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Introduction

For my Introduction to GIS Programming project, | wanted to learn more about
some open source Python libraries and whether you could these libraries to
emulate some of the elevation tools that are provided with Esri’s licensed
Spatial Analyst Extension. | created a Python Toolbox with code to generate
slope, aspect, and hillshade rasters using Python NumPy library and a tool to
create contour lines using Python GDAL (Geospatial Data Abstraction Library).
Esri ArcGIS Pro installs (and uses) both libraries so no additional Python
modules needed to be installed.



Project Tasks

Combine open source Python code with Esri ArcPy functions
Configure Python Toolbox template with parameters and calls
Test to see if output matches output from Spatial Analyst tools
Document tool parameters



Slope Aspect Hillshade Tool

Load Elevation Raster

Get Information about Elevation Raster
Create 3x3 Windows over Elevation Values
Creating the X and Y Gradient Arrays
Calculate Slope

Calculate Aspect

Calculate Hillshade

Saving an Output Raster

Tool Screenshot



Loading Elevation Raster

arcpy.AddMessage ("Opening elevation raster...")

inRaster = arcpy.Raster (elevation input)

arcpy.AddMessage ("Reading elevation values...")

elevation values = arcpy.RasterToNumPyArray(in raster, "",

elevation rows, elevation columns = elevation values.shape

mwn
14

NODATA)



Getting Information about Elevation Raster

# Spatial Reference from input raster, we use for output rasters

sr = inRaster.spatialReference

cell width = in raster.meanCellWidth
cell height = in raster.meanCellHeight

lower left = in raster.extent.lowerLeft



Create 3x3 Windows over Elevation Values

# Create 3x3 windows over elevation values, window array will contain 9 array views
after processing

window = []
for row in range(3) :
for col in range(3):
window.append (elevation values[row: (row + elevation rows - 2),

col: (col + elevation columns - 2)])



Creating the X and Y Gradient Arrays

# Calculate change in elevation in X direction
dz dx = ((window[2] + window[5] + window[5] + window[8]) -

(window[0] + window[3] + window[3] + window[6])) / (8. * cell width)

# Calculate change in elevation in Y direction
dz dy = ((window[6] + window[7] + window[7] + window[8]) -

window[0] + window[1l] + window[1l] + window[2])) / (8. * cell height)



Calculate Slope

slope rad = arctan(z factor * sgrt(dz dx * dz dx + dz dy * dz dy))

slope = slope rad * rad2deg

# todo: Need to determine how to deal with NODATA in a cell not on an edge!!!
# By using -9999 we get a slope value close to 90 degrees

slope[ (slope > 89)] = NODATA



Calculate Aspect

aspect rad = arctan2(dz dx, -dz dy)
# If terrain is flat, Esri outputs -1 as aspect, see:

#
https://desktop.arcgis.com/en/arcmap/10.7/tools/spatial-analyst-toolbox/how-aspect-
works.htm

aspect = np.where(slope rad == 0., -1, aspect rad * radZ2deg + 180)



Calculate Hillshade

arcpy.AddMessage ("Calculating hillshade raster...")
hillshade = np.clip (255 * ((cos(zenith rad) * cos(slope rad)) + (sin(zenith rad)

* sin(slope rad) * cos(azimuth rad - aspect rad))),0, 255).astype(np.uint8)



Saving an Output Raster

if arcpy.Exists(hillshade output) :
arcpy.Delete management (hillshade output)

hillshade raster = arcpy.NumPyArrayToRaster (hillshade, lower left, cell width,
cell height)

arcpy.DefineProjection management (hillshade raster, sr)

hillshade raster.save (hillshade output)

arcpy.AddMessage ("Saved hillshade raster")



Tool Screenshot

Drawing Order
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Z-Factor (Optional)

(From  https://pro.arcgis.com/en/pro-app/tool-reference/3d-analyst/
applying-a-z-factor.htm )

Greenwood

The z-factor is a conversion factor that adjusts the units of measure for the
vertical (or elevation) units when they are different from the horizontal
coordinate (x,y) units of the input surface. It is the number of ground x,y
units in one surface z-unit. If the vertical units are not corrected to the
horizontal units, the results of surface tools will not be correct.

The z-values of the input surface are multiplied by the z-factor when
calculating the output surface. If the x-, y-, and z-units are all the same (in
feet, for example), the z-factor is 1. This is the default value for the z-factor.
For another example, if your vertical z-units are feet and your horizontal x,y
units are meters, you would use a z-factor of 0.3048 to convert your z-units
from feet to meters (1 foot = 0,304 meters).

