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Chapter 1

Introducing Surfer

I ntroduction to Surfer

Surfer” is a grid-based graphics program. Surfer interpolates irregularly spaced XYZ data into a
regularly spaced grid. Grids may also be imported from other sources, such as the United States
Geological Survey (USGS). The grid is then used to produce different types of maps including
contour, vector, wireframe, image, shaded relief, and surface maps. Many gridding and mapping
options are available allowing you to produce the map that best represents your data.

Maps can be displayed and enhanced in Surfer by the addition of boundary information, posting
data points, combining several maps, adding drawings, and annotating with text.

An extensive suite of gridding methods is available in Surfer. The variety of available methods
provides different interpretations of your data, and allows you to choose the most appropriate
method for your needs. In addition, data metrics allow you to gather information about your
gridded data.

The grid files themselves can be edited, combined, filtered, sliced, queried, and mathematically
transformed. For example, a color-filled contour map can be drawn from a grid of groundwater
surface elevations. This grid can then be numerically differentiated, and a gradient-based vector
map subsequently generated. The vector map can then be drawn as an overlay on the contour
map. The resulting graphic shows not only the contours, but also the flow paths.

Surface area, projected planar area, and volumetric calculations can be performed quickly in
Surfer. Cross-sectional profiles can also be computed and exported.

The Scripter™ Program, included with Surfer, is useful in creating, editing, and running script
files that automate Surfer procedures. By writing and running script files, simple mundane tasks
or complex system integration tasks can be performed precisely and repetitively without direct
interaction. Surfer also supports ActiveX Automation using any compatible client, such as Visual
BASIC. These two automation capabilities allow Surfer to be used as a data visualization and a
map generation post-processor for any scientific modeling system.



Chapter 1 - Introducing Surfer

New Features
General

Surfer is designed for Windows 98, Me, 2000, and XP.
A Help | Check for Update command is available to easily update Surfer.
A new HTML-based help system allows advanced searching options.

We have added several new scripting examples.

User Interface Features

Bitmaps, image maps, and shaded relief maps can be rotated and transformed.

Property dialogs are modeless. This means you can open a property dialog and continue
working with Surfer. The property dialog updates when the selection changes.

You can rotate, tilt, and change the field of view with the Map | Trackball command.

Edit | Paste and Edit | Paste Special automatically pastes the object in the center of the page.
The View | Pan Realtime allows you to easily move the contents of the plot window.

The Zoom Realtime tool allows you to zoom in and out by dragging the mouse.

Map scale, view, limits, and background have been moved to the map property dialog for
easier access.

Bitmaps are now compressed in [.SRF] files, resulting in smaller files and faster saving and
loading times.

Create maps quickly by selecting the map tool. The default map properties are used and these
properties can be edited by opening the new property dialog.

Use the Help | Feedback command to send a problem report, suggestion, or information
request by e-mail.

Multithreading allows for a smoother redraw and more responsive user interface.

The arrow keys can now be used to "nudge" the selected objects one pixel at a time for
precise positioning.

Surfaces

3D rendered surfaces have been added to Surfer.

All planar map types and other surfaces can be overlaid on surfaces.

Bitmaps can be overlaid on surfaces.

Control the color, lighting, mesh, base, and overlay color blending of a surface.

Added many new color spectrum files including, ChromaDepth.clr and Terrain.clr.



Chapter 1 - Introducing Surfer

Gridding

= Filter grids using over 60 pre-defined filters or define your own filter.

* Load large data files faster when gridding (there is no pre-sorting or pre-duplicate checking).
= Use Data Metricsto gather information about the data and create a grid of this information.
= The Grid | Mosaic command combines multiple adjacent or overlapping grids.

= Use the new Cross Validate option to assess the quality of the selected gridding method.

= A map of the Delaunay triangulation can be created when gridding with the Triangulation
with Linear Interpolation or Natural Neighbor methods.

* Added Moving Average and Local Polynomial gridding methods.
=  Faults are retained in grids after blanking.

* Added Cubic and Pentaspherical variogram models.

Volume

Added a Z scale factor to volume calculations. This allows you to set a scaling factor when your
XY units are not the same as the Z units.

