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ON THE COVER 

Shoreline change vectors between Spring 2017 and Fall 2017 at Sandy Hook.  The vectors were created using Shoreline Change 
Mapper.  Red vectors indicate landward displacement of the shoreline, while blue vectors indicate seaward displacement.  Gray 
vectors indicate displacement values within the range of uncertainty.  These vectors are drawn from an offshore baseline in black.  
 



Introduction  
 

 

The Shoreline Change Mapper (SCM) is a custom toolset developed for use in ArcGIS (10.2).  The toolset 

incorporates GIS datasets created using USGS’s Digital Shoreline Analysis System (DSAS) to show bar-

graph-like diagrams of shoreline change (Figure 1).   

  
SCM is a set of Python (a programming language) scripts called through a custom toolbox in ArcMap.  The 

purpose of the Mapper is to automate a process that otherwise requires substantial time and an understanding 

of visual basic programming in ArcGIS to complete.  The goal of the project is to simplify and standardize the 

protocol for generating these maps, while still allowing regional GIS managers to control aspects of the 

design.  

  

SCM is distributed as a compressed folder that includes the Python scripts, a customized ArcMap document, 

and a sample dataset.  The customized tools include basic documentation and ‘Help’ interfaces for new users.  

Installation and workflow instructions are included in this document.  

  

The first step in the SCM workflow requires an ArcInfo license: the ‘Pivot Table’ tool is not available to 

ArcView or ArcEditor users.  The remaining steps can be performed in ArcView, ArcEditor, or ArcInfo.  

Directions are included in Appendix A for users who need to perform this first step outside of ArcInfo using 

Microsoft Excel.   

 
 

Figure 1. The 5 year net change in shoreline position for an area of Fire Island, generated with Shoreline Change Mapper 

(SCM).  The shoreline change vectors indicate the magnitude of seaward (blue vectors) or landward (red vectors) 
displacement of the shoreline at the beach face between Spring of 2012 and Spring 2017. 

  



Installation  
 

Below is a guide that illustrates how to add the SCM toolbox to the ArcMap document. The images were 

taken in ArcGIS 10.3 for Desktop with an Advanced License. 

 

The Shoreline Change Mapper is distributed as a compressed (zipped) folder containing:   

 - ArcMap document (.mxd) 

 - Python scripts with the ‘Shoreline’ prefix (.py)   

 - Custom toolbox to hold the scripts (.tbx)   

 - Personal geodatabase with sample data (.mdb) 

 - Layer files for use in ArcMap (.lyr) 

  
Extract / Unzip the Shoreline_Change_Mapper folder to a directory on your computer or network.  The 

toolbox uses relative path names, so all of these files should be saved together in a single folder 

 

1. Open an ArcMap document and locate the ‘ArcToolbox’ window. This window can be accessed 

either through a button on ArcMap’s toolbar or under the “Geoprocessing” dropdown menu (Figure 

2).  

 

2. Add the SCM toolbox. 

a. Right click within the ‘ArcToolbox’ pane 

b. Select ‘Add Toolbox’ from the dropdown menu. 

c. Navigate to the folder where SCM was unzipped in Step 1 

d. Select ‘Shoreline Change Mapper’ with the “.tbx” extension. 

 

Figure 2.  The two methods to open the ArcToolbox window: (A) the ArcToolbox button on the ArcMap toolbar; (B) the 

location of ArcToolbox on the Geoprocessing drop-down menu. 

A 

B 



3. Confirm that the scripts are properly located in the toolbox.  

a. Press the [+] button next to the SCM toolbox to expand its 

contents (Figure 3). 

b. Select the first tool, ‘1. Pivot Intersect Table,’ right-click 

and select ‘Properties’ from the drop down menu.  

c. Under the ‘Source’ tab in the properties window, the 

‘Script File’ should list the path to the same folder as the 

toolbox, to the corresponding python script.  If this is not 

the case, click the folder icon next to the ‘Script File’ box. 

In the window that opens, select the corresponding python 

script with extension “.py”.   

 

Below are the tools and their corresponding scripts (Table 

1). Note that the script name may include version numbers 

or dates. 

