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Purpose of this Tutorial 
 
This tutorial provides a step-by-step guide for delineating endorheic basins in ArcGIS. 
Endorheic basins (internally drained) have no surface outlet (river) and lose water through 
evaporation and sometimes groundwater. In our traditional method of delineating basins, 
these areas of internal drainage get filled to the point at which they are able to pour out to 
neighboring cells. For truly endorheic basins, that is clearly not the case. The method we use 
to solve this---to keep the areas from filling but to produce a hydrologically-correct DEM for 
the flow direction command---is to burn a hole in the DEM at the bottom of these basins. 
 

Checklist of Prerequisites 
 

¨ Completion of “Delineating Lake Drainage Basins in GIS” tutorial. 
¨ Installation and activation of ArcGIS (version 10.0~10.2) including Spatial 

Analyst extension. 
 

Step 1. Creating a new map with the appropriate layers 
 
Open a new ArcMap document. Save it in C:\GIS\Basins\Biwa as Biwa_endorheic.mxd. 
 
From previous work in “Delineating Lake Drainage Basins in GIS”, add the following layers: 
 

• basin4.shp, dem4, and fil4-dem4 from C:\GIS\Basins\Biwa\SRTM 
• SWBD_final.shp from C:\GIS\Basins\Biwa\SWBD 

 

Step 2. Examining previous Fill results 
 
When we add the above layers to the map, their previous display settings are lost. For fil4-
dem4, change the Symbology so that it is Classfied, 9 classes, and excludes 0. If you like, you 
can also change the color to the blue we were using before and as shown below. 
 
For this tutorial, please note the small lake to the north of Biwa, Lake Yogo: 
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If you toggle off the SWBD layer (or better yet, make it so that it is only an outline, with no 
fill color) and use the identify tool, you can see that fil4-dem4 shows 4m. That means for 
Lake Yogo to pour out in the SRTM DEM, it needs to be raised 4 m. 
 
The climate in the Lake Biwa region is sufficiently wet so that endorheic lakes do not form. 
However, this area is traditionally one in which water is stagnant and doesn’t flow out 
quickly. There have been many cases of flood damage in the area and consequently there is a 
history of engineering responses. Currently, the lake is drained via some structures that do not 
follow the natural outlets. Therefore, in a sense, the lake is not drained via a surface outflow 
so we can treat it as endorheic (for the purpose of this tutorial). 
 

Step 3. Creating a hole in a DEM 
 
In order to ensure that Lake Yogo is internally drained, we need to edit the SRTM DEM so 
that one of the pixels underneath the Lake Yogo polygon is “nodata”. You can think of this as 
creating an infinitely deep hole, i.e. the Fill command will not fill the area and Flow 
Direction will be internal. 
 
To create a hole, we need to follow the following steps. 
 
3.1 Create new shapefile using ArcCatalog 
 
Open ArcCatalog. I do this from the “Catalog” tab that is shown on the right side of the data 
frame in the figure below. If you don’t see this, either click on the Catalog icon  on the 
Main tool bar, or open ArcCatalog from the Start Menu. Navigate to 
C:\GIS\Basins\Biwa\SRTM. Right click in the Contents section and choose New | Shapefile. 
Choose “hole” for the Name, “point” for the Feature Type and then GCS_WGS84 for the 
Spatial Reference (done by clicking Edit). See as follows: 
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Then in ArcMap, add this new shapefile to the map if it is not automatically added upon 
creation. 
 
3.2 Editing hole.shp 
 
Next, open the Editor toolbar. Click the Editor button and select “Start Editing”. You will be 
asked which workspace you wish to edit in…choose the one that contains hole.shp. Make 
sure you have (1) selected “hole” in the Create Features tab (shown on the right, below) and 
(2) selected “point” in the Construction Tools (on the lower right). Then, simply double click 
somewhere inside the Lake Yogo polygon. You will then see a new, highlighted point. 
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Now, right click on the hole.shp layer. Open the Attribute Table. Change the value of ID to 
something uniquely low, say -1000, i.e. a value that is lower than any other in the dem4 raster. 
Then, Save Edits, then select Stop Editing from the Editor tool. 
 

 
 
 
3.3 Convert Feature to Raster 
 
Next, we need to convert hole.shp to a raster in order to merge (mosaic) it into the dem4 
raster. In ArcToolbox, go to Conversion Tools | To Raster | Feature to Raster and open the 
tool. 
 
In the Environments tab, be sure to set the Cell Size (inside Raster Analysis) to the same as 
dem4 (0.0008333333…). 
 
In the main tool dialog, use the following settings: 
 

 
 
Note that I have called the Output raster “hole” and left it in the Default.gdb. This is because 
the Feature to Raster tool fails when writing to a non-geodatabase location. This is an 
annoying bug but doesn’t stop us from proceeding. 
 
Click OK. If you zoom into the area close to the hole in holes.shp, you will be able to see a 
single pixel that has been created. 
 
Unfortunately, the next tool will not work correctly unless we now get the hole raster out of 
the geodatabase and back where we originally wanted it: C:\GIS\Basins\Biwa\SRTM.  
 
Right click on the new raster called hole. Choose Data | Export Data and use the settings 
shown below. The only things you should need to change from the default are the Location, 
Name and Format. (Note: your Location will be SRTM not SRTM3 so ignore that below). 
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3.4 Merging (Mosaicking) Rasters 
 
Now, we need to merge the raster hole into the raster dem4. In ArcToolbox, go to Data 
Management Tools | Raster | Raster Dataset | Mosaic to New Raster and open the tool and run 
it with the following settings. 
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3.5 Setting -1000 to NoData 
 
Now, we need to set the -1000 pixel to NoData. This can be done in several ways but I prefer 
the following: In ArcToolbox, go to Spatial Analyst Tools | Map Algebra | Raster Calculator 
and open the tool and run it with the following settings: 
 

 
 
The command SetNull("dem5" == -1000,"dem5") takes the values in dem5 that are equal to   
-1000 and sets them to NoData and leaves the other values unchanged. 
 
If you turn off all Layers and then display only dem6 (and zoom in to the Lake Yogo area), 
you should see a white “hole” in the place where the first hole.shp was added. If you use the 
Identify tool, you can see that indeed this pixel has NoData as a value. 
 

 
  

Step 4. Delineating the Drainage Basin 
 
Now, using dem 6 as input, do Fill (including fil6-dem6 calculation to check that Yogo is not 
getting filled), Flow Direction, and Flow Accumulation as you learned in the previous tutorial. 
 
You will see that Lake Yogo is now internally drained. If you want to delineate the Yogo 
basin, use Lake Yogo as a pour point (convert it to raster first). 
 
This technique also works in areas with numerous endorheic basins. Simply make a number 
of holes in the appropriate places and save this as hole.shp, or any other appropriate name 
you decide. 