Digital Elevation M odels
= Surfer provides native support for the newest SDTS format.

= Digital Terrain Elevation Data (DTED) files can be used where grids are needed in the
program.

Reports

0

= New reporting functionality has been added to grid info
and Grid | Variogram.

Grid | Data, Grid | Volume,

= Reports now include numerous additional statistics on the data.

Import / Export

= A new set of import filters include Enhanced Metafile, Golden Software Interchange, and
ESRI ArclInfo Export Format.

= A new set of export filters include Enhanced Metafile, MapInfo Interchange Format, Golden
Software Interchange, and Golden Software Boundary.
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Page Setup
= The 32-inch page limit has been eliminated under all operating systems.

= The resolution of graphics operations has been increased by 1000 times, resulting in more
accurate output when zoomed in, and when the graphics are exported.

Wor ksheet

Up to one billion rows and columns are available in the worksheet.

Screen Layout and Window Types

Surfer contains three document window types, the plot window, worksheet window, and grid
node editor window. Maps are displayed and created in the plot window. The worksheet window
is used to display, edit, transform, and save data in a tabular format. The grid node editor window
is used to display and edit Z values for the selected grid.

Opening Windows

Selecting the File | Open command, or clicking the E button opens any of the three window

types, depending on the type of file selected. The File | New command, or clicking the E
button creates a new plot window or worksheet window. To open a new worksheet window

directly, you can click the button.

Object Manager

When Surfer starts, the Object Manager is visible in the plot window by default. It contains a
hierarchical list of the objects in the Surfer plot window. The Object Manager is initially
docked at the side of the window, giving the window a split appearance; however, it can be
dragged and placed anywhere on the screen.
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Toolbars

All window types in Surfer include toolbars that contain buttons for many common commands.
The toolbars are initially docked, but they too can be dragged and placed anywhere on the screen.
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Thisisthe Surfer window with the Object Manager ison the left, the
plot window in the center, and the worksheet window is on the right.
Scripter

Tasks can be automated in Surfer using Golden Software’s Scripter program or any ActiveX
Automation-compatible client, such as Visual BASIC. A script is a text file containing a series of
instructions for execution when the script is run. Scripter can be used to perform almost any task
in Surfer. For more information, see Chapter 22, Automating Surfer in the User's Guide or use
the Help | Automation Help command.
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Using Surfer
The general steps to progress from a XYZ data set to a finished, grid-based map are as follows:

1. Create a XYZ data file. This file can be created in a Surfer worksheet window or outside of
Surfer (using an ASCII text editor, for example).

2. Create a grid file [.GRD] from the XYZ data file using the Grid | Data command.

To create a map, select the map type from the M ap menu and use the grid file from step two.
Grid-based maps include contour, image, shaded relief, vector, wireframe, and surface maps.

4. Use File| Saveto save the map as a Surfer file [.SRF] that contains all of the information
needed to recreate the map, including the data file.

File Types
Surfer uses four basic file types: data, grid, boundary, and Surfer files [.SRF].

Data Files

Data files contain the input data provided by the user, and are used to produce grid files, post data
points on a map, or generate a residuals log. These files are generally referred to as "XYZ data
files" or "data files" throughout the documentation. Data can be read from various file types, and
must contain numeric XY location coordinates as well as numeric Z values. The Z values contain
the variable to be modeled, such as elevation, concentration, rainfall, or similar types of values.

Grid Files

Grid files are used to produce several different types of grid-based maps, to perform calculations
such as volume, residuals, and grid math, and to carry out blanking, smoothing, and slice
operations. Grid files contain a regularly spaced rectangular array of Z data organized in columns
and rows. Surfer can also use USGS digital elevation models and DTED files to perform most of
the operations that can be performed with grid files.

Boundary Files

Boundary files contain XY areal data such as state boundaries, rivers, or point locations.
Boundary files are used to overlay a base map on another map, or to specify the boundary limits
for blanking, faults, breaklines, and slice calculations. Boundary files can be vector files,
metafiles, or bitmap files.

Surfer Files

Surfer files [.SRF] preserve all the objects and object settings contained in a plot window. These
files are called Surfer files [.SRF] throughout the documentation.

