing that is inverted using the minimum and maximum values from the raster for use in imshow (because imshow inverts the raster)





	Parameters:	
	RasterName (str) – The raster’s name with full path and extension

	Northing (float) – The northing coordinate in metres (from UTM WGS84)






	Returns:	ConvertedNorthing The northing inverted from top to bottom







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.GetHillshade(raster_filename, new_raster_filename, azimuth=315, angle_altitude=45, driver_name=u'ENVI', NoDataValue=-9999)[source]

	This calls the hillshade function from the basic manipulation package, but then prints the resulting raster to file.





	Parameters:	
	raster_filename (str) – The raster’s name with full path and extension

	new_raster_filename (str) – The name of the raster to be printed

	azimuth (float) – Azimuth angle (compass direction) of the sun (in degrees).

	angle_altitude (float) – Altitude angle of the sun.

	driver_name (str) – The raster format (see gdal documentation for options. LSDTopoTools used “ENVI” format.)

	NoDataValue – The nodata value. Usually set to -9999.














	
LSDPlottingTools.LSDMap_BasicManipulation.GetUTMEastingNorthing(EPSG_string, latitude, longitude)[source]

	This returns the easting and northing for a given latitude and longitide





	Parameters:	
	ESPG_string (str) – The ESPG code. 326XX is for UTM north and 327XX is for UTM south

	latitude (float) – The latitude in WGS84

	longitude (float) – The longitude in WGS84






	Returns:	easting,northing The easting and northing in the UTM zone of your selection








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicManipulation.MaskByCategory(rasterArray, rasterForMasking, data_list)[source]

	This function takes values from an integer raster and renames them based on a list.

It is useful for renaming basin numbers.





	Parameters:	
	rasterArray (np.array) – The raster array

	grouped_data_list (int) – A list of lists containing groups to be redefined

	spread (int) – How big of a difference between groups. For plotting this helps to generate differenc colours.






	Returns:	The new array




	Return type:	np.array







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.NanBelowThreshold(rasterArray, threshold)[source]

	This function takes an array and turns any element below threshold to a nan

It is useful for renaming basin numbers.





	Parameters:	
	rasterArray (np.array) – The raster array

	threshold (int) – The threshold value






	Returns:	The new array




	Return type:	np.array







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.RasterMeanValue(path, file1)[source]

	This takes the average of a raster.





	Parameters:	
	path (str) – The path to the raster

	file1 (str) – The name of the file






	Returns:	The mean




	Return type:	mean_value







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.RedefineIntRaster(rasterArray, grouped_data_list, spread)[source]

	This function takes values from an integer raster and renames them based on a list.

It is useful for renaming basin numbers.





	Parameters:	
	rasterArray (np.array) – The raster array

	grouped_data_list (int) – A list of lists containing groups to be redefined

	spread (int) – How big of a difference between groups. For plotting this helps to generate differenc colours.






	Returns:	The new array




	Return type:	np.array







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.SetNoDataBelowThreshold(raster_filename, new_raster_filename, threshold=0, driver_name=u'ENVI', NoDataValue=-9999)[source]

	This takes a raster an then converts all data below a threshold to nodata, it then prints the resulting raster.





	Parameters:	
	raster_filename (str) – The raster’s name with full path and extension

	new_raster_filename (str) – The name of the raster to be printed

	threshold (float) – Data below this in the original raster will be converted to nodata.

	driver_name (str) – The raster format (see gdal documentation for options. LSDTopoTools used “ENVI” format.)

	NoDataValue (float) – The nodata value. Usually set to -9999.






	Returns:	None, but prints a new raster to file







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.SetToConstantValue(raster_filename, new_raster_filename, constant_value, driver_name=u'ENVI')[source]

	This takes a raster an then converts all non-nodata to a constant value.

This is useful if you want to make masks, for example to have blocks of single erosion rates for cosmogenic calculations.





	Parameters:	
	raster_filename (str) – The raster’s name with full path and extension

	new_raster_filename (str) – The name of the raster to be printed

	constant_value (float) – All non-nodata will be converted to this value in a new raster.

	driver_name (str) – The raster format (see gdal documentation for options. LSDTopoTools used “ENVI” format.)

	NoDataValue (float) – The nodata value. Usually set to -9999.






	Returns:	None, but prints a new raster to file







Author: SMM






	
LSDPlottingTools.LSDMap_BasicManipulation.SimpleSwath(path, file1, axis)[source]

	This function averages all the data along one of the directions





	Parameters:	
	path (str) – The path to the files

	file1 (str) – The name of the first raster.

	axis (int) – Either 0 (rows) or 1 (cols)






	Returns:	A load of information about the swath.


	means

	medians

	std_deviations

	twentyfifth_percentile

	seventyfifth_percentile



at each node across the axis of the swath.






	Return type:	float







Author: SMM








LSDPlottingTools.LSDMap_BasicPlotting module


	
LSDPlottingTools.LSDMap_BasicPlotting.BasicDensityPlot(FileName, thiscmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0))[source]

	This creates a plot of a raster. The most basic plotting function





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	thiscmap (colormap) – The colourmap to be used.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.






	Returns:	A density plot of the raster








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicPlotting.BasicDensityPlotGridPlot(FileName, thiscmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0), FigFileName=u'Image.pdf', FigFormat=u'show')[source]

	This creates a plot of a raster. The most basic plotting function. It uses AxisGrid to ensure proper placment of the raster.





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	thiscmap (colormap) – The colourmap to be used.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.

	FigFilename (str) – The name of the figure (with extension)

	FigFormat (str) – the format of the figure (e.g., jpg, png, pdf). If “show” then the figure is plotted to screen.






	Returns:	A density plot of the raster








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicPlotting.BasicDrapedPlotGridPlot(FileName, DrapeName, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show')[source]

	This creates a draped plot of a raster. It uses AxisGrid to ensure proper placment of the raster.





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	DrapeName (str) – The name of the drape raster (with full path and extension). If the DrapeName is “None” it will calculate the hillshade.

	thiscmap (colormap) – The colourmap to be used.

	drape_cmap (colormap) – The colourmap to be used for the drape.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.

	drape_alpha (float) – The alpha value (transparency) of the drape

	FigFilename (str) – The name of the figure (with extension)

	FigFormat (str) – the format of the figure (e.g., jpg, png, pdf). If “show” then the figure is plotted to screen.






	Returns:	A density plot of the draped raster








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicPlotting.BasinsOverFancyHillshade(FileName, HSName, BasinName, Basin_csv_name, basin_point_data, thiscmap=u'gray', drape_cmap=u'gray', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, grouped_basin_list=[], basin_rename_list=[], spread=20, chanPointData=u'None', label_sources=False, source_chi_threshold=10, size_format=u'esurf')[source]

	This creates a plot with a hillshade draped over elevation (or any other raster) with the basins on them.





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	HSName (str) – The name of the hillshade raster (with full path and extension).

	BasinName (str) – The name of the basin raster (with full path and extension).

	Basin_csv_name (str) – The name of the csv file where basin info is stored

	basin_point_data (LSDMap_PointData) – The basin point data

	thiscmap (colormap) – The colourmap to be used.

	drape_cmap (colormap) – The colourmap to be used for the drape.

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.

	drape_alpha (float) – The alpha value (transparency) of the drape

	FigFilename (str) – The name of the figure (with extension)

	FigFormat (str) – the format of the figure (e.g., jpg, png, pdf). If “show” then the figure is plotted to screen.

	elevation_threshold (float) – If raster values are less than this threshold they become nodata.

	grouped_basin_list (int list) – A list of lists with basins to be grouped.

	basin_rename_list (int list) – A list of updated names for the basins. So if you wanted basin 4 to be renamed basin 6 the fourth element in this list would be 6.

	spread (float) – Basins get a different number each, this is the spread between groups that controls how different the grouped basins are.

	chanPointData (str ir LSDMap_PointData) – Either “none” or a point data object with the channel network

	label_sources (bool) – Wheteher or not to label the sources

	source_chi_threshold (float) – Sources with length less than this will be plotted.

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	A density plot of the draped raster








	Author:

	SMM








	
LSDPlottingTools.LSDMap_BasicPlotting.DrapedOverFancyHillshade(FileName, HSName, DrapeName, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'Basin number', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0)[source]

	This creates a draped plot of a raster. It uses AxisGrid to ensure proper placment of the raster. It also includes a hillshde to make the figure look nicer (so there are three raster layers). In this case you need to tell it the name of the hillshade raster.





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	HSName (str) – The name of the hillshade raster (with full path and extension).

	DrapeName (str) – The name of the drape raster (with full path and extension).

	thiscmap (colormap) – The colourmap to be used.

	drape_cmap (colormap) – The colourmap to be used for the drape.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.

	drape_alpha (float) – The alpha value (transparency) of the drape

	FigFilename (str) – The name of the figure (with extension)

	FigFormat (str) – the format of the figure (e.g., jpg, png, pdf). If “show” then the figure is plotted to screen.

	elevation_threshold (float) – If raster values are less than this threshold they become nodata.






	Returns:	A density plot of the draped raster








	Author:

	SMM








	
LSDPlottingTools.LSDMap_BasicPlotting.DrapedOverHillshade(FileName, DrapeName, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0), drape_alpha=0.6, ShowColorbar=False, ShowDrapeColorbar=False, drape_cbarlabel=None)[source]

	This creates a draped plot of a raster.

It uses AxisGrid to ensure proper placment of the raster.
It also includes a hillshde to make the figure look nicer (so there are three raster layers).


Note

Remember, this has THREE layers: a base layer, a hillshade and a drape.







	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	DrapeName (str) – The name of the drape raster (with full path and extension).

	thiscmap (colormap) – The colourmap to be used.

	drape_cmap (colormap) – The colourmap to be used for the drape.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.

	drape_alpha (float) – The alpha value (transparency) of the drape

	ShowColorbar (bool) – Whether you want to show the colorbar

	drape_cbarlabel (str) – The label of the drape colourbar






	Returns:	A density plot of the draped raster








	Author:

	SMM and DAV








	
LSDPlottingTools.LSDMap_BasicPlotting.GetTicksForUTM(FileName, x_max, x_min, y_max, y_min, n_target_tics)[source]

	This fuction is used to set tick locations for UTM maps. It tries to optimise the spacing of these ticks.





	Parameters:	
	x_min (float) – The minimum value on the x axis (in metres).

	x_max (float) – The maximum value on the x axis (in metres).

	y_min (float) – The minimum value on the y axis (in metres).

	y_max (float) – The maximum value on the y axis (in metres).

	n_target_ticks (int) – The number of ticks you want on the axis (this is optimised so you may not get exactly this number)






	Returns:	new_xlocs –
List of locations of the ticks in metres.
new_x_labels (str list): List of strings for ticks, will be location in kilometres.
new_ylocs (float list): List of locations of the ticks in metres.
new_y_labels (str list): List of strings for ticks, will be location in kilometres.




	Return type:	float list







Author: SMM






	
LSDPlottingTools.LSDMap_BasicPlotting.Hillshade(raster_file, azimuth=315, angle_altitude=45, NoDataValue=-9999, z_factor=1)[source]

	Creates a hillshade raster





	Parameters:	
	raster_file (str) – The name of the raster file with path and extension.

	azimuth (float) – Azimuth of sunlight

	angle_altitude (float) – Angle altitude of sun

	NoDataValue (float) – The nodata value of the raster






	Returns:	HSArray –
The hillshade array




	Return type:	numpy.array








	Author:

	DAV and SWDG








	
LSDPlottingTools.LSDMap_BasicPlotting.LogStretchDensityPlot(FileName, thiscmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0))[source]

	This creates a plot of a raster where the colours are streched over log space





	Parameters:	
	FileName (str) – The name of the raster (with full path and extension).

	thiscmap (colormap) – The colourmap to be used.

	colorbarlabel (str) – The label of the colourbar

	clim_val (float,float) – The colour limits. If (0,0) then the min and max raster values are used.






	Returns:	A density plot of the raster.








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicPlotting.SwathPlot(path, filename, axis)[source]

	A function that creates a swath in either the x or y direction only. Averages across entire DEM. Exceedingly basic.





	Parameters:	
	path (str) – the path to the raster

	filename (str) – the name of the file

	axis (int) – if 0, swath along x-axis, if not swath along y-axis






	Returns:	A plot of the swath








	Author:

	SMM








	
LSDPlottingTools.LSDMap_BasicPlotting.TickConverter(x_min, x_max, n_target_tics)[source]

	This function is used to convert ticks in metres to ticks in kilometres.





	Parameters:	
	x_min (float) – The minimum value on the axis (in metres).

	x_max (float) – The maximum value on the axis (in metres)

	n_target_ticks (int) – The number of ticks you want on the axis (this is optimised so you may not get exactly this number)






	Returns:	new_xlocs –
List of locations of the ticks in metres.
new_x_labels (str list): List of strings for ticks, will be location in kilometres.




	Return type:	float list








	Author:

	Simon M Mudd








	
LSDPlottingTools.LSDMap_BasicPlotting.init_plotting_DV()[source]

	Initial plotting parameterss.


	Author:

	DAV








	
LSDPlottingTools.LSDMap_BasicPlotting.round_to_n(x, n)[source]

	A rounding function





	Parameters:	
	x (float) – The number to be rounded

	n (int) – The number of digits to be rounded to.






	Returns:	Rounded –
The rounded number




	Return type:	float








	Author:

	SMM










LSDPlottingTools.LSDMap_ChiPlotting module


	
LSDPlottingTools.LSDMap_ChiPlotting.BasicChannelPlotGridPlotCategories(FileName, DrapeName, chi_csv_fname, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, data_name=u'source_key', source_thinning_threshold=0, size_format=u'ESURF')[source]

	This plots the channels over a draped plot, colour coded by source





	Parameters:	
	FileName (str) – The name (with full path and extension) of the DEM.

	DrapenName (str) – The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)

	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	thiscmap (colormap) – The colourmap for the elevation raster

	drape_cmap (colormap) – The colourmap for the drape raster

	colorbarlabel (str) – the text label on the colourbar.

	clim_val (float,float) – The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots.

	drape_alpha (float) – The alpha value of the drape

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	data_name (str) – 

	source_thinning_threshold (float) – 

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Prints a plot to file.








	Author:

	Simon M. Mudd








	
LSDPlottingTools.LSDMap_ChiPlotting.BasicChiCoordinatePlot(FileName, DrapeName, csvfile, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'$\\chi (m)$', clim_val=(0, 0), basin_order_list=[], basin_point_data=u'None', basin_raster_name=u'None', drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', size_format=u'ESURF')[source]

	This plots the chi coordinate, mimicking Sean Willet et al’s plots





	Parameters:	
	FileName (str) – The name (with full path and extension) of the DEM.

	DrapenName (str) – The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)

	thisPointData (LSDMap_PointData) – The point data object with the basic chi points

	thiscmap (colormap) – The colourmap for the elevation raster

	drape_cmap (colormap) – The colourmap for the drape raster

	colorbarlabel (str) – the text label on the colourbar.

	clim_val (float,float) – The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots.

	basin_order_list (list of int) – The basin indices to be selected

	basin_point_data (LSDM_PointData) – The mapping between junctions and indices

	basin_raster_name (str) – If a basin raster name is supplied the chi raster will be masked

	drape_alpha (float) – The alpha value of the drape

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Prints a plot to file.








	Author:

	Simon M. Mudd








	
LSDPlottingTools.LSDMap_ChiPlotting.BasicChiPlotGridPlot(FileName, DrapeName, chi_csv_fname, thisPointData, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'log$_{10}k_{sn}$', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, size_format=u'ESURF')[source]

	This is the main chi plotting script that prints a chi steepness map over the hillshade. Note that the colour scale for the chi slope values are always cubehelix





	Parameters:	
	FileName (str) – The name (with full path and extension) of the DEM.

	DrapenName (str) – The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)

	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	thiscmap (colormap) – The colourmap for the elevation raster

	drape_cmap (colormap) – The colourmap for the drape raster

	colorbarlabel (str) – the text label on the colourbar.

	clim_val (float,float) – The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots.

	drape_alpha (float) – The alpha value of the drape

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Prints a plot to file.








	Author:

	Simon M. Mudd








	
LSDPlottingTools.LSDMap_ChiPlotting.BasicChiPlotGridPlotKirby(FileName, DrapeName, chi_csv_fname, thiscmap=u'gray', drape_cmap=u'gray', colorbarlabel=u'Elevation in meters', clim_val=(0, 0), drape_alpha=0.6, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, size_format=u'ESURF')[source]

	This function plots the chi slope on a shaded relief map. It uses the Kirby and Whipple colour scheme.





	Parameters:	
	FileName (str) – The name (with full path and extension) of the DEM.

	DrapenName (str) – The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)

	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	thiscmap (colormap) – The colourmap for the elevation raster

	drape_cmap (colormap) – The colourmap for the drape raster

	colorbarlabel (str) – the text label on the colourbar.

	clim_val (float,float) – The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots.

	drape_alpha (float) – The alpha value of the drape

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Does not return anything but makes a plot.







Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.ChiProfiles(chi_csv_fname, FigFileName=u'Image.pdf', FigFormat=u'show', basin_order_list=[], basin_rename_list=[], label_sources=False, elevation_threshold=0, source_thinning_threshold=0, size_format=u'ESURF')[source]

	This function plots the chi vs elevation: lumps everything onto the same axis. This tends to make a mess.





	Parameters:	
	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	basin_order_list (int list) – The basins to plot

	basin_rename_list (int list) – A list for naming substitutions

	label_sources (bool) – If tru, label the sources.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	source_thinning_threshold (float) – 

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Does not return anything but makes a plot.







Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.ConvertBasinIndexToJunction(BasinPointData, BasinIndexList)[source]

	This transforms a basin index list (simply the order of the basins, starting from low to high junction number) to a junction list.

This allows users to go between basin rasters (with junctions listed) and the simpler basin indexing system (which is sequential)





	Parameters:	
	BasinPointData (LSDMap_PointData) – a point data object

	BasinIndexList (list of ints) – The basin indices to be converted to junctions






	Returns:	A list on ints with the basin junctions







Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.FindShortSourceChannels(these_source_nodes, threshold_length)[source]

	This function gets the list of sources that are shorter than a threshold value





	Parameters:	
	these_source_nodes (dict) – A dict from the FindSourceInformation module

	threshold_length (float) – The threshold of chi lenght of the source segment






	Returns:	A list of integers of source with the appropriate length




	Return type:	long_sources







Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.FindSourceInformation(thisPointData)[source]

	This function finds the source locations, with chi elevation, flow distance, etc.





	Parameters:	thisPointData (LSDMap_PointData) – 


	Returns:	A dict with key of the source node that returns a dict that has the FlowDistance, Chi, and Elevation of each source.
Used for plotting source numbers on profile plots.





Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.StackedChiProfiles(chi_csv_fname, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, first_basin=0, last_basin=0, basin_order_list=[], basin_rename_list=[], X_offset=5, label_sources=False, source_thinning_threshold=0, size_format=u'ESURF')[source]

	This function plots the chi vs elevation: It stacks profiles (so the basins are spaced out) and colours them by the source number.





	Parameters:	
	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	first_basin (int) – The basin to start with (but overridden by the basin list)

	last_basin (int) – The basin to end with (but overridden by the basin list)

	basin_order_list (int list) – The basins to plot

	basin_rename_list (int list) – A list for naming substitutions. Useful because LSDTopoTools might number basins in a way a human wouldn’t, so a user can intervene in the names.

	X_offset (float) – The offest in chi between the basins along the x-axis. Used to space out the profiles so you can see each of them.

	label_sources (bool) – If true, label the sources.

	source_thinning_threshold (float) – 

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Does not return anything but makes a plot.







Author: SMM






	
LSDPlottingTools.LSDMap_ChiPlotting.StackedProfilesGradient(chi_csv_fname, FigFileName=u'Image.pdf', FigFormat=u'show', elevation_threshold=0, first_basin=0, last_basin=0, basin_order_list=[], basin_rename_list=[], this_cmap=<Mock name='mock.cm.cubehelix' id='140277816713104'>, data_name=u'chi', X_offset=5, plotting_data_format=u'log', label_sources=False, source_thinning_threshold=0, size_format=u'ESURF')[source]

	This function plots the chi vs elevation or flow distance vs elevation.

It stacks profiles (so the basins are spaced out).
It colours the plots by the chi steepness (which is equal to the normalised channel steepness if A_0 is set to 1).





	Parameters:	
	chi_csv_fname (str) – The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool.

	FigFileName (str) – The name of the figure file

	FigFormat (str) – The format of the figure. Usually ‘png’ or ‘pdf’. If “show” then it calls the matplotlib show() command.

	elevation_threshold (float) – elevation_threshold chi points below this elevation are removed from plotting.

	first_basin (int) – The basin to start with (but overridden by the basin list)

	last_basin (int) – The basin to end with (but overridden by the basin list)

	basin_order_list (int list) – The basins to plot

	basin_rename_list (int list) – A list for naming substitutions. Useful because LSDTopoTools might number basins in a way a human wouldn’t, so a user can intervene in the names.

	this_cmap (colormap) – NOT USED! We now use a default colourmap but this may change.

	data_name (str) – ‘chi’ or ‘flow_distance’ What to plot along the x-axis.

	X_offset (float) – The offest in chi between the basins along the x-axis. Used to space out the profiles so you can see each of them.

	plotting_data_format – NOT USED previously if ‘log’ use logarithm scale, but we now automatically do this. Might change later.

	label_sources (bool) – If true, label the sources.

	source_thinning_threshold (float) – 

	size_format (str) – Can be “big” (16 inches wide), “geomorphology” (6.25 inches wide), or “ESURF” (4.92 inches wide) (defualt esurf).






	Returns:	Does not return anything but makes a plot.







Author: SMM








LSDPlottingTools.LSDMap_GDALIO module


	
LSDPlottingTools.LSDMap_GDALIO.CheckNoData(FileName)[source]

	This looks through the head file of an ENVI raster and if it doesn’t find the nodata line it rewrites the file to include the nodata line.





	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	The total number of pixels (although what it is really doing is updating the header file. The return is just to check if it is working and yes I know this is stupid. )


	Return type:	int





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetGeoInfo(FileName)[source]

	This gets information from the raster file using gdal





	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	A vector that contains:
* NDV: the nodata values
* xsize: cellsize in x direction
* ysize: cellsize in y direction
* GeoT: the tranform (a string)
* Projection: the Projection (a string)
* DataType: The type of data (an int explaing the bits of each data element)


	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetLocationVectors(FileName)[source]

	This gets a vector of the x and y locations of the coordinates


Note

This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file.







	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	A vector of the x locations (eastings)
float: A vector of the y locations (northings)


	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetNPixelsInRaster(FileName)[source]

	This gets the total number of pixels in the raster





	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	The total number of pixels


	Return type:	int





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetPixelArea(FileName)[source]

	Gets the area in m^2 of the pixels





	Parameters:	rasterfn (str) – The filename (with path and extension) of the raster


	Returns:	Pixel_area (float): The area of each pixel


	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetRasterExtent(FileName)[source]

	This gets a vector of the minimums and maximums of the coordinates


Note

This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file.







	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	A vector that contains
	extent[0]: XMin

	extent[1]: XMax

	extent[2]: YMin

	extent[3]: YMax






	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetUTMEPSG(FileName)[source]

	Uses GDAL to get the EPSG string from the raster.





	Parameters:	FileName (str) – The filename (with path and extension) of the raster.


	Returns:	The EPSG string


	Return type:	str





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetUTMMaxMin(FileName)[source]

	This gets the minimum and maximum UTM values.

WARNING it assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file.





	Parameters:	FileName (str) – The filename (with path and extension) of the raster


	Returns:	The cell size in metres
float: The X minimum (easting) in metres
float: The X maximum (easting) in metres
float: The Y minimum (northing) in metres
float: The Y maximum (northing) in metres


	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.GetUTMMaxMinFromRowsCol(FileName, x_max_col, x_min_col, y_max_row, y_min_row)[source]

	This gets the minimum and maximum UTM values but you give it the row and column numbers.


Note

This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file.







	Parameters:	
	FileName (str) – The filename (with path and extension) of the raster

	x_max_col (int) – The column to use as the maximum

	x_min_col (int) – The column to use as the minimum

	y_max_row (int) – The row to use as the maximum

	y_min_row (int) – The row to use as the minimum






	Returns:	The X maximum (easting) in metres
float: The X minimum (easting) in metres
float: The Y maximum (northing) in metres
float: The Y minimum (northing) in metres




	Return type:	float







Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.RasterDifference(RasterFile1, RasterFile2, raster_band=1, OutFileName=u'Test.outfile', OutFileType=u'ENVI')[source]

	Takes two rasters of same size and subtracts second from first,
e.g. Raster1 - Raster2 = raster_of_difference
then writes it out to file






	
LSDPlottingTools.LSDMap_GDALIO.ReadRasterArrayBlocks(raster_file, raster_band=1)[source]

	This reads a raster file (from GDAL) into an array. The “blocks” bit makes it efficient.
:param FileName: The filename (with path and extension) of the raster.
:type FileName: str
:param raster_band: the band of the raster (almost all uses with LSDTopoTools will have a 1 band raster)





	Returns:	A numpy array with the data from the raster.


	Return type:	np.array





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.array2raster(rasterfn, newRasterfn, array, driver_name=u'ENVI', noDataValue=-9999)[source]

	Takes an array and writes to a GDAL compatible raster. It needs another raster to map the dimensions.





	Parameters:	
	FileName (str) – The filename (with path and extension) of a raster that has the same dimensions as the raster to be written.

	newRasterfn (str) – The filename (with path and extension) of the new raster.

	array (np.array) – The array to be written

	driver_name (str) – The type of raster to write. Default is ENVI since that is the LSDTOpoTools format

	noDataValue (float) – The no data value






	Returns:	A numpy array with the data from the raster.




	Return type:	np.array







Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.getNoDataValue(rasterfn)[source]

	This gets the nodata value from the raster





	Parameters:	rasterfn (str) – The filename (with path and extension) of the raster


	Returns:	nodatavalue; the nodata value


	Return type:	float





Author: SMM






	
LSDPlottingTools.LSDMap_GDALIO.setNoDataValue(rasterfn)[source]

	This sets the nodata value from the raster





	Parameters:	rasterfn (str) – The filename (with path and extension) of the raster


	Returns:	None





Author: SMM








LSDPlottingTools.LSDMap_PointTools module


	
LSDPlottingTools.LSDMap_PointTools.ConvertAllCSVToGeoJSON(path)[source]

	This looks in a directory and converts all .csv files to GeoJSON.

This is handy if, for example, you want to display data on the web using leaflet or D3.js


Note

This assumes your csv files have latitude and longitude columns. If the LSDMap_PointData object will not be able to read them.







	Parameters:	path (str) – The path in which you want to convert the csv files


	Returns:	None, but you will get a load of GeoJSON files.





Author: SMM






	
LSDPlottingTools.LSDMap_PointTools.ConvertAllCSVToShapefile(path)[source]

	This looks in a directory and converts all .csv files to shapefiles

This is handy if, for example, you want to display data using ArcMap of QGIS


Note

This assumes your csv files have latitude and longitude columns. If the LSDMap_PointData object will not be able to read them.







	Parameters:	path (str) – The path in which you want to convert the csv files


	Returns:	None, but you will get a load of GeoJSON files.





Author: SMM






	
class LSDPlottingTools.LSDMap_PointTools.LSDMap_PointData(FileName)[source]

	Bases: object


	
GetLatitude(PrintToScreen=False)[source]

	Gets the latitude list.





	Parameters:	PrintToScreen (bool) – If true, prints to screen


	Returns:	A list of the latitudes


	Return type:	float





Author: SMM






	
GetLongitude(PrintToScreen=False)[source]

	Gets the longitude list.





	Parameters:	PrintToScreen (bool) – If true, prints to screen


	Returns:	A list of the longitudes


	Return type:	float





Author: SMM






	
GetParameterNames(PrintToScreen=False)[source]

	Gets the list of parameter names.





	Parameters:	PrintToScreen (bool) – If true, prints to screen


	Returns:	A list of the variable names


	Return type:	str





Author: SMM






	
GetParameterTypes(PrintToScreen=False)[source]

	Gets the tyes of each names.





	Parameters:	PrintToScreen (bool) – If true, prints to screen


	Returns:	A list of the variable types


	Return type:	str





Author: SMM






	
GetUTMEastingNorthing(EPSG_string)[source]

	Returns two lists: the latitude and longitude converted to northing and easting.





	Parameters:	
	PrintToScreen (bool) – If true, prints to screen.

	EPSG_string (str) – The EPSG code of the UTM coordinates you want (326XX) with zone XX is for north, 327XX is for south.






	Returns:	Two lists containing easting and northing




	Return type:	float







Author: SMM






	
GetUTMEastingNorthingFromQuery(EPSG_string, Latitude_string, Longitude_string)[source]

	Returns two lists: the latitude and longitude converted to northing and easting. But you can define the columns if there are more than one latitude and longitude columns.


Note

This is used mainly if there are multple lat-long coordinates in the csv file. For example when you have basin centroids and basin outlets in the same file.







	Parameters:	
	PrintToScreen (bool) – If true, prints to screen.

	EPSG_string (str) – The EPSG code of the UTM coordinates you want (326XX) with zone XX is for north, 327XX is for south.

	Latitude_string (str) – The name of the latitude column you want

	Longitude_string (str) – The name of the longitude column you want.






	Returns:	Two lists containing easting and northing




	Return type:	float







Author: SMM






	
QueryData(data_name, PrintToScreen=False)[source]

	Returns the list of the data that has the column header data_name





	Parameters:	
	PrintToScreen (bool) – If true, prints to screen.

	data_name (str) – The header of the column you want






	Returns:	A list of the data




	Return type:	float







Author: SMM






	
ThinData(data_name, Threshold_value)[source]

	This removes data from a point function that is below a threshold value





	Parameters:	
	data_name (str) – The name of the data member to select

	Threshold_value (float) – Below this threshold points will be removed.






	Returns:	None removes data from the object (not reversible!!)







Author: SMM






	
ThinDataSelection(data_name, data_for_selection_list)[source]

	This function takes a list of values and retains the members in data name corresponding to that selection





	Parameters:	
	data_name (str) – The name of the data member to select

	data_for_selection_list (int) – A list of values to retain. Useful for things like selecting basins or sources.






	Returns:	None removes data from the object (not reversible!!)