 

Table 1. The three SCM tools and their corresponding scripts.   

 

Tool Script 

1. Pivot Intersect Table Shoreline_PivotTable.py 

2. Draw Vectors Shoreline_GenVectors.py 

3. Mean & StDev Lines Shoreline_GenStatsLine.py 

Figure 3. The expanded SCM 

Toolbox in the ArcToolbox window 
containing the three tools.   



Using the Shoreline Change Mapper 
 

Before you begin with the Shoreline Change Mapper, you should already have analyzed your data in DSAS 

(Version 4.0).  The Mapper uses the ‘intersect’ table and ‘transects’ feature class generated by DSAS as 

inputs.  The Mapper is designed to use the same geodatabase as DSAS—shapefiles will not work with the 

Shoreline Change Mapper.  Also, the Mapper was designed around DSAS Version 4.0.  Earlier versions may 

not work if the file structure (including field names) in the outputs does not match the Version 4.0 schema.  

  

The Shoreline Change Mapper is a three-step process.  The first tool in the process (‘Pivot Table’) only needs 

to be run one time for any given DSAS dataset.  The next two steps (‘Draw Vectors’ and ‘Mean & StDev 

Lines’) will be run at least once for each pair of shorelines you wish to compare.  

  

The tools can be accessed by double-clicking on the scripts in the toolbox.  The following steps describe the 

workflow for the Shoreline Change Mapper.  

  

1. Pivot Intersect Table  
 
The first step ‘reshapes’ the DSAS intersect table to allow shoreline-to-shoreline comparisons by transect 

(Figure 4).  This step uses the ‘Pivot Table’ tool which is only available for ArcInfo licenses.  Microsoft Excel 

and many statistical packages like SAS include pivot capabilities: for directions on performing this step in 

Microsoft Excel, please see Appendix A.  

  

 

 

Figure 4. The 'Pivot Intersect Table' tool interface.  The user inputs for Pivot Table include the DSAS Intersect Table, 

Transects Feature Layer, and Output Pivot Table path.  Further details and instructions for each input appear in the message 
box to the right.  



 

The ‘Pivot Intersect Table’ tool compresses the DSAS intersect table to create a single record for each transect 

(Figure 5).  The different shoreline survey dates are represented in separate fields with the ‘Date_’ prefix.  

Each survey date field contains intersect values calculated by DSAS.  These numbers represent the distance 

(in meters) along each transect from the baseline to the shoreline.  

 

 

The output from the ‘Pivot Intersect Table’ tool is a table.  The table should be saved inside the same 

geodatabase as the intersect table and other DSAS data.  

Figure 5. The Pivot Table function ‘reshapes’ the DSAS intersect table to create single records for each transect with separate 
fields for the survey dates.  The ‘value field’ (Distance) is the distance between the shoreline and the baseline. 



2. Draw Vectors  
 
The second step uses the pivot table created in the first step to draw shoreline change vectors whose length 

corresponds to the amount of change (positive or negative) between two compared shorelines (Figure 6).  

  

This step requires the user to select an earlier and later shoreline to compare.  Distance values calculated in 

DSAS for both shorelines are subtracted to find the amount of shoreline gain or retreat between the dates (the 

difference is saved to a field (‘Dist_’) in the ‘Vectors’ layer).  The ‘Draw Vectors’ tool uses the change 

calculation to draw change lines at every transect corresponding to the amount of loss or gain between the 

shorelines at that transect.  Gain over the period is shown by a vector seaward of the baseline; loss is shown 

by a vector landward of the baseline.  

  

This step calculates the difference between two user-selected shorelines, and generates a new vector layer, 

each time it is run.  The output vector layer includes attributes from the pivot table.  For any transect where 

one or both of the shorelines under comparison are missing, the ‘Dist_’ field is set to ‘0.’  Although a vector 

attribute record is included for ‘0’ length transects (thereby maintaining a full attribute table in the vector 

output), its length is zero and there is no feature at this location.  The ‘Draw Vectors’ user interface is shown 

in Figure 4.  