6
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Gridding

Gridding is the process of taking irregularly spaced XYZ data and producing a grid file that
contains a regularly spaced array of Z data. Surfer has several different gridding methods. These
gridding methods define the way in which the XYZ data are interpolated when producing a grid
file. A mathematical formula can also be used to create a grid file. For more information, see
Chapter 4, Creating Grid Files.

Grid Utilities

There are many ways to manipulate grid files in Surfer. The Grid menu contains several utilities
used to convert, combine, mirror, limit, slice, rotate, and extract grids. In addition, volume
calculations, smoothing, blanking, cross section creation, and residual calculations can all be
performed in Surfer using these utilities. For more information, see Chapter 18, Grid Operations.

Map Types
Several different map types can be created, modified, and displayed with Surfer. These map
types include contour, base, post, image, shaded relief, vector, wireframe, and surface maps.

Contour Map

A contour map is a two-dimensional representation of three-
dimensional data. Contours define lines of equal Z values across the
map extents. The shape of the surface is shown by the contour lines.
Contour maps can display the contour lines; they can also display
colors and patterns between the contour lines.

N =

Thisisafilled contour map
showing different colors for
various Z levels.
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Base Map

Base maps display boundaries on a map. Boundaries can include roads, buildings, streams, lakes,
and so on. Base maps can be produced from several file formats. Refer to Appendix C, File
Formats for more information.
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A base map, consisting of Colorado county boundary
lines, is displayed on top of a contour map of Colorado.

Post M aps

Post maps and classed post maps show data locations on a map. You can customize the symbols
and text associated with each data location on the map.
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Image Maps and Shaded Relief M aps

Image maps and shaded relief maps are raster images based on grid files. Image maps assign
colors based on Z values from a grid file. Shaded relief maps assign colors based on slope
orientation relative to a light source.

2000 4000 6000 8000 10000

The same DEM file was used to create the image map
on the left and the shaded relief map on theright.

Vector Maps

Vector maps display direction and magnitude data using individually oriented arrows. For
example, at any grid node on the map, the arrow points in the direction of steepest descent
("downhill") and the arrow length is proportional to the slope magnitude. In Surfer, vector maps
can be created using the information in one grid file (i.e. a numerically computed gradient) or two
different grid files (i.e. each grid giving a component of the vectors).

T Ty T R
S e R "
M:itjbgq \u\ﬁ/gg’v N
A Ay - X 4 |
A A A e N s
o P ALY
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,:;ji:*‘i‘;«/;;rﬂ/*‘éx\:\mi:,
[ R \:::1‘2/“6// \\‘\M¥ \ iéﬁ/"ﬁ v TR
**X‘*»ﬁki// \\L\,\\K// \
‘ﬁi:$’,4§xl/4 \\ %;&h’/’/
BRSO R R DO LI R

Thisis an example of a vector map.
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Wireframes

Wireframes are three-dimensional representations of a grid file. Lines of equal Z values can be
displayed on a wireframe, creating a stacked contour map.

A wireframe displays a grid's rows and columns.

Surfaces

Surfaces are color three-dimensional representations of a grid file. The colors, lighting, overlays,
and mesh can be altered on a surface.

Surfaces show gridsin 3D color.

10
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Reports

You can gather information about your data by:

clicking the Statistics button in the Grid Data dialog to obtain a Data Statistics Report,
checking the Grid Report option in the Grid Data dialog to create a Gridding Report,

clicking the Report button in the Variogram Properties dialog to create a Variogram Grid
Report,

checking the Generate Report option in the New Variogram dialog to create a Variogram
Grid Report,

]

or checking the Report option in the Cross Validation dialog to create a Cross Validation
Report.

clicking the button in a map properties dialog to generate Grid Information,

If you make changes to the data selection (e.g. changing a data column or changing the data
filtering method), you can generate a new report by repeating one of the processes listed above.
Review the Reportstopic in online help for details on the report contents.