Author: SMM






	
TranslateToReducedGeoJSON(FileName)[source]

	This converts the point data to a GeoJSON





	Parameters:	FileName (str) – the name of the file to be printed. The code strips the extension and turns it into .geojson, so you can give it the name of the csv file and ti will still work.


	Returns:	None, but prints a new GeoJSON





Author: SMM






	
TranslateToReducedShapefile(FileName)[source]

	This converts the point data to a shapefile





	Parameters:	FileName (str) – the name of the file to be printed. The code strips the extension and turns it into .shp, so you can give it the name of the csv file and ti will still work.


	Returns:	None, but prints a new shapefile





Author: SMM












LSDPlottingTools.LSDMap_Subplots module


	
LSDPlottingTools.LSDMap_Subplots.MultiDrapeErodeDiffMaps(DataDir, ElevationRaster, DrapeRasterWild, cmap, drape_min_threshold=None, cbar_label=None, drape_max_threshold=None, middle_mask_range=None)[source]

	
	Plots multiple drape maps of erosion/deposition (a DEM of difference)

	over a hillshade raster of the basin.



Takes a wildcard for the drapes
Expexts a single elevation raster for the background hillshade,
but this could be modified in future.





	Parameters:	
	DataDir (str) – Path to the directory containing the data files

	ElevationRaster (str) – Name of the elevation raster used to create the hillshade

	DrapeRasterWild (str) – Wildcard string used to find all the drape files in the
directory.

	cmap – Can be the string name of a colourmap, or a Colourmap object

	drape_min_threshold (float, optional) – Minimum value for the drape raster, i.e. values
below this threshold will be masked and not plotted.

	drape_max_threshold (float, optional) – Maximum value for the drape raster, i.e. values
above this value will be masked and not plotted.

	cbar_label – Label for the colourbar on the figure. This
is the colourbar for the drape colourmap.









Notes

Consider, if plotting multiple datasets, how you
are going to deal with min a max values in the colur range.
imshow will automatically set vmin and vmax and stretch the colour bar
over this - which can be visually misleading. Ideally, you
want to have the same colour map used for all subplots, and
this is not default behaviour.


	Note: If drape_max_threshold is not set, the function searches for the maximum value

	in the range of rasters found by expanding the DrapeRasterWild argument
and searching for the maximum value out of all rasters found.







	Raises:	Exception –
If the maximum value in the drape maps could not be found.





Author: DAV & FJC






	
LSDPlottingTools.LSDMap_Subplots.MultiDrapeFloodMaps(DataDir, ElevationRaster, DrapeRasterWild, cmap, drape_min_threshold=None, drape_max=None, cbar_label=None)[source]

	Creates a figure with multiple drape maps over a hillshade.

Plots flood extents from water depth rasters
draped over the catchment elevation raster
in a series of subplots

Takes a wildcard for the drapes
Expexts a fixed elevation raster, but this could be
modified in future.





	Parameters:	
	DataDir (str) – Path to the directory containing the data files

	ElevationRaster (str) – Name of the elevation raster used to create the hillshade

	DrapeRasterWild (str) – Wildcard string used to find all the drape files in the
directory.

	cmap – Can be the string name of a colourmap, or a Colourmap object

	drape_min (float, optional) – Minimum value for the drape raster, i.e. values
below this threshold will be masked and not plotted.

	drape_max (float, optional) – Maximum value for the drape raster, i.e. values
above this value will be masked and not plotted.

	cbar_label (str, optional) – Label for the colourbar on the figure. This
is the colourbar for the drape colourmap.









Notes

Consider, if plotting multiple datasets, how you
are going to deal with min a max values in the colur range.
imshow will automatically set vmin and vmax and stretch the colour bar
over this - which can be visually misleading. Ideally, you
want to have the same colour map used for all subplots, and
this is not default behaviour.


	Note: If drape_max is not set, the function searches for the maximum value

	in the range of rasters found by expanding the DrapeRasterWild argument
and searching for the maximum value out of all rasters found.







	Raises:	Exception –
If the maximum value in the drape maps could not be found.










	
LSDPlottingTools.LSDMap_Subplots.cm2inch(value)[source]

	




	
LSDPlottingTools.LSDMap_Subplots.field_sites(DataDirectory, N_HSFiles, NRows, NCols, n_target_ticks)[source]

	




	
LSDPlottingTools.LSDMap_Subplots.findmaxval_multirasters(FileList)[source]

	Loops through a list or array of rasters (np arrays)
and finds the maximum single value in the set of arrays.






	
LSDPlottingTools.LSDMap_Subplots.findminval_multirasters(FileList)[source]

	Loops through a list or array of rasters (np arrays)
and finds the minimum single value in the set of arrays.






	
LSDPlottingTools.LSDMap_Subplots.flood_maps_with_shapefile(DataDirectory)[source]

	




	
LSDPlottingTools.LSDMap_Subplots.multiple_flood_maps(DataDirectory)[source]

	Make nice subplots of floodplain rasters for different field sites








LSDPlottingTools.adjust_text module


	
LSDPlottingTools.adjust_text.adjust_text(texts, x=None, y=None, add_objects=None, ax=None, expand_text=(1.2, 1.2), expand_points=(1.2, 1.2), expand_objects=(1.2, 1.2), expand_align=(0.9, 0.9), autoalign=u'xy', va=u'center', ha=u'center', force_text=0.5, force_points=0.5, force_objects=0.5, lim=100, precision=0, only_move={}, text_from_text=True, text_from_points=True, save_steps=False, save_prefix=u'', save_format=u'png', add_step_numbers=True, draggable=True, *args, **kwargs)[source]

	Iteratively adjusts the locations of texts. First moves all texts that are
outside the axes limits inside. Then in each iteration moves all texts away
from each other and from points. In the end hides texts and substitutes
them with annotations to link them to the respective points.





	Parameters:	
	texts (list) – a list of text.Text objects to adjust

	x (seq) – x-coordinates of points to repel from; if not provided only
uses text coordinates

	y (seq) – y-coordinates of points to repel from; if not provided only
uses text coordinates

	add_objects (list) – a list of additional matplotlib objects to avoid;
they must have a .get_window_extent() method

	ax (obj) – axes object with the plot; if not provided is determined by
plt.gca()

	expand_text (seq) – a tuple/list/... with 2 numbers (x, y) to expand
texts when repelling them from each other; default (1.2, 1.2)

	expand_points (seq) – a tuple/list/... with 2 numbers (x, y) to expand
texts when repelling them from points; default (1.2, 1.2)

	expand_objects (seq) – a tuple/list/... with 2 numbers (x, y) to expand
texts when repelling them from points; default (1.2, 1.2)

	expand_align (seq) – a tuple/list/... with 2 numbers (x, y) to expand
texts when autoaligning texts; default (1., 1.)

	autoalign – If ‘xy’, the best alignment of all texts will be
determined in all directions automatically before running the
iterative adjustment; if ‘x’ will only align horizontally, if ‘y’ -
vertically; overrides va and ha

	va (str) – vertical alignment of texts

	ha (str) – horizontal alignment of texts

	force_text (float) – the repel force from texts is multiplied by this
value; default 0.5

	force_points (float) – the repel force from points is multiplied by this
value; default 0.5

	force_objects (float) – same as other forces, but for repelling
additional objects

	lim (int) – limit of number of iterations

	precision (float) – up to which sum of all overlaps along both x and y
to iterate; may need to increase for complicated situations;
default 0, so no overlaps with anything.

	only_move (dict) – a dict to restrict movement of texts to only certain
axis. Valid keys are ‘points’ and ‘text’, for each of them valid
values are ‘x’, ‘y’ and ‘xy’. This way you can forbid moving texts
along either of the axes due to overlaps with points, but let it
happen if there is an overlap with texts: only_move={‘points’:’y’,
‘text’:’xy’}. Default: None, so everything is allowed.

	text_from_text (bool) – whether to repel texts from each other; default
True

	text_from_points (bool) – whether to repel texts from points; default
True; can helpful to switch of in extremely crouded plots

	save_steps (bool) – whether to save intermediate steps as images;
default False

	save_prefix (str) – a path and/or prefix to the saved steps; default ‘’

	save_format (str) – a format to save the steps into; default ‘png

	and **kwargs (*args) – any arguments will be fed into plt.annotate after
all the optimization is done just for plotting



	add_step_numbers (bool) – whether to add step numbers as titles to the
images of saving steps

	draggable (bool) – whether to make the annotations draggable; default
True














	
LSDPlottingTools.adjust_text.get_bboxes(objs, r, expand=(1.0, 1.0), ax=None)[source]

	




	
LSDPlottingTools.adjust_text.get_midpoint(bbox)[source]

	




	
LSDPlottingTools.adjust_text.get_points_inside_bbox(x, y, bbox)[source]

	




	
LSDPlottingTools.adjust_text.get_renderer(fig)[source]

	




	
LSDPlottingTools.adjust_text.move_texts(texts, delta_x, delta_y, bboxes=None, renderer=None, ax=None)[source]

	




	
LSDPlottingTools.adjust_text.optimally_align_text(x, y, texts, expand=(1.0, 1.0), add_bboxes=[], renderer=None, ax=None, direction=u'xy')[source]

	For all text objects find alignment that causes the least overlap with
points and other texts and apply it






	
LSDPlottingTools.adjust_text.overlap_bbox_and_point(bbox, xp, yp)[source]

	




	
LSDPlottingTools.adjust_text.repel_text(texts, renderer=None, ax=None, expand=(1.2, 1.2), only_use_max_min=False, move=False)[source]

	Repel texts from each other while expanding their bounding boxes by expand
(x, y), e.g. (1.2, 1.2) would multiply width and height by 1.2.
Requires a renderer to get the actual sizes of the text, and to that end
either one needs to be directly provided, or the axes have to be specified,
and the renderer is then got from the axes object.






	
LSDPlottingTools.adjust_text.repel_text_from_axes(texts, ax=None, bboxes=None, renderer=None, expand=None)[source]

	




	
LSDPlottingTools.adjust_text.repel_text_from_bboxes(add_bboxes, texts, renderer=None, ax=None, expand=(1.2, 1.2), only_use_max_min=False, move=False)[source]

	Repel texts from other objects’ bboxes while expanding their (texts’)
bounding boxes by expand (x, y), e.g. (1.2, 1.2) would multiply width and
height by 1.2.
Requires a renderer to get the actual sizes of the text, and to that end
either one needs to be directly provided, or the axes have to be specified,
and the renderer is then got from the axes object.






	
LSDPlottingTools.adjust_text.repel_text_from_points(x, y, texts, renderer=None, ax=None, expand=(1.2, 1.2), move=False)[source]

	Repel texts from all points specified by x and y while expanding their
(texts’!) bounding boxes by expandby  (x, y), e.g. (1.2, 1.2)
would multiply both width and height by 1.2. In the case when the text
overlaps a point, but there is no definite direction for movement, moves
in random direction by 40% of it’s width and/or height depending on
Requires a renderer to get the actual sizes of the text, and to that end
either one needs to be directly provided, or the axes have to be specified,
and the renderer is then got from the axes object.








LSDPlottingTools.cubehelix module


	
LSDPlottingTools.cubehelix.cmap(start=0.5, rot=-1.5, gamma=1.0, reverse=False, nlev=256.0, minSat=1.2, maxSat=1.2, minLight=0.0, maxLight=1.0, **kwargs)[source]

	A full implementation of Dave Green’s “cubehelix” for Matplotlib.
Based on the FORTRAN 77 code provided in
D.A. Green, 2011, BASI, 39, 289.

http://adsabs.harvard.edu/abs/2011arXiv1108.5083G

User can adjust all parameters of the cubehelix algorithm.
This enables much greater flexibility in choosing color maps, while
always ensuring the color map scales in intensity from black
to white. A few simple examples:

Default color map settings produce the standard “cubehelix”.

Create color map in only blues by setting rot=0 and start=0.

Create reverse (white to black) backwards through the rainbow once
by setting rot=1 and reverse=True.





	Parameters:	
	start (scalar, optional) – Sets the starting position in the color space. 0=blue, 1=red,
2=green. Defaults to 0.5.

	rot (scalar, optional) – The number of rotations through the rainbow. Can be positive
or negative, indicating direction of rainbow. Negative values
correspond to Blue->Red direction. Defaults to -1.5

	gamma (scalar, optional) – The gamma correction for intensity. Defaults to 1.0

	reverse (boolean, optional) – Set to True to reverse the color map. Will go from black to
white. Good for density plots where shade~density. Defaults to False

	nlev (scalar, optional) – Defines the number of discrete levels to render colors at.
Defaults to 256.

	sat (scalar, optional) – The saturation intensity factor. Defaults to 1.2
NOTE: this was formerly known as “hue” parameter

	minSat (scalar, optional) – Sets the minimum-level saturation. Defaults to 1.2

	maxSat (scalar, optional) – Sets the maximum-level saturation. Defaults to 1.2

	startHue (scalar, optional) – Sets the starting color, ranging from [0, 360], as in
D3 version by @mbostock
NOTE: overrides values in start parameter

	endHue (scalar, optional) – Sets the ending color, ranging from [0, 360], as in
D3 version by @mbostock
NOTE: overrides values in rot parameter

	minLight (scalar, optional) – Sets the minimum lightness value. Defaults to 0.

	maxLight (scalar, optional) – Sets the maximum lightness value. Defaults to 1.






	Returns:	




	Return type:	matplotlib.colors.LinearSegmentedColormap object







Example

>>> import cubehelix
>>> import matplotlib.pyplot as plt
>>> import numpy as np
>>> x = np.random.randn(1000)
>>> y = np.random.randn(1000)
>>> cx = cubehelix.cmap(start=0., rot=-0.5)
>>> plt.hexbin(x, y, gridsize=50, cmap=cx)





2014-04 (@jradavenport) Ported from IDL version
2014-04 (@jradavenport) Added kwargs to enable similar to D3 version,


changed name of “hue” parameter to “sat”









LSDPlottingTools.colours module

A set of functions to perform modifications to matplotlib colourbars,
and colourmaps, beyond the core maplotlib colourbar/colourmap functionality.

Created on Thu Jan 12 14:33:21 2017


Author: DAV



	
LSDPlottingTools.colours.cmap_discretize(N, cmap)[source]

	Return a discrete colormap from the continuous colormap cmap.





	Parameters:	
	cmap – colormap instance, eg. cm.jet.

	N – number of colors.









Example

x = resize(arange(100), (5,100))
djet = cmap_discretize(cm.jet, 5)
imshow(x, cmap=djet)






	
LSDPlottingTools.colours.colorbar_index(fig, cax, ncolors, cmap, drape_min_threshold, drape_max)[source]

	
	State-machine like function that creates a discrete colormap and plots

	it on a figure that is passed as an argument.







	Parameters:	
	fig (matplotlib.Figure) – Instance of a matplotlib figure object.

	cax (matplotlib.Axes) – Axes instance to create the colourbar from.
This must be the Axes containing the data that your colourbar will be
mapped from.

	ncolors (int) – The number of colours in the discrete colourbar map.

	cmap (str or Colormap object) – Either the name of a matplotlib colormap, or
an object instance of the colormap, e.g. cm.jet

	drape_min_threshold (float) – Number setting the threshold level of the drape raster
This should match any threshold you have set to mask the drape/overlay raster.

	drape_max (float) – Similar to above, but for the upper threshold of your drape mask.














	
LSDPlottingTools.colours.discrete_colourmap(N, base_cmap=None)[source]

	Creates an N-bin discrete colourmap from the specified input colormap.

Author: github.com/jakevdp adopted by DAV


	Note: Modified so you can pass in the string name of a colourmap

	or a Colormap object.







	Parameters:	
	N (int) – Number of bins for the discrete colourmap. I.e. the number
of colours you will get.

	base_cmap (str or Colormap object) – Can either be the name of a colourmap
e.g. “jet” or a matplotlib Colormap object














	
LSDPlottingTools.colours.nonlinear_colormap()[source]

	Creates a non-linear colourmap from an existing colourmap.






	
LSDPlottingTools.colours.truncate_colormap(cmap, minval=0.0, maxval=1.0, n=-1)[source]

	Truncates a standard matplotlib colourmap so
that you can use part of the colour range in your plots.
Handy when the colourmap you like has very light values at
one end of the map that can’t be seen easily.





	Parameters:	
	( (cmap) – obj: Colormap): A matplotlib Colormap object. Note this is not
a string name of the colourmap, you must pass the object type.

	minval (int, optional) – The lower value to truncate the colour map to.
colourmaps range from 0.0 to 1.0. Should be 0.0 to include the full
lower end of the colour spectrum.

	maxval (int, optional) – The upper value to truncate the colour map to.
maximum should be 1.0 to include the full upper range of colours.

	n (int) – Leave at default.









Example

minColor = 0.00
maxColor = 0.85
inferno_t = truncate_colormap(_plt.get_cmap(“inferno”), minColor, maxColor)








LSDPlottingTools.labels module

Created on Mon Oct 10 16:09:29 2016

A series of functions to provide extra functionality to matplotlib
involving the creation of labels for plots.


Author: DAV


@stackoverflow: http://stackoverflow.com/questions/16992038/inline-labels-in-matplotlib


	
LSDPlottingTools.labels.labelLine(line, x, label=None, align=True, **kwargs)[source]

	Places a label on a line plot and orients it to run parallel with the line.

Given a matplotlib Line instance and x-coordinate, places label at the x-coord
on the given line and orientates it parallel to the line.

Author: http://stackoverflow.com/questions/16992038/inline-labels-in-matplotlib





	Parameters:	
	line – Matplotlib Line instance

	x – x-coordinate on the line at which the label will be positioned.

	label (str) – The label to be added to the line.

	align (bool) – whether or not to align the label parallel to the line














	
LSDPlottingTools.labels.labelLines(lines, align=True, xvals=None, **kwargs)[source]

	
	Version of labelLine that assigns labels for all lines

	in a plot.



Similar to labelLine, except a list of lines is passed.


	Argumnets:

	lines (list): A list of the lines to be labeled.
xvals: A list of x-coordinates where the labels should be anchored.








	
LSDPlottingTools.labels.make_line_label(fname)[source]

	Makes a string (label) by splitting a file name.


Warning

A lot of this is hard coded to split according to certain filenaming
conventions, separated by underscored. e.g. MyFile_part1_part2_part3.file
So you should modify this to fit your own file naming
convention.



Todo: Rewrite this as a more generic function.





	Parameters:	fname (str) – Filename to create labels from.





Author: DAV








LSDPlottingTools.locationmap module

Location map.

Plots a location map using the Cartopy package

Install cartopy first for this to work.

http://scitools.org.uk/cartopy/docs/v0.13/index.html

Add annotations for locations using their lon/lats.

Author: DAV


	
LSDPlottingTools.locationmap.location_map(extent, gazetter, offset=0.0)[source]

	
	Plots a series of points marking towns/sample sites/locations etc

	given a dictionary of places and lat/lons.







	Parameters:	
	extent (list) – A list of the cooridinates of the bounding extent of the
location map in format: [West, East, South, North] e.g.:


[lonW, lonE, latS, latN]




	gazetter (dict) – A dictionary of arbitrary length of the format:
{ ‘Placename1’ : (LATITUDE, LONGITUDE),


‘Placename2’ : (LATITUDE, LONGITUDE).
and so on...}




	offset (float) – Offset of the text label to the marker points,
in degrees.










	Todo: Greying out the landmass appears to block out the marker points

	(weird...) so this has been commented out and you just get an
outline map for now.



Author: DAV








Module contents

Created on Fri Oct 30 10:37:16 2015

@author: smudd
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  Source code for LSDPlottingTools.labels

# -*- coding: utf-8 -*-
"""
Created on Mon Oct 10 16:09:29 2016

A series of functions to provide extra functionality to matplotlib 
involving the creation of labels for plots.

    Author: DAV
@stackoverflow: http://stackoverflow.com/questions/16992038/inline-labels-in-matplotlib
"""
from __future__ import absolute_import, division, print_function, unicode_literals

from math import atan2 as _atan2, degrees as _degrees
import numpy as _np
import re as _re

#Label line with line2D label data
[docs]def labelLine(line,x,label=None,align=True,**kwargs):
    """Places a label on a line plot and orients it to run parallel with the line.

    Given a matplotlib Line instance and x-coordinate, places `label` at the x-coord
    on the given line and orientates it parallel to the line. 

    Author: http://stackoverflow.com/questions/16992038/inline-labels-in-matplotlib

    Arguments:
        line: Matplotlib Line instance
        x: x-coordinate on the line at which the label will be positioned.
        label (str): The label to be added to the line.
        align (bool): whether or not to align the label parallel to the line

    """

    ax = line.get_axes()
    xdata = line.get_xdata()
    ydata = line.get_ydata()

    if (x < xdata[0]) or (x > xdata[-1]):
        print('x label location is outside data range!')
        return

    #Find corresponding y co-ordinate and angle of the
    ip = 1
    for i in range(len(xdata)):
        if x < xdata[i]:
            ip = i
            break

    y = ydata[ip-1] + (ydata[ip]-ydata[ip-1])*(x-xdata[ip-1])/(xdata[ip]-xdata[ip-1])

    if not label:
        label = line.get_label()

    if align:
        #Compute the slope
        dx = xdata[ip] - xdata[ip-1]
        dy = ydata[ip] - ydata[ip-1]
        ang = _degrees(_atan2(dy,dx))

        #Transform to screen co-ordinates
        pt = _np.array([x,y]).reshape((1,2))
        trans_angle = ax.transData.transform_angles(_np.array((ang,)),pt)[0]

    else:
        trans_angle = 0

    #Set a bunch of keyword arguments
    if 'color' not in kwargs:
        kwargs['color'] = line.get_color()

    if ('horizontalalignment' not in kwargs) and ('ha' not in kwargs):
        kwargs['ha'] = 'center'

    if ('verticalalignment' not in kwargs) and ('va' not in kwargs):
        kwargs['va'] = 'center'

    if 'backgroundcolor' not in kwargs:
        kwargs['backgroundcolor'] = ax.get_axis_bgcolor()

    if 'clip_on' not in kwargs:
        kwargs['clip_on'] = True

    if 'zorder' not in kwargs:
        kwargs['zorder'] = 2.5

    ax.text(x,y,label,rotation=trans_angle,**kwargs)


[docs]def labelLines(lines,align=True,xvals=None,**kwargs):
    """Version of labelLine that assigns labels for all lines
       in a plot.

    Similar to labelLine, except a list of lines is passed.

    Argumnets: 
        lines (list): A list of the lines to be labeled.
        xvals: A list of x-coordinates where the labels should be anchored.
    """

       

    ax = lines[0].get_axes()
    labLines = []
    labels = []

    #Take only the lines which have labels other than the default ones
    for line in lines:
        label = line.get_label()
        if "_line" not in label:
            labLines.append(line)
            labels.append(label)

    if xvals is None:
        xmin,xmax = ax.get_xlim()
        xvals = _np.linspace(xmin,xmax,len(labLines)+2)[1:-1]

    for line,x,label in zip(labLines,xvals,labels):
        labelLine(line,x,label,align,**kwargs)


[docs]def make_line_label(fname):
    """Makes a string (label) by splitting a file name. 

    Warning:
       A lot of this is hard coded to split according to certain filenaming
       conventions, separated by underscored. e.g. MyFile_part1_part2_part3.file
       So you should modify this to fit your own file naming
       convention. 

    Todo: Rewrite this as a more generic function.

    Arguments:
        fname (str): Filename to create labels from.

    Author: DAV

    """
    # Passing a list of delimiters to the re.split function
    part1 = _re.split("[_.]", fname)[0]
    part2 = _re.split("[_.]", fname)[1]
    part3 = _re.split("[_.]", fname)[2]

    part = part2 + '_' + part3
    print(part)
    return part
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  Source code for LSDPlottingTools.cubehelix

# -*- coding: utf-8 -*-
from __future__ import absolute_import, division, print_function, unicode_literals

from matplotlib.colors import LinearSegmentedColormap as LSC
from math import pi
import numpy as np


[docs]def cmap(start=0.5, rot=-1.5, gamma=1.0, reverse=False, nlev=256.,
         minSat=1.2, maxSat=1.2, minLight=0., maxLight=1.,
         **kwargs):
    """
    A full implementation of Dave Green's "cubehelix" for Matplotlib.
    Based on the FORTRAN 77 code provided in
    D.A. Green, 2011, BASI, 39, 289.

    http://adsabs.harvard.edu/abs/2011arXiv1108.5083G

    User can adjust all parameters of the cubehelix algorithm.
    This enables much greater flexibility in choosing color maps, while
    always ensuring the color map scales in intensity from black
    to white. A few simple examples:

    Default color map settings produce the standard "cubehelix".

    Create color map in only blues by setting rot=0 and start=0.

    Create reverse (white to black) backwards through the rainbow once
    by setting rot=1 and reverse=True.

    Parameters
    ----------
    start : scalar, optional
        Sets the starting position in the color space. 0=blue, 1=red,
        2=green. Defaults to 0.5.
    rot : scalar, optional
        The number of rotations through the rainbow. Can be positive
        or negative, indicating direction of rainbow. Negative values
        correspond to Blue->Red direction. Defaults to -1.5
    gamma : scalar, optional
        The gamma correction for intensity. Defaults to 1.0
    reverse : boolean, optional
        Set to True to reverse the color map. Will go from black to
        white. Good for density plots where shade~density. Defaults to False
    nlev : scalar, optional
        Defines the number of discrete levels to render colors at.
        Defaults to 256.
    sat : scalar, optional
        The saturation intensity factor. Defaults to 1.2
        NOTE: this was formerly known as "hue" parameter
    minSat : scalar, optional
        Sets the minimum-level saturation. Defaults to 1.2
    maxSat : scalar, optional
        Sets the maximum-level saturation. Defaults to 1.2
    startHue : scalar, optional
        Sets the starting color, ranging from [0, 360], as in
        D3 version by @mbostock
        NOTE: overrides values in start parameter
    endHue : scalar, optional
        Sets the ending color, ranging from [0, 360], as in
        D3 version by @mbostock
        NOTE: overrides values in rot parameter
    minLight : scalar, optional
        Sets the minimum lightness value. Defaults to 0.
    maxLight : scalar, optional
        Sets the maximum lightness value. Defaults to 1.

    Returns
    -------
    matplotlib.colors.LinearSegmentedColormap object

    Example
    -------
    >>> import cubehelix
    >>> import matplotlib.pyplot as plt
    >>> import numpy as np
    >>> x = np.random.randn(1000)
    >>> y = np.random.randn(1000)
    >>> cx = cubehelix.cmap(start=0., rot=-0.5)
    >>> plt.hexbin(x, y, gridsize=50, cmap=cx)

    Revisions
    ---------
    2014-04 (@jradavenport) Ported from IDL version
    2014-04 (@jradavenport) Added kwargs to enable similar to D3 version,
                            changed name of "hue" parameter to "sat"
    """

# override start and rot if startHue and endHue are set
    if kwargs is not None:
        if 'startHue' in kwargs:
            start = (kwargs.get('startHue') / 360. - 1.) * 3.
        if 'endHue' in kwargs:
            rot = kwargs.get('endHue') / 360. - start / 3. - 1.
        if 'sat' in kwargs:
            minSat = kwargs.get('sat')
            maxSat = kwargs.get('sat')

# set up the parameters
    fract = np.linspace(minLight, maxLight, nlev)
    angle = 2.0 * pi * (start / 3.0 + rot * fract + 1.)
    fract = fract**gamma

    satar = np.linspace(minSat, maxSat, nlev)
    amp = satar * fract * (1. - fract) / 2.

# compute the RGB vectors according to main equations
    red = fract + amp * (-0.14861 * np.cos(angle) + 1.78277 * np.sin(angle))
    grn = fract + amp * (-0.29227 * np.cos(angle) - 0.90649 * np.sin(angle))
    blu = fract + amp * (1.97294 * np.cos(angle))

# find where RBB are outside the range [0,1], clip
    red[np.where((red > 1.))] = 1.
    grn[np.where((grn > 1.))] = 1.
    blu[np.where((blu > 1.))] = 1.

    red[np.where((red < 0.))] = 0.
    grn[np.where((grn < 0.))] = 0.
    blu[np.where((blu < 0.))] = 0.

# optional color reverse
    if reverse is True:
        red = red[::-1]
        blu = blu[::-1]
        grn = grn[::-1]

# put in to tuple & dictionary structures needed
    rr = []
    bb = []
    gg = []
    for k in range(0, int(nlev)):
        rr.append((float(k) / (nlev - 1.), red[k], red[k]))
        bb.append((float(k) / (nlev - 1.), blu[k], blu[k]))
        gg.append((float(k) / (nlev - 1.), grn[k], grn[k]))

    cdict = {'red': rr, 'blue': bb, 'green': gg}
    return LSC('cubehelix_map', cdict)
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  Source code for LSDPlottingTools.colours

"""
A set of functions to perform modifications to matplotlib colourbars,
and colourmaps, beyond the core maplotlib colourbar/colourmap functionality.

Created on Thu Jan 12 14:33:21 2017

    Author: DAV
"""
from __future__ import absolute_import, division, print_function, unicode_literals

import numpy as _np
import matplotlib as _mpl
import matplotlib.pyplot as _plt
import matplotlib.gridspec as _gridspec
import matplotlib.colors as _mcolors
import matplotlib.cm as _cm

from matplotlib.colors import LinearSegmentedColormap


[docs]def truncate_colormap(cmap, minval=0.0, maxval=1.0, n=-1):
    """
    Truncates a standard matplotlib colourmap so
    that you can use part of the colour range in your plots.
    Handy when the colourmap you like has very light values at
    one end of the map that can't be seen easily.

    Arguments:
      cmap (:obj: `Colormap`): A matplotlib Colormap object. Note this is not
         a string name of the colourmap, you must pass the object type.
      minval (int, optional): The lower value to truncate the colour map to. 
         colourmaps range from 0.0 to 1.0. Should be 0.0 to include the full 
         lower end of the colour spectrum.
      maxval (int, optional): The upper value to truncate the colour map to.
         maximum should be 1.0 to include the full upper range of colours.
      n (int): Leave at default. 
    
    Example:
       minColor = 0.00
       maxColor = 0.85
       inferno_t = truncate_colormap(_plt.get_cmap("inferno"), minColor, maxColor) 
    """
    cmap = _plt.get_cmap(cmap)
    
    if n == -1:
        n = cmap.N
    new_cmap = _mcolors.LinearSegmentedColormap.from_list(
         'trunc({name},{a:.2f},{b:.2f})'.format(name=cmap.name, a=minval, b=maxval),
         cmap(_np.linspace(minval, maxval, n)))
    return new_cmap

    
[docs]def discrete_colourmap(N, base_cmap=None):
    """Creates an N-bin discrete colourmap from the specified input colormap.
    