The correct use of the z-factor is particularly important when the input
raster is in a spherical coordinate system, such as decimal degrees. It is not
uncommon to perceive the output from Slope or Hillshade as looking
peculiar if the input surface raster is not in a projected coordinate system.
This is due to the difference in measurement between the horizontal
ground units and the elevation z-units. Since the length of a degree of
longitude changes with latitude, you will need to specify an appropriate z-
factor for that latitude.

If your x,y units are decimal degrees and your z-units are meters, some
appropriate z-factors for particular latitudes are as follows:

120.6159445°W 38.8109552°N v %

79 Selected Features: 0 | ] | o

? = [m] X

o = TestElev - Map - ArcGIS Pro
Insert Analysis View Edit Imagery Share () User3 (American River Conservancy) - (@
~C R t] | Q
= o | E = :
N Ea BB 0 B i S 8 8
History Python ModelBuilder Environments Tools Ready To Feature  Raster Summarize Summarize Summary Enrich Clip Intersect Union Network Geostatistical Business Raster  Function Workbench
Use Tools~  Analysis~ Analysis~ |  Nearb Within Statistics Analysis~  Wizard  Analysis~ Functions~ Editor
Geoprocessing & Portal Tools Raster Data Intero...
Contents ~ 8 x [E]Msp X & Catslog 7 Model 1 ~  Geoprocessing - ax
Meadow Vit ¢ Y o = ——
i > .
T [Seamh » ] % | e 41 ® Slope Aspect Hillshade @
S g
s 3 y3 4 :
= EEI— @ 2’6 4 { ~ HORNBLENDE MOUNTAINS ¥ 4 ~ , Parameters Environments @
i ~ P 3 i~
| %) = ALS. Elevation Input

[ Clip_grdn3ow121 13.if

O Z-Factor
i ‘Slope Output |
Aspect Output
™

Hillshade Output

[

Cata.. Sym.. Exp.. | Geo..




GDAL Contour Tool
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Use Temporary Shapefile if Geodatabase
Create Shapefile for Output

Create Fields in Output Shapefile
Generate the Contours

Deleting Temporary Shapefile
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Load Elevation Raster

# Get elevation values from elevation raster
arcpy.AddMessage ("Opening elevation raster...")
ds = gdal.Open(elevation input)

band = ds.GetRasterBand (1)

nodata = band.GetNoDataValue ()

Prj ds.GetProjection ()

srs = osr.SpatialReference (wkt=prj)



Use Temporary Shapefile if Geodatabase

if contour feature output.endswith(".shp"):
arcpy.AddMessage ("Creating shapefile for output...")
scratch name = None
contour shapefile = contour feature output
else: # Create a temporary shapefile
arcpy.AddMessage ("Creating temporary shapefile for output...")
scratch name = arcpy.CreateScratchName ("temp", data type="Shapefile",
workspace=arcpy.env.scratchFolder)

contour shapefile = scratch name



Create Shapefile for Output

# Get OGR driver for shapefile

ogr driver = ogr.GetDriverByName ('ESRI Shapefile')

# Create shapefile for output

ogr ds = ogr driver.CreateDataSource (contour shapefile)

# Create layer for new shapefile

ogr lyr = ogr_ ds.Createlayer (contour shapefile, srs=srs,
geom type=ogr.wkbLineString25D)



Create Fields in Output Shapefile

# Create ID field
field defn = ogr.FieldDefn('ID', ogr.OFTInteger)

ogr lyr.CreateField(field defn)

# Create ELEV field
field defn = ogr.FieldDefn ('ELEV', ogr.OFTReal)

ogr lyr.CreateField(field defn)



Generate the Contours

arcpy.AddMessage ("Generating contours...")
gdal.ContourGenerate (band, contour interval, contour base, [], 1, nodata, ogr lyr,
0, 1)

arcpy.AddMessage ("Contours generated.")

# Close files so we can delete if temporary

del ogr lyr, ogr_ ds



Deleting Temporary Shapefile

if scratch name:
arcpy.AddMessage ("Copying contours...")

arcpy.CopyFeatures management (contour shapefile, contour feature output)

# Delete temp shapefile
arcpy.AddMessage ("Deleting temporary shapefile...")

arcpy.Delete management (contour shapefile)



Tool Screenshot
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