 

 

 

Figure 6.  The ‘Draw Vectors’ Interface.  The user inputs include a Pivot Table, Beginning and Ending Shoreline, Multiplier, 

and Vector Output for the resultant feature class.  Further details and instructions for each input appear in the message box to 
the right. 



 

 

Vectors are drawn at the angle of the corresponding transects generated in DSAS.  The ‘Angle’ field is 

calculated in the first step.  The ‘Multiplier’ function in the ‘Draw Vectors’ interface exaggerates the vertical 

component of the vectors to improve visibility for mapping (Figure 7).  When the multiplier is set at 1, the 

vectors will be ‘at-scale’: the vector lengths represent the actual distance between the shorelines at the map 

scale.  The default multiplier value is 5.  

 

 

 

 

  

Figure 7. Vectors created using different multiplier values.  The same multiplier is applied to the magnitude of shoreline 
displacement for all transects, and exaggerates the length of each vector. 



3. Statistics Lines  
 
 The third step in the SCM workflow draws lines representing the Mean and Standard Deviations (+/- 1) of 

the vectors (Figure 8).  These statistical measures are calculated for all transects where both shorelines are 

present, and separately by baseline section.  So, if the baseline is divided into multiple segments, the mean 

and standard deviation of change along each segment will be calculated separately for transects originating 

along each segment.  

 

 

 

Because these statistical lines are designed to overlay on the vectors, the ‘Statistics Lines’ user interface 

includes a multiplier function that should be set to same integer value that was used in step 2 to draw the 

vectors.    

  

 The output lines will be added to the map view automatically.  Symbology for the lines is set by the 

‘Statistics_Lines.lyr’ layer file included in the SampleData folder

Figure 8. The ‘Mean & StDev Lines’ user interface.  Inputs include a Pivot Table, Baseline and Transect Feature Layers, 

Beginning and Ending Shorelines, Multiplier, Statistics Output Table, and Statistics Line Output.  Further details and 
instructions for each input appear in the message box to the right. 



Appendix A: Performing the Pivot Function in Microsoft Excel  
  

Because the first step of the Shoreline Change Mapper workflow requires an ArcInfo license, ArcView and 

ArcEditor users will need to perform the pivot function outside of ArcMap.  The following instructions are for 

Microsoft Excel (2013 version).  

  

Preparatory Steps in ArcMap  
  

1.  Re-calculate Azimuth Values If you have altered any of the original DSAS-generated transects 

manually, you will need to re-run DSAS to recalculate transect intersects and the transect azimuths.  To 

do this, open the attribute table for the transects layer.  Use the Field Calculator on the “Azimuth” field 

and enter the following into the Python parser (Figure 9): 

 

math.fmod(360+math.degrees(math.atan2(( !EndX!- !StartX!),( !EndY!- !StartY!))),360) 

 

This should recalculate azimuth field to the correct value.  This formula presumes that the StartX and 

StartY coordinates refer to the end of transect that is offshore (closer to the baseline), whereas the EndX 

and EndY coordinates refer to the end of the transect that is onshore. 

 

 
 

 

Figure 9. The code for azimuth recalculation, entered into the ArcMap field calculator.  In the ‘Parser’ section, Python must be 
selected. 



2. Join the ‘Transect’ Attributes to the Intersect Table Join the transect attribute table to the intersect 

table using the Transects IDs (Figure 10).  Note that the “TransectId” field can sometimes be referred to 

as “TransOrder”. 

 

 

 
Figure 10. The "Join Data" dialog box.  The join field (“TransOrder” in this example) links records in both the target 

layer and join layer (the intersect table).



 

3. Export the Joined Tables to .DBF.  Open the joined intersect table and export it to a .dbf file (Figure 

11).  The exported table will contain the fields from both tables. 

  

 
  

 

Figure 11. The process of exporting a “.dbf” file for the joined tables: (A) the location of ‘Export’ on the attribute table drop 
down menu; (B) where to select the desired format within the ‘Saving Data’ dialog box. 