    Author: github.com/jakevdp adopted by DAV
    
    Note: Modified so you can pass in the string name of a colourmap
        or a Colormap object.

    Arguments: 
        N (int): Number of bins for the discrete colourmap. I.e. the number
            of colours you will get.
        base_cmap (str or Colormap object): Can either be the name of a colourmap
            e.g. "jet" or a matplotlib Colormap object
    """

    print(type(base_cmap))
    if isinstance(base_cmap, _mcolors.Colormap):
        base = base_cmap
    elif isinstance(base_cmap, str):
        base = _plt.cm.get_cmap(base_cmap)
    else:
        print("DrapeName supplied is of type: ", type(base_cmap))
        raise ValueError('DrapeName must either be a string name of a colormap, \
                         or a Colormap. Please try again.')
        
    color_list = base(_np.linspace(0, 1, N))
    cmap_name = base.name + str(N)
    return base.from_list(cmap_name, color_list, N)

    
[docs]def cmap_discretize(N, cmap):
    """Return a discrete colormap from the continuous colormap cmap.
    
    Arguments:
        cmap: colormap instance, eg. cm.jet. 
        N: number of colors.

    Example:
        x = resize(arange(100), (5,100))
        djet = cmap_discretize(cm.jet, 5)
        imshow(x, cmap=djet)
    """

    if type(cmap) == str:
        cmap = _plt.get_cmap(cmap)
    colors_i = _np.concatenate((_np.linspace(0, 1., N), (0.,0.,0.,0.)))
    colors_rgba = cmap(colors_i)
    indices = _np.linspace(0, 1., N+1)
    cdict = {}
    for ki,key in enumerate(('red','green','blue')):
        cdict[key] = [ (indices[i], colors_rgba[i-1,ki], colors_rgba[i,ki])
                       for i in range(N+1) ]
    # Return colormap object.
    return _mcolors.LinearSegmentedColormap(cmap.name + "_%d"%N, cdict, 1024)

    

[docs]def colorbar_index(fig, cax, ncolors, cmap, drape_min_threshold, drape_max):
    """State-machine like function that creates a discrete colormap and plots
       it on a figure that is passed as an argument.

    Arguments:
       fig (matplotlib.Figure): Instance of a matplotlib figure object.
       cax (matplotlib.Axes): Axes instance to create the colourbar from. 
           This must be the Axes containing the data that your colourbar will be
           mapped from.
       ncolors (int): The number of colours in the discrete colourbar map.
       cmap (str or Colormap object): Either the name of a matplotlib colormap, or 
           an object instance of the colormap, e.g. cm.jet
       drape_min_threshold (float): Number setting the threshold level of the drape raster
           This should match any threshold you have set to mask the drape/overlay raster.
       drape_max (float): Similar to above, but for the upper threshold of your drape mask.
    """

    discrete_cmap = discrete_colourmap(ncolors, cmap)
    
    mappable = _cm.ScalarMappable(cmap=discrete_cmap)
    mappable.set_array([])
    #mappable.set_clim(-0.5, ncolors + 0.5)
    mappable.set_clim(drape_min_threshold, drape_max)
    
    print(type(fig))
    print(type(mappable))
    print(type(cax))
    print() 
    cbar = fig.colorbar(mappable, cax=cax)
    print(type(cbar))
    #cbar.set_ticks(_np.linspace(0, ncolors, ncolors))
    cbar.set_ticks(_np.linspace(drape_min_threshold, drape_max, ncolors+1))
    #cbar.set_ticklabels(range(ncolors))
    
    return cbar


[docs]def nonlinear_colormap():
    """Creates a non-linear colourmap from an existing colourmap.
    """
    pass


class nonlinear_colourmap(LinearSegmentedColormap):
    """Creates a non-linear colourmap from an existing colourmap.
    
    Creates a superclass based on the LinearSegmentedColormap class
    from matplotlib.
    
    Author: DAV from http://protracted-matter.blogspot.ie/2012/08/nonlinear-colormap-in-matplotlib.html
    
    Todo: This still doesn't appear to work well with negative numbers supplied for levels?
    """
    
    name = 'nlcmap'
        
    def __init__(self, cmap, levels):
        self.cmap = cmap
        self.N = cmap.N
        self.monochrome = self.cmap.monochrome
        self.levels = _np.asarray(levels, dtype='float64')
        self._x = self.levels
        self.levmax = self.levels.max()
        self.levmin = self.levels.min()
        self.transformed_levels = _np.linspace(self.levmin, self.levmax,
             len(self.levels))

    def __call__(self, xi, alpha=1.0, **kw):
        yi = _np.interp(xi, self._x, self.transformed_levels)
        return self.cmap(yi / (self.levmax-self.levmin) + 0.5, alpha)

#    def __call__(self, xi, alpha=1.0, **kw):
#        yi = _np.interp(xi, self._x, self.transformed_levels)
#        return self.cmap(yi / self.levmax, alpha)
    
    def sort_levels(self, levels):
        #levels = levels[levels <= 4.5] # Should check levels are not gt max value in data.
        return levels.sort()


class MidpointNormalize(_mcolors.Normalize):
    """Custom normalise option to normalise data in non-linear ways.
    
    Pass the object returned from this function to the norm= argument in 
    plotting functions like imshow or pcolormesh.
    """
    def __init__(self, vmin=None, vmax=None, midpoint=None, clip=False):
        self.midpoint = midpoint
        _mcolors.Normalize.__init__(self, vmin, vmax, clip)

    def __call__(self, value, clip=None):
        # I'm ignoring masked values and all kinds of edge cases to make a
        # simple example...
        x, y = [self.vmin, self.midpoint, self.vmax], [0, 0.5, 1]
        return _np.ma.masked_array(_np.interp(value, x, y))    
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  Source code for LSDPlottingTools.LSDMap_Subplots

## LSDMap_Subplots.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with creating nice subplots from multiple 
## rasters
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## FJC
## 22/12/2016
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

from glob import glob
import os.path
import numpy as np
import matplotlib.pyplot as pp
import string
import matplotlib.image as mpimg
import matplotlib.cm as cmx
from matplotlib import rcParams
from . import LSDMap_GDALIO as LSDMap_IO
from . import LSDMap_BasicPlotting as LSDMap_BP
from . import labels as lsdlabels

#==============================================================================
# Convert cm to inch for figure sizing
#------------------------------------------------------------------------------
[docs]def cm2inch(value):
    return value/2.54

    
#==============================================================================
# Function to create nice field sites figure from all the hillshades in a folder
# N_HSFiles = number of field sites
# Also reads in a series of map files to show locations of each site. At the moment
# you have to manually indicate on these maps where the field site is - would
# be nice to automate this when I have some time to mess around with it.
# FJC 22/12/16
#------------------------------------------------------------------------------

[docs]def field_sites(DataDirectory, N_HSFiles, NRows, NCols, n_target_ticks):
    
    # Set up fonts
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = 6
    
    # Read in the files for each site
    HSFiles = sorted(glob(DataDirectory+'*_HS.bil'), key=str)
    MapFiles = sorted(glob(DataDirectory+'*_map.eps'), key=str)
    print(MapFiles)
      
    n_files = len(HSFiles)+len(MapFiles)
    print("Number of files = ", n_files)
    
    # Now make the subplots
    fig, ax = pp.subplots(NRows,NCols, figsize=(cm2inch(12),cm2inch(15)), frameon=False)
    ax = ax.ravel()
    
    #get a list to label the subfigures
    alphabet = list(string.ascii_lowercase)
    file_counter = 0
    
    for i in range (n_files):
        
        if i < N_HSFiles:
        # first deal with the hillshade files. If there are more hillshade files simply
        # change the value of N_HSFiles
            print("The hillshade file name is: ", HSFiles[i])
             
            hillshade_raster = LSDMap_IO.ReadRasterArrayBlocks(HSFiles[i])
            hillshade_raster = np.ma.masked_where(hillshade_raster == -9999, hillshade_raster)
            
            # now get the extent
            extent_raster = LSDMap_IO.GetRasterExtent(HSFiles[i])
        
            # get DEM info
            CellSize,XMin,XMax,YMin,YMax = LSDMap_IO.GetUTMMaxMin(HSFiles[i])
            print(YMin, YMax)
            
            #plot the rasters
            ax[i].imshow(hillshade_raster, extent = extent_raster, cmap=cmx.gray)
            ax[i].text(0.05,0.97, alphabet[i], horizontalalignment='left', verticalalignment='top', bbox=dict(facecolor='white', edgecolor='k', pad=3), fontsize = 8, transform=ax[i].transAxes)
    
            #change ticks
            xlocs = ax[i].xaxis.get_ticklocs()
            ylocs = ax[i].yaxis.get_ticklocs()
        
            new_xlocs,new_ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(HSFiles[i],xlocs.max(),xlocs.min(),ylocs.max(),ylocs.min(),n_target_ticks)
        
            # change the location of the ticks depending on subplot placement
            if i < 2:
                ax[i].xaxis.tick_top()
            if i % 2 != 0:
                ax[i].yaxis.tick_right()
            
            ax[i].set_xticklabels(new_x_labels, rotation=30)
            ax[i].set_yticklabels(new_y_labels)
            ax[i].tick_params(axis='x', pad=7)
            ax[i].tick_params(axis='y', pad=7)
        
        if i >= N_HSFiles:
            print("The map file name is: ", MapFiles[file_counter])
            # add in the location maps for the sites (e.g. USA, UK)
            img = mpimg.imread(MapFiles[file_counter])
            ax[i].imshow(img)
            ax[i].text(0.02,1.00, alphabet[i], horizontalalignment='left', verticalalignment='top', fontsize = 8, transform=ax[i].transAxes)
            file_counter=file_counter+1

            #remove border
            ax[i].axis('off')
         
    # Save figure
  
    # Add a big subplot to get a common x and y label for the subplots
    fig.add_subplot(111, frameon=False)
    # hide tick and tick label of the big axes
    pp.tick_params(labelcolor='none', top='off', bottom='off', left='off', right='off')
        
    pp.xlabel('Easting (m)', fontsize=8, labelpad=-122)
    pp.ylabel('Northing (m)', fontsize=8, labelpad=10, position=(0.0,0.67))
    pp.tight_layout(pad=0.1, w_pad = 0.1, h_pad = 0.2)
    OutputFigureName = "field_sites"
    OutputFigureFormat = 'pdf'
    pp.savefig(DataDirectory+OutputFigureName + '.' + OutputFigureFormat, format=OutputFigureFormat, dpi=300)

    #pp.show()
    
#==============================================================================
# Function to create comparison plots for floodplain mapping between the published
# flood maps and the geometric method
# FJC 22/12/16
#------------------------------------------------------------------------------   
    
[docs]def multiple_flood_maps(DataDirectory):
    """
    Make nice subplots of floodplain rasters for different field sites
    
    """
    import seaborn as sns
    
    # Set up fonts
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = 12
    
    # Read in the files for each site
    FPFiles = sorted(glob(DataDirectory+'*_FP*.bil'), key=str)
      
    n_files = len(FPFiles)
    print("Number of files = ", n_files)
    
    # Now make the subplots
    fig, ax = pp.subplots(2,3, figsize=(cm2inch(15),cm2inch(11)))
    ax = ax.ravel()
       
    #use seaborn to get a nice color palette
    cmap_oranges = sns.light_palette("#ff8f66", input="hex", as_cmap=True, reverse=True)  
    cmap_ice = sns.light_palette("#00ffff", input="hex", as_cmap=True, reverse=True)
    
    alphabet = list(string.ascii_lowercase)
    
    for i in range (n_files):
        print("The floodplain file name is: ", FPFiles[i])
        
        # get the name of the field site
        fname = FPFiles[i].split('/')
        print(fname)
        split_fname = fname[-1].split('_')
        print(split_fname)
        HSFile = DataDirectory+split_fname[1]+'_'+split_fname[2]+"_HS.bil"
        print(HSFile)
         
        hillshade_raster = LSDMap_IO.ReadRasterArrayBlocks(HSFile)
        FP_raster = LSDMap_IO.ReadRasterArrayBlocks(FPFiles[i])
        FP_raster = np.ma.masked_where(FP_raster <= 0, FP_raster)
        
        # now get the extent
        extent_raster = LSDMap_IO.GetRasterExtent(HSFile)
    
        # get DEM info
        CellSize,XMin,XMax,YMin,YMax = LSDMap_IO.GetUTMMaxMin(HSFile)
        print(YMin, YMax)
        
        #plot the rasters
        ax[i].imshow(hillshade_raster, extent = extent_raster, cmap=cmx.gray)
        
        if i < 3:               
            ax[i].imshow(FP_raster, extent = extent_raster, cmap=cmap_oranges, alpha=0.8)
        else:
            ax[i].imshow(FP_raster, extent = extent_raster, cmap=cmap_ice, alpha=0.6)
            
        ax[i].text(0.03,0.97, alphabet[i], bbox=dict(facecolor='white', edgecolor='k', pad=5), horizontalalignment='left', verticalalignment='top', transform=ax[i].transAxes)
        #scalebars.add_scalebar(ax[i], matchx=False, sizex=500.0, loc=3, borderpad =1, lw=3, matchy=False, hidex=False, hidey=False)
        
        ax[i].set_xticklabels([])
        ax[i].set_yticklabels([])
        ax[i].set_xticks([])
        ax[i].set_yticks([])
    
        ax[i].tick_params(axis='x', pad=3)
        ax[i].tick_params(axis='y', pad=3)
  
    # Save figure
    pp.tight_layout(pad=0.5, h_pad=0, w_pad=0.1)
    pp.subplots_adjust(wspace=0.05,hspace=0)
    OutputFigureName = "Comparison_published_maps"
    OutputFigureFormat = 'pdf'
    pp.savefig(DataDirectory+OutputFigureName + '.' + OutputFigureFormat, format=OutputFigureFormat, transparent=True, dpi=300)

    
#==============================================================================
#    Make subplots showing the difference between the mapped and predicted
#    floodplain initiation points. Uses Fiona (yaaay) to read in the shapefiles
#    FJC 05/01/17
#------------------------------------------------------------------------------ 
    
[docs]def flood_maps_with_shapefile(DataDirectory):

    from fiona import collection
    from descartes import PolygonPatch 
    
    # Set up fonts
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = 8
    
    # Read in the files for each site
    HSFiles = sorted(glob(DataDirectory+'*_HS.bil'), key=str)
    FPFiles = sorted(glob(DataDirectory+'*_FIPs_FP.shp'), key=str)
    PointFiles = sorted(glob(DataDirectory+'*_FIPs.shp'), key=str)
      
    n_files = len(FPFiles)
    print("Number of files = ", n_files)
    
    # Now make the subplots
    fig, ax = pp.subplots(1,2, figsize=(cm2inch(12),cm2inch(7)))
    ax = ax.ravel()
    
    #get a list with the figure letterings
    figure_letter = ["a", "b"]
    
    for i in range (n_files):
        
        print("The hillshade file name is: ", HSFiles[i])
        print("The floodplain file name is: ", FPFiles[i])
        print("The shapefile name is: ", PointFiles[i])
        
        # get the name of the field site
        split_fname = FPFiles[i].split('_FP')
        print(split_fname[0])
         
        hillshade_raster = LSDMap_IO.ReadRasterArrayBlocks(HSFiles[i])
        
        # now get the extent
        extent_raster = LSDMap_IO.GetRasterExtent(HSFiles[i])

        # get DEM info
        CellSize,XMin,XMax,YMin,YMax = LSDMap_IO.GetUTMMaxMin(HSFiles[i])
        print(YMin, YMax)
        
        # plot the raster
        ax[i].imshow(hillshade_raster, extent = extent_raster, cmap=cmx.gray)
        
        # plot the floodplain shapefile using fiona and descartes
        with collection(FPFiles[i], 'r') as input:
            for f in input:
                ax[i].add_patch(PolygonPatch(f['geometry'], fc='blue', ec='k'))
        
        #plot the mapped points
        with collection(PointFiles[i],'r') as input:
            for point in input:
                x = point['geometry']['coordinates'][0]
                y = point['geometry']['coordinates'][1]
                ax[i].scatter(x,y, c="red", s=15)
     
        ax[i].text(0.03,0.97, figure_letter[i], bbox=dict(facecolor='white', edgecolor='k', pad=3), horizontalalignment='left', verticalalignment='top', fontsize = 8, transform=ax[i].transAxes)
        
        #change ticks
        xlocs = ax[i].xaxis.get_ticklocs()
        ylocs = ax[i].yaxis.get_ticklocs()
    
        n_target_tics = 7
        new_xlocs,new_ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(HSFiles[i],xlocs.max(),xlocs.min(),ylocs.max(),ylocs.min(),n_target_tics)

        ax[i].set_xticklabels(new_x_labels, rotation=30)
        ax[i].set_yticklabels(new_y_labels)
        
        #set axis limits
        ax[i].set_xlim(XMin,XMax)
        ax[i].set_ylim(YMin,YMax)

        if i == 0:
            ax[i].set_xlabel('Easting (m)', position=(1,0))
            ax[i].set_ylabel('Northing (m)')
        if i > 0:
            ax[i].yaxis.tick_right()
    
        ax[i].tick_params(axis='x', pad=2)
        ax[i].tick_params(axis='y', pad=2)
  
    # Save figure
    pp.tight_layout(pad=0.5)
    OutputFigureName = "Comparison_with_mapped_FIPs"
    OutputFigureFormat = 'pdf'
    pp.savefig(DataDirectory+OutputFigureName + '.' + OutputFigureFormat, format=OutputFigureFormat, dpi=300)



[docs]def findmaxval_multirasters(FileList):
    """
    Loops through a list or array of rasters (np arrays)
    and finds the maximum single value in the set of arrays.
    """
    overall_max_val = 0
    
    for i in range (len(FileList)):
        
        raster_as_array = LSDMap_IO.ReadRasterArrayBlocks(FileList[i])
        this_max_val = np.nanmax(raster_as_array)
        
        if this_max_val > overall_max_val:
            overall_max_val = this_max_val
            print(overall_max_val)
            
    return overall_max_val


[docs]def findminval_multirasters(FileList):
    """
    Loops through a list or array of rasters (np arrays)
    and finds the minimum single value in the set of arrays.
    """
    overall_min_val = 0
    
    for i in range (len(FileList)):
        
        raster_as_array = LSDMap_IO.ReadRasterArrayBlocks(FileList[i])
        this_min_val = np.nanmin(raster_as_array)
        
        if this_min_val > overall_min_val:
            overall_min_val = this_min_val
            print(overall_min_val)
            
    return overall_min_val

    

[docs]def MultiDrapeFloodMaps(DataDir, ElevationRaster, DrapeRasterWild, cmap, 
                        drape_min_threshold=None, drape_max=None, cbar_label=None):
    """Creates a figure with multiple drape maps over a hillshade.
      
    Plots flood extents from water depth rasters
    draped over the catchment elevation raster
    in a series of subplots
    
    Takes a wildcard for the drapes
    Expexts a fixed elevation raster, but this could be
    modified in future.
 
    Parameters:
	DataDir (str): Path to the directory containing the data files
	ElevationRaster (str): Name of the elevation raster used to create the hillshade
	DrapeRasterWild (str): Wildcard string used to find all the drape files in the
				directory.
	cmap: Can be the string name of a colourmap, or a Colourmap object
	drape_min (float, optional): Minimum value for the drape raster, i.e. values
		below this threshold will be masked and not plotted.
	drape_max (float, optional): Maximum value for the drape raster, i.e. values
		above this value will be masked and not plotted.
	cbar_label (str, optional): Label for the colourbar on the figure. This
		is the colourbar for the drape colourmap.   

    Notes:
        Consider, if plotting multiple datasets, how you
        are going to deal with min a max values in the colur range.
        imshow will automatically set vmin and vmax and stretch the colour bar 
        over this - which can be visually misleading. Ideally, you
        want to have the same colour map used for *all* subplots, and 
        this is not default behaviour.
    
    Note: If `drape_max` is not set, the function searches for the maximum value
	in the range of rasters found by expanding the `DrapeRasterWild` argument
	and searching for the maximum value out of all rasters found.

    Raises:
	Exception: If the maximum value in the drape maps could not be found.
    
    """
    
    
    f, ax_arr = pp.subplots(2, 2, figsize=(10, 5), sharex=True, sharey=True)
    ax_arr = ax_arr.ravel()
    
    FPFiles = sorted(glob(DataDir+DrapeRasterWild), key=str)
    n_files = len(FPFiles)
    print("Number of files = ", n_files)
    
    elev_raster_file = DataDir + ElevationRaster
    
    hillshade = LSDMap_BP.Hillshade(elev_raster_file)
    #hillshade_array = LSDP.ReadRasterArrayBlocks(elev_raster_file)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(elev_raster_file)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(elev_raster_file,x_max,x_min,y_max,y_min,n_target_tics)  

    print("xmax: " + str(x_max))
    print("xmin: " + str(x_min))
    print("ymax: " + str(y_max))
    print("ymin: " + str(y_min))
    
    """
    Find the maximum water depth in all rasters.
    You need this to normalize the colourscale accross
    all plots when teh imshow is done later.
    """

    try:
        print("Calculating max drape raster value by scanning rasters...")
        max_water_depth = findmaxval_multirasters(FPFiles)
        drape_max = max_water_depth
        
    except:
        print("Something went wrong trying to obtain the max value in \
                your drape raster file list.")
    finally:
        print("The drape(s) max value is set to: ", drape_max) 
    
    
    #im = mpimg.AxesImage()   
    
    for i in range(n_files):
        
        print("The floodplain file name is: ", FPFiles[i])
        FP_raster = LSDMap_IO.ReadRasterArrayBlocks(FPFiles[i])
        #FP_raster = np.ma.masked_where(FP_raster <= 0, FP_raster)
        
        filename = os.path.basename(FPFiles[i])
        title = lsdlabels.make_line_label(filename)
        print(title)
        
        low_values_index = FP_raster < drape_min_threshold
        FP_raster[low_values_index] = np.nan
        
        im = ax_arr[i].imshow(hillshade, "gray", extent=extent_raster, interpolation="nearest")
        """
        Now we can set vmax to be the maximum water depth we calcualted earlier, making our separate
        subplots all have the same colourscale
        """
        im = ax_arr[i].imshow(FP_raster, cmap, extent=extent_raster, 
                                alpha=1.0, interpolation="nearest", 
                                vmin=drape_min_threshold, 
                                vmax=drape_max)
        ax_arr[i].set_title(title)
        pp.setp( ax_arr[i].xaxis.get_majorticklabels(), rotation=70 )
 
    f.subplots_adjust(right=0.85)
    cax = f.add_axes([0.9, 0.1, 0.03, 0.8])
    
    cbar = f.colorbar(im, cax=cax) 
    cbar.set_label(cbar_label)
    #cbar.set_ticks(np.linspace(0, 8, 8))
    #cbar = LSDP.colours.colorbar_index(f, cax, 8, cmap, 
    #                                     drape_min_threshold, drape_max)

    #tick_locator = ticker.MaxNLocator(nbins=8)
    #cbar.locator = tick_locator
    #cbar.update_ticks()
    
    f.text(0.5, 0.04, 'Easting (m)', ha='center', fontsize=17)
    f.text(0.04, 0.5, 'Northing (m)', va='center', rotation='vertical', fontsize=17)



[docs]def MultiDrapeErodeDiffMaps(DataDir, ElevationRaster, DrapeRasterWild, cmap, 
                        drape_min_threshold=None, cbar_label=None,
                        drape_max_threshold=None, 
                        middle_mask_range=None):
    """Plots multiple drape maps of erosion/deposition (a DEM of difference)
       over a hillshade raster of the basin.
    
    Takes a wildcard for the drapes
    Expexts a single elevation raster for the background hillshade, 
    but this could be modified in future.
    
    Parameters:
	DataDir (str): Path to the directory containing the data files
	ElevationRaster (str): Name of the elevation raster used to create the hillshade
	DrapeRasterWild (str): Wildcard string used to find all the drape files in the
				directory.
	cmap: Can be the string name of a colourmap, or a Colourmap object
	drape_min_threshold (float, optional): Minimum value for the drape raster, i.e. values
		below this threshold will be masked and not plotted.
	drape_max_threshold (float, optional): Maximum value for the drape raster, i.e. values
		above this value will be masked and not plotted.
	cbar_label (str, optional): Label for the colourbar on the figure. This
		is the colourbar for the drape colourmap.   
     middle_mask_range (tuple, optional): A tuple or list of two values, used 
                       to mask an inner range of values in the drape raster.
                       e.g. if you pass `(-0.1, 0.1)` then all the values 
                       in the range -0.1 to 0.1 will be masked and not plotted
                       on the final map. Use for masking very small values
                       either side of zero.

    Notes:
        Consider, if plotting multiple datasets, how you
        are going to deal with min a max values in the colur range.
        imshow will automatically set vmin and vmax and stretch the colour bar 
        over this - which can be visually misleading. Ideally, you
        want to have the same colour map used for *all* subplots, and 
        this is not default behaviour.
    
    Note: If `drape_max_threshold` is not set, the function searches for the maximum value
	in the range of rasters found by expanding the `DrapeRasterWild` argument
	and searching for the maximum value out of all rasters found.

    Raises:
	Exception: If the maximum value in the drape maps could not be found.
    
    Author: DAV & FJC
    """
    #import lsdmatplotlibextensions as mplext
    
    f, ax_arr = pp.subplots(2, 2, figsize=(10, 5), sharex=True, sharey=True)
    ax_arr = ax_arr.ravel()
    
    FPFiles = sorted(glob(DataDir+DrapeRasterWild), key=str)
    n_files = len(FPFiles)
    print("Number of files = ", n_files)
    
    elev_raster_file = DataDir + ElevationRaster
    
    hillshade = LSDMap_BP.Hillshade(elev_raster_file)
    #hillshade_array = LSDP.ReadRasterArrayBlocks(elev_raster_file)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(elev_raster_file)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # now get the tick marks    
    n_target_tics = 5
    xlocs, ylocs, new_x_labels, new_y_labels = LSDMap_BP.GetTicksForUTM(
                                                            elev_raster_file,
                                                            x_max,
                                                            x_min,
                                                            y_max,
                                                            y_min,
                                                            n_target_tics)  

    print("xmax: " + str(x_max))
    print("xmin: " + str(x_min))
    print("ymax: " + str(y_max))
    print("ymin: " + str(y_min))
    
    """
    Find the maximum water depth in all rasters.
    You need this to normalize the colourscale accross
    all plots when teh imshow is done later.
    """
    if drape_max_threshold is None:
        try:
            print("Calculating max drape raster value by scanning rasters...")
            max_water_depth = findmaxval_multirasters(FPFiles)
            drape_max_threshold = max_water_depth
            
        except ValueError:
            print("Something went wrong trying to obtain the max value in \
                    your drape raster file list.")
        finally:
            print("The drape(s) max value is set to: ", drape_max_threshold) 
            
    if drape_min_threshold is None:        
        try:
            print("Calculating min drape raster value by scanning rasters...")
            min_water_depth = findminval_multirasters(FPFiles)
            drape_min_threshold = min_water_depth
            
        except ValueError:
            print("Something went wrong trying to obtain the min value in \
                    your drape raster file list.")
        finally:
            print("The drape(s) min value is set to: ", drape_min_threshold) 

    
    for i in range(n_files):
        
        print("The floodplain file name is: ", FPFiles[i])
        FP_raster = LSDMap_IO.ReadRasterArrayBlocks(FPFiles[i])
        #FP_raster = np.ma.masked_where(FP_raster <= 0, FP_raster)
        
        filename = os.path.basename(FPFiles[i])
        title = lsdlabels.make_line_label(filename)
        print(title)
        
        # Mask the extreme high values
        hi_values_index = FP_raster > drape_max_threshold
        FP_raster[hi_values_index] = np.nan
                
        # Mask the extreme low values
        lo_values_index = FP_raster < drape_min_threshold
        FP_raster[lo_values_index] = np.nan
                 
        # Mask the middle values that are really close to zero (i.e. if you
        # have negative and positive values in the raster, such as in a DEM
        # of difference with both erosion and deposition.)
        if middle_mask_range is not None:
            masked_mid_values_index = (np.logical_and(FP_raster > middle_mask_range[0], 
                                                      FP_raster < middle_mask_range[1]))
            FP_raster[masked_mid_values_index] = np.nan
        
        im = ax_arr[i].imshow(hillshade, "gray", extent=extent_raster, interpolation="nearest")
        """
        Now we can set vmax to be the maximum water depth we calcualted earlier, making our separate
        subplots all have the same colourscale
        """
        im = ax_arr[i].imshow(FP_raster, cmap, extent=extent_raster, 
                                alpha=1.0, interpolation="nearest", 
                                vmin=drape_min_threshold, 
                                vmax=drape_max_threshold)
        ax_arr[i].set_title(title)
        pp.setp( ax_arr[i].xaxis.get_majorticklabels(), rotation=70 )
 
    f.subplots_adjust(right=0.85)
    cax = f.add_axes([0.9, 0.1, 0.03, 0.8])
    
    cbar = f.colorbar(im, cax=cax) 
    cbar.set_label(cbar_label)
    #cbar.set_ticks(np.linspace(0, 8, 8))
    #cbar = mplext.colours.colorbar_index(f, cax, 8, cmap, 
    #                                     drape_min_threshold, drape_max)

    #tick_locator = ticker.MaxNLocator(nbins=8)
    #cbar.locator = tick_locator
    #cbar.update_ticks()
    
    f.text(0.5, 0.04, 'Easting (m)', ha='center', fontsize=17)
    f.text(0.04, 0.5, 'Northing (m)', va='center', rotation='vertical', fontsize=17)
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  Source code for LSDPlottingTools.LSDMap_BasicPlotting

## LSDMap_BasicPlotting.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with rasters
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## SMM
## 26/07/2014
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

import numpy as np
from matplotlib import rcParams
from .adjust_text import adjust_text
import LSDPlottingTools.LSDMap_GDALIO as LSDMap_IO
import LSDPlottingTools.LSDMap_BasicManipulation as LSDMap_BM
import LSDPlottingTools.LSDMap_OSystemTools as LSDOst
from scipy import signal
import matplotlib.pyplot as plt

#==============================================================================
# This formats ticks if you want to convert metres to km
#==============================================================================
[docs]def TickConverter(x_min,x_max,n_target_tics):
    """This function is used to convert ticks in metres to ticks in kilometres.
       