System Requirements

Operating System: Windows 98, Me, XP, 2000, or higher
Monitor Resolution: 800 X 600 X 256 colors minimum
Hard Disk: At least 25 MB of free hard disk space

RAM: 32 MB free minimum, 64 MB free recommended

CPU: 100 MHz Pentium processor minimum

11
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A Note about the User’s Guide and Online Help

Various font styles are used throughout the Surfer User's Guide and online help. Bold text
indicates menu commands, dialog names, and page names. Italic text indicates items within a
dialog such as group box names, options, and field names. For example, the Import File dialog
contains a Look in drop-down list. Bold and italic text may occasionally be used for emphasis.

Also, menu commands appear as Map | Base Map. This means, "click on the M ap menu at the
top of the plot window, then click on Base M ap within the Map menu list." The first word is
always the menu name, followed by the commands within the menu list.

I nstallation Directions

Golden Software does not recommend installing Surfer 8 over any previous version of Surfer.
Surfer version 4 (DOS), 5, 6, 7, and 8 can coexist on the same computer as long as they are
installed in separate directories.

To install Surfer 8 on Windows XP or 2000, you need to have administrator rights for that
computer.

To install Surfer:

1. Insert the Surfer CD in the CD-ROM drive. The install program automatically begins on
most computers.

2. Choose Install Surfer from the Setup Options window to begin the installation.

If the installation does not begin automatically, double-click on setup.exe in Windows Explorer.

12
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Network I nstallation

An administrative install may be performed in order to install files to a network server. Once
installed on the network server, individual workstation installations can be performed. The server
software must support long file names.

ATTENTION: You may use Surfer on a networked system if the number of Surfer users on the
network at one time does not exceed the number of licensed copies of Surfer.

To install Surfer on the server:

1. Log on to the file server with administrator rights.

2. Click Start | Run.

3. Enter the path to SETUP.EXE followed by /a. For example, r:\Setup.exe /a
4

When setup asks for a destination folder, choose one on the file server (e.g. C:\SurferServer).
This should be a new, empty directory. Setup copies all the Surfer files plus the setup
program and its associated files to the server drive.

5. We recommend flagging the server folder contents as read-only.

NOTE: If you wish to run Surfer on a Windows server itself, you will need to run setup again
without the /a switch and install Surfer normally to a new directory.

Next, install Surfer at each workstation:
1. Log on to the file server from each workstation that will run Surfer.

2. Start Windows and run the copy of SETUP.EXE located in the server folder. DO NOT RUN
SETUP FROM THE CD-ROM!

3. When the setup asks for a destination folder, choose one on the local hard drive.

You will need to enter a Surfer serial number the first time Surfer is run on each workstation.

13
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Troubleshooting I nstallations

If you are experiencing errors with the installation, please install Surfer with error logging.

To create an installation error log:
1. In Windows, go to Start | Run.
2. Type [drive letter]:\[path]\setup.exe" /V"/L* [drive letter]:\[path]\S8.log

Replace the [drive letter] and [path] with a drive letter and path on your computer. The path
to the log file cannot contain spaces.

3. Click OK. After the installation process terminates, the log file is created in the path you
specify. Please send the log file to technical support along with the installation message text.

Updating Surfer
To update your version of Surfer, open the program and select Help | Check for Update.

Do not install a newer FULL version of Surfer 8 over a previous version of Surfer 8. This does
not update the software. (i.e. Do not install 8.02 over 8.00.) If for some reason you need to do a
full installation of Surfer 8, uninstall the previous version before installing the updated version.

Uninstalling Surfer

To uninstall Surfer, use Add/Remove Programs in the Control Panel. You can access the Control
Panel by clicking the Windows Start button, clicking on Settings, and then clicking on Control
Panel.

14
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Getting Help
OnlineHelp

The User’s Guide is just one part of the documentation for Surfer. Extensive additional
information about Surfer is located in the online help. To access online help, choose Help |
Contents for a hierarchical arrangement of help topics. By clicking on the topic of interest,
information regarding the topic appears.

Context-Sensitive Help

Surfer also contains context-sensitive help. Highlight a menu command, window region, or
dialog box, press the F1 key, and help is displayed for the highlighted item. Another way to
access context-sensitive help is by clicking on the context-sensitive help button. After clicking the

h? button, the cursor appears with a ? next to it. Simply select the item for which help is desired
with the modified pointer and a help window appears.

In addition, the dialog boxes contain a help button. When you have an open dialog, click the E‘
button in the dialog title bar to obtain help for that dialog. Many dialog details are contained in
online help.

