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Introduction: We have developed an ArcGIS [1] 

ModelBuilder [2] workflow for the semi-automated 

calculation of the volume of geologic features. The 

Geologic Event Volume Estimator (GeoEVE) tool can 

be used to estimate the volume of both positive relief 

geologic features (e.g. volcanic constructs) and nega-

tive relief features (e.g. sinuous rilles, graben, or chan-

nels), or combinations of positive and negative relief 

features (e.g. impact crater interior and ejecta blanket 

volumes). The tool works with any digital elevation 

model (DEM), regardless of planetary body.  

The goal of this tool is to simplify the procedure 

for estimating the volume of geologic features, and to 

provide more accurate measurements by approximat-

ing the pre-event surface. We also aim to demonstrate 

the effectiveness of using the ArcGIS ModelBuilder 

Software to aid planetary science studies.  

Methodology and GeoEVE Tool Operation: The 

basic function of the GeoEVE tool is to calculate the 

volume difference of a geologic feature (with the ex-

tent defined by the user) from an estimated pre-event 

surface. We use the Moon’s Compton Belkovich Vol-

canic Complex (CBVC) as a simple case study for the 

function of the tool (Figure 1). The top-level Model-

Builder workflow is shown in Figure 2. The GeoEVE 

tool consists of three ESRI ArcGIS ModelBuilder 

models (aka tools) that are used to calculate multiple 

volume measurements: Create Pre-Event Surface Sam-

ple Points, Estimate Single Volume with Trend, and 

Calculate Multiple Volume Estimates.  Prior to run-

ning the tools, described in more detail below, the user 

defines the extent of the geologic feature (the “event”) 

as a polygon feature class (shapefile; solid black line 

surrounding the topographic extent of the CBVC in 

Fig. 1a), and determines areas surrounding the feature 

that are representative of the pre-event surface. The 

pre-event surface areas can be defined either as a con-

tiguous polygon area surrounding the event (the tool 

will subtract the “event” polygon), or as a collection of 

individual polygons in areas surrounding the event 

(e.g. white shaded polygons in Fig. 1A). 

Create Pre-Event Surface Sample Points: This tool 

extracts the values from the DEM at randomly sampled 

points within the user defined pre-event polygon(s). 

The number of randomly created points is defined by 

the user (in our example 200 points, red dots in Fig. 

1A). In the case of a single contiguous pre-event poly-

gon, the “event” polygon is subtracted prior to random 

sampling of points. 

 
 

 

 

Figure 1: A) Compton Belkovich Volcanic Complex (topo-

graphic extent solid black line; WAC Mosaic [6] on WAC 

Stereo DEM [7]. Pre-event areas (white shaded polygons) are 

used to determine random DEM sampling points (red dots). 

B) Trend plane (clipped to “event” extent) calculated from 

random sampling points. C) Oblique view of Trend plane 

subimposed beneath the clipped DEM (100m contours).  

Vertical exaggeration is 5x.      
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When multiple individual pre-event polygons are de-

fined, the tool uses the percentage of each individual 

area to the collective total area to determine the num-

ber of random points to create in each area.  

Estimate Single Volume with Trend: Using the 

DEM values from the sampled points created by the 

first tool, this tool runs the ArcGIS Trend tool [3], 

which uses a global polynomial interpolation to fit a 

least-squares regression surface raster to the input 

sample elevation points.  The user can select a poly-

nomial function (between 1st and 12
th

 order) that is 

used by the Trend tool to create a surface raster. (Trend 

fitting should be done knowing that the output surface 

is only an approximation of the pre-event surface. In 

most cases a 1
st
 order trend should be used as this as-

sumes a simple plane fit through the sampled points. 

Higher order polynomials will introduce topographic 

relief that cannot usually be justified given the input 

points). The trend raster is calculated over the extent of 

the sample points, and then both the created Trend 

raster and the user defined DEM are clipped to the 

extent of the “event” polygon (Figures 1B, C). The 

volume difference between the clipped trend raster and 

the “event” DEM clip is determined using the ArcGIS 

Cut-Fill tool [4], which produces volume measure-

ments for material added (such as the formation of a 

volcano) or removed (such as the incision of a chan-

nel), or both (e.g. impact craters, where the “cut” is the 

crater volume below the pre-impact surface and the 

“fill” is a combination of the stratigraphic uplift of the 

crater walls and the deposited ejecta blanket).  

Calculate Multiple Volume Estimates: Because the 

sampling of points within the pre-event surface is ran-

dom, and may not always produce the most representa-

tive surface, this tool iteratively runs the previous two 

tools a user defined number of times to create a statis-

tical distribution of volume estimates. Over large sur-

face areas even small differences in the slope of the 

calculated trend plane can result in large differences in 

volume estimation. The user can determine the good-

ness-of-fit, and provide an estimate of error for their 

specific purpose and project aim.  

Case study of Compton Belkovich Volcanic 

Complex (CBVC). Using the GeoEVE tool we deter-

mine a total volume of the CBVC calculated using the 

LROC-WAC stereo DEM [6, 7] to be ~323 km
3
, based 

on 100 iterations (Figure 3). Compared to a previous 

estimate of 360 km
3
 [5] which determined the volume 

above a horizontal plane at the -2600 m contour, we 

suggest our volume estimate to be more robust. 

Additional Features and Functions: When calcu-

lating the volume of crater ejecta blankets, functions to 

account for the estimated stratigraphic uplift of crater 

walls can be removed from the volume calculation.  

Figure 2: ArcGIS ModelBuilder model of GeoEVE tool’s 

top-level model: Calculate Multiple Volume Estimates. 

 

 
Figure 3: Histogram of Volume Estimates for Compton 

Belkovich Volcanic Complex calculated by GeoEVE tool 

based on 100 iterations and 200 sample points per iteration. 

 

Availability: We plan to make the tool available 

for free  public download on the ESRI ArcGIS code 

sharing website (http://codesharing.arcgis.com). For 

advanced copies of the GeoEVE tool or having us run 

the tool for you to produce volume estimates (in case a 

3D Analyst license is not available), please contact 

Francis Baum (FBaum@TapestrySolutions.com). 
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