    Args:
        x_min (float): The minimum value on the axis (in metres).
        x_max (float): The maximum value on the axis (in metres)
        n_target_ticks (int): The number of ticks you want on the axis (this is optimised so you may not get exactly this number)
    
    Returns: 
        new_xlocs (float list): List of locations of the ticks in metres.
        new_x_labels (str list): List of strings for ticks, will be location in kilometres. 
        
    Author:
        Simon M Mudd  
    """
    
    
    dx_fig = x_max-x_min
    dx_spacing = dx_fig/n_target_tics
    #print("spacing: "+str(dx_spacing))

    # This extracts the digits before the full stop
    str_dx = str(dx_spacing)
    str_dx = str_dx.split('.')[0]
    n_digits = str_dx.__len__()
    nd = int(n_digits)
    # We are left with the number of digits in the spacing. This will be used
    # to round tick locations
        
    first_digit = float(str_dx[0])
       
    dx_spacing_rounded = first_digit*pow(10,(nd-1))
    #print("dx spacing is: " + str(dx_spacing_rounded))
 
    str_xmin = str(x_min)
    #print("before split str_xmin: "+ str_xmin)
    str_xmin = str_xmin.split('.')[0]
    #print("after split str_xmin: "+ str_xmin)
    x_min = float(str_xmin)
    #print("x_min: "+ str(x_min))
    
    n_digx = str_xmin.__len__() 
      
    if (n_digx-nd+1) >= 1:
        front_x = str_xmin[:(n_digx-nd+1)]
    else:
        front_x = str_xmin
        
    round_xmin = float(front_x)*pow(10,nd-1)
    #print("round xmin is: " + str(round_xmin))
    if round_xmin <0:
        round_xmin = 0

    # now we need to figure out where the xllocs and ylocs are
    xlocs = np.zeros(2*n_target_tics) 
    xlocs_km = np.zeros(2*n_target_tics) 
    new_x_labels = []

    for i in range(0,2*n_target_tics):
        xlocs[i] = round_xmin+(i)*dx_spacing_rounded       
        xlocs_km[i] = xlocs[i]/1000.0      
        new_x_labels.append( str(xlocs_km[i]).split(".")[0] )

    #print xlocs
    #print new_x_labels
    #print new_y_labels

    new_xlocs = []
    new_xlocs_km = []
    x_labels = []

    # Now loop through these to get rid of those not in range
    for index,xloc in enumerate(xlocs):
        #print xloc
        if (xloc <= x_max and xloc >= x_min):
            new_xlocs.append(xloc)
            new_xlocs_km.append(xlocs_km[index])
            x_labels.append(new_x_labels[index])
 
            
    #print "======================================="
    #print "I am getting the tick marks now"    
    #print "X extent: " + str(x_min)+ " " +str(x_max)
    #print "x ticks: "
    #print new_xlocs
    #print x_labels
   
    #return xlocs,ylocs,new_x_labels,new_y_labels
    return new_xlocs,x_labels



#==============================================================================
# Formats ticks for an imshow plot in UTM
# Filename is the name of the file with full path
# x_max, x_min, y_max, y_min are the extent of the plotting area (NOT the DEM)
# n_target ticks are the number of ticks for plotting
#------------------------------------------------------------------------------
[docs]def GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics):  
    """This fuction is used to set tick locations for UTM maps. It tries to optimise the spacing of these ticks.
    
    Args:
        x_min (float): The minimum value on the x axis (in metres).
        x_max (float): The maximum value on the x axis (in metres).
        y_min (float): The minimum value on the y axis (in metres).
        y_max (float): The maximum value on the y axis (in metres).        
        n_target_ticks (int): The number of ticks you want on the axis (this is optimised so you may not get exactly this number)
    
    Returns: 
        new_xlocs (float list): List of locations of the ticks in metres.
        new_x_labels (str list): List of strings for ticks, will be location in kilometres.         
        new_ylocs (float list): List of locations of the ticks in metres.
        new_y_labels (str list): List of strings for ticks, will be location in kilometres.      
    
    Author: SMM 
    """   
    
    CellSize,XMin,XMax,YMin,YMax = LSDMap_IO.GetUTMMaxMin(FileName)
    NDV, xsize, ysize, GeoT, Projection, DataType = LSDMap_IO.GetGeoInfo(FileName) 
    
    #print("Getting ticks. YMin: "+str(YMin)+" and YMax: "+str(YMax))
   
    xmax_UTM = XMax
    xmin_UTM = XMin
      
    ymax_UTM = YMax
    ymin_UTM = YMin
 
    dy_fig = ymax_UTM-ymin_UTM
    dx_fig = xmax_UTM-xmin_UTM
    
    dx_spacing = dx_fig/n_target_tics
    dy_spacing = dy_fig/n_target_tics
    
    if (dx_spacing>dy_spacing):
        dy_spacing = dx_spacing
    
    str_dy = str(dy_spacing)
    str_dy = str_dy.split('.')[0]
    n_digits = str_dy.__len__()
    nd = int(n_digits)
        
    first_digit = float(str_dy[0])
    
    dy_spacing_rounded = first_digit*pow(10,(nd-1))
 
    str_xmin = str(xmin_UTM)
    str_ymin = str(ymin_UTM)
    str_xmin = str_xmin.split('.')[0]
    str_ymin = str_ymin.split('.')[0]
    xmin_UTM = float(str_xmin)
    ymin_UTM = float(str_ymin)
    
    
    
    n_digx = str_xmin.__len__() 
    n_digy = str_ymin.__len__() 
    
    
    if (n_digx-nd+1) >= 1:
        front_x = str_xmin[:(n_digx-nd+1)]
    else:
        front_x = str_xmin
        
    if (n_digy-nd+1) >= 1: 
        front_y = str_ymin[:(n_digy-nd+1)]
    else:
        front_y = str_ymin
    
            
    round_xmin = float(front_x)*pow(10,nd-1)
    round_ymin = float(front_y)*pow(10,nd-1)
    
    #print("UTM y in: "+str(ymin_UTM)+" and rounded min: "+str(round_ymin))
    
   
    # now we need to figure out where the xllocs and ylocs are
    xUTMlocs = np.zeros(2*n_target_tics)
    yUTMlocs = np.zeros(2*n_target_tics)
    xlocs = np.zeros(2*n_target_tics)
    ylocs = np.zeros(2*n_target_tics)
    
    new_x_labels = []
    new_y_labels = []
    
    for i in range(0,2*n_target_tics):
        
        # Note we use dy spacing here in both x and y directions since we want
        # Ticks spaced the same in each direction
        xUTMlocs[i] = round_xmin+(i)*dy_spacing_rounded
        yUTMlocs[i] = round_ymin+(i)*dy_spacing_rounded
        xlocs[i] = xUTMlocs[i]
        
        # need to account for the rows starting at the upper boundary
        ylocs[i] = YMax-(yUTMlocs[i]-YMin)
      
        new_x_labels.append( str(xUTMlocs[i]).split(".")[0] )
        new_y_labels.append( str(yUTMlocs[i]).split(".")[0] )

        
    new_xlocs = []
    new_xUTMlocs = []
    x_labels = []

    # Now loop through these to get rid of those not in range
    for index,xloc in enumerate(xlocs):
        if (xloc < XMax and xloc > XMin):
            new_xlocs.append(xloc)
            new_xUTMlocs.append(xUTMlocs[index])
            x_labels.append(new_x_labels[index])
    
    new_ylocs = []
    new_yUTMlocs = []
    y_labels = []

    # Now loop through these to get rid of those not in range
    #you have to reverse the order of the lists. 
    
    #print("before reverse: ")
    #print(ylocs)
    ylocs = ylocs[::-1]
    #print("After")
    #print(ylocs)
    yUTMlocs = yUTMlocs[::-1]
    new_y_labels = new_y_labels[::-1]
    
    #print("UTM y: ")
    #print(yUTMlocs) 
    #print("and y locs:")
    #print(ylocs)
    #print("And labels:")
    #print(new_y_labels)
    
    
    for index,yloc in enumerate(ylocs):     
        UTMloc = yUTMlocs[index]
        if (UTMloc < YMax and UTMloc > YMin):
            #print("UTMloc: "+str(UTMloc)+" yloc: "+str(yloc)+" label: "+new_y_labels[index])
            new_ylocs.append(yloc)
            new_yUTMlocs.append(yUTMlocs[index])
            y_labels.append(new_y_labels[index]) 
    

    #return xlocs,ylocs,new_x_labels,new_y_labels
    return new_xlocs,new_ylocs,x_labels,y_labels

#==============================================================================

#==============================================================================
[docs]def LogStretchDensityPlot(FileName, thiscmap='gray',colorbarlabel='Elevation in meters',clim_val = (0,0)):
    """This creates a plot of a raster where the colours are streched over log space
    
    Args:
        FileName (str): The name of the raster (with full path and extension).        
        thiscmap (colormap): The colourmap to be used.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 

    Returns:
        A density plot of the raster.
        
    Author:
        Simon M Mudd  
    """     
    import matplotlib.pyplot as plt
    import matplotlib.lines as mpllines

    label_size = 20
    axis_size = 28

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    
    # get the log of the raster
    raster = np.log10(raster)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5))

    # make room for the colorbar
    fig.subplots_adjust(bottom=0.2)
    fig.subplots_adjust(top=0.9)

    ax1 =  fig.add_subplot(1,1,1)
    im = ax1.imshow(raster[::-1], thiscmap, extent = extent_raster)

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    plt.xticks(xlocs, new_x_labels, rotation=60)  #[1:-1] skips ticks where we have no data
    plt.yticks(ylocs, new_y_labels) 
    
    print("The x locs are: ") 
    print(xlocs)
    
    print("The x labels are: ")
    print(new_x_labels)
    
    # some formatting to make some of the ticks point outward    
    for line in ax1.get_xticklines():
        line.set_marker(mpllines.TICKDOWN)

    for line in ax1.get_yticklines():
        line.set_marker(mpllines.TICKLEFT)

    plt.xlabel('Easting (m)',fontsize = axis_size)
    plt.ylabel('Northing (m)', fontsize = axis_size)  

    ax1.set_xlabel("Easting (m)")
    ax1.set_ylabel("Northing (m)")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("I don't think I should be here")
        im.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im.set_clim(clim_val[0],clim_val[1])
    
    
    cbar = fig.colorbar(im, orientation='horizontal')
    cbar.set_label(colorbarlabel)  

    plt.show()


#==============================================================================

#==============================================================================
[docs]def BasicDensityPlot(FileName, thiscmap='gray',colorbarlabel='Elevation in meters',clim_val = (0,0)):
    """This creates a plot of a raster. The most basic plotting function
    
    Args:
        FileName (str): The name of the raster (with full path and extension).        
        thiscmap (colormap): The colourmap to be used.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 

    Returns:
        A density plot of the raster
        
    Author:
        Simon M Mudd  
    """     
    import matplotlib.pyplot as plt
    import matplotlib.lines as mpllines

    label_size = 20
    #title_size = 30
    axis_size = 28

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5))
    
    ax1 =  fig.add_subplot(1,1,1)
    im = ax1.imshow(raster[::-1], thiscmap, extent = extent_raster)
    
    #print("The is the extent raster data element")
    #print(extent_raster)

    #print("now I am in the mapping routine")
    #print("x_min: " + str(x_min))
    #print("x_max: " + str(x_max))
    #print("y_min: " + str(y_min))
    #print("y_max: " + str(y_max))

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    plt.xticks(xlocs, new_x_labels, rotation=60)  #[1:-1] skips ticks where we have no data
    plt.yticks(ylocs, new_y_labels) 
    
    #print("The x locs are: ") 
    #print(xlocs)
    
    #print("The x labels are: ")
    #print(new_x_labels)
    
    # some formatting to make some of the ticks point outward    
    for line in ax1.get_xticklines():
        line.set_marker(mpllines.TICKDOWN)
        #line.set_markeredgewidth(3)

    for line in ax1.get_yticklines():
        line.set_marker(mpllines.TICKLEFT)
        #line.set_markeredgewidth(3)  
    
    plt.xlim(x_min,x_max)    
    plt.ylim(y_max,y_min)   
   
    plt.xlabel('Easting (m)',fontsize = axis_size)
    plt.ylabel('Northing (m)', fontsize = axis_size)  

    ax1.set_xlabel("Easting (m)")
    ax1.set_ylabel("Northing (m)")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("I don't think I should be here")
        im.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im.set_clim(clim_val[0],clim_val[1])
    
    
    cbar = fig.colorbar(im, orientation='vertical')
    cbar.set_label(colorbarlabel)  
    plt.show()


#==============================================================================

#==============================================================================
[docs]def BasicDensityPlotGridPlot(FileName, thiscmap='gray',colorbarlabel='Elevation in meters',
                             clim_val = (0,0),FigFileName = 'Image.pdf', FigFormat = 'show'):
    """This creates a plot of a raster. The most basic plotting function. It uses AxisGrid to ensure proper placment of the raster.
    
    Args:
        FileName (str): The name of the raster (with full path and extension).        
        thiscmap (colormap): The colourmap to be used.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 
        FigFilename (str): The name of the figure (with extension)
        FigFormat (str): the format of the figure (e.g., jpg, png, pdf). If "show" then the figure is plotted to screen. 
    
    Returns:
        A density plot of the raster
        
    Author:
        Simon M Mudd  
    """      

    import matplotlib.pyplot as plt  

    # Set up fonts for plots
    label_size = 20

    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5))

    gs = plt.GridSpec(100,75,bottom=0.1,left=0.1,right=0.9,top=1.0)
    ax = fig.add_subplot(gs[10:100,10:75])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")

    cbar = plt.colorbar(im)
    cbar.set_label(colorbarlabel) 
    
    # set the colour limits
    #print "Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1])
    if (clim_val == (0,0)):
        #print "I don't think I should be here"
        im.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im.set_clim(clim_val[0],clim_val[1])
    
    # go through the ticks     
    ax.spines['top'].set_linewidth(2.5)
    ax.spines['left'].set_linewidth(2.5)
    ax.spines['right'].set_linewidth(2.5)
    ax.spines['bottom'].set_linewidth(2.5) 
        
    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)
    
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=2.5, pad = 10)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(10)        

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig
    else:
        plt.savefig(FigFileName,format=FigFormat)
        fig.clf()

    

#==============================================================================

#==============================================================================
[docs]def BasicDrapedPlotGridPlot(FileName, DrapeName, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='Elevation in meters',clim_val = (0,0),
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show'):
    """This creates a draped plot of a raster. It uses AxisGrid to ensure proper placment of the raster.
    
    Args:
        FileName (str): The name of the raster (with full path and extension).   
        DrapeName (str): The name of the drape raster (with full path and extension). If the DrapeName is "None" it will calculate the hillshade.    
        thiscmap (colormap): The colourmap to be used.
        drape_cmap (colormap): The colourmap to be used for the drape.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 
        drape_alpha (float): The alpha value (transparency) of the drape
        FigFilename (str): The name of the figure (with extension)
        FigFormat (str): the format of the figure (e.g., jpg, png, pdf). If "show" then the figure is plotted to screen. 

    Returns:
        A density plot of the draped raster
        
    Author:
        Simon M Mudd  
    """       

    
    import matplotlib.pyplot as plt
    
    # Set up fonts for plots
    label_size = 20
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    
    from scipy import ndimage
    if DrapeName == "None":
        #filtered = ndimage.filters.gaussian_filter(raster, 3)
        #filtered = signal.wiener(raster)
        raster_drape = Hillshade(raster)
    else:
        raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5))

    gs = plt.GridSpec(100,75,bottom=0.1,left=0.1,right=0.9,top=1.0)
    ax = fig.add_subplot(gs[10:100,10:75])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    cbar = plt.colorbar(im1)
    cbar.set_label(colorbarlabel) 

    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))
    
    
    ax.spines['top'].set_linewidth(1.5)
    ax.spines['left'].set_linewidth(1.5)
    ax.spines['right'].set_linewidth(1.5)
    ax.spines['bottom'].set_linewidth(1.5) 

    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)
    
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1.5, pad = 10)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(10)    

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=250)
        fig.clf()


#==============================================================================


#==============================================================================
[docs]def DrapedOverHillshade(FileName, DrapeName, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='Elevation in meters',clim_val = (0,0),
                            drape_alpha = 0.6, ShowColorbar = False, 
                            ShowDrapeColorbar=False, drape_cbarlabel=None):
    """This creates a draped plot of a raster. 
    
    It uses AxisGrid to ensure proper placment of the raster. 
    It also includes a hillshde to make the figure look nicer (so there are three raster layers).
    
    Note:
        Remember, this has THREE layers: a base layer, a hillshade and a drape. 
    
    Args:
        FileName (str): The name of the raster (with full path and extension).   
        DrapeName (str): The name of the drape raster (with full path and extension).   
        thiscmap (colormap): The colourmap to be used.
        drape_cmap (colormap): The colourmap to be used for the drape.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 
        drape_alpha (float): The alpha value (transparency) of the drape
        ShowColorbar (bool): Whether you want to show the colorbar
        drape_cbarlabel (str): The label of the drape colourbar

    Returns:
        A density plot of the draped raster
        
    Author:
        SMM and DAV
        
    """     

    
    import matplotlib.pyplot as plt
    from mpl_toolkits.axes_grid1 import AxesGrid

    label_size = 20


    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    hillshade = Hillshade(FileName) 

    # DAV - option to supply array directly (after masking for example, rather
    # than reading directly from a file. Should not break anyone's code)
    # (You can't overload functions in Python...)
    if isinstance(DrapeName, str):
      raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)
    elif isinstance(DrapeName, np.ndarray):
      raster_drape = DrapeName
    else:
      print("DrapeName supplied is of type: ", type(DrapeName))
      raise ValueError('DrapeName must either be a string to a filename, \
      or a numpy ndarray type. Please try again.')
        
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5))

    if ShowColorbar:    
        grid = AxesGrid(fig, 111, 
                        nrows_ncols=(1, 1),
                        axes_pad=(0.45, 0.15),
                        label_mode="1",
                        share_all=True,
                        cbar_location="right",
                        cbar_mode="each",
                        cbar_size="7%",
                        cbar_pad="2%",
                        )
    
    else:
        grid = AxesGrid(fig, 111, 
                        nrows_ncols=(1, 1),
                        axes_pad=(0.45, 0.15),
                        label_mode="1",
                        share_all=True,
                        )        

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im = grid[0].imshow(hillshade[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    #im = grid[0].imshow(raster, thiscmap, interpolation="nearest")
    if ShowColorbar:
        cbar = grid.cbar_axes[0].colorbar(im)
        cbar.set_label_text(colorbarlabel)
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("I don't think I should be here")
        im.set_clim(0, np.nanmax(hillshade))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im.set_clim(clim_val[0],clim_val[1])
    
    # Now for the drape: it is in grayscape
    im2 = grid[0].imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="none")
      
    if ShowDrapeColorbar:
      cbar2 = grid.cbar_axes[0].colorbar(im2)
      cbar2.set_label_text(drape_cbarlabel)


    # This affects all axes because we set share_all = True.
    grid.axes_llc.set_xlim(x_min,x_max)    
    grid.axes_llc.set_ylim(y_max,y_min)     

    grid.axes_llc.set_xticks(xlocs)
    grid.axes_llc.set_yticks(ylocs)
    
    grid.axes_llc.set_xticklabels(new_x_labels,rotation=60)
    grid.axes_llc.set_yticklabels(new_y_labels)  
    
    grid.axes_llc.set_xlabel("Easting (m)")
    grid.axes_llc.set_ylabel("Northing (m)")      

    plt.show()


#==============================================================================


##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def DrapedOverFancyHillshade(FileName, HSName, DrapeName, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='Basin number',clim_val = (0,0),
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show',
                            elevation_threshold = 0):
    """This creates a draped plot of a raster. It uses AxisGrid to ensure proper placment of the raster. It also includes a hillshde to make the figure look nicer (so there are three raster layers). In this case you need to tell it the name of the hillshade raster. 
    
    Args:
        FileName (str): The name of the raster (with full path and extension).   
        HSName (str): The name of the hillshade raster (with full path and extension).   
        DrapeName (str): The name of the drape raster (with full path and extension).   
        thiscmap (colormap): The colourmap to be used.
        drape_cmap (colormap): The colourmap to be used for the drape.
        colorbarlabel (str): The label of the colourbar
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 
        drape_alpha (float): The alpha value (transparency) of the drape
        FigFilename (str): The name of the figure (with extension)
        FigFormat (str): the format of the figure (e.g., jpg, png, pdf). If "show" then the figure is plotted to screen. 
        elevation_threshold (float): If raster values are less than this threshold they become nodata.

    Returns:
        A density plot of the draped raster
        
    Author:
        SMM
        
    """                                 
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_HS = LSDMap_IO.ReadRasterArrayBlocks(HSName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)

    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))

    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])
    
    # This is the axis for the colorbar
    ax2 = fig.add_subplot(gs[10:15,15:70])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  
    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    HS_cmap = 'gray'
    im2 = ax.imshow(raster_HS[::-1], HS_cmap, extent = extent_raster, alpha = 0.4, interpolation="nearest")

    # Set the colour limits of the drape
    im2.set_clim(0,np.nanmax(raster_HS))

    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")    

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))
        
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
   
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   
 
    cbar = plt.colorbar(im3,cmap=drape_cmap,spacing='uniform', orientation='horizontal',cax=ax2)
    cbar.set_label(colorbarlabel, fontsize=10)
    ax2.set_xlabel(colorbarlabel, fontname='Arial',labelpad=-35)        
    
    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=500)
        fig.clf()


##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots the chi slope on a shaded relief map
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def BasinsOverFancyHillshade(FileName, HSName, BasinName, Basin_csv_name, basin_point_data, thiscmap='gray',drape_cmap='gray',
                             clim_val = (0,0), drape_alpha = 0.6,FigFileName = 'Image.pdf',
                             FigFormat = 'show',elevation_threshold = 0, 
                             grouped_basin_list = [], basin_rename_list = [],spread  = 20,
                             chanPointData = "None",
                             label_sources = False, source_chi_threshold = 10,
                             size_format = "esurf"):
    """This creates a plot with a hillshade draped over elevation (or any other raster) with the basins on them. 
    
    Args:
        FileName (str): The name of the raster (with full path and extension).   
        HSName (str): The name of the hillshade raster (with full path and extension).   
        BasinName (str): The name of the basin raster (with full path and extension).
        Basin_csv_name (str): The name of the csv file where basin info is stored
        basin_point_data (LSDMap_PointData): The basin point data
        thiscmap (colormap): The colourmap to be used.
        drape_cmap (colormap): The colourmap to be used for the drape.
        clim_val (float,float): The colour limits. If (0,0) then the min and max raster values are used. 
        drape_alpha (float): The alpha value (transparency) of the drape
        FigFilename (str): The name of the figure (with extension)
        FigFormat (str): the format of the figure (e.g., jpg, png, pdf). If "show" then the figure is plotted to screen. 
        elevation_threshold (float): If raster values are less than this threshold they become nodata.
        grouped_basin_list (int list): A list of lists with basins to be grouped.
        basin_rename_list (int list): A list of updated names for the basins. So if you wanted basin 4 to be renamed basin 6 the fourth element in this list would be 6. 
        spread (float): Basins get a different number each, this is the spread between groups that controls how different the grouped basins are. 
        chanPointData (str ir LSDMap_PointData): Either "none" or a point data object with the channel network
        label_sources (bool): Wheteher or not to label the sources
        source_chi_threshold (float): Sources with length less than this will be plotted.
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
        
    Returns:
        A density plot of the draped raster
        
    Author:
        SMM
        
    """    
    from . import LSDMap_ChiPlotting as LSDMap_CP
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_HS = LSDMap_IO.ReadRasterArrayBlocks(HSName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(BasinName)
    
    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]
    
    #x_range = x_max-x_min
    #y_range = y_max-y_min
    
    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))

    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])
    
    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  
    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    HS_cmap = 'gray'
    im2 = ax.imshow(raster_HS[::-1], HS_cmap, extent = extent_raster, alpha = 0.4, interpolation="nearest")

    # Set the colour limits of the drape
    im2.set_clim(0,np.nanmax(raster_HS))

    # now we need to update the basin colours
    # this groups basins
    if grouped_basin_list:       
        key_groups = LSDMap_BM.BasinKeyToJunction(grouped_basin_list,basin_point_data)
        raster_drape = LSDMap_BM.RedefineIntRaster(raster_drape,key_groups,spread)
        

    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")    

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))

    #========================================================
    # now we need to label the basins
    # Now we get the chi points
    #print("Getting the EPSG string from: "+FileName)
    #print("Type of fname: "+str(type(FileName)))
    FileName= str(FileName)
    #print("Now the type is: "+str(type(FileName)))
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    #print("EPSG string is: " + EPSG_string)
 
    # Now plot channel data
    if chanPointData != "None":
    
        # convert to easting and northing
        [easting_c,northing_c] = chanPointData.GetUTMEastingNorthing(EPSG_string)
 
        # The image is inverted so we have to invert the northing coordinate
        Ncoord_c = np.asarray(northing_c)
        Ncoord_c = np.subtract(extent_raster[3],Ncoord_c)
        Ncoord_c = np.add(Ncoord_c,extent_raster[2])

        # plot the rivers
        ax.scatter(easting_c,Ncoord_c,s=0.2, marker='.',color= 'b',alpha=0.2)        

   
    thisPointData = basin_point_data
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthingFromQuery(EPSG_string,"outlet_latitude","outlet_longitude")
 
    # The image is inverted so we have to invert the northing coordinate
    Ncoord = np.asarray(northing)
    Ncoord = np.subtract(extent_raster[3],Ncoord)
    Ncoord = np.add(Ncoord,extent_raster[2])
    
    these_data = thisPointData.QueryData("outlet_junction")
    #print M_chi
    these_data = [int(x) for x in these_data]

    # plot the centroids
    ax.scatter(easting,Ncoord,s=1, marker='o',color= 'r',alpha=0.7)
    
    # add a load of xmin, xmax points
    buffered_east = []
    buffered_north = []
    
    for loc in easting:
        buffered_east.append(loc)
        buffered_east.append(loc)
        buffered_east.append(loc)
        buffered_east.append(extent_raster[0])
        buffered_east.append(extent_raster[1])
    
    for loc in Ncoord:
        buffered_north.append(loc)
        buffered_north.append(extent_raster[2]) 
        buffered_north.append(extent_raster[3]) 
        buffered_north.append(loc) 
        buffered_north.append(loc) 
        
        
    # add text for basins
    texts = []
    bbox_props = dict(boxstyle="circle,pad=0.1", fc="w", ec="k", lw=0.5,alpha = 0.5)
    for index, datum in enumerate(these_data):
        this_easting = easting[index]
        this_northing = Ncoord[index]
        
        # Check to see if basins rename list works
        if basin_rename_list:
            if len(basin_rename_list) == len(these_data):
                texts.append(ax.text(this_easting,this_northing, str(basin_rename_list[index]),fontsize = 8, color= "r",alpha=0.7,bbox=bbox_props))
        else:
            texts.append(ax.text(this_easting,this_northing, str(index),fontsize = 8, color= "r",alpha=0.7,bbox=bbox_props))
    

            
    # Now for sources labelling
    texts2 = []
    if label_sources:
        
        # Format the bounding box
        bbox_props = dict(boxstyle="round,pad=0.1", fc="w", ec="b", lw=0.5,alpha = 0.5)
        
        # First get the source node information 
        source_nodes = LSDMap_CP.FindSourceInformation(chanPointData)
        
        # Find all the channels with chi greater than a threshold
        selected_sources = LSDMap_CP.FindShortSourceChannels(source_nodes,source_chi_threshold)
        
        # Now loop through these sources and get their eaasting and northing
        for source in selected_sources:
            
            # Get the latitude and longitude
            latitude = source_nodes[source]["Latitude"]
            longitude = source_nodes[source]["Longitude"]
            
            # Convert to UTM
            [this_easting,this_northing] = LSDMap_BM.GetUTMEastingNorthing(EPSG_string,latitude,longitude)
            
            # convert the northing for imshow
            this_NCoord = LSDMap_BM.ConvertNorthingForImshow(FileName,this_northing)
            
            # now append the text
            texts2.append(ax.text(this_easting,this_NCoord, str(source),fontsize = 6, color= "b",alpha=0.7,bbox=bbox_props))
            
    
    # Adjust the basin text
    adjust_text(texts,x=buffered_east,y=buffered_north,autoalign='xy',ax=ax)
    
    # Adjust the sources texts 
    adjust_text(texts2, arrowprops=dict(arrowstyle="->", color='r', lw=0.5),expand_points=(3, 3),
            force_points=1)
    
    
    # Now to fix up the axes 
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
   
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    # Adjust the text
    #adjust_text(texts,x=buffered_east,y=buffered_north,autoalign='xy',ax=ax)
    #adjust_text(texts)
    
    
    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   
    
    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=500)
        fig.clf()


    
        
#==============================================================================
# Make a simple hillshade plot
[docs]def Hillshade(raster_file, azimuth = 315, angle_altitude = 45, NoDataValue = -9999,z_factor = 1): 
    """Creates a hillshade raster
    
    Args:
        raster_file (str): The name of the raster file with path and extension.
        azimuth (float): Azimuth of sunlight
        angle_altitude (float): Angle altitude of sun
        NoDataValue (float): The nodata value of the raster
        
    Returns:
        HSArray (numpy.array): The hillshade array
        
    Author:
        DAV and SWDG
    """ 
    
    #print("The raster file is: "+raster_file)
    
    # You have passed a filepath to be read in as a raster
    if isinstance(raster_file, str):
      array = LSDMap_IO.ReadRasterArrayBlocks(raster_file,raster_band=1)  
    
    # You already have an array and just want the hill shade
    elif isinstance(raster_file, np.ndarray):
      array = raster_file
    else:
        print("raster_file must be either a filepath (string) or a numpy array. Try again.")
    
    # DAV attempting mask nodata vals
    nodata_mask = array == NoDataValue
    array[nodata_mask] = np.nan
    
    x, y = np.gradient(array)
    slope = np.pi/2. - np.arctan(np.multiply(z_factor,np.sqrt(x*x + y*y)))
    aspect = np.arctan2(-x, y)
    azimuthrad = azimuth*np.pi / 180.
    altituderad = angle_altitude*np.pi / 180.
     
 
    shaded = np.sin(altituderad) * np.sin(slope)\
     + np.cos(altituderad) * np.cos(slope)\
     * np.cos(azimuthrad - aspect)
     
     
     
    #this_array = 255*(shaded + 1)/2 
    return 255*(shaded + 1)/2

#==============================================================================


#==============================================================================
[docs]def SwathPlot(path, filename, axis):
    """A function that creates a swath in either the x or y direction only. Averages across entire DEM. Exceedingly basic. 
    