A 

B 



 

Pivot Table (Microsoft Office 2013)  
  

1. Open the .dbf table in Excel.  In the ‘Open File’ dialog box, if you don’t see the .dbf table, select ‘Files 

of Type:’ >> ‘All files (*.*)’   

2. Create an empty pivot table.  Select ‘PivotTable’ from the ‘Insert’ tab (Figure 12).  By default, the 

‘Table/Range’ is set to the entire table.  Ensure that all records are included in the range.  Choose ‘OK’ to 

send the pivot table to a new worksheet.  

 

 
 

 
 

 

 

Figure 12.   Steps to create a Pivot Table in Microsoft Excel: (A) the location of the ‘Pivot Table’ button in the ‘Insert’ tab; (B) 

the ‘Create PivotTable’ dialog box.  The user input that indicates the range of records to be placed into the table is highlighted 
in gray.  

A 

B 



 

3. Begin populating the pivot table. In the right-hand pane on the pivot table sheet… 

 a. Drag-and-drop the ‘ShorelineId’ field into ‘Columns.’ 

 b. Drag the ‘Distance’ field into ‘Values.’ 

 c. Drag the ‘TransectId” field into ‘Rows.’ 

 

The table should now contain individual records for each transect, listing the distance by the survey date 

(Figure 13). 

 

 
Figure 13. The Pivot Table after dragging ‘ShorelineId’, ‘Distance’, and ‘TransectId’ into their corresponding categories within 

the ‘PivotTable Fields’ window.  Each date has its own column indicating distance from the baseline.   
 

  



 

4. Click on the drop-down arrow on the ‘TransectId’ label located under the ‘Rows’ category.  Select ‘Field 

Settings’ from the drop down menu.  In the ‘Field Settings” dialog box, set ‘Subtotals’ to ‘None’ and click 

‘OK’ (Figure 14). 

 

 
 

 
Figure 14. The process of accessing the ‘Field Settings’ dialog box: (A) the location of the ‘Field Settings’ selection in the 

drop-down arrow for ‘TransectId’; (B) the location of the ‘None’ option under the ‘Subtotals’ section of the ‘Field Settings’ dialog 
box.   

A 

B 



5. Drag the ‘Baseline’, ‘StartX’, ‘StartY’, ‘End X’, ‘EndY’, and ‘Azimuth’ fields to ‘Rows’ ( Figure 15).  

For each field, change the ‘Subtotals’ to ‘None’, as with ‘TransectId’ in Step 4.  

 

 

 

 
6. On the ‘Design’ tab, choose ‘Report Layout’ and select ‘Show in Tabular Form’ (Figure 16). 

 

 

 

 

 

Figure 15.  The fully populated 'Rows' category in the ‘PivotTable Fields’ window.   

Figure 16. The Pivot Table in Tabular Form.  Each transect is represented by an individual row, and their values for each field 
are indicated in separate columns. 



7. Select all records, including the field headers (but not the ‘Grand Totals’ at the far right side, and at the 

bottom), and copy them (Figure 17). 

   

 
 

 

Insert a new worksheet.  Right-click in cell A1 and click ‘Paste Special.’  In the ‘Paste Special’ dialogue box, 

choose ‘Values’ and press ‘OK’, resulting in a table without the ‘Grand Totals’ records (Figure 18). 

 

 
 
 

 

 

Figure 17. The selection of records that exclude the right-most ‘Grand Totals’ column and the bottom row. 

Figure 18.  The values copied from the Pivot Table and pasted into a new sheet. 



8. The dates in the field headers need to be changed before we can re-import this pivoted table 

into ArcGis.  Remove the slashes and add “Date_” at the beginning of each field name 

(Figure 19).  

 

 

 

9. Save this worksheet as a comma-delimited text file (.csv file type) and close Excel. 

 

10. In ArcCatalog, navigate to your DSAS geodatabase. Right click the database and select 

‘Import’ >> ‘Table (single).’ Select the .csv file and import to the geodatabase.  You are 

now ready to begin Step 2 in the Shoreline Change Mapper, ‘2. Draw Vectors.”.   

 

 

 

 

 

 

Figure 19.  Alterations made to the headers to prepare for input into the second step of SCM.  The cells highlighted in yellow 

have the desired format, where the ShorelineId field is preceded by “Date_”.  The cells highlighted in red have the original 
formatting before these edits were made.  
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