I nter net
There are several Web resources available for help.
= Click the Forum button in online help to research a Surfer question or to post a question.

= You can use the Help | Feedback command to send a problem report, suggestion, or
information request by e-mail.

Technical Support

Golden Software’s technical support is free to registered users of Golden Software products. Our
technical support staff is trained to help you find answers to your questions quickly and
accurately. We are happy to answer any of your questions about any of our products, both before
and after your purchase. We also welcome suggestions for improvements to our software and
encourage you to contact us with any ideas you may have for adding new features and capabilities
to our programs.

15
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Technical support is available Monday through Friday 8:00 AM to 5:00 PM Mountain Time,
excluding major United States holidays. We respond to e-mail and fax technical questions within
one business day. When contacting us with your question, have the following information
available:

= Your Surfer serial number (located in the front cover of this User's Guide or in Help | About
Surfer)

= Your Surfer version number, found in Help | About Surfer
= The operating system you are using (Windows 98, Me, XP, or 2000)

= The exact wording of the first error message that appears (if any)

Contact Information

Telephone: 303-279-1021

Fax: 303-279-0909

E-mail: surfersupport@goldensoftware.com

Web: www.goldensoftware.com (includes FAQs and support forum)

Mail: Golden Software, Inc., 809 14th Street, Golden, Colorado, 80401-1866, USA

16
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Tutorial

Tutorial Introduction

This tutorial is designed to introduce you to some of Surfer'sbasic features. After you have
completed the tutorial, you should be able to begin creating your own grids and maps.

Tutorial Lessons
The following is an overview of lessons included in the tutorial.

= Lesson 1 - Creating an XYZ Data File shows you how to import a data file and how to create
a new data file.

= Lesson 2 - Creating a Grid File shows you how to create a grid file, the basis for most map
types in Surfer.

= Lesson 3 - Creating a Contour Map shows you how to create a contour map and change the
contour map properties.

= Lesson 4 - Creating a Wireframe shows you how to create a wireframe and set the wireframe
properties.

= Lesson 5 - Posting Data Points and Working with Overlays shows you how to create a post
map and overlay it with a contour map so that both maps share the same axes.

= Lesson 6 - Introducing Surfaces shows you some of the features associated with the new
surface maps.

The lessons should be completed in order, however, they do not need to be completed in one
session.

17
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Under standing How to Use Surfer

The most common

application of Surfer is
to create a grid-based XYZ Data File
map from an XYZ data
file. The Grid | Data
command uses an XYZ
data file to produce a )
grid file. The grid file Grid [.GRD] File
is then used by most of
the M ap menu
commands to produce

Grid Data Command

maps. Post maps and Contour Command Wireframe Command
base maps do not use

grid files. Contour Map Wireframe Map
The flow chart to the This flow chart illustrates the relationship between XYZ

right illustrates the data files, grid files, contour maps, and wireframes.

relationship between
XYZ data files, grid files, contour maps, and wireframes.

Starting Surfer

To begin a Surfer session:

1. Click on the Windows Start button.

2. Navigate to Programs | Golden Software Surfer 8 and click Surfer 8.

3. Surfer starts with a new empty plot window. This is the work area where you can produce
grid files, maps, and modify grids. Ifthis is the first time that you have opened Surfer, you
will be prompted for your serial number. Your serial number is located on the inside front
cover of this User’s Guide.

18
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Lesson 1 - Creating an XYZ Data File

An XYZ data file is a file containing at least three columns of data values. The first two columns
are the X and Y coordinates for the data points. The third column is the Z value assigned to the
XY point. Although it is not required, entering the X coordinate in Column A, the Y coordinate in
Column B, and the Z value in Column C is a good idea. Surfer looks for these coordinates in
these columns by default.

A B C
1 [<Data Y Data £ Data
pis 0.1 0 a0
3 a 3 43
4 1.3 7 a2
5 47 1 (31a]
b 1.7 56 75
7 B 1 ad
8 24 3k &0

Thisisa simple XYZ data file. Noticethat the X, Y, and
Z data are placed in Columns A, B, and C, respectively.