    Args:
        path (str): the path to the raster
        filename (str): the name of the file
        axis (int): if 0, swath along x-axis, if not swath along y-axis
        
    Returns:
        A plot of the swath
        
    Author:
        SMM
    """

    # get the path to the raster file
    NewPath = LSDOst.AppendSepToDirectoryPath(path)    
    FileName = NewPath+filename
        
    # get the data vectors
    means,medians,std_deviations,twentyfifth_percentile,seventyfifth_percentile = LSDMap_BM.SimpleSwath(path, filename, axis)
    
    print("Means shape is: ")
    print(means.shape)    
    
    x_vec,y_vec = LSDMap_IO.GetLocationVectors(FileName)
    
    
    print("X shape is: ")
    print(x_vec.shape)
    
    print("Y shape is: ")
    print(y_vec.shape)
    
    import matplotlib.pyplot as plt
    
    # Set up fonts for plots
    label_size = 20
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size

    # make a figure, sized for a ppt slide
    fig = plt.figure(1, facecolor='white',figsize=(10,7.5)) 

    gs = plt.GridSpec(100,75,bottom=0.1,left=0.1,right=0.9,top=1.0)
    ax = fig.add_subplot(gs[10:100,10:75])
    
    if axis == 0:
        dir_vec = x_vec
    else:
        dir_vec = y_vec
        
    min_sd = np.subtract(means,std_deviations)
    plus_sd = np.add(means,std_deviations) 
        
    ax.plot(dir_vec,means, linewidth = 2, color = "red")
    #ax.fill_between(dir_vec, twentyfifth_percentile, seventyfifth_percentile, facecolor='green', alpha = 0.7, interpolate=True)
    ax.fill_between(dir_vec, min_sd, plus_sd, facecolor='blue', alpha = 0.5, interpolate=True)  
    
    ax.set_xlim(dir_vec[0],dir_vec[-1])
    
    plt.show()

#==============================================================================    
    


#==============================================================================


#==============================================================================
[docs]def round_to_n(x, n):
    """A rounding function
    
    Args: 
        x (float): The number to be rounded
        n (int): The number of digits to be rounded to. 
    
    Returns:
        Rounded (float): The rounded number
        
    Author:
        SMM
    """
    
    if n < 1:
        raise ValueError("number of significant digits must be >= 1")
    # Use %e format to get the n most significant digits, as a string.
    format = "%." + str(n-1) + "e"
    as_string = format % x
    return float(as_string)

#==============================================================================

[docs]def init_plotting_DV():
    """Initial plotting parameterss.
    
    Author:
        DAV
    """
    plt.rcParams['figure.figsize'] = (8, 8)
    plt.rcParams['font.size'] = 17
    plt.rcParams['font.family'] = 'Times New Roman'
    plt.rcParams['axes.labelsize'] = 1.2*plt.rcParams['font.size']
    plt.rcParams['axes.titlesize'] = 1.2*plt.rcParams['font.size']
    plt.rcParams['legend.fontsize'] = plt.rcParams['font.size']
    plt.rcParams['xtick.labelsize'] = plt.rcParams['font.size']
    plt.rcParams['ytick.labelsize'] = plt.rcParams['font.size']
#    plt.rcParams['savefig.dpi'] = 2*plt.rcParams['savefig.dpi']
    plt.rcParams['xtick.major.size'] = 3
    plt.rcParams['xtick.minor.size'] = 3
    plt.rcParams['xtick.major.width'] = 1
    plt.rcParams['xtick.minor.width'] = 1
    plt.rcParams['ytick.major.size'] = 3
    plt.rcParams['ytick.minor.size'] = 3
    plt.rcParams['ytick.major.width'] = 1
    plt.rcParams['ytick.minor.width'] = 1
    plt.rcParams['legend.frameon'] = True
    plt.rcParams['legend.loc'] = 'center left'
    plt.rcParams['axes.linewidth'] = 1
    plt.rcParams['xtick.minor.visible'] = False
    plt.rcParams['ytick.minor.visible'] = False
    plt.rcParams['lines.linewidth'] = 2
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  Source code for LSDPlottingTools.LSDMap_GDALIO

## LSDMap_GDALIO.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with rasters
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## SMM
## 26/07/2014
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

import osgeo.gdal as gdal
import osgeo.gdal_array as gdal_array
import numpy as np
from osgeo import osr
from os.path import exists
from osgeo.gdalconst import GA_ReadOnly


#==============================================================================
[docs]def getNoDataValue(rasterfn):
    """This gets the nodata value from the raster
    
    Args:
        rasterfn (str): The filename (with path and extension) of the raster
        
    Returns:
        float: nodatavalue; the nodata value
        
    Author: SMM
    """
    
    raster = gdal.Open(rasterfn)
    band = raster.GetRasterBand(1)
    return band.GetNoDataValue()

#==============================================================================  

#==============================================================================
[docs]def setNoDataValue(rasterfn):
    """This sets the nodata value from the raster
    
    Args:
        rasterfn (str): The filename (with path and extension) of the raster
        
    Returns:
        None
        
    Author: SMM
    """

    raster = gdal.Open(rasterfn)
    band = raster.GetRasterBand(1)
    return band.SetNoDataValue()

#==============================================================================  

#==============================================================================
[docs]def GetUTMMaxMin(FileName):
    """This gets the minimum and maximum UTM values. 
    
    *WARNING* it assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file. 
    
    Args:
        FileName (str): The filename (with path and extension) of the raster
        
    Returns:
        float: The cell size in metres
        float: The X minimum (easting) in metres
        float: The X maximum (easting) in metres
        float: The Y minimum (northing) in metres
        float: The Y maximum (northing) in metres
        
    Author: SMM
    """
    
    
    if exists(FileName) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')    
    
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    CellSize = GeoT[1]
    XMin = GeoT[0]
    XMax = XMin+CellSize*xsize

    YMax = GeoT[3]
    YMin = YMax-CellSize*ysize
    
    return CellSize,XMin,XMax,YMin,YMax

#==============================================================================    

#============================================================================== 
# Gets the pixel area, assumes units are projected
#============================================================================== 
[docs]def GetPixelArea(FileName):
    """Gets the area in m^2 of the pixels
    
    Args:
        rasterfn (str): The filename (with path and extension) of the raster
        
    Returns:
        float: Pixel_area (float): The area of each pixel
        
    Author: SMM
    """
    
    if exists(FileName) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')    
    
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    CellSize = GeoT[1]
    
    return CellSize*CellSize

#============================================================================== 


#==============================================================================
# this takes rows and columns of minium and maximum values and converts them
# to UTM
[docs]def GetUTMMaxMinFromRowsCol(FileName,x_max_col,x_min_col,y_max_row,y_min_row):
    """This gets the minimum and maximum UTM values but you give it the row and column numbers. 
       
    Note:
        This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file. 
    
    Args:
        FileName (str): The filename (with path and extension) of the raster
        x_max_col (int): The column to use as the maximum
        x_min_col (int): The column to use as the minimum
        y_max_row (int): The row to use as the maximum
        y_min_row (int): The row to use as the minimum        
        
    Returns:
        
        float: The X maximum (easting) in metres
        float: The X minimum (easting) in metres        
        float: The Y maximum (northing) in metres
        float: The Y minimum (northing) in metres
        
    Author: SMM
    """
    
    
    if exists(FileName) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')    
   
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    CellSize = GeoT[1]
    XMin = GeoT[0]

    YMax = GeoT[3]
    YMin = YMax-CellSize*ysize

    xmax_UTM = XMin+x_max_col*CellSize
    xmin_UTM = XMin+x_min_col*CellSize
      
    # need to be careful with the ymax_UTM since the rows go from the top
    # but the header index is to bottom corner    
    
    print("yll: "+str(YMin)+" and nrows: " +str(ysize) + " dx: "+str(CellSize))   
    
    ymax_from_bottom = ysize-y_min_row
    ymin_from_bottom = ysize-y_max_row
    ymax_UTM = YMin+ymax_from_bottom*CellSize
    ymin_UTM = YMin+ymin_from_bottom*CellSize
   
    return xmax_UTM,xmin_UTM,ymax_UTM,ymin_UTM

#============================================================================== 

#==============================================================================
# This gets the x and y vectors of the data
#==============================================================================
[docs]def GetLocationVectors(FileName):
    """This gets a vector of the x and y locations of the coordinates

    Note: 
        This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file. 
     
    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        float: A vector of the x locations (eastings)
        float: A vector of the y locations (northings)
    
    Author: SMM
    """
    

    
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    
    CellSize,XMin,XMax,YMin,YMax = GetUTMMaxMin(FileName) 
    
    
    
    x_vec = np.arange(XMin,XMax,CellSize)
    y_vec = np.arange(YMin,YMax,CellSize)
    
    return x_vec,y_vec

#==============================================================================    
    
    
 

#==============================================================================
# This gets the extent of the raster
[docs]def GetRasterExtent(FileName):
    """This gets a vector of the minimums and maximums of the coordinates

    Note: 
        This assumes raster is already projected into UTM, and is in ENVI format! It reads from an ENVI header file. 
      
    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        float: A vector that contains
        
            * extent[0]: XMin
            * extent[1]: XMax
            * extent[2]: YMin
            * extent[3]: YMax           
    
    Author: SMM
    """    
    CellSize,XMin,XMax,YMin,YMax = GetUTMMaxMin(FileName)
    extent = [XMin,XMax,YMin,YMax]
    return extent    


#==============================================================================
# Function to read the original file's projection:
[docs]def GetGeoInfo(FileName):
    """This gets information from the raster file using gdal

    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        float: A vector that contains:
            * NDV: the nodata values
            * xsize: cellsize in x direction
            * ysize: cellsize in y direction
            * GeoT: the tranform (a string)  
            * Projection: the Projection (a string)
            * DataType: The type of data (an int explaing the bits of each data element)
    
    Author: SMM
    """ 
    
    
    if exists(FileName) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')    
    
    
    SourceDS = gdal.Open(FileName, gdal.GA_ReadOnly)
    if SourceDS == None:
        raise Exception("Unable to read the data file")
    
    NDV = SourceDS.GetRasterBand(1).GetNoDataValue()
    xsize = SourceDS.RasterXSize
    ysize = SourceDS.RasterYSize
    GeoT = SourceDS.GetGeoTransform()
    Projection = osr.SpatialReference()
    Projection.ImportFromWkt(SourceDS.GetProjectionRef())
    DataType = SourceDS.GetRasterBand(1).DataType
    DataType = gdal.GetDataTypeName(DataType)
    
    return NDV, xsize, ysize, GeoT, Projection, DataType

#==============================================================================

#==============================================================================
# This gets the UTM zone, if it exists
[docs]def GetUTMEPSG(FileName):
    """Uses GDAL to get the EPSG string from the raster. 

    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        str: The EPSG string
    
    Author: SMM
    """     
    if exists(FileName) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')    
    
    # see if the file exists and get the dataset
    SourceDS = gdal.Open(FileName, gdal.GA_ReadOnly)
    if SourceDS == None:
        raise Exception("Unable to read the data file")
    
    EPSG_string = 'NULL'
    
    # get the projection
    print("Let me get that projection for you")
    prj=SourceDS.GetProjection()
    srs=osr.SpatialReference(wkt=prj)

    if srs.IsProjected:
        #print("Trying projcs")
        #print(str(srs.GetAttrValue(str('PROJCS'),0)))
        
        print(srs.GetAttrValue(str('projcs')))
        proj_str = srs.GetAttrValue(str('projcs'))
        
        # extract the UTM information
        proj_split = proj_str.split('_')
        zone = proj_split[-1]
    
        N_or_S = zone[-1] 
        zone = zone[:-1]

    
        EPSG_string = 'epsg:'
        if N_or_S == 'S':
            EPSG_string = EPSG_string+'327'+zone
        else:
            EPSG_string = EPSG_string+'326'+zone        
    else:
        raise Exception("This is not a projected coordinate system!")
    

    
    print(EPSG_string)
    return EPSG_string



#==============================================================================
# Function to read the original file's projection:
[docs]def GetNPixelsInRaster(FileName):
    """This gets the total number of pixels in the raster

    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        int: The total number of pixels
    
    Author: SMM
    """  
    
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    
    return xsize*ysize


#==============================================================================

#==============================================================================
# Function to read the original file's projection:
[docs]def CheckNoData(FileName):
    """This looks through the head file of an ENVI raster and if it doesn't find the nodata line it rewrites the file to include the nodata line. 

    Args:
        FileName (str): The filename (with path and extension) of the raster.
        
    Return:
        int: The total number of pixels (although what it is really doing is updating the header file. The return is just to check if it is working and yes I know this is stupid. )
    
    Author: SMM
    """  
    
    
    if exists(FileName) is False:
        raise Exception('[Errno 2] No such file or directory: \'' + FileName + '\'')   

    # read the file, and check if there is a no data value
    SourceDS = gdal.Open(FileName, gdal.GA_ReadOnly)
    if SourceDS == None:
        raise Exception("Unable to read the data file")
    NoDataValue = SourceDS.GetRasterBand(1).GetNoDataValue()
    
    print("In the check nodata routine. Nodata is: ")
    print(NoDataValue)

    if NoDataValue == None:
        print("This raster does not have no data. Updating the header file")
        header_name = FileName[:-4]
        header_name = header_name+".hdr"
        
        # read the header
        if exists(header_name) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + header_name + '\'')  
        else:
            this_file = open(header_name, 'r')
            lines = this_file.readlines()
            lines.append("data ignore value = -9999")
            this_file.close()

            this_file = open(header_name, 'w') 
            for item in lines:
                this_file.write("%s" % item)        # no newline since a newline command character comes with the lines

            this_file.close()
            
    NDV, xsize, ysize, GeoT, Projection, DataType = GetGeoInfo(FileName)
    
    return xsize*ysize


#==============================================================================


#==============================================================================
[docs]def ReadRasterArrayBlocks(raster_file,raster_band=1):
    """This reads a raster file (from GDAL) into an array. The "blocks" bit makes it efficient. 
    Args:
        FileName (str): The filename (with path and extension) of the raster.
        raster_band (int): the band of the raster (almost all uses with LSDTopoTools will have a 1 band raster)
        
    Return:
        np.array: A numpy array with the data from the raster. 
    
    Author: SMM
    """  

    
    if exists(raster_file) is False:
            raise Exception('[Errno 2] No such file or directory: \'' + raster_file + '\'')    
    
    dataset = gdal.Open(raster_file, GA_ReadOnly )
    if dataset == None:
        raise Exception("Unable to read the data file")
    
    band = dataset.GetRasterBand(raster_band)
    NoDataValue = dataset.GetRasterBand(1).GetNoDataValue()

    block_sizes = band.GetBlockSize()
    x_block_size = block_sizes[0]
    y_block_size = block_sizes[1]

    #If the block y size is 1, as in a GeoTIFF image, the gradient can't be calculated, 
    #so more than one block is used. In this case, using8 lines gives a similar 
    #result as taking the whole array.
    if y_block_size < 8:
        y_block_size = 8

    xsize = band.XSize
    ysize = band.YSize
    
    print("xsize: " +str(xsize)+" and y size: " + str(ysize))

    max_value = band.GetMaximum()
    min_value = band.GetMinimum()
    
    # now initiate the array
    data_array = np.zeros((ysize,xsize))
    
    #print "data shape is: " 
    #print data_array.shape

    if max_value == None or min_value == None:
        stats = band.GetStatistics(0, 1)
        max_value = stats[1]
        min_value = stats[0]
        
    for i in range(0, ysize, y_block_size):
        if i + y_block_size < ysize:
            rows = y_block_size
        else:
            rows = ysize - i
        
        for j in range(0, xsize, x_block_size):
            if j + x_block_size < xsize:
                cols = x_block_size
            else:
                cols = xsize - j
            
            # get the values for this block
            values = band.ReadAsArray(j, i, cols, rows)
            
            # move these values to the data array
            data_array[i:i+rows,j:j+cols] = values
 
    print("NoData is:", NoDataValue)
    if NoDataValue is not None:
        nodata_mask = data_array == NoDataValue
        data_array[nodata_mask] = np.nan
           
    return data_array

#==============================================================================

#==============================================================================
[docs]def array2raster(rasterfn,newRasterfn,array,driver_name = "ENVI", noDataValue = -9999):
    """Takes an array and writes to a GDAL compatible raster. It needs another raster to map the dimensions. 
    
    Args:
        FileName (str): The filename (with path and extension) of a raster that has the same dimensions as the raster to be written.
        newRasterfn (str): The filename (with path and extension) of the new raster.
        array (np.array): The array to be written
        driver_name (str): The type of raster to write. Default is ENVI since that is the LSDTOpoTools format
        noDataValue (float): The no data value
        
    Return:
        np.array: A numpy array with the data from the raster. 
    
    Author: SMM
    """  

    raster = gdal.Open(rasterfn)
    geotransform = raster.GetGeoTransform()
    originX = geotransform[0]
    originY = geotransform[3]
    pixelWidth = geotransform[1]
    pixelHeight = geotransform[5]
    cols = raster.RasterXSize
    rows = raster.RasterYSize

    driver = gdal.GetDriverByName(driver_name)
    outRaster = driver.Create(newRasterfn, cols, rows, 1, gdal.GDT_Float32)
    outRaster.SetGeoTransform((originX, pixelWidth, 0, originY, 0, pixelHeight))
    outRaster.GetRasterBand(1).SetNoDataValue( noDataValue )    
    outband = outRaster.GetRasterBand(1)   
    outband.WriteArray(array)
    outRasterSRS = osr.SpatialReference()
    outRasterSRS.ImportFromWkt(raster.GetProjectionRef())
    outRaster.SetProjection(outRasterSRS.ExportToWkt())
    outband.FlushCache()

#==============================================================================  
    

[docs]def RasterDifference(RasterFile1, RasterFile2, raster_band=1, OutFileName="Test.outfile", OutFileType="ENVI"):
    """
    Takes two rasters of same size and subtracts second from first,
    e.g. Raster1 - Raster2 = raster_of_difference
    then writes it out to file
    """
    
    Raster1 = gdal.Open(RasterFile1)
    Raster2 = gdal.Open(RasterFile2)
    
    print("RASTER 1: ")
    print(Raster1.GetGeoTransform())
    print(Raster1.RasterCount)
    print(Raster1.GetRasterBand(1).XSize)
    print(Raster1.GetRasterBand(1).YSize)
    print(Raster1.GetRasterBand(1).DataType)
    
    print("RASTER 2: ")
    print(Raster2.GetGeoTransform())
    print(Raster2.RasterCount)
    print(Raster2.GetRasterBand(1).XSize)
    print(Raster2.GetRasterBand(1).YSize)
    print(Raster2.GetRasterBand(1).DataType)
    
    raster_array1 = np.array(Raster1.GetRasterBand(raster_band).ReadAsArray())
    raster_array2 = np.array(Raster2.GetRasterBand(raster_band).ReadAsArray())
    
    assert(raster_array1.shape == raster_array2.shape )
    print("Shapes: ", raster_array1.shape, raster_array2.shape)
    
    difference_raster_array = raster_array1 - raster_array2
    
#    import matplotlib.pyplot as plt
#    
#    plt.imshow(difference_raster_array)
#    
    
    driver = gdal.GetDriverByName(OutFileType)

    dsOut = driver.Create(OutFileName, 
                          Raster1.GetRasterBand(1).XSize, 
                          Raster1.GetRasterBand(1).YSize, 
                          1, 
                          gdal.GDT_Float32)
                          #Raster1.GetRasterBand(raster_band).DataType)
    
    
    gdal_array.CopyDatasetInfo(Raster1,dsOut)
    bandOut = dsOut.GetRasterBand(1)
    gdal_array.BandWriteArray(bandOut, difference_raster_array)
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  Source code for LSDPlottingTools.adjust_text

# THis comes from here: https://github.com/Phlya/adjustText/tree/master/adjustText
# see examples here:  https://github.com/Phlya/adjustText/blob/master/examples/Examples.ipynb


from __future__ import absolute_import, division, print_function, unicode_literals
import sys
from matplotlib import pyplot as plt
from itertools import product
import numpy as np
from operator import itemgetter

if sys.version_info >= (3, 0):
    xrange = range

[docs]def get_bboxes(objs, r, expand=(1.0, 1.0), ax=None):
    if ax is None:
        ax = plt.gca()
    return [i.get_window_extent(r).expanded(*expand).transformed(ax.\
                                          transData.inverted()) for i in objs]


[docs]def get_midpoint(bbox):
    cx = (bbox.x0+bbox.x1)/2
    cy = (bbox.y0+bbox.y1)/2
    return cx, cy


[docs]def get_points_inside_bbox(x, y, bbox):
    x1, y1, x2, y2 = bbox.xmin, bbox.ymin, bbox.xmax, bbox.ymax
    x_in = np.logical_and(x>x1, x<x2)
    y_in = np.logical_and(y>y1, y<y2)
    return np.where(x_in & y_in)[0]


[docs]def get_renderer(fig):
    try: 
        return fig.canvas.get_renderer()
    except AttributeError:
        return fig.canvas.renderer


[docs]def overlap_bbox_and_point(bbox, xp, yp):
    cx, cy = get_midpoint(bbox)

    dir_x = np.sign(cx-xp)
    dir_y = np.sign(cy-yp)

    if dir_x == -1:
        dx = xp - bbox.xmax
    elif dir_x == 1:
        dx = xp - bbox.xmin
    else:
        dx = 0

    if dir_y == -1:
        dy = yp - bbox.ymax
    elif dir_y == 1:
        dy = yp - bbox.ymin
    else:
        dy = 0
    return dx, dy


[docs]def move_texts(texts, delta_x, delta_y, bboxes=None, renderer=None, ax=None):
    if ax is None:
        ax = plt.gca()
    if bboxes is None:
        if renderer is None:
            r = get_renderer(ax.get_figure())
        else:
            r = renderer
        bboxes = get_bboxes(texts, r, (1, 1))
    xmin, xmax = ax.get_xlim()
    ymin, ymax = ax.get_ylim()
    for i, (text, dx, dy) in enumerate(zip(texts, delta_x, delta_y)):
        bbox = bboxes[i]
        x1, y1, x2, y2 = bbox.xmin, bbox.ymin, bbox.xmax, bbox.ymax
        if x1 + dx < xmin:
            dx = 0
        if x2 + dx > xmax:
            dx = 0
        if y1 + dy < ymin:
            dy = 0
        if y2 + dy > ymax:
            dy = 0

        x, y = text.get_position()
        newx = x + dx
        newy = y + dy
        text.set_position((newx, newy))


[docs]def optimally_align_text(x, y, texts, expand=(1., 1.), add_bboxes=[],
                         renderer=None, ax=None,
                         direction='xy'):
    """
    For all text objects find alignment that causes the least overlap with
    points and other texts and apply it
    """
    if ax is None:
        ax = plt.gca()
    if renderer is None:
        r = get_renderer(ax.get_figure())
    else:
        r = renderer
    xmin, xmax = ax.get_xlim()
    ymin, ymax = ax.get_ylim()
    bboxes = get_bboxes(texts, r, expand)
    if 'x' not in direction:
        ha = ['']
    else:
        ha = ['center', 'left', 'right']
    if 'y' not in direction:
        va = ['']
    else:
        va = ['bottom', 'top', 'center']
    alignment = list(product(ha, va))
    for i, text in enumerate(texts):
        counts = []
        for h, v in alignment:
            if h:
                text.set_ha(h)
            if v:
                text.set_va(v)
            bbox = text.get_window_extent(r).expanded(*expand).\
                                       transformed(ax.transData.inverted())
            c = len(get_points_inside_bbox(x, y, bbox))
            intersections = [bbox.intersection(bbox, bbox2) for bbox2 in
                             bboxes+add_bboxes]
            intersections = sum([abs(b.width*b.height) if b is not None else 0
                                 for b in intersections])
            # Check for out-of-axes position
            bbox = text.get_window_extent(r).transformed(ax.transData.inverted())
            x1, y1, x2, y2 = bbox.xmin, bbox.ymin, bbox.xmax, bbox.ymax
            if x1 < xmin or x2 > xmax or y1 < ymin or y2 > ymax:
                axout = 1
            else:
                axout = 0
            counts.append((axout, c, intersections))
        a, value = min(enumerate(counts), key=itemgetter(1))
        if 'x' in direction:
            text.set_ha(alignment[a][0])
        if 'y' in direction:
            text.set_va(alignment[a][1])
        bboxes[i] = text.get_window_extent(r).expanded(*expand).\
                                       transformed(ax.transData.inverted())
    return texts


[docs]def repel_text(texts, renderer=None, ax=None, expand=(1.2, 1.2),
               only_use_max_min=False, move=False):
    """
    Repel texts from each other while expanding their bounding boxes by expand
    (x, y), e.g. (1.2, 1.2) would multiply width and height by 1.2.
    Requires a renderer to get the actual sizes of the text, and to that end
    either one needs to be directly provided, or the axes have to be specified,
    and the renderer is then got from the axes object.
    """
    if ax is None:
        ax = plt.gca()
    if renderer is None:
        r = get_renderer(ax.get_figure())
    else:
        r = renderer
    bboxes = get_bboxes(texts, r, expand)
    xmins = [bbox.xmin for bbox in bboxes]
    xmaxs = [bbox.xmax for bbox in bboxes]
    ymaxs = [bbox.ymax for bbox in bboxes]
    ymins = [bbox.ymin for bbox in bboxes]

    overlaps_x = np.zeros((len(bboxes), len(bboxes)))
    overlaps_y = np.zeros_like(overlaps_x)
    overlap_directions_x = np.zeros_like(overlaps_x)
    overlap_directions_y = np.zeros_like(overlaps_y)
    for i, bbox1 in enumerate(bboxes):
        overlaps = get_points_inside_bbox(xmins*2+xmaxs*2, (ymins+ymaxs)*2,
                                             bbox1) % len(bboxes)
        overlaps = np.unique(overlaps)
        for j in overlaps:
            bbox2 = bboxes[j]
            x, y = bbox1.intersection(bbox1, bbox2).size
            overlaps_x[i, j] = x
            overlaps_y[i, j] = y
            direction = np.sign(bbox1.extents - bbox2.extents)[:2]
            overlap_directions_x[i, j] = direction[0]
            overlap_directions_y[i, j] = direction[1]

    move_x = overlaps_x*overlap_directions_x
    move_y = overlaps_y*overlap_directions_y

    delta_x = move_x.sum(axis=1)
    delta_y = move_y.sum(axis=1)

    q = np.sum(np.abs(delta_x) + np.abs(delta_y))
    if move:
        move_texts(texts, delta_x, delta_y, bboxes, ax=ax)
    return delta_x, delta_y, q


[docs]def repel_text_from_bboxes(add_bboxes, texts, renderer=None, ax=None,
                           expand=(1.2, 1.2), only_use_max_min=False,
                           move=False):
    """
    Repel texts from other objects' bboxes while expanding their (texts')
    bounding boxes by expand (x, y), e.g. (1.2, 1.2) would multiply width and
    height by 1.2.
    Requires a renderer to get the actual sizes of the text, and to that end
    either one needs to be directly provided, or the axes have to be specified,
    and the renderer is then got from the axes object.
    """
    if ax is None:
        ax = plt.gca()
    if renderer is None:
        r = get_renderer(ax.get_figure())
    else:
        r = renderer

    bboxes = get_bboxes(texts, r, expand)

    overlaps_x = np.zeros((len(bboxes), len(add_bboxes)))
    overlaps_y = np.zeros_like(overlaps_x)
    overlap_directions_x = np.zeros_like(overlaps_x)
    overlap_directions_y = np.zeros_like(overlaps_y)

    for i, bbox1 in enumerate(bboxes):
        for j, bbox2 in enumerate(add_bboxes):
            try:
                x, y = bbox1.intersection(bbox1, bbox2).size
                direction = np.sign(bbox1.extents - bbox2.extents)[:2]
                overlaps_x[i, j] = x
                overlaps_y[i, j] = y
                overlap_directions_x[i, j] = direction[0]
                overlap_directions_y[i, j] = direction[1]
            except AttributeError:
                pass

    move_x = overlaps_x*overlap_directions_x
    move_y = overlaps_y*overlap_directions_y

    delta_x = move_x.sum(axis=1)
    delta_y = move_y.sum(axis=1)

    q = np.sum(np.abs(delta_x) + np.abs(delta_y))
    if move:
        move_texts(texts, delta_x, delta_y, bboxes, ax=ax)
    return delta_x, delta_y, q


[docs]def repel_text_from_points(x, y, texts, renderer=None, ax=None,
                           expand=(1.2, 1.2), move=False):
    """
    Repel texts from all points specified by x and y while expanding their
    (texts'!) bounding boxes by expandby  (x, y), e.g. (1.2, 1.2)
    would multiply both width and height by 1.2. In the case when the text
    overlaps a point, but there is no definite direction for movement, moves
    in random direction by 40% of it's width and/or height depending on
    Requires a renderer to get the actual sizes of the text, and to that end
    either one needs to be directly provided, or the axes have to be specified,
    and the renderer is then got from the axes object.
    """
    assert len(x) == len(y)
    if ax is None:
        ax = plt.gca()
    if renderer is None:
        r = get_renderer(ax.get_figure())
    else:
        r = renderer
    bboxes = get_bboxes(texts, r, expand)

    move_x = np.zeros((len(bboxes), len(x)))
    move_y = np.zeros((len(bboxes), len(x)))
    for i, bbox in enumerate(bboxes):
        xy_in = get_points_inside_bbox(x, y, bbox)
        for j in xy_in:
            xp, yp = x[j], y[j]
            dx, dy = overlap_bbox_and_point(bbox, xp, yp)

            move_x[i, j] = dx
            move_y[i, j] = dy

    delta_x = move_x.sum(axis=1)
    delta_y = move_y.sum(axis=1)
    q = np.sum(np.abs(delta_x) + np.abs(delta_y))
    if move:
        move_texts(texts, delta_x, delta_y, bboxes, ax=ax)
    return delta_x, delta_y, q


[docs]def repel_text_from_axes(texts, ax=None, bboxes=None, renderer=None,
                         expand=None):
    if ax is None:
        ax = plt.gca()
    if renderer is None:
        r = get_renderer(ax.get_figure())
    else:
        r = renderer
    if expand is None:
        expand = (1, 1)
    if bboxes is None:
        bboxes = get_bboxes(texts, r, expand=expand)
    xmin, xmax = ax.get_xlim()
    ymin, ymax = ax.get_ylim()
    for i, bbox in enumerate(bboxes):
        x1, y1, x2, y2 = bbox.xmin, bbox.ymin, bbox.xmax, bbox.ymax
        dx, dy = 0, 0
        if x1 < xmin:
            dx = xmin - x1
        if x2 > xmax:
            dx = xmax - x2
        if y1 < ymin:
            dy = ymin - y1
        if y2 > ymax:
            dy = ymax - y2
        if dx or dy:
            x, y = texts[i].get_position()
            newx, newy = x + dx, y + dy
            texts[i].set_position((newx, newy))
    return texts


[docs]def adjust_text(texts, x=None, y=None, add_objects=None, ax=None,
                expand_text=(1.2, 1.2), expand_points=(1.2, 1.2),
                expand_objects=(1.2, 1.2), expand_align=(0.9, 0.9),
                autoalign='xy',  va='center', ha='center',
                force_text=0.5, force_points=0.5, force_objects=0.5,
                lim=100, precision=0,
                only_move={}, text_from_text=True, text_from_points=True,
                save_steps=False, save_prefix='', save_format='png',
                add_step_numbers=True, draggable=True,
                *args, **kwargs):
    """
    Iteratively adjusts the locations of texts. First moves all texts that are
    outside the axes limits inside. Then in each iteration moves all texts away
    from each other and from points. In the end hides texts and substitutes
    them with annotations to link them to the respective points.

