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Introduction
	An important parameter that is used to model the rocking response of a precariously balanced rock (PBR) to ground motions is slenderness. Slenderness (αi in Fig. S1) is defined as the angle made by the vertical (mg in Fig. S1) passing through the PBR’s center of mass and the lines that connect the PBR’s rocking points to its center of mass (Ri in Fig. S1). These values are typically estimated in the field using a plumb bob, measuring tape, and a trained eye.
	Recently, photogrammetric and terrestrial laser scanning (TLS) techniques have been employed to capture the three-dimensional geometry of a PBR at decimeter (photogrammetry) and millimeter (TLS) scales. These methods produce spectacular results that are especially useful to modeling the 3D rocking response of a PBR to ground motions. However, they require a considerable amount of field preparation and data collection time and effort, making them impractical for studies that attempt to survey entire populations of PBRs at the drainage basin scale. For this, we developed a simple tool, PBRslenderness, that estimates αi and Ri from unconstrained digital photographs of PBRs. This approach imports a photograph of a PBR that was taken in the field and allows the user to digitize the outline of the PBR, then computes the PBR’s two-dimensional center of mass, αi and Ri. Theoretically, a PBR can be sectioned along an infinite number of vertical planes that pass through its center of mass along an infinite number of azimuths (Fig. S2).  This results in an infinite number of local minimum slenderness values. Therefore, the azimuth at which the photograph is taken is critical to estimating the absolute minimum slenderness value of a PBR.
	This document serves as a user manual to the computer program PBRslenderness. The general workflow is as follows: the user digitizes the PBR’s rocking points, plumb bob, scale, and outline. PBRslenderness then computes the PBR’s two-dimensional center of mass and returns αi and Ri. A more detailed workflow with instructions and a demonstration are presented in the following pages.
Please direct any questions about this program or this manual to the email address provided in Page 1. 
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Figure S1.  Geometric parameters of a precariously balanced rock (PBR) used in PBRslenderness. CoMx and CoMy are the coordinates of the PBR’s two-dimensional center of mass; RPxi and RPyi are the PBR’s rocking points; mgxi and mgyi provide the vertical reference (usually the plumb bob in the PBR’s photograph); Sxi and Syi are the coordinates of the length scale used to determine the lengths of Ri.
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Figure S2.  Three-view orthogonal depiction of a precariously balanced rock (PBR) illustrating the derivation of its geometrical framework. A PBR can be sectioned along an infinite number of vertical planes that pass through its center of mass in different azimuths. The azimuthal orientation of the principal axial plane that contains the PBR’s greatest slenderness (smallest αi value) represents the PBR’s most likely toppling direction and is thus assigned to the PBR. RPi – rocking point; CoMi – center of mass; FLi – folding line; PAi – principal axis.
[bookmark: _Toc333255048]Minimum software requirements
The program PBRslenderness is written in MATLAB and requires the MATLAB Image Processing Toolbox version R2007b or later to run. If MATLAB returns an error when running PBRslenderness, it is likely that you have an older version of the MATLAB Image Processing Toolbox (or do not have it at all). 
[bookmark: _Toc333255049]Operating instructions
Step 1
Start MATLAB.

[image: 1]


Step 2
Navigate to the directory that contains the MATLAB file and PBR photographs that need to be processed. These files must be located in the same directory for the program to run!
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Step 3
Type PBRslenderness.p in the MATLAB Command Window and hit enter. The main MATLAB graphical user interface (GUI) will be displayed.
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Step 4
Click the “Browse” button on the GUI and navigate the folder that contains the PBR photograph you wish to analyze. In this demonstration, we will use the sample photograph that comes with the zipped Supplemental Material file for this paper.

Select the PBR photograph then hit “Open”. 
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Step 5
Left-click the “Load photo” button. This will load the photograph to a new window as shown below. The numbers on the x and y axes are in pixels.
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Step 6
Left-click the “Click rocking points” button, then left-click once for each of the PBR’s rocking points in the loaded photograph. 
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Step 7
Left-click the “Click vertical line” button, then left-click once for each end of the plumb bob (or whatever reference used for the vertical in your loaded photograph). 
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Step 8
Left-click the “Click length scale” button, then left-click once for each edge of the length scale used in the loaded photograph. 
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Step 9
Left-click the “Digitize PBR outline” button. An instruction dialogue will pop up. Using the left mouse button, click out the outline of the PBR in the loaded photograph. Once you are done, right-click once to close the PBR’s outline.
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Step 10
PBRslenderness will calculate and display the values of α1, α2, R1, and R2 in degrees/radians and meters. The smallest α value (i.e. αmin) will be displayed in bold text.
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Step 11
You can save the results to a text file, or you can append them to an existing text file. This feature is useful if you have a large population of PBR photographs that need to be analyzed in PBRslenderness.

In the “File name” field, enter a file name and left-click the “Save/append results” button.

[image: ]

The contents of the text file are as follows:

[image: ]

If you want to append the results of the current PBRslenderness run to an existing text file, left-click the “Browse” button, navigate to the text file that contains your original data, click “Open”, then click the “Save/append results” button.
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