See Chapter 3, Data Files and the Worksheet for a complete description of XYZ data files,
worksheet windows, and how to manipulate data in the worksheet.
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Opening an Existing Data File
To look at an example of an XYZ data file, open TUTORWS2.DAT into a worksheet window:

1. Choose the File | Open command, or click the g button to select the XYZ data file to

20

display in the worksheet window.

Lok, i I 3] Samples

~| & & ef B

é Sample2.srf
SAMPLE3I.DAT
é Sample3. srf
é Sampled._sif

é Sampleb.sif
é Sampleb.sif

kil

£ Sample?._srf
£ Sample8. srf
o SYMBOLS.SRF
o« TUTORIAL.SRF
EE TUTORWS.DAT

TUTORWS2 DAT

%Uariﬂ .dat

[

File name: |TUTDHW52.DM

Open I

Filez of type: If-'«ll Recaognized Types

- Cancel
EEETN

In the Open dialog, select the sample file TUTORWS2.DAT included with Surfer.

Double-click on the SAMPLES folder. In the list of files, click TUTORWS2.DAT and then
@ TUTORWS2 DAT

click the Open button to display the
file in the worksheet window.

Notice that the X coordinate (Easting)
is in Column A, the Y coordinate
(Northing) is in Column B, and the Z
value (Elevation) is in Column C.
Although it is not required, the header
text (the text in row 1) is helpful in
identifying the type of data in the
column, and this information is used
in dialog boxes when selecting
worksheet columns.

1

A Easting
A | B C -
1 |Easting Maorthing  |Elevation
i 0.1 1] a0
3 3.5 1] 45
4 4.9 1] B5
? 6.2 0 40, ~|

2

When a data file is displayed, the name of the fileis shown in
thetitle bar of the worksheet window. In thisfile, row 1
contains descriptive information about each column of data.
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Creating a New Data File

The Surfer worksheet can also be used to create a data file.

To open a blank worksheet window and begin entering data:

1.
2.

Choose the File | New command or click the E button.

Click the Worksheet option in the New dialog and then click the OK button to display a new
empty worksheet window.

active cell location active cell edit box

i Sheetl

3
the active cell is 4
indicated with a [ =
heavy border
1| |

Data are entered into the active cell of the worksheet.

The active cell is selected by clicking on the cell or by using the arrow keys to move between
cells. The active cell is indicated by a heavy border and the contents of the active cell are
displayed in the active cell edit box.

When a cell is active, enter a value or text, and the information is displayed in both the active
cell and the active cell box.

The BACKSPACE and DELETE keys can be used to edit data as you type.

Press the ENTER key. The data are entered into the cell and the active cell moves down one
TOW.

21



Chapter 2 - Tutorial

Saving the Data File

When you have completed entering all of the data:

1. Choose the File | Save command, or click the E button. The Save Asdialog is displayed if
you have not previously saved the data file.

2. Inthe Save astype list, choose
the Golden Software Data Save as type: |Excel Spreadshest [7.x05) LI

(*.dat) option. Ewcel Spreadzshest [* xlz] L

3. Type the name of the file into Microsaft SYLE, [*.5lk)
the File name box. Comma Separated Varables [*.cav]

ASCI Draka [ ket
4. Click Saveand a GS| Data Golden Software Data [*.dat]
Export Options dialog opens. Aflaz Boundan [*.bna) _
5. Accept the defaults in the GSI Golden Software Blanking [*bin)
Data Export Options dialog Click the down arrow to select Golden
by clicking the OK button. Software Data (*.dat) for the file type.

The file is saved in the Golden Software Data [.DAT] format with the file name you specified.
The name of the data file appears at the top of the worksheet window.
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Lesson 2 - Creating a Grid File

Grid files are required to produce a grid-based map. Grid-based maps include contour maps,
image maps, shaded relief maps, 1-grid vector maps, 2-grid vector maps, wireframes, and
surfaces. Grid files are created using the Grid | Data command. The Data command requires
data in three columns, one column containing X data, one column containing Y data, and one
column containing Z data. We have included a sample XYZ data file (TUTORWS.DAT) with
Surfer for you to see how to produce a grid file. After completing the tutorial, if you need to
produce an XYZ data file of your data for your work, see Creating a New Data File on page 21.