    Args:
        texts (list): a list of text.Text objects to adjust
        x (seq): x-coordinates of points to repel from; if not provided only
            uses text coordinates
        y (seq): y-coordinates of points to repel from; if not provided only
            uses text coordinates
        add_objects (list): a list of additional matplotlib objects to avoid;
            they must have a .get_window_extent() method
        ax (obj): axes object with the plot; if not provided is determined by
            plt.gca()
        expand_text (seq): a tuple/list/... with 2 numbers (x, y) to expand
            texts when repelling them from each other; default (1.2, 1.2)
        expand_points (seq): a tuple/list/... with 2 numbers (x, y) to expand
            texts when repelling them from points; default (1.2, 1.2)
        expand_objects (seq): a tuple/list/... with 2 numbers (x, y) to expand
            texts when repelling them from points; default (1.2, 1.2)
        expand_align (seq): a tuple/list/... with 2 numbers (x, y) to expand
            texts when autoaligning texts; default (1., 1.)
        autoalign: If 'xy', the best alignment of all texts will be
            determined in all directions automatically before running the
            iterative adjustment; if 'x' will only align horizontally, if 'y' -
            vertically; overrides va and ha
        va (str): vertical alignment of texts
        ha (str): horizontal alignment of texts
        force_text (float): the repel force from texts is multiplied by this
            value; default 0.5
        force_points (float): the repel force from points is multiplied by this
            value; default 0.5
        force_objects (float): same as other forces, but for repelling
            additional objects
        lim (int): limit of number of iterations
        precision (float): up to which sum of all overlaps along both x and y
            to iterate; may need to increase for complicated situations;
            default 0, so no overlaps with anything.
        only_move (dict): a dict to restrict movement of texts to only certain
            axis. Valid keys are 'points' and 'text', for each of them valid
            values are 'x', 'y' and 'xy'. This way you can forbid moving texts
            along either of the axes due to overlaps with points, but let it
            happen if there is an overlap with texts: only_move={'points':'y',
            'text':'xy'}. Default: None, so everything is allowed.
        text_from_text (bool): whether to repel texts from each other; default
            True
        text_from_points (bool): whether to repel texts from points; default
            True; can helpful to switch of in extremely crouded plots
        save_steps (bool): whether to save intermediate steps as images;
            default False
        save_prefix (str): a path and/or prefix to the saved steps; default ''
        save_format (str): a format to save the steps into; default 'png
        *args and **kwargs: any arguments will be fed into plt.annotate after
            all the optimization is done just for plotting
        add_step_numbers (bool): whether to add step numbers as titles to the
            images of saving steps
        draggable (bool): whether to make the annotations draggable; default
            True
    """
    if ax is None:
        ax = plt.gca()
    r = get_renderer(ax.get_figure())
    orig_xy = [text.get_position() for text in texts]
    orig_x = [xy[0] for xy in orig_xy]
    orig_y = [xy[1] for xy in orig_xy]
    if x is None:
        if y is None:
            x, y = orig_x, orig_y
        else:
            raise ValueError('Please specify both x and y, or neither')
    if y is None:
        raise ValueError('Please specify both x and y, or neither')
    if add_objects is None:
        text_from_objects = False
        add_bboxes = []
    else:
        try:
            add_bboxes = get_bboxes(add_objects, r)
        except:
            raise ValueError("Can't get bounding boxes from add_objects - is'\
                             it a flat list of matplotlib objects?")
            return
        text_from_objects = True
    for text in texts:
        text.set_va(va)
        text.set_ha(ha)
    if save_steps:
        if add_step_numbers:
            plt.title('0a')
        plt.savefig(save_prefix+'0a.'+save_format, format=save_format)
    if autoalign:
        if autoalign is not True:
            texts = optimally_align_text(x, y, texts, expand=expand_align,
                                         add_bboxes=add_bboxes,
                                         direction=autoalign, renderer=r,
                                         ax=ax)
        else:
            texts = optimally_align_text(orig_x, orig_y, texts,
                                         expand=expand_align,
                                         direction='xy',
                                         add_bboxes=add_bboxes, renderer=r,
                                         ax=ax)

    if save_steps:
        if add_step_numbers:
            plt.title('0b')
        plt.savefig(save_prefix+'0b.'+save_format, format=save_format)
    texts = repel_text_from_axes(texts, ax, renderer=r, expand=expand_points)
    history = [np.inf]*5
    for i in range(lim):
        q1, q2 = np.inf, np.inf

        if text_from_text:
            d_x_text, d_y_text, q1 = repel_text(texts, renderer=r, ax=ax,
                                                expand=expand_text)
        else:
            d_x_text, d_y_text, q1 = [0]*len(texts), [0]*len(texts), 0

        if text_from_points:
            d_x_points, d_y_points, q2 = repel_text_from_points(x, y, texts,
                                                   ax=ax, renderer=r,
                                                   expand=expand_points)
        else:
            d_x_points, d_y_points, q2 = [0]*len(texts), [0]*len(texts), 0

        if text_from_objects:
            d_x_objects, d_y_objects, q3 = repel_text_from_bboxes(add_bboxes,
                                                                  texts,
                                                             ax=ax, renderer=r,
                                                         expand=expand_objects)
        else:
            d_x_objects, d_y_objects, q3 = [0]*len(texts), [0]*len(texts), 0

        if only_move:
            if 'text' in only_move:
                if 'x' not in only_move['text']:
                    d_x_text = np.zeros_like(d_x_text)
                if 'y' not in only_move['text']:
                    d_y_text = np.zeros_like(d_y_text)
            if 'points' in only_move:
                if 'x' not in only_move['points']:
                    d_x_points = np.zeros_like(d_x_points)
                if 'y' not in only_move['points']:
                    d_y_points = np.zeros_like(d_y_points)
            if 'objects' in only_move:
                if 'x' not in only_move['objects']:
                    d_x_objects = np.zeros_like(d_x_objects)
                if 'y' not in only_move['objects']:
                    d_y_objects = np.zeros_like(d_y_objects)
        dx = (np.array(d_x_text) * force_text +
              np.array(d_x_points) * force_points +
              np.array(d_x_objects) * force_objects)
        dy = (np.array(d_y_text) * force_text +
              np.array(d_y_points) * force_points +
              np.array(d_y_objects) * force_objects)
        q = round(q1+q2+q3, 5)
        if q > precision and q < np.max(history):
            history.pop(0)
            history.append(q)
            move_texts(texts, dx, dy,
                       bboxes = get_bboxes(texts, r, (1, 1)), ax=ax)
            if save_steps:
                if add_step_numbers:
                    plt.title(i+1)
                plt.savefig(save_prefix+str(i+1)+'.'+save_format,
                            format=save_format)
        else:
            break

    for j, text in enumerate(texts):
        a = ax.annotate(text.get_text(), xy = (orig_xy[j]),
                    xytext=text.get_position(), *args, **kwargs)
        a.__dict__.update(text.__dict__)
        if draggable:
            a.draggable()
        texts[j].remove()
    if save_steps:
        if add_step_numbers:
            plt.title(i+1)
        plt.savefig(save_prefix+str(i+1)+'.'+save_format, format=save_format)
    return i+1
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  Source code for LSDPlottingTools.LSDMap_BasicManipulation

## LSDMap_BasicManipulation.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with rasters
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## SMM
## 26/07/2014
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

import numpy as np
from . import LSDMap_OSystemTools as LSDOst
from . import LSDMap_GDALIO as LSDMap_IO
from pyproj import Proj, transform


[docs]def GetUTMEastingNorthing(EPSG_string,latitude,longitude):
    """This returns the easting and northing for a given latitude and longitide

    Args:
        ESPG_string (str): The ESPG code. 326XX is for UTM north and 327XX is for UTM south
        latitude (float): The latitude in WGS84
        longitude (float): The longitude in WGS84

    Returns:
        easting,northing The easting and northing in the UTM zone of your selection

    Author:
        Simon M Mudd
    """
        
    #print "Yo, getting this stuff: "+EPSG_string
    # The lat long are in epsg 4326 which is WGS84
    inProj = Proj(init='epsg:4326')
    outProj = Proj(init=EPSG_string)
    ea,no = transform(inProj,outProj,longitude,latitude)
        
    return ea,no



[docs]def ConvertNorthingForImshow(RasterName,Northing):
    """This returns a northing that is inverted using the minimum and maximum values from the raster for use in imshow (because imshow inverts the raster)

    Args:
        RasterName (str): The raster's name with full path and extension
        Northing (float): The northing coordinate in metres (from UTM WGS84)

    Returns:
        ConvertedNorthing The northing inverted from top to bottom

    Author: SMM
    """

    extent_raster = LSDMap_IO.GetRasterExtent(RasterName)

    
    Northing_converted = extent_raster[3]-Northing
    Northing_converted = Northing_converted+extent_raster[2]       

    return Northing_converted


#==============================================================================
# THis function takes a raster an writes a new raster where everything below a
# threshold is set to nodata
#==============================================================================
[docs]def SetNoDataBelowThreshold(raster_filename,new_raster_filename, threshold = 0, driver_name = "ENVI", NoDataValue = -9999):
    """This takes a raster an then converts all data below a threshold to nodata, it then prints the resulting raster.
    
    Args:
        raster_filename (str): The raster's name with full path and extension
        new_raster_filename (str): The name of the raster to be printed
        threshold (float): Data below this in the original raster will be converted to nodata.
        driver_name (str): The raster format (see gdal documentation for options. LSDTopoTools used "ENVI" format.)
        NoDataValue (float): The nodata value. Usually set to -9999.

    Returns:
        None, but prints a new raster to file

    Author: SMM
    """


    
    # read the data
    rasterArray = LSDMap_IO.ReadRasterArrayBlocks(raster_filename)
    print("Read the data")
    
    # set any point on the raster below the threshold as nodata
    rasterArray[rasterArray <= threshold] = NoDataValue
    print("Reset raster values")
    
    # write the data to a new file
    LSDMap_IO.array2raster(raster_filename,new_raster_filename,rasterArray,driver_name, NoDataValue)
    print("Wrote raster")

#==============================================================================

#==============================================================================
# This function sets all nodata values to a constant value
#==============================================================================
[docs]def SetToConstantValue(raster_filename,new_raster_filename, constant_value, driver_name = "ENVI"):
    """This takes a raster an then converts all non-nodata to a constant value.
    
    This is useful if you want to make masks, for example to have blocks of single erosion rates for cosmogenic calculations. 
    
    Args:
        raster_filename (str): The raster's name with full path and extension
        new_raster_filename (str): The name of the raster to be printed
        constant_value (float): All non-nodata will be converted to this value in a new raster. 
        driver_name (str): The raster format (see gdal documentation for options. LSDTopoTools used "ENVI" format.)
        NoDataValue (float): The nodata value. Usually set to -9999.

    Returns:
        None, but prints a new raster to file

    Author: SMM
    """

    # get the nodata value
    NoDataValue =  LSDMap_IO.getNoDataValue(raster_filename)
               
    # read the data
    rasterArray = LSDMap_IO.ReadRasterArrayBlocks(raster_filename)
    print("Read the data")   
    
    # set any nodata to a constant value
    rasterArray[rasterArray != NoDataValue] = constant_value
    print("Changed to a constant value")
    
    # write the data to a new file
    LSDMap_IO.array2raster(raster_filename,new_raster_filename,rasterArray,driver_name, NoDataValue)
    print("Wrote raster")


#==============================================================================
# This function calcualtes a hillshade and writes to file
#==============================================================================    
[docs]def GetHillshade(raster_filename,new_raster_filename, azimuth = 315, angle_altitude = 45, driver_name = "ENVI", NoDataValue = -9999):
    """This calls the hillshade function from the basic manipulation package, but then prints the resulting raster to file.  
   
   Args:
        raster_filename (str): The raster's name with full path and extension
        new_raster_filename (str): The name of the raster to be printed
        azimuth (float): Azimuth angle (compass direction) of the sun (in degrees). 
        angle_altitude (float):Altitude angle of the sun. 
        driver_name (str): The raster format (see gdal documentation for options. LSDTopoTools used "ENVI" format.)
        NoDataValue (float): The nodata value. Usually set to -9999.

    Returns:
        None, but prints a new raster to file.

    Author: SMM
    """
    # avoid circular import
    from . import LSDMap_BasicPlotting as LSDMBP
    # get the hillshade
    hillshade_raster = LSDMBP.Hillshade(raster_filename, azimuth, angle_altitude)

    # write to file
    LSDMap_IO.array2raster(raster_filename,new_raster_filename,hillshade_raster,driver_name, NoDataValue)         

    
 

#==============================================================================
# This takes a grouping list of basin keys and transforms it into a list
# of junction names
#==============================================================================
[docs]def BasinKeyToJunction(grouped_data_list,thisPointData):
    """This takes a basin_info_csv file (produced by several LSDTopoTools routies) and spits out lists of the junction numbers (it converts basin numbers to junction numbers).
    
 
    Args:
        grouped_data_list (int list): A list of list of basin numbers
        thisPointData (str): A point data object with the basins
        
    Returns:
        Junction_grouped_list: the junction numbers of the basins.
        
    Author: SMM
    """   

    thisJunctionData = thisPointData.QueryData("outlet_junction")
    
    junction_grouped_list = []

    if not grouped_data_list:
        return grouped_data_list
    else:
        for group in grouped_data_list:
            this_list = []
            for element in group:
                this_list.append(thisJunctionData[element])
            junction_grouped_list.append(this_list)

    print(junction_grouped_list) 
    return junction_grouped_list



[docs]def BasinOrderToBasinRenameList(basin_order_list):
    """When we take data from the basins they will be numbered accoring to their junction rank, which is controlled by flow routing. 
    
    The result is often numbered basins that have something that appears random to human eyes. 
    We have developed a routine to renumber these basins. 
    However, the way this works is to find a basin number and rename in the profile plots, 
    such that when it finds a basin number it will rename that. 
    So if you want to rename the seventh basin 0, you need to give a list where the seventh element is 0. 
    
    This is a pain because how one would normally order basins would be to look at the image of the basin numbers, 
    and then write the order in which you want those basins to appear. 
    
    This function converts between these two lists. You give the function the order you want the basins to appear, 
    and it gives a renaming list. 
    
    Args:
        basin_order_list (int): the list of basins in which you want them to appear in the numbering scheme
        
    Return:
        The index into the returned basins
        
    Author: SMM
    """
    
    #basin_dict = {}
    max_basin = max(basin_order_list)
    basin_rename_list = [0] * max_basin
    basin_rename_list.append(0)
    
    print(("length is: "+str(len(basin_rename_list))))
       
    # Swap the keys
    for idx,basin in enumerate(basin_order_list):
        print(("Index: "+str(idx)+", basin: "+str(basin)))
        basin_rename_list[basin] = idx
    
    #print basin_rename_list
    return basin_rename_list 

    
    
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function orders basins in a sequence, so that plots can be made
## as a function of distance, for example
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=        
[docs]def BasinOrderer(thisPointData, FileName, criteria_string,reverse=False, 
                 exclude_criteria_string = "None", exlude_criteria_greater = False, 
                 exclude_criteria_value = 0 ):        

    #========================================================
    # now we need to label the basins
    # Now we get the chi points
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    print("EPSG string is: " + EPSG_string)
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthingFromQuery(EPSG_string,"outlet_latitude","outlet_longitude")
 
    these_data = thisPointData.QueryData("outlet_junction")
    #print M_chi
    these_data = [int(x) for x in these_data]

    wanted_data = thisPointData.QueryData(criteria_string)
    wd = np.asarray(wanted_data)

    # Now we exclude some of the basins
    #if exclude_criteria_string != "None":
    #    exclude_data = thisPointData.QueryData(exclude_criteria_string)
        
    indices = np.argsort(wd)
    
    print("data is: ")
    print(wd)

    if reverse:
        indices = indices[::-1]
           
    sorted_basins = np.array(these_data)[indices]


    print(sorted_basins)       



#==============================================================================
# This function takes groups of data and then resets values in a
# raster to mimic these values
#============================================================================== 
[docs]def RedefineIntRaster(rasterArray,grouped_data_list,spread):
    """This function takes values from an integer raster and renames them based on a list. 
    
    It is useful for renaming basin numbers. 
    
    Args:
        rasterArray (np.array): The raster array
        grouped_data_list (int): A list of lists containing groups to be redefined
        spread (int): How big of a difference between groups. For plotting this helps to generate differenc colours. 
    
    Returns:
        np.array: The new array
        
    Author: SMM
    """
    
    counter = 0
    if not grouped_data_list:
        return rasterArray
    else:
        for group in grouped_data_list:
            for element in group:
                rasterArray[rasterArray == element] = counter
                counter= counter+1
                            
            counter = counter+spread
    return rasterArray


#==============================================================================
# This function takes groups of data and then resets values in a
# raster to mimic these values
#============================================================================== 
[docs]def MaskByCategory(rasterArray,rasterForMasking,data_list):
    """This function takes values from an integer raster and renames them based on a list. 
    
    It is useful for renaming basin numbers. 
    
    Args:
        rasterArray (np.array): The raster array
        grouped_data_list (int): A list of lists containing groups to be redefined
        spread (int): How big of a difference between groups. For plotting this helps to generate differenc colours. 
    
    Returns:
        np.array: The new array
        
    Author: SMM
    """

    # The -9090 is just a placeholder
    for item in data_list:
        rasterForMasking[rasterForMasking == item] = -9090
        
    rasterArray[rasterForMasking != -9090] = np.nan
    
    
    return rasterArray


#==============================================================================
# This function takes groups of data and then resets values in a
# raster to mimic these values
#============================================================================== 
[docs]def NanBelowThreshold(rasterArray,threshold):
    """This function takes an array and turns any element below threshold to a nan
    
    It is useful for renaming basin numbers. 
    
    Args:
        rasterArray (np.array): The raster array
        threshold (int): The threshold value
    
    Returns:
        np.array: The new array
        
    Author: SMM
    """

    # The -9090 is just a placeholder  
    rasterArray[rasterArray < threshold] = np.nan
        
    return rasterArray

            


#==============================================================================
# This does a basic mass balance. 
# Assumes all units are metres
#==============================================================================         
[docs]def RasterMeanValue(path, file1):
    """This takes the average of a raster.
    
    Args:
        path (str): The path to the raster
        file1 (str): The name of the file
        
    Returns:
        mean_value: The mean
        
    Author: SMM
    """
    
    # make sure names are in correct format
    NewPath = LSDOst.AppendSepToDirectoryPath(path)
    
    raster_file1 = NewPath+file1
    
    NPixels = LSDMap_IO.GetNPixelsInRaster(raster_file1)

    Raster1 = LSDMap_IO.ReadRasterArrayBlocks(raster_file1,raster_band=1)
    
    mean_value = np.sum(Raster1)/float(NPixels)     
  
    return mean_value   


#==============================================================================
# This does a very basic swath analysis in one direction
# if axis is 0, this is along x axis, if axis is 1, is along y axis
# otherwise will throw error
#==============================================================================         
[docs]def SimpleSwath(path, file1, axis):
    """This function averages all the data along one of the directions
    
    Args:
        path (str): The path to the files
        file1 (str): The name of the first raster.
        axis (int): Either 0 (rows) or 1 (cols)
        
    Returns:
        float: A load of information about the swath.
        
        * means
        * medians
        * std_deviations
        * twentyfifth_percentile
        * seventyfifth_percentile
        
        at each node across the axis of the swath. 
    
    Author: SMM
    """
    
    # make sure names are in correct format
    NewPath = LSDOst.AppendSepToDirectoryPath(path)
    
    raster_file1 = NewPath+file1

    # get some information about the raster 
    NDV, xsize, ysize, GeoT, Projection, DataType = LSDMap_IO.GetGeoInfo(raster_file1)
    
    print("NDV is: ")
    print(NDV)
    
    if NDV == None:
        NDV = -9999
        print("No NDV defined")
    
    Raster1 = LSDMap_IO.ReadRasterArrayBlocks(raster_file1,raster_band=1)
    
    
    #nan_raster = Raster1[Raster1==NDV]=np.nan 
    #print nan_raster
    
    #now mask the nodata
    masked_Raster1  = np.ma.masked_values(Raster1, NDV)
    
    means = np.mean(masked_Raster1, axis)
    medians = np.median(masked_Raster1, axis)
    std_deviations = np.std(masked_Raster1, axis)
    twentyfifth_percentile = np.percentile(masked_Raster1, 25, axis)
    seventyfifth_percentile = np.percentile(masked_Raster1, 75, axis)
 
    # This stuff only works with numpy 1.8 or later, wich we don't have
    #means = np.nanmean(nan_raster, axis)
    #medians = np.nanmedian(nan_raster, axis)
    #std_deviations = np.nanstd(nan_raster, axis)
    #twentyfifth_percentile = np.nanpercentile(nan_raster, 25, axis)
    #seventyfifth_percentile = np.nanpercentile(nan_raster, 75, axis)
   
    #print means
    #print medians
    #print std_deviations
    #print twentyfifth_percentile
    #print seventyfifth_percentile    
    
    
    return means,medians,std_deviations,twentyfifth_percentile,seventyfifth_percentile   


        
#==============================================================================
# This does a basic mass balance. 
# Assumes all units are metres
#==============================================================================         
[docs]def BasicMassBalance(path, file1, file2):
    """This function checks the difference in "volume" between two rasters.
    
    Args:
        path (str): The path to the files
        file1 (str): The name of the first raster.
        file2 (str): The name of the second raster
        
    Returns:
        float: The differnece in the volume betweeen the two rasters
    
    Author: SMM
    """
    
    # make sure names are in correct format
    NewPath = LSDOst.AppendSepToDirectoryPath(path)
    
    raster_file1 = NewPath+file1
    raster_file2 = NewPath+file2
    
    PixelArea = LSDMap_IO.GetPixelArea(raster_file1)
    print("PixelArea is: " + str(PixelArea)) 
    
    print("The formatted path is: " + NewPath)
    Raster1 = LSDMap_IO.ReadRasterArrayBlocks(raster_file1,raster_band=1)
    Raster2 = LSDMap_IO.ReadRasterArrayBlocks(raster_file2,raster_band=1)
    
    NewRaster = np.subtract(Raster2,Raster1)
    
    mass_balance = np.sum(NewRaster)*PixelArea

    print("linear dif " + str(np.sum(NewRaster)))    
        
    return mass_balance       
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  Source code for LSDPlottingTools.LSDMap_ChiPlotting

## LSDMap_ChiPlotting.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with chi maps
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## SMM
## 14/12/2016
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

import numpy as np
from . import cubehelix
import matplotlib.pyplot as plt
#from cycler import cycler
from matplotlib import rcParams
import LSDPlottingTools.LSDMap_GDALIO as LSDMap_IO
#import LSDMap_BasicManipulation as LSDMap_BM
#import LSDMap_OSystemTools as LSDOst
import LSDPlottingTools.LSDMap_BasicPlotting as LSDMap_BP
import LSDPlottingTools.LSDMap_PointTools as LSDMap_PD
import LSDPlottingTools.LSDMap_BasicManipulation as LSDMap_BM


[docs]def ConvertBasinIndexToJunction(BasinPointData,BasinIndexList):
    """This transforms a basin index list (simply the order of the basins, starting from low to high junction number) to a junction list. 
    
    This allows users to go between basin rasters (with junctions listed) and the simpler basin indexing system (which is sequential)
    
    Args:
        BasinPointData (LSDMap_PointData): a point data object
        BasinIndexList (list of ints): The basin indices to be converted to junctions
        
    Returns: 
        A list on ints with the basin junctions 
        
    Author: SMM
    """
    

    
    these_data = BasinPointData.QueryData("outlet_junction")
    these_data = [int(x) for x in these_data]
                  
    #print("The junctions are: ")
                  
        
                  
                  
    basin_junction_list = []
    for basinindex in BasinIndexList:
        basin_junction_list.append(these_data[basinindex])
        
    
    return basin_junction_list

    

##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def FindSourceInformation(thisPointData):    
    """This function finds the source locations, with chi elevation, flow distance, etc.

    Args:
        thisPointData (LSDMap_PointData) A LSDMap_PointData object that is derived from the Chi_mapping_tool component of *LSDTopoTools*.

    Returns:
        A dict with key of the source node that returns a dict that has the FlowDistance, Chi, and Elevation of each source.
        Used for plotting source numbers on profile plots. 
        
    Author: SMM 
    """    
    
    # Get the chi, m_chi, basin number, and source ID code
    chi = thisPointData.QueryData('chi')
    chi = [float(x) for x in chi]
    elevation = thisPointData.QueryData('elevation')
    elevation = [float(x) for x in elevation]
    fdist = thisPointData.QueryData('flow distance')
    fdist = [float(x) for x in fdist]        
    source = thisPointData.QueryData('source_key')
    source = [int(x) for x in source]
    latitude = thisPointData.GetLatitude()
    longitude = thisPointData.GetLongitude()
   
  
    
    
    Chi = np.asarray(chi)
    Elevation = np.asarray(elevation)
    Fdist = np.asarray(fdist)
    Source = np.asarray(source)
    Latitude = np.asarray(latitude)
    Longitude = np.asarray(longitude)

    n_sources = Source.max()+1
    print("N sources is: "+str(n_sources))
 
    # This loops through all the source indices, and then picks out the
    # Elevation, chi coordinate and flow distance of each node
    # Then it returns a dictionary containing the elements of the node
    these_source_nodes = {}
    for src_idx in range(0,n_sources):
        m = np.ma.masked_where(Source!=src_idx, Source)
        
        # Mask the unwanted values
        maskX = np.ma.masked_where(np.ma.getmask(m), Chi)
        maskElevation = np.ma.masked_where(np.ma.getmask(m), Elevation)
        maskFlowDistance = np.ma.masked_where(np.ma.getmask(m), Fdist)
        maskLatitude = np.ma.masked_where(np.ma.getmask(m), Latitude)
        maskLongitude= np.ma.masked_where(np.ma.getmask(m), Longitude)
        
        # get the locations of the source         
        this_dict = {}
        idx_of_max_FD = maskX.argmax()
        this_dict["FlowDistance"]=maskFlowDistance[idx_of_max_FD]
        this_dict["Chi"]=maskX[idx_of_max_FD]
        this_dict["Elevation"]=maskElevation[idx_of_max_FD]
        this_dict["Latitude"]=maskLatitude[idx_of_max_FD]
        this_dict["Longitude"]=maskLongitude[idx_of_max_FD]
        
        # get the minimum of the source
        idx_of_min_Chi = maskX.argmin()
        chi_length = maskX[idx_of_max_FD]-maskX[idx_of_min_Chi]
        this_dict["SourceLength"]=chi_length

        these_source_nodes[src_idx] = this_dict
        
    return these_source_nodes


##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=        
[docs]def FindShortSourceChannels(these_source_nodes,threshold_length):         
    """This function gets the list of sources that are shorter than a threshold value
    
    Args: 
        these_source_nodes (dict): A dict from the FindSourceInformation module
        threshold_length (float): The threshold of chi lenght of the source segment
    
    Return:
        long_sources: A list of integers of source with the appropriate length
    
    Author: SMM
    """
    long_sources = []
    for key in these_source_nodes:
        if these_source_nodes[key]["SourceLength"] > threshold_length:
            long_sources.append(key)
    
    return long_sources   



##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots the chi slope on a shaded relief map
## It uses the Kirby and Whipple colour scheme
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def BasicChiPlotGridPlotKirby(FileName, DrapeName, chi_csv_fname, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='Elevation in meters',clim_val = (0,0),
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show',
                            elevation_threshold = 0, size_format = "ESURF"):

    """This function plots the chi slope on a shaded relief map. It uses the Kirby and Whipple colour scheme.

    Args:
        FileName (str): The name (with full path and extension) of the DEM.
        DrapenName (str): The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        thiscmap (colormap): The colourmap for the elevation raster
        drape_cmap (colormap):  The colourmap for the drape raster
        colorbarlabel (str): the text label on the colourbar. 
        clim_val  (float,float): The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots. 
        drape_alpha (float): The alpha value of the drape
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting. 
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
 
    Returns:
        Does not return anything but makes a plot.
        
    Author: SMM
    """
    
    from matplotlib import colors

    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 
    #plt.rc('text', usetex=True)

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)

    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
        l_pad = -40
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
        l_pad = -50
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        l_pad = -35

    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])
    
    # This is the axis for the colorbar
    ax2 = fig.add_subplot(gs[10:15,15:70])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))

    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
 
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # Now we get the chi points
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    print("EPSG string is: " + EPSG_string)
    
    thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthing(EPSG_string)
    
    
    # The image is inverted so we have to invert the northing coordinate
    Ncoord = np.asarray(northing)
    Ncoord = np.subtract(extent_raster[3],Ncoord)
    Ncoord = np.add(Ncoord,extent_raster[2])
    
    M_chi = thisPointData.QueryData('m_chi')
    #print M_chi
    M_chi = [float(x) for x in M_chi]
    
    
    # make a color map of fixed colors
    this_cmap = colors.ListedColormap(['#2c7bb6','#abd9e9','#ffffbf','#fdae61','#d7191c'])
    bounds=[0,50,100,175,250,1205]
    norm = colors.BoundaryNorm(bounds, this_cmap.N)
    
    sc = ax.scatter(easting,Ncoord,s=0.5, c=M_chi,cmap=this_cmap,norm=norm,edgecolors='none')

    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   
    
    cbar = plt.colorbar(sc,cmap=this_cmap,norm=norm,spacing='uniform', ticks=bounds, boundaries=bounds,orientation='horizontal',cax=ax2)
    cbar.set_label(colorbarlabel, fontsize=10)
    ax2.set_xlabel(colorbarlabel, fontname='Arial',labelpad=l_pad)    

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=500)
        fig.clf()





##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots the chi slope on a shaded relief map
## It uses a cubehelix colourmap over the log 10 of the channel steepness
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def BasicChiPlotGridPlot(FileName, DrapeName, chi_csv_fname, thisPointData, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='log$_{10}k_{sn}$',clim_val = (0,0),
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show',
                            elevation_threshold = 0, size_format = "ESURF"):

    """This is the main chi plotting script that prints a chi steepness map over the hillshade. Note that the colour scale for the chi slope values are always cubehelix

    Args:
        FileName (str): The name (with full path and extension) of the DEM.
        DrapenName (str): The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        thiscmap (colormap): The colourmap for the elevation raster
        drape_cmap (colormap):  The colourmap for the drape raster
        colorbarlabel (str): the text label on the colourbar. 
        clim_val  (float,float): The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots. 
        drape_alpha (float): The alpha value of the drape
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting.
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
       
    Returns:
        Prints a plot to file.
        
    Author: 
        Simon M. Mudd

    """       
    
    import math
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)

    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]
    
    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
        l_pad = -40
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
        l_pad = -50
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        l_pad = -35
        
    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))

    # Set up axes and ticks   
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # Now we get the chi points
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    print("EPSG string is: " + EPSG_string)
    
    #thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthing(EPSG_string)
       
    # The image is inverted so we have to invert the northing coordinate
    Ncoord = np.asarray(northing)
    Ncoord = np.subtract(extent_raster[3],Ncoord)
    Ncoord = np.add(Ncoord,extent_raster[2])
    
    M_chi = thisPointData.QueryData('m_chi')
    M_chi = [float(x) for x in M_chi]


    log_m_chi = []
    for value in M_chi:
        if value < 0.1:
            log_m_chi.append(0)
        else:
            log_m_chi.append(math.log10(value))
    colorbarlabel = "log$_{10}k_{sn}$"    

    this_cmap = cubehelix.cmap(rot=1, reverse=True,start=3,gamma=1.0,sat=2.0)
    sc = ax.scatter(easting,Ncoord,s=0.5, c=log_m_chi,cmap=this_cmap,edgecolors='none')
    
    # set the colour limits
    sc.set_clim(0, np.nanmax(log_m_chi))


    # This is the axis for the colorbar   
    ax2 = fig.add_subplot(gs[10:15,15:70])
    plt.colorbar(sc,cmap=this_cmap,spacing='uniform', orientation='horizontal',cax=ax2)   
    ax2.set_xlabel(colorbarlabel, fontname='Arial',labelpad=l_pad)       
    
    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=750)
        fig.clf()




##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots the chi slope on a shaded relief map
## It uses a cubehelix colourmap over the log 10 of the channel steepness
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def BasicChiCoordinatePlot(FileName, DrapeName, csvfile, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='$\chi (m)$',clim_val = (0,0),
                            basin_order_list = [], basin_point_data = "None", basin_raster_name = "None",
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show',
                            size_format = "ESURF"):

    """This plots the chi coordinate, mimicking Sean Willet et al's plots
        
    Args:
        FileName (str): The name (with full path and extension) of the DEM.
        DrapenName (str): The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)
        thisPointData (LSDMap_PointData): The point data object with the basic chi points
        thiscmap (colormap): The colourmap for the elevation raster
        drape_cmap (colormap):  The colourmap for the drape raster
        colorbarlabel (str): the text label on the colourbar. 
        clim_val  (float,float): The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots. 
        basin_order_list (list of int): The basin indices to be selected
        basin_point_data (LSDM_PointData): The mapping between junctions and indices
        basin_raster_name (str): If a basin raster name is supplied the chi raster will be masked
        drape_alpha (float): The alpha value of the drape
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
       
    Returns:
        Prints a plot to file.
        
    Author: 
        Simon M. Mudd

    """       

    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)

    raster_drape = LSDMap_BM.NanBelowThreshold(raster_drape,0)

    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]
    
    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
        l_pad = -40
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
        l_pad = -50
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        l_pad = -35
        
    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")
    
    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))

    # Set up axes and ticks   
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # Now we get the chi points
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    print("EPSG string is: " + EPSG_string)

    print("The file is: "+ csvfile)
    thisPointData = LSDMap_PD.LSDMap_PointData(csvfile)
    
    
    # Check if there are basins, and if we are to mask them
    if not len(basin_order_list) == 0:
        # check if there is a point data object
        if basin_point_data != "None":
            basin_junction_list = ConvertBasinIndexToJunction(basin_point_data,basin_order_list)
            print("I am thinning to the following basins: ")
            print(basin_junction_list)
            thisPointData.ThinDataSelection('basin_junction',basin_junction_list)
            
            if basin_raster_name != "None":
                basin_raster = LSDMap_IO.ReadRasterArrayBlocks(basin_raster_name)
                LSDMap_BM.MaskByCategory(raster_drape,basin_raster,basin_junction_list)
                
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthing(EPSG_string)
       
    # The image is inverted so we have to invert the northing coordinate
    Ncoord = np.asarray(northing)
    Ncoord = np.subtract(extent_raster[3],Ncoord)
    Ncoord = np.add(Ncoord,extent_raster[2])
    
    chi = thisPointData.QueryData('chi')
    chi = [float(x) for x in chi]
 
    this_cmap = 'CMRmap'
    sc = ax.scatter(easting,Ncoord,s=0.5, c=chi,cmap=this_cmap,edgecolors='none')
    
    # set the colour limits
    sc.set_clim(0, np.nanmax(chi))


    # This is the axis for the colorbar   
    ax2 = fig.add_subplot(gs[10:15,15:70])
    plt.colorbar(sc,cmap=this_cmap,spacing='uniform', orientation='horizontal',cax=ax2)   
    ax2.set_xlabel(colorbarlabel, fontname='Arial',labelpad=l_pad)       
    
    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=750)
        fig.clf()


        
        
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots channels, color coded
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
[docs]def BasicChannelPlotGridPlotCategories(FileName, DrapeName, chi_csv_fname, thiscmap='gray',drape_cmap='gray',
                            colorbarlabel='Elevation in meters',clim_val = (0,0),
                            drape_alpha = 0.6,FigFileName = 'Image.pdf',FigFormat = 'show',
                            elevation_threshold = 0, data_name = 'source_key',
                            source_thinning_threshold = 0,
                            size_format = "ESURF"):
    """This plots the channels over a draped plot, colour coded by source

    Args:
        FileName (str): The name (with full path and extension) of the DEM.
        DrapenName (str): The name (with full path and extension) of the drape file (usually a hillshade, but could be anything)
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        thiscmap (colormap): The colourmap for the elevation raster
        drape_cmap (colormap):  The colourmap for the drape raster
        colorbarlabel (str): the text label on the colourbar. 
        clim_val  (float,float): The colour limits for the drape file. If (0,0) it uses the minimum and maximum values of the drape file. Users can assign numbers to get consistent colourmaps between plots. 
        drape_alpha (float): The alpha value of the drape
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting.
        data_name (str) = The name of the sources csv
        source_thinning_threshold (float) = Minimum chi length of a source segment. No thinning if 0.
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
        
    Returns:
        Prints a plot to file.
        
    Author: 
        Simon M. Mudd

    """           
    from matplotlib import colors
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size 
    #plt.rc('text', usetex=True)

    # get the data
    raster = LSDMap_IO.ReadRasterArrayBlocks(FileName)
    raster_drape = LSDMap_IO.ReadRasterArrayBlocks(DrapeName)

    # now get the extent
    extent_raster = LSDMap_IO.GetRasterExtent(FileName)
    
    x_min = extent_raster[0]
    x_max = extent_raster[1]
    y_min = extent_raster[2]
    y_max = extent_raster[3]

    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        
    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    # now get the tick marks    
    n_target_tics = 5
    xlocs,ylocs,new_x_labels,new_y_labels = LSDMap_BP.GetTicksForUTM(FileName,x_max,x_min,y_max,y_min,n_target_tics)  

    im1 = ax.imshow(raster[::-1], thiscmap, extent = extent_raster, interpolation="nearest")  

    # set the colour limits
    print("Setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
    if (clim_val == (0,0)):
        print("Im setting colour limits based on minimum and maximum values")
        im1.set_clim(0, np.nanmax(raster))
    else:
        print("Now setting colour limits to "+str(clim_val[0])+" and "+str(clim_val[1]))
        im1.set_clim(clim_val[0],clim_val[1])
   
    plt.hold(True)
   
    # Now for the drape: it is in grayscale
    #print "drape_cmap is: "+drape_cmap
    im3 = ax.imshow(raster_drape[::-1], drape_cmap, extent = extent_raster, alpha = drape_alpha, interpolation="nearest")

    # Set the colour limits of the drape
    im3.set_clim(0,np.nanmax(raster_drape))
    
    
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 
    
    ax.set_xticklabels(new_x_labels,rotation=60)
    ax.set_yticklabels(new_y_labels)  
    
    ax.set_xlabel("Easting (m)")
    ax.set_ylabel("Northing (m)")  

    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)    

    # Now we get the chi points
    EPSG_string = LSDMap_IO.GetUTMEPSG(FileName)
    print("EPSG string is: " + EPSG_string)
    
    thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)

    # Logic for thinning the sources    
    if source_thinning_threshold > 0:
        print("I am going to thin some sources out for you")
        source_info = FindSourceInformation(thisPointData)
        remaining_sources = FindShortSourceChannels(source_info,source_thinning_threshold)
        thisPointData.ThinDataSelection("source_key",remaining_sources)
    
    # convert to easting and northing
    [easting,northing] = thisPointData.GetUTMEastingNorthing(EPSG_string)
 
    # The image is inverted so we have to invert the northing coordinate
    Ncoord = np.asarray(northing)
    Ncoord = np.subtract(extent_raster[3],Ncoord)
    Ncoord = np.add(Ncoord,extent_raster[2])
    
    these_data = thisPointData.QueryData(data_name)
    #print M_chi
    these_data = [int(x) for x in these_data]

    # make a color map of fixed colors
    NUM_COLORS = 15

    this_cmap = plt.cm.Set1
    cNorm  = colors.Normalize(vmin=0, vmax=NUM_COLORS-1)
    plt.cm.ScalarMappable(norm=cNorm, cmap=this_cmap)
    channel_data = [x % NUM_COLORS for x in these_data]

    ax.scatter(easting,Ncoord,s=0.5, c=channel_data,norm=cNorm,cmap=this_cmap,edgecolors='none')

    # This affects all axes because we set share_all = True.
    ax.set_xlim(x_min,x_max)    
    ax.set_ylim(y_max,y_min)     

    ax.set_xticks(xlocs)
    ax.set_yticks(ylocs)   
    ax.set_title('Channels colored by source number')

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(FigFileName,format=FigFormat,dpi=500)
        fig.clf() 

        
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots channels, color coded
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=        
[docs]def ChiProfiles(chi_csv_fname, FigFileName = 'Image.pdf',FigFormat = 'show',
                basin_order_list = [],basin_rename_list = [],
                label_sources = False,
                elevation_threshold = 0,
                source_thinning_threshold = 0,
                size_format = "ESURF"):
    """This function plots the chi vs elevation: lumps everything onto the same axis. This tends to make a mess. 
 
    Args:
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        basin_order_list (int list): The basins to plot
        basin_rename_list (int list): A list for naming substitutions
        label_sources (bool): If tru, label the sources.
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting.
        source_thinning_threshold (float) = Minimum chi length of a source segment. No thinning if 0
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
 
    Returns:
         Does not return anything but makes a plot.
         
    Author: SMM
    """

    from matplotlib import colors
    from .adjust_text import adjust_text
    
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size     
   
    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,5))
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        
    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])
 
    thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)

    # Logic for thinning the sources    
    if source_thinning_threshold > 0:
        print("I am going to thin some sources out for you")
        source_info = FindSourceInformation(thisPointData)
        remaining_sources = FindShortSourceChannels(source_info,source_thinning_threshold)
        thisPointData.ThinDataSelection("source_key",remaining_sources)
               
    # Logic for stacked labels. You need to run this after source thinning to 
    # get an updated source dict
    if label_sources:
        source_info = FindSourceInformation(thisPointData)

      

    # Get the chi, m_chi, basin number, and source ID code
    chi = thisPointData.QueryData('chi')
    chi = [float(x) for x in chi]
    elevation = thisPointData.QueryData('elevation')
    elevation = [float(x) for x in elevation]
    fdist = thisPointData.QueryData('flow distance')
    fdist = [float(x) for x in fdist]     
    m_chi = thisPointData.QueryData('m_chi')
    m_chi = [float(x) for x in m_chi]    
    basin = thisPointData.QueryData('basin_key')
    basin = [int(x) for x in basin] 
    source = thisPointData.QueryData('source_key')
    source = [int(x) for x in source]

    # need to convert everything into arrays so we can mask different basins
    Chi = np.asarray(chi)
    Elevation = np.asarray(elevation)
    #Fdist = np.asarray(fdist)
    #M_chi = np.asarray(m_chi)
    Basin = np.asarray(basin)
    Source = np.asarray(source)
    
    #max_basin = np.amax(Basin)
    max_chi = np.amax(Chi)
    max_Elevation = np.amax(Elevation)
    #max_M_chi = np.amax(M_chi)
    min_Elevation = np.amin(Elevation)
    
    z_axis_min = int(min_Elevation/10)*10 
    z_axis_max = int(max_Elevation/10)*10+10
    chi_axis_max = int(max_chi/5)*5+5
    
    # make a color map of fixed colors
    NUM_COLORS = 2

    this_cmap = plt.cm.Set1
    cNorm  = colors.Normalize(vmin=0, vmax=NUM_COLORS-1)    
    Basin_colors = [x % NUM_COLORS for x in Basin]


    dot_pos = FigFileName.rindex('.')
    newFilename = FigFileName[:dot_pos]+FigFileName[dot_pos:]
    print("newFilename: "+newFilename)

    texts = []
    bbox_props = dict(boxstyle="circle,pad=0.1", fc="w", ec="k", lw=0.5,alpha = 0.25)
    for basin_number in basin_order_list:
        
        print(("This basin is: " +str(basin_number)))

        m = np.ma.masked_where(Basin!=basin_number, Basin)
        maskX = np.ma.masked_where(np.ma.getmask(m), Chi)
        maskElevation = np.ma.masked_where(np.ma.getmask(m), Elevation)
        maskBasin = np.ma.masked_where(np.ma.getmask(m), Basin_colors)
        maskSource = np.ma.masked_where(np.ma.getmask(m), Source)
    
        # logic for source labeling
        if label_sources:
                      
            # Convert the masked data to a list and then that list to a set and
            # back to a list (phew!)            
            list_source = maskSource.tolist()
            set_source = set(list_source)
            list_source = list(set_source)
            
            # Now we have to get rid of stupid non values
            list_source = [x for x in list_source if x is not None]

            print("these sources are: ")
            print(list_source)            
            
            for this_source in list_source:
                source_Chi= source_info[this_source]["Chi"]
                source_Elevation = source_info[this_source]["Elevation"]
                #print("Source is: "+str(this_source))
                #print("Chi is: "+str(source_info[this_source]["Chi"]))
                #print("FlowDistance is is: "+str(source_info[this_source]["FlowDistance"]))
                #print("Elevation is: "+str(source_info[this_source]["Elevation"]))
                texts.append(ax.text(source_Chi, source_Elevation, str(this_source), style='italic',
                        verticalalignment='bottom', horizontalalignment='left',fontsize=8,bbox=bbox_props))
                
        
        ax.scatter(maskX,maskElevation,s=2.0, c=maskBasin,norm=cNorm,cmap=this_cmap,edgecolors='none')
    

    
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 

    ax.set_xlabel("$\chi$")
    ax.set_ylabel("Elevation (m)") 
    
    # This affects all axes because we set share_all = True.
    ax.set_ylim(z_axis_min,z_axis_max)    
    ax.set_xlim(0,chi_axis_max)      

        
    #print("Number of text elements is: "+str(len(texts)))    
    adjust_text(texts)
    #print("Now the number of text elements is: "+str(len(texts)))      
    
    
    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)       

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(newFilename,format=FigFormat,dpi=500)
        fig.clf()     

        
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots channels, color coded
## Only plot the source colouring, not the chi gradient!!
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=        
[docs]def StackedChiProfiles(chi_csv_fname, FigFileName = 'Image.pdf',
                       FigFormat = 'show',elevation_threshold = 0, 
                       first_basin = 0, last_basin = 0,
                       basin_order_list = [],basin_rename_list = [],
                       X_offset = 5,label_sources = False,
                       source_thinning_threshold = 0,
                       size_format = "ESURF"):
    """This function plots the chi vs elevation: It stacks profiles (so the basins are spaced out) and colours them by the source number.
 
    Args:
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting.
        first_basin (int): The basin to start with (but overridden by the basin list)
        last_basin (int): The basin to end with (but overridden by the basin list)       
        basin_order_list (int list): The basins to plot
        basin_rename_list (int list): A list for naming substitutions. Useful because LSDTopoTools might number basins in a way a human wouldn't, so a user can intervene in the names. 
        X_offset (float): The offest in chi between the basins along the x-axis. Used to space out the profiles so you can see each of them.        
        label_sources (bool): If true, label the sources.
        source_thinning_threshold (float) = Minimum chi length of a source segment. No thinning if 0.
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
 
    Returns:
         Does not return anything but makes a plot.
         
    Author: SMM
    """

    from .adjust_text import adjust_text
    from matplotlib import colors
    import matplotlib.patches as patches

    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size     
   

    # make a figure, 
    if size_format == "geomorphology":
        print("I am plotting for geomorphology")
        fig = plt.figure(1, facecolor='white',figsize=(6.25,4))
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))

    gs = plt.GridSpec(100,100,bottom=0.25,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)
    thisPointData.ThinData('chi',0)

    # Thin the sources. 
    if source_thinning_threshold > 0:
        print("I am going to thin some sources out for you")
        source_info = FindSourceInformation(thisPointData)
        remaining_sources = FindShortSourceChannels(source_info,source_thinning_threshold)
        print("The remaining number of sources are: "+str(len(remaining_sources)))
        thisPointData.ThinDataSelection("source_key",remaining_sources)  
   
    # Get the chi, m_chi, basin number, and source ID code
    chi = thisPointData.QueryData('chi')
    chi = [float(x) for x in chi]
    elevation = thisPointData.QueryData('elevation')
    elevation = [float(x) for x in elevation]
    fdist = thisPointData.QueryData('flow distance')
    fdist = [float(x) for x in fdist]     
    m_chi = thisPointData.QueryData('m_chi')
    m_chi = [float(x) for x in m_chi]    
    basin = thisPointData.QueryData('basin_key')
    basin = [int(x) for x in basin] 
    source = thisPointData.QueryData('source_key')
    source = [int(x) for x in source]

    # need to convert everything into arrays so we can mask different basins
    Chi = np.asarray(chi)
    Elevation = np.asarray(elevation)
    #Fdist = np.asarray(fdist)
    #M_chi = np.asarray(m_chi)
    Basin = np.asarray(basin)
    Source = np.asarray(source)
    
    max_basin = np.amax(Basin)
    max_chi = np.amax(Chi)
    max_Elevation = np.amax(Elevation)
    #max_M_chi = np.amax(M_chi)
    min_Elevation = np.amin(Elevation)

    # determine the maximum and minimum elevations    
    z_axis_min = int(min_Elevation/10)*10 
    z_axis_max = int(max_Elevation/10)*10+10
    X_axis_max = int(max_chi/5)*5+5
    
    elevation_range = z_axis_max-z_axis_min
    z_axis_min = z_axis_min - 0.075*elevation_range 

    # Now calculate the spacing of the stacks
    this_X_offset = 0
    if basin_order_list:
        basins_list = basin_order_list
        
        n_stacks = len(basins_list)
        added_X = X_offset*n_stacks
        X_axis_max = X_axis_max+added_X        
    else:
        # now loop through a number of basins
        if last_basin >= max_basin:
            last_basin = max_basin-1
    
        if first_basin > last_basin:
            first_basin = last_basin
            print("Your first basin was larger than last basin. I won't plot anything")
        basins_list = list(range(first_basin,last_basin+1))
 
        n_stacks = last_basin-first_basin+1
        added_X = X_offset*n_stacks
        print(("The number of stacks is: "+str(n_stacks)+" the old max: "+str(X_axis_max)))    
        X_axis_max = X_axis_max+added_X
        print(("The nex max is: "+str(X_axis_max)))
 
   
    # make a color map of fixed colors
    NUM_COLORS = 15

    this_cmap = plt.cm.Set1
    cNorm  = colors.Normalize(vmin=0, vmax=NUM_COLORS-1)
    #scalarMap = plt.cm.ScalarMappable(norm=cNorm, cmap=this_cmap)      
    Source_colors = [x % NUM_COLORS for x in Source]
    plt.hold(True) 

    # Logic for stacked labels. You need to run this after source thinning to 
    # get an updated source dict
    if label_sources:
        source_info = FindSourceInformation(thisPointData)
        
    dot_pos = FigFileName.rindex('.')
    newFilename = FigFileName[:dot_pos]+'_Stack'+str(first_basin)+FigFileName[dot_pos:]
    
    texts = []
    # Format the bounding box of source labels
    bbox_props = dict(boxstyle="round,pad=0.1", fc="w", ec="b", lw=0.5,alpha = 0.5)
    
    for basin_number in basins_list:
        
        print(("This basin is: " +str(basin_number)))

        m = np.ma.masked_where(Basin!=basin_number, Basin)
        maskX = np.ma.masked_where(np.ma.getmask(m), Chi)
        maskElevation = np.ma.masked_where(np.ma.getmask(m), Elevation)
        maskSource = np.ma.masked_where(np.ma.getmask(m), Source_colors)

        print(("adding an offset of: "+str(this_X_offset)))
        
        maskX = np.add(maskX,this_X_offset)
        
        this_min_x = np.nanmin(maskX)
        this_max_x =np.nanmax(maskX)
        width_box = this_max_x-this_min_x
        
        print(("Min: "+str(this_min_x)+" Max: "+str(this_max_x)))
        ax.add_patch(patches.Rectangle((this_min_x,z_axis_min), width_box, z_axis_max-z_axis_min,alpha = 0.01,facecolor='r',zorder=-10))      
        
        if basin_number == basins_list[-1]:
            print(("last basin, geting maximum value,basin is: "+str(basin_number)))
            this_max = np.amax(maskX)
            this_max = int(this_max/5)*5+5
            print(("The rounded maximum is: "+str(this_max)))
            chi_axis_max = this_max
        
        #Source_colors = [x % NUM_COLORS for x in maskSource]

        # some logic for the basin rename
        if basin_rename_list:
            if len(basin_rename_list) == max_basin+1:
                this_basin_text = "Basin "+str(basin_rename_list[basin_number])
        else:
            this_basin_text = "Basin "+str(basin_number)      
        
          
        ax.text(this_min_x+0.1*width_box, z_axis_min+0.025*elevation_range, this_basin_text, style='italic',
                verticalalignment='bottom', horizontalalignment='left',fontsize=8)

        # logic for source labeling
        if label_sources:
                      
            # Convert the masked data to a list and then that list to a set and
            # back to a list (phew!)            
            list_source = maskSource.tolist()
            set_source = set(list_source)
            list_source = list(set_source)
            
            # Now we have to get rid of stupid non values
            list_source = [x for x in list_source if x is not None]

            print("these sources are: ")
            print(list_source)            
            
            for this_source in list_source:
                source_Chi= source_info[this_source]["Chi"]
                source_Elevation = source_info[this_source]["Elevation"]
                print(("Source is: "+str(this_source)))
                #print("Chi is: "+str(source_info[this_source]["Chi"]))
                #print("FlowDistance is is: "+str(source_info[this_source]["FlowDistance"]))
                #print("Elevation is: "+str(source_info[this_source]["Elevation"]))
                texts.append(ax.text(source_Chi+this_X_offset, source_Elevation, str(this_source), style='italic',
                        verticalalignment='bottom', horizontalalignment='left',fontsize=8,bbox=bbox_props))
                
        
        ax.scatter(maskX,maskElevation,s=2.0, c=maskSource,norm=cNorm,cmap=this_cmap,edgecolors='none')
        this_X_offset = this_X_offset+X_offset
     
    
    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 

    ax.set_xlabel("$\chi$ (m)")
    ax.set_ylabel("Elevation (m)") 
    
    # This affects all axes because we set share_all = True.
    ax.set_ylim(z_axis_min,z_axis_max)    
    ax.set_xlim(0,chi_axis_max)      

    # adjust the text
    adjust_text(texts)   
    
    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)       

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(newFilename,format=FigFormat,dpi=500)
        fig.clf()           

        
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## This function plots channels, color coded in chi space with a gradient
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=        
[docs]def StackedProfilesGradient(chi_csv_fname, FigFileName = 'Image.pdf',
                       FigFormat = 'show',elevation_threshold = 0, 
                       first_basin = 0, last_basin = 0, basin_order_list = [],
                       basin_rename_list = [],
                       this_cmap = plt.cm.cubehelix,data_name = 'chi', X_offset = 5,
                       plotting_data_format = 'log',
                       label_sources = False, source_thinning_threshold = 0,
                       size_format = "ESURF"):
    """This function plots the chi vs elevation or flow distance vs elevation.
    
    It stacks profiles (so the basins are spaced out).
    It colours the plots by the chi steepness (which is equal to the normalised channel steepness if A_0 is set to 1).
 
    Args:
        chi_csv_fname (str): The name (with full path and extension) of the cdv file with chi, chi slope, etc information. This file is produced by the chi_mapping_tool. 
        FigFileName (str): The name of the figure file
        FigFormat (str): The format of the figure. Usually 'png' or 'pdf'. If "show" then it calls the matplotlib show() command. 
        elevation_threshold (float): elevation_threshold chi points below this elevation are removed from plotting.
        first_basin (int): The basin to start with (but overridden by the basin list)
        last_basin (int): The basin to end with (but overridden by the basin list)       
        basin_order_list (int list): The basins to plot
        basin_rename_list (int list): A list for naming substitutions. Useful because LSDTopoTools might number basins in a way a human wouldn't, so a user can intervene in the names. 
        this_cmap (colormap): NOT USED! We now use a default colourmap but this may change.
        data_name (str): 'chi' or 'flow_distance' What to plot along the x-axis.
        X_offset (float): The offest in chi between the basins along the x-axis. Used to space out the profiles so you can see each of them.        
        plotting_data_format: NOT USED previously if 'log' use logarithm scale, but we now automatically do this. Might change later. 
        label_sources (bool): If true, label the sources.
        source_thinning_threshold (float) = Minimum chi length of a source segment. No thinning if 0.
        size_format (str): Can be "big" (16 inches wide), "geomorphology" (6.25 inches wide), or "ESURF" (4.92 inches wide) (defualt esurf). 
 
    Returns:
         Does not return anything but makes a plot.
         