To produce a grid file from TUTORWS.DAT:

1.

If you have the worksheet window open, click on the Window menu and choose Plot1.

Alternatively, you can
create a new plot window
with File | New (select
Plot Document and then
click OK).

Choose the Grid | Data
command.

In the Open dialog, select
TUTORWS.DAT (located
in Surfer's SAMPLES
folder). The name appears
in the File name box
below the list of data files.

Click Open and the Grid
Data dialog is displayed.
Alternatively, you can

double-click the data file

HE

[ I 3 Sampls:

+-BoE

MDI MIFEHID AT
ﬂl’.ln-nﬂunr hin
1| Dipman lice. bin
1 SAMPLELDAT

Hl TuToRwsS2 DAT

L Vaimal dat

F b v | TUITOR S AT

o= ]

Fibas of pages: |F. | Fiescogruzed Type

;I Caincal |

Select TUTORWS.DAT from Surfer's SAMPLES folder to createa grid file.

name to display the Grid Data dialog.

The Grid Data dialog allows you to control the gridding parameters. Take a moment to look
over the various options in the dialog. Do not make changes at this time, as the default
parameters create an acceptable grid file.

= The Data Columns group is used to specify the columns containing the X and Y
coordinates, and the Z values in the data file.

= The Grid Line Geometry group is used to specify the XY grid limits, grid spacing, and
number of grid lines (also referred to as rows and columns) in the grid file.

= The Gridding Method group is used to specify the interpolation method and interpolation
options. The Gridding Method is Kriging by default.

= The Output Grid File group is used to specify the path and file name for the grid file.
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= The Grid Report option is used to specify whether to create a statistical report for the

data.

Grid Data - C:\Program Files\Golden 5uftware\SurlerB\Samples\TU...nH

— Data Columns

[47 data points)

Filter Data... |

1=C

: IEDIumn B: Maorthing

LI Yiew [1ata |

£ II:u:qumn . Elevation

Cancel |

¥ Grid Report

j Statiztics |

— Gridding kethod

IKriging LI Advanced Options. .. | Cross Walidate. .
— Output Grid File

IE:'&F‘rugram Filez\Golden 5 oftwarehSurferdsSamplez\TUTORWS. ard e
— Gnd Line Geometmy

b inimum b aimam Spacing # of Linez
¥ Direction: |0 B {nosngnaosost 100 =
¥ Direction: |0 7 [EEIEERETET I

The Grid Data dialog allows you to specify the gridding
parameters to use when creating the grid file.

6. Click OK. In the status bar at the bottom of the window, a display indicates the progress of
the gridding procedure. By accepting the defaults, the grid file uses the same path and file
name as the data file, but the grid file has a [.GRD] extension.

|Glidding using kriging with a sector search: filling the grd... - 2% |Time remaining: 13 sec [Esc to Cancel]

2

The status bar indicates the progress of the gridding procedure.

7. By default, a message appears after gridding the data. Click OK in the grid file has been
created message box.

8. If Grid Report is checked, a report is displayed. You can minimize or close this report.
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L esson 3 - Creating a Contour Map
The Map | Contour Map command creates a contour map based on a grid file.

To create a contour map of the TUTORWS.GRD file created in the previous lesson:

==
Choose the Map | Contour Map | New Contour Map command, or click the button.

2. The Open Grid dialog is displayed. The grid file you just created (TUTORWS.GRD) should
appear in the File name box. If the file does not appear in the File name box, select it from
the file list.

Click the Open button to create a contour map.
4. The map is created using the default contour map properties.

If you want the contour map to fill the window, choose the View | Fit to Window command.

Opening the Map Properties

After creating a map, you can change the map properties. There are several ways to open an
object's properties. The most common method is to double-click on the object. Refer to Object
Properties in Chapter 21, Creating, Selecting, and Editing Objects for alternative methods of
opening properties.

Changing Contour Levels

After you create a contour map, you can easily modify any of the map features. For example, you
might want to change the contour levels displayed on the map.