    Author: SMM
    """

    import math
    import matplotlib.patches as patches
    from adjust_text import adjust_text
    
    label_size = 10

    # Set up fonts for plots
    rcParams['font.family'] = 'sans-serif'
    rcParams['font.sans-serif'] = ['arial']
    rcParams['font.size'] = label_size     
   
    # make a figure, 
    if size_format == "geomorphology":
        fig = plt.figure(1, facecolor='white',figsize=(6.25,3.5))
        l_pad = -40
    elif size_format == "big":
        fig = plt.figure(1, facecolor='white',figsize=(16,9))
        l_pad = -50
    else:
        fig = plt.figure(1, facecolor='white',figsize=(4.92126,3.5))
        l_pad = -35

    gs = plt.GridSpec(100,100,bottom=0.15,left=0.1,right=1.0,top=1.0)
    ax = fig.add_subplot(gs[25:100,10:95])

    thisPointData = LSDMap_PD.LSDMap_PointData(chi_csv_fname) 
    thisPointData.ThinData('elevation',elevation_threshold)
    thisPointData.ThinData('chi',0)

    # Thin the sources. Do this after the colouring so that thinned source colours
    # will be the same as unthinned source colours. 
    if source_thinning_threshold > 0:
        print("I am going to thin some sources out for you")
        source_info = FindSourceInformation(thisPointData)
        remaining_sources = FindShortSourceChannels(source_info,source_thinning_threshold)
        print("The remaining number of sources are: "+str(len(remaining_sources)))
        print("The remaining sources are: ")
        print(remaining_sources)
        thisPointData.ThinDataSelection("source_key",remaining_sources)  
    
    # Get the chi, m_chi, basin number, and source ID code
    if data_name  == 'chi':
        x_data = thisPointData.QueryData('chi')
        x_data = [float(x) for x in x_data]
    elif data_name == 'flow_distance':
        x_data = thisPointData.QueryData('flow distance')
        x_data = [float(x) for x in x_data]   
    else:
        print("I did not understand the data name. Choices are chi and flow distance. Defaulting to chi.")
        x_data = thisPointData.QueryData('chi')
        x_data = [float(x) for x in x_data] 

    elevation = thisPointData.QueryData('elevation')
    elevation = [float(x) for x in elevation]        
    m_chi = thisPointData.QueryData('m_chi')
    m_chi = [float(x) for x in m_chi]    
    basin = thisPointData.QueryData('basin_key')
    basin = [int(x) for x in basin] 
    source = thisPointData.QueryData('source_key')
    source = [int(x) for x in source]

    colorbarlabel = "$k_{sn}$"
    if (plotting_data_format == 'log'):
        log_m_chi = []
        for value in m_chi:
            if value < 0.1:
                log_m_chi.append(0)
            else:
                log_m_chi.append(math.log10(value))
        m_chi = log_m_chi
        colorbarlabel = "log$_{10}k_{sn}$"
    
    # Add the cubehelix colourbar    
    this_cmap = cubehelix.cmap(rot=1, reverse=True,start=3,gamma=1.0,sat=2.0)
    
    # need to convert everything into arrays so we can mask different basins
    Xdata = np.asarray(x_data)
    Elevation = np.asarray(elevation)
    M_chi = np.asarray(m_chi)
    Basin = np.asarray(basin)
    Source = np.asarray(source)  
    
    max_basin = np.amax(Basin)
    max_X = np.amax(Xdata)
    max_Elevation = np.amax(Elevation)
    max_M_chi = np.amax(M_chi)
    min_Elevation = np.amin(Elevation)
    
    print(("Max M_chi is: "+str(max_M_chi)))
    
    z_axis_min = int(min_Elevation/10)*10 
    z_axis_max = int(max_Elevation/10)*10+10
    X_axis_max = int(max_X/5)*5+5
    M_chi_axis_max = max_M_chi
    
    elevation_range = z_axis_max-z_axis_min
    z_axis_min = z_axis_min - 0.075*elevation_range    
         
    plt.hold(True)


    # Now calculate the spacing of the stacks
    this_X_offset = 0
    if basin_order_list:
        basins_list = basin_order_list
        
        n_stacks = len(basins_list)
        added_X = X_offset*n_stacks
        X_axis_max = X_axis_max+added_X        
    else:
        # now loop through a number of basins
        if last_basin >= max_basin:
            last_basin = max_basin-1
    
        if first_basin > last_basin:
            first_basin = last_basin
            print("Your first basin was larger than last basin. I won't plot anything")
        basins_list = list(range(first_basin,last_basin+1))
 
        n_stacks = last_basin-first_basin+1
        added_X = X_offset*n_stacks
        print(("The number of stacks is: "+str(n_stacks)+" the old max: "+str(X_axis_max)))    
        X_axis_max = X_axis_max+added_X
        print(("The nex max is: "+str(X_axis_max)))
 
                
    # Logic for stacked labels. You need to run this after source thinning to 
    # get an updated source dict
    if label_sources:
        source_info = FindSourceInformation(thisPointData)

    # Now start looping through the basins   
    dot_pos = FigFileName.rindex('.')
    newFilename = FigFileName[:dot_pos]+'_GradientStack'+str(first_basin)+FigFileName[dot_pos:]

    
    texts = []
    # Format the bounding box of source labels
    bbox_props = dict(boxstyle="round,pad=0.1", fc="w", ec="b", lw=0.5,alpha = 0.5)    
    
    for basin_number in basins_list:
        
        print(("This basin is: " +str(basin_number)))

        m = np.ma.masked_where(Basin!=basin_number, Basin)
        maskX = np.ma.masked_where(np.ma.getmask(m), Xdata)
        maskElevation = np.ma.masked_where(np.ma.getmask(m), Elevation)
        maskMChi = np.ma.masked_where(np.ma.getmask(m), M_chi)
        maskSource = np.ma.masked_where(np.ma.getmask(m), Source)
        
        print("adding an offset of: "+str(this_X_offset))

        # Get the minimum and maximum
        this_min_x = np.nanmin(maskX)
        if this_min_x < 0:
            this_min_x = 0
        this_max_x =np.nanmax(maskX)
        width_box = this_max_x-this_min_x
        
        # Now add the offset to the minimum and maximum
        this_min_x = this_min_x+this_X_offset
        
        # Now add the offset to the data
        maskX = np.add(maskX,this_X_offset)
        this_X_offset = this_X_offset+X_offset
                
        print("Min: "+str(this_min_x)+" Max: "+str(this_max_x))
        ax.add_patch(patches.Rectangle((this_min_x,z_axis_min), width_box, z_axis_max-z_axis_min,alpha = 0.01,facecolor='r',zorder=-10))      
        
        # some logic for the basin rename
        if basin_rename_list:
            #print("Checking length, "+str(len(basin_rename_list))+" , "+str(max_basin+1))
            if len(basin_rename_list) == max_basin+1:
                this_basin_text = "Basin "+str(basin_rename_list[basin_number])
                print("This basin text is: "+this_basin_text)
        else:
            this_basin_text = "Basin "+str(basin_number) 
        
          
        ax.text(this_min_x+0.1*width_box, z_axis_min+0.025*elevation_range, this_basin_text, style='italic',
                verticalalignment='bottom', horizontalalignment='left',fontsize=8)
        if basin_number == basins_list[-1]:
            print(("last basin, geting maximum value,basin is: "+str(basin_number)))
            this_max = np.amax(maskX)
            this_max = int(this_max/5)*5+5
            print(("The rounded maximum is: "+str(this_max)))
            X_axis_max = this_max

        # logic for source labeling
        if label_sources:
                      
            # Convert the masked data to a list and then that list to a set and
            # back to a list (phew!)            
            list_source = maskSource.tolist()
            set_source = set(list_source)
            list_source = list(set_source)
            
            # Now we have to get rid of stupid non values
            list_source = [x for x in list_source if x is not None]

            #print("these sources are: ")
            #print list_source 
            
            #print("the source info is: ")
            #print source_info
            
            for this_source in list_source:
                
                if data_name == 'chi':
                    source_X = source_info[this_source]["Chi"]
                elif data_name == 'flow_distance':
                    source_X = source_info[this_source]["FlowDistance"]
                else:
                    source_X = source_info[this_source]["Chi"]

                source_Elevation = source_info[this_source]["Elevation"]
                #print("Source is: "+str(this_source))
                #print("Chi is: "+str(source_info[this_source]["Chi"]))
                #print("FlowDistance is is: "+str(source_info[this_source]["FlowDistance"]))
                #print("Elevation is: "+str(source_info[this_source]["Elevation"]))
                texts.append(ax.text(source_X+this_X_offset, source_Elevation, str(this_source), style='italic',
                        verticalalignment='bottom', horizontalalignment='left',fontsize=8,bbox=bbox_props))            
                        
        sc = ax.scatter(maskX,maskElevation,s=2.0, c=maskMChi,cmap=this_cmap,edgecolors='none')
        
        # increment the offset
        this_X_offset = this_X_offset+X_offset
 
    # set the colour limits
    sc.set_clim(0, M_chi_axis_max)
    #bounds = (0, M_chi_axis_max)

    # This is the axis for the colorbar    
    ax2 = fig.add_subplot(gs[10:15,15:70])
    cbar = plt.colorbar(sc,cmap=this_cmap,spacing='uniform', orientation='horizontal',cax=ax2)   
    cbar.set_label(colorbarlabel, fontsize=10)
    ax2.set_xlabel(colorbarlabel, fontname='Arial',labelpad=l_pad)        

    ax.spines['top'].set_linewidth(1)
    ax.spines['left'].set_linewidth(1)
    ax.spines['right'].set_linewidth(1)
    ax.spines['bottom'].set_linewidth(1) 

    
    
    ax.set_ylabel("Elevation (m)") 
 
    # we need special formatting for the fow distance, since we want locations in kilometres
    if data_name == 'flow_distance':
        # now get the tick marks    
        n_target_tics = 5
        X_axis_min = 0
        xlocs,new_x_labels = LSDMap_BP.TickConverter(X_axis_min,X_axis_max,n_target_tics)
        
        ax.set_xticks(xlocs)
 
        ax.set_xticklabels(new_x_labels,rotation=60)
 
        ax.set_xlabel("Flow distance (km)")        
    else:
        ax.set_xlabel("$\chi$ (m)")
  
    # This affects all axes because we set share_all = True.
    ax.set_ylim(z_axis_min,z_axis_max)    
    ax.set_xlim(0,X_axis_max)      

    # adjust the text
    adjust_text(texts)   
    
    # This gets all the ticks, and pads them away from the axis so that the corners don't overlap        
    ax.tick_params(axis='both', width=1, pad = 2)
    for tick in ax.xaxis.get_major_ticks():
        tick.set_pad(2)       

    print("The figure format is: " + FigFormat)
    if FigFormat == 'show':    
        plt.show()
    elif FigFormat == 'return':
        return fig 
    else:
        plt.savefig(newFilename,format=FigFormat,dpi=500)
        fig.clf()                   
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  Source code for LSDPlottingTools.locationmap

# -*- coding: utf-8 -*-
"""
Location map.

Plots a location map using the Cartopy package

Install cartopy first for this to work.

http://scitools.org.uk/cartopy/docs/v0.13/index.html

Add annotations for locations using their lon/lats.

Author: DAV

"""

import cartopy.feature as cfeature
import cartopy.crs as ccrs
import matplotlib.pyplot as plt
import matplotlib.patches as patches


from shapely.geometry.polygon import LinearRing
from cartopy.mpl.ticker import LongitudeFormatter, LatitudeFormatter

[docs]def location_map(extent, gazetter, offset=0.):
    """Plots a series of points marking towns/sample sites/locations etc 
       given a dictionary of places and lat/lons.
       
    Arguments:
        extent (list): A list of the cooridinates of the bounding extent of the
               location map in format: [West, East, South, North] e.g.:
                   [lonW, lonE, latS, latN]
                   
        gazetter (dict): A dictionary of arbitrary length of the format:
            { 'Placename1' : (LATITUDE, LONGITUDE),
              'Placename2' : (LATITUDE, LONGITUDE).
              and so on...}
            
        offset (float): Offset of the text label to the marker points, 
               in degrees.
              
    Todo: Greying out the landmass appears to block out the marker points
          (weird...) so this has been commented out and you just get an 
          outline map for now.
               
    Author: DAV
        
    """
    ax = plt.axes(projection=ccrs.PlateCarree())

    # Put a background image on for nice sea rendering.

    ax.coastlines('50m')
    # Create a feature for States/Admin 1 regions at 1:50m from Natural Earth
    # DAV - 50m scale not enough for UK
    # Using '10m' works but too many boundaries as it defaults to unitary authorities
    # in England and Council areas in Wales/Scotland so appears way too cluttered.
    states_provinces = cfeature.NaturalEarthFeature(
        category='cultural',
        name='admin_1_states_provinces_lines',
        scale='50m',
        facecolor='none')
    
    # Add grey for the land
    land_50m = cfeature.NaturalEarthFeature('physical', 'land', '50m',
                                        edgecolor='face',
                                        facecolor=cfeature.COLORS['land'])
    
    ax.add_feature(states_provinces, edgecolor='gray')
    #ax.xaxis.set_visible(True)
    #ax.yaxis.set_visible(True)
    
    ax.set_yticks([50,54,58], crs=ccrs.PlateCarree())
    ax.set_xticks([-6, -4, -2, 0], crs=ccrs.PlateCarree())
    
    lon_formatter = LongitudeFormatter(zero_direction_label=True)
    lat_formatter = LatitudeFormatter()
    
    ax.xaxis.set_major_formatter(lon_formatter)
    ax.yaxis.set_major_formatter(lat_formatter)
    
    #ax.add_feature(land_50m, edgecolor='gray')
    
    for location in gazetter:
        plt.text(gazetter[location][1] - offset, gazetter[location][0] + offset, location,
                 horizontalalignment='right',
                 transform=ccrs.PlateCarree())
        
        plt.scatter(gazetter[location][1], gazetter[location][0],
                    color='black', marker='o',
                    transform=ccrs.PlateCarree())
    
    """
    plt.text(boscastle_lon - 0.1, boscastle_lat + 0.1, 'Boscastle',
     horizontalalignment='right',
     transform=ccrs.PlateCarree())
    
    plt.text(ryedale_lon + 0.3, ryedale_lat + 0.3, 'Helmsley',
     horizontalalignment='left',
     transform=ccrs.PlateCarree())
    
    # Bug to fix. Markers do not appear when add_feature used above??
    plt.scatter(boscastle_lon, boscastle_lat,
         color='black', marker='o',
         transform=ccrs.PlateCarree(),
         )
    
    plt.scatter(ryedale_lon, ryedale_lat,
         color='black', marker='o',
         transform=ccrs.PlateCarree(),
         )
    """
    # Set the longitude and latitude extents [West, East, South, North]
    ax.set_extent(extent)
    
    # Draw a bounding box square
    """
    lons = [-5.8, -5.8, -5.5, -5.5]
    lats = [50.27, 50.48, 50.48, 50.27]
    ring = LinearRing(list(zip(lons, lats)))
    ax.add_geometries([ring], ccrs.PlateCarree(), facecolor='none', edgecolor='blue')
    """

    """This method didn't work
    # Add location rectangle
    rect = patches.Rectangle((-4,1),2,2,linewidth=1,edgecolor='r',facecolor='none')
    ax.add_patch(patches.Rectangle(xy=[1, 1], width=2, height=2,
                                    facecolor='blue',
                                    alpha=0.2,
                                    transform=ccrs.Robinson()))
    """

    plt.show()
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  Source code for LSDPlottingTools.LSDMap_PointTools

## LSDMap_Points.py
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## These functions are tools to deal with point files
## These files come in csv and can be read so that they can be output as
## Shapefiles or GeoJSON files
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
## SMM
## 26/07/2014
##=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=
from __future__ import absolute_import, division, print_function, unicode_literals

from osgeo import osr
from . import LSDMap_OSystemTools as LSDOst
import os
import glob
from pyproj import Proj, transform


#==============================================================================
# This function takes all the csv files in a directory and converts to 
# GeoJSON files
#==============================================================================     
[docs]def ConvertAllCSVToGeoJSON(path):
    """This looks in a directory and converts all .csv files to GeoJSON.
    
    This is handy if, for example, you want to display data on the web using leaflet or D3.js
    
    Note:
        This assumes your csv files have latitude and longitude columns. If the LSDMap_PointData object will not be able to read them. 
    
    Args:
        path (str): The path in which you want to convert the csv files
        
    Returns:
        None, but you will get a load of GeoJSON files.
        
    Author: SMM
    """
   
    # make sure names are in correct format
    NewPath = LSDOst.AppendSepToDirectoryPath(path)
    
    print("The formatted path is: " + NewPath)
    
        
    for FileName in glob(NewPath+"*.csv"): 
        print("filename is: " + FileName)
        
        thisPointData = LSDMap_PointData(FileName)
        thisPointData.TranslateToReducedGeoJSON(FileName)

        
        
#==============================================================================
# This function takes all the csv files in a directory and converts to 
# Shapefiles files
#==============================================================================     
[docs]def ConvertAllCSVToShapefile(path):
    """This looks in a directory and converts all .csv files to shapefiles
    
    This is handy if, for example, you want to display data using ArcMap of QGIS
    
    Note: 
        This assumes your csv files have latitude and longitude columns. If the LSDMap_PointData object will not be able to read them. 
    
    Args:
        path (str): The path in which you want to convert the csv files
        
    Returns:
        None, but you will get a load of GeoJSON files.
        
    Author: SMM
    """    
    
    # make sure names are in correct format
    NewPath = LSDOst.AppendSepToDirectoryPath(path)
    
    print("The formatted path is: " + NewPath)
    
        
    for FileName in glob(NewPath+"*.csv"): 
        print("filename is: " + FileName)
        
        thisPointData = LSDMap_PointData(FileName)
        thisPointData.TranslateToReducedShapefile(FileName)  



[docs]class LSDMap_PointData(object):
    
    # The constructor: it needs a filename to read    
    def __init__(self,FileName):
        """This is the LSDMap_pointdata object. It loads csv files that have latitude and longitude data (in WGS84) and keeps other data records. 
        
        The object can convert to UTM, and it also can print data to other file formats like GeoJSON and shapefiles. 
        
        Args:
            Filename (str): The name of the csv file (with path and extension) that contains the point data. It should have columns labelled "latitude" and "longitude". 

        Author: SMM
        """
        
        # This gets the filename without the .csv
        file_prefix = LSDOst.GetFilePrefix(FileName)
        
        self.FilePrefix = file_prefix        
        print("The object file prefix is: " + self.FilePrefix)
        
        #See if the parameter files exist
        if os.access(FileName,os.F_OK):
            this_file = open(FileName, 'r')
            lines = this_file.readlines()

            # get rid of the control characters
            this_line = LSDOst.RemoveEscapeCharacters(lines[0])
            
            # Now get a list with the names of the parameters
            self.VariableList = []                        
            TestList = this_line.split(',')
            
            for name in TestList:
                this_name = LSDOst.RemoveEscapeCharacters(name)
                self.VariableList.append(this_name.lower())
                
            
            print("Variable list is: ")
            print(self.VariableList)
            
            # get rid of the names
            del lines[0]             
            
            # now you need to make a dict that contains a list for each varaible name
            DataDict = {} 
            TypeList = []
            for name in self.VariableList:
                DataDict[name] = []
                
            # now get the data into the dict
            #firstline = True
            for line in lines:
                this_line = LSDOst.RemoveEscapeCharacters(line)
                split_line = this_line.split(',')
                
                for index,name in enumerate(self.VariableList):
                    this_var = LSDOst.RemoveEscapeCharacters(split_line[index])
                    #this_variable = LSDOst.ParseStringToType(this_var)
                    DataDict[name].append(this_var) 
            
            # now go back and get the correct type             
            DataDictTyped = {}    
            for name in self.VariableList:
                this_list = DataDict[name]
                typed_list = LSDOst.ParseListToType(this_list)
                DataDictTyped[name] = typed_list
                
                TypeList.append(type(typed_list[0])) 
                             
            self.PointData = DataDictTyped
            self.DataTypes = TypeList
        else:
            print("Uh oh I could not open that file")
            self.VariableList = []
            self.DataTypes = []
            self.PointData = {}
            
        # now make sure the data has latitude and longitude entries
        if "latitude" not in self.VariableList:
            print("Something has gone wrong, latitude is not in the variable list")
            print("Here is the variable list: ")
            print(self.VariableList)
        if "longitude" not in self.VariableList:
            print("Something has gone wrong, longitude is not in the variable list")
            print("Here is the variable list: ")
            print(self.VariableList)            

        # Add the latitude and longitude to their own data members and get rid 
        # of those from the VariableList        
        self.Latitude = self.PointData["latitude"]
        self.Longitude = self.PointData["longitude"]
        
 

##==============================================================================
##==============================================================================
## DATA ACCESS
##==============================================================================
##==============================================================================       
    # Get data elements
[docs]    def GetParameterNames(self,PrintToScreen = False):
        """Gets the list of parameter names.
        
        Args:
            PrintToScreen (bool): If true, prints to screen
        
        Return:
            str: A list of the variable names
            
        Author: SMM
        """
        
        if PrintToScreen:        
            print(self.VariableList)
            
        return self.VariableList 


    # Get data types
[docs]    def GetParameterTypes(self,PrintToScreen = False):
        """Gets the tyes of each names.
        
        Args:
            PrintToScreen (bool): If true, prints to screen
        
        Return:
            str: A list of the variable types
            
        Author: SMM
        """
        
        if PrintToScreen:        
            print(self.DataTypes)
            
        return self.DataTypes 


        
    # Get data elements
[docs]    def GetLatitude(self,PrintToScreen = False):
        """Gets the latitude list.
        
        Args:
            PrintToScreen (bool): If true, prints to screen
        
        Return:
            float: A list of the latitudes
            
        Author: SMM
        """

        
        if PrintToScreen:        
            print(self.Latitude)
            
        return self.Latitude     

        
    # Get data elements
[docs]    def GetLongitude(self,PrintToScreen = False):
        """Gets the longitude list.
        
        Args:
            PrintToScreen (bool): If true, prints to screen
        
        Return:
            float: A list of the longitudes
            
        Author: SMM
        """

        
        if PrintToScreen:        
            print(self.Longitude)
            
        return self.Longitude 


[docs]    def QueryData(self,data_name,PrintToScreen = False):
        
        """Returns the list of the data that has the column header data_name
        
        Args:
            PrintToScreen (bool): If true, prints to screen.
            data_name (str): The header of the column you want
        
        Return:
            float: A list of the data
            
        Author: SMM
        """
        if data_name not in self.VariableList:
            print("The data " + data_name + " is not one of the data elements in this point data")
        else:
        
            if PrintToScreen:
                print("The " + data_name + "data is: ")
                print(self.PointData[data_name])  
                
            return self.PointData[data_name]   

 
[docs]    def GetUTMEastingNorthing(self,EPSG_string):
        """Returns two lists: the latitude and longitude converted to northing and easting. 
        
        Args:
            PrintToScreen (bool): If true, prints to screen.
            EPSG_string (str): The EPSG code of the UTM coordinates you want (326XX) with zone XX is for north, 327XX is for south. 
        
        Return:
            float: Two lists containing easting and northing
            
        Author: SMM
        """        
        print("Yo, getting this stuff: "+EPSG_string)
        # The lat long are in epsg 4326 which is WGS84
        inProj = Proj(init='epsg:4326')
        outProj = Proj(init=EPSG_string)
        this_Lat = self.Latitude[0]
        this_Lon = self.Longitude[0]
        
        print("Lat-long: ")
        print(this_Lat)
        print(this_Lon)
        
        easting =[]
        northing = []
        
        for idx, Lon in enumerate(self.Longitude):
            Lat = self.Latitude[idx]
            ea,no = transform(inProj,outProj,Lon,Lat)
            easting.append(ea)
            northing.append(no)
            
        return easting,northing


[docs]    def GetUTMEastingNorthingFromQuery(self,EPSG_string,Latitude_string,Longitude_string):
        """Returns two lists: the latitude and longitude converted to northing and easting. But you can define the columns if there are more than one latitude and longitude columns. 
        
        Note: 
            This is used mainly if there are multple lat-long coordinates in the csv file. For example when you have basin centroids and basin outlets in the same file. 
        Args:
            PrintToScreen (bool): If true, prints to screen.
            EPSG_string (str): The EPSG code of the UTM coordinates you want (326XX) with zone XX is for north, 327XX is for south. 
            Latitude_string (str): The name of the latitude column you want
            Longitude_string (str): The name of the longitude column you want. 
            
        Return:
            float: Two lists containing easting and northing
            
        Author: SMM
        """          
        print("Yo, getting this stuff: "+EPSG_string)
        # The lat long are in epsg 4326 which is WGS84
        inProj = Proj(init='epsg:4326')
        outProj = Proj(init=EPSG_string)
        
        
        this_Lat = self.QueryData(Latitude_string)
        this_Lon = self.QueryData(Longitude_string)

        
        easting =[]
        northing = []
        
        for idx, Lon in enumerate(this_Lon):
            Lat = this_Lat[idx]
            ea,no = transform(inProj,outProj,Lon,Lat)
            easting.append(ea)
            northing.append(no)
            
        return easting,northing


        
    
##==============================================================================
##==============================================================================
## Data manipulation
##==============================================================================
##==============================================================================    
[docs]    def ThinData(self,data_name,Threshold_value):
        """This removes data from a point function that is below a threshold value

        Args:
            data_name (str): The name of the data member to select
            Threshold_value (float): Below this threshold points will be removed. 
        
        Returns:
            None removes data from the object (not reversible!!)
            
        Author: SMM
    
        """        
        print("I am thinning the data for you!")
        
        # Get the data for thinning
        if data_name not in self.VariableList:
            print("The data " + data_name + " is not one of the data elements in this point data")
        else:       
            this_data = self.PointData[data_name]
        
        this_data = [float(x) for x in this_data]

        
        # Start a new data dict
        NewDataDict = {}
        NewLat = []
        NewLon = []
        for name in self.VariableList:
            NewDataDict[name] = []

        
        # Get all the data to be delelted
        delete_indices = []
        for index, data in enumerate(this_data):
            if data<Threshold_value:
                delete_indices.append(index)
            else:
                NewLat.append(self.Latitude[index])
                NewLon.append(self.Longitude[index])
                for name in self.VariableList:
                    this_element = self.PointData[name][index]
                    NewDataDict[name].append(this_element)    


        # Now reset the data dict
        self.PointData = NewDataDict
        self.Latitude = NewLat
        self.Longitude = NewLon

    

##==============================================================================
##==============================================================================
## Data manipulation
##==============================================================================
##==============================================================================    
[docs]    def ThinDataSelection(self,data_name,data_for_selection_list):
        """This function takes a list of values and retains the members in data name corresponding to that selection

        Args:
            data_name (str): The name of the data member to select
            data_for_selection_list (int): A list of values to retain. Useful for things like selecting basins or sources.  
        
        Returns:
            None removes data from the object (not reversible!!)
            
        Author: SMM
    
        """
    
    
        print("I am thinning the data for you from a list!")
        
        # Get the data for thinning
        if data_name not in self.VariableList:
            print("The data " + data_name + " is not one of the data elements in this point data")
        else:       
            this_data = self.PointData[data_name]
        
        this_data = [int(x) for x in this_data]
        #print("The original data I need to thin is: ")
        #print(this_data) 

        
        # Start a new data dict
        NewDataDict = {}
        NewLat = []
        NewLon = []
        for name in self.VariableList:
            NewDataDict[name] = []

        
        # Get all the data to be deleted
        print("The data I am keeping is: ")
        print(data_for_selection_list)
        delete_indices = []
        for index, data in enumerate(this_data):
            #print("Data: "+str(data))
            if data not in data_for_selection_list:
                #print("I'm not keeping it")
                delete_indices.append(index)
            else:
                #print("I'll have that one. ")
                NewLat.append(self.Latitude[index])
                NewLon.append(self.Longitude[index])
                for name in self.VariableList:
                    this_element = self.PointData[name][index]
                    NewDataDict[name].append(this_element)    

                    
        # Now reset the data dict
        self.PointData = NewDataDict
        self.Latitude = NewLat
        self.Longitude = NewLon        


        #print("The updated data is:")
        #print(self.PointData[data_name])   
        
        
##==============================================================================
##==============================================================================
## Format conversion
##==============================================================================
##==============================================================================         
    # This translates the CRNData object to an Esri shapefile
[docs]    def TranslateToReducedShapefile(self,FileName):
        """This converts the point data to a shapefile
        
        Args:
            FileName (str): the name of the file to be printed. The code strips the extension and turns it into .shp, so you can give it the name of the csv file and ti will still work. 

        Return:
            None, but prints a new shapefile
            
        Author: SMM
        """
            
        import osgeo.ogr as ogr

        #  set up the shapefile driver
        driver = ogr.GetDriverByName("ESRI Shapefile")

        # Get the path to the file
        this_path = LSDOst.GetPath(FileName)
        DataName = self.FilePrefix
        
        FileOut = this_path+DataName+".shp"
        
        print("The filename will be: " + FileOut)

        # delete the existing file
        if os.path.exists(FileOut):
            driver.DeleteDataSource(FileOut)
            print("That file exists, I am deleting it in order to start again.")
        else:
            print("I am making a new shapefile for you")

        # create the data source
        data_source = driver.CreateDataSource(FileOut)
        
        # create the spatial reference, in this case WGS84 (which is ESPG 4326)
        srs = osr.SpatialReference()
        srs.ImportFromEPSG(4326)

        print("Creating the layer")

        # create the layer
        layer = data_source.CreateLayer(DataName, srs, ogr.wkbPoint)

        # Add the field names
        for index,name in enumerate(self.VariableList):
            print("The variable name is " + name + " and the type is: " + str(self.DataTypes[index]))           
            
            
            if self.DataTypes[index] is int:           
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTInteger))
            elif self.DataTypes[index] is float:
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTReal))
            elif self.DataTypes[index] is str:
                print("Making a sting layer for layer " + name)
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTString))
            else:
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTReal))
        
        # Process the text file and add the attributes and features to the shapefile
        for index,lat in enumerate(self.Latitude):
            
            # create the feature
            feature = ogr.Feature(layer.GetLayerDefn())
            
            for name in self.VariableList:
                feature.SetField(name, self.PointData[name][index])    

            # create the WKT for the feature using Python string formatting
            wkt = "POINT(%f %f)" %  (float(self.Longitude[index]), float(self.Latitude[index]))

            # Create the point from the Well Known Txt
            point = ogr.CreateGeometryFromWkt(wkt)

            # Set the feature geometry using the point
            feature.SetGeometry(point)
            # Create the feature in the layer (shapefile)
            layer.CreateFeature(feature)
            # Destroy the feature to free resources
            feature.Destroy()

        # Destroy the data source to free resources
        data_source.Destroy()        

        
        
    # This translates the CRNData object to an GeoJSON
[docs]    def TranslateToReducedGeoJSON(self,FileName):
        """This converts the point data to a GeoJSON
        
        Args:
            FileName (str): the name of the file to be printed. The code strips the extension and turns it into .geojson, so you can give it the name of the csv file and ti will still work. 

        Return:
            None, but prints a new GeoJSON
            
        Author: SMM
        """

        # Parse a delimited text file of volcano data and create a shapefile

        import osgeo.ogr as ogr
        import osgeo.osr as osr


        #  set up the shapefile driver
        driver = ogr.GetDriverByName("GeoJSON")

        # Get the path to the file
        this_path = LSDOst.GetPath(FileName)
        DataName = self.FilePrefix
        
        FileOut = this_path+DataName+".geojson"
        
        print("The filename will be: " + FileOut)

        # delete the existing file
        if os.path.exists(FileOut):
            driver.DeleteDataSource(FileOut)

        # create the data source
        data_source = driver.CreateDataSource(FileOut)
        
        # create the spatial reference,  in this case WGS84 (which is ESPG 4326)
        srs = osr.SpatialReference()
        srs.ImportFromEPSG(4326)

        print("Creating the layer")
        
        # create the layer
        layer = data_source.CreateLayer("PointData", srs, ogr.wkbPoint)

        #print "Adding the field names"
        
        # Add the field names
        for index,name in enumerate(self.VariableList):
            print("The variable name is " + name + " and the type is: " + str(self.DataTypes[index]))           
            
            
            if self.DataTypes[index] is int:           
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTInteger))
            elif self.DataTypes[index] is float:
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTReal))
            elif self.DataTypes[index] is str:
                print("Making a sting layer for layer " + name)
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTString))
            else:
                layer.CreateField(ogr.FieldDefn(name, ogr.OFTReal))
        
        # Process the text file and add the attributes and features to the shapefile
        for index,lat in enumerate(self.Latitude):
            
            # create the feature
            feature = ogr.Feature(layer.GetLayerDefn())
            
            for name in self.VariableList:
                feature.SetField(name, self.PointData[name][index])   

            # create the WKT for the feature using Python string formatting
            wkt = "POINT(%f %f)" %  (float(self.Longitude[index]), float(self.Latitude[index]))

            # Create the point from the Well Known Txt
            point = ogr.CreateGeometryFromWkt(wkt)

            # Set the feature geometry using the point
            feature.SetGeometry(point)
            # Create the feature in the layer (shapefile)
            layer.CreateFeature(feature)
            # Destroy the feature to free resources
            feature.Destroy()

        # Destroy the data source to free resources
        data_source.Destroy()        
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