To change the contour levels of the map you just created:

1. Place the pointer inside the limits of the contour map and double-click to open the contour
map properties dialog.
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2. In the contour map properties dialog, click the L evels page to display the contour levels and
contour line properties for the map. In this example, the contour levels begin at Z = 20. Click
on the scroll bar at the right to scroll to the bottom. You can see that the maximum contour

level is Z = 105 for this map and that the contour interval is 5.

Map: Contours Properties nm

| WiEw I Scale I Lirnits I Backgmundl

Level Line | Fil__| Label | Hach | = Add |
20 —HE - Mo
25 ——HE - Mo Delete |
30 I - Ma
35 N o Mo Laedl
40 N o Ma ;l
45 I e Mo
50 m N, — S |
F5 [ Ma
B0 N Ho Ma
B5 T He Ma
70 O ves Mo -]
—-c | | (Y. (Y.

] | Cancel | Apply I

Click the Levels page to display the contour level properties.

3. To change the contour range and interval, click the Level button and the Contour Levels
dialog is displayed. This shows the Minimum and Maximum contour level for the map and the

contour Interval.

26



Chapter 2 - Tutorial

4.

Double-click in the Interval box and type the value 10. Click the OK button and the L evels
page is updated to reflect the change.

Conour Levels —————BAE|

Drata Limits: 24.3333333711 to 104.3050353324

— Caontar

kiniruim: IEEI
M axirnuim: I'I 05

Interval: |1 o

IJze Defaults

Cancel

difd

Open the Contour Levelsdialog by clicking
on the Level button on the Levels page.

Click OK in the contour map properties dialog and the map is redrawn with the new contour

levels.
7 | | |
67
5- 70
47
S
2
2- 2 -
17
0 \A\ T /\\\ T
3 4 5 6 7 8

\ \
o 1 2 9

After completing step 5, the contour map is
redrawn using 10-foot contour intervals.
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Changing Contour Line Properties

You can double-click any of the elements in the list on the L evels page to modify the individual
element. For example, you can double-click an individual Z value in the list to change the Z value
for that particular contour level. You can also double-click the line style for an individual level to
modify the line properties for the selected level. This provides a way to emphasize individual
contour levels on the map.

Double-click on afill sampleto Double-click on Yes or No to control the display of
change thefill propertiesfor alevel. contour labels and hachures for a level.

Map: Contours Propesties

Level Lire Fill Label | Hach [ Add
20 _— Yes / Ma ‘/
30 _— Mo Mo Delete
40 _— Mo Mo 4'
50 — I e Mo Laad..
B0 — [ Ha Ma ;l
70 T ves Mo
a0 1 Mo Mo _ Save.. |
an L1 Heo Ma

100 L 1 HNo Ma

/ k. \l Canicel | Apply I
/ N\

Double-click on the level value to Double-click on a line to change
enter a new Z value for a level. line propertiesfor a level.

You can double-click on individual elements on the Levels page to set specific parameters for the selected level.
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To change contour line properties:
1. Double-click the contour map to open the map properties.
2. On the Levelspage, double-click the line

sample for the contour level at Z = 70 to Line Properties EHE |

open the Line Properties dialog.

3. You can select the line color, style, or Syle [——I~ | Ok I

width for the selected line in the Line _
Propertiesdialog. In the Width box, Color: I - | Leiec] |

click the up arrow, and change the width
value to 0.030 in. (A width of 0.000 in is
equivalent to one pixel width.)

Sample
4. Click OK in the Line Properties dialog ’V
and the L evelspage is updated to reflect
the change.

5. Click OK in the map properties dialog You Car’]‘ use the I__inefPrhop;ti&sedC:?!og to
and the map is redrawn. The contour set the properties of the selected fine.
line at Z = 70 is drawn with a thicker line.

7
67
57
47
3 -
=)
Y
2+ 2 G
17 -
0 \A\ I \A I I
3 4 5 6 7 8

\ \
0 1 2 9

wfidth: 0.030 in —

The contour line at Z = 70 appears bolder than the other
contour lines on this map after changing the line properties.
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Adding Color Fill between Contour Lines

Color fill can be assigned to individual levels in the same way as line properties. Alternatively,
you can assign colors based on a gradational spectrum between two colors.

The Levelspage in the contour map properties dialog shows a correspondence between a level
(under the Level button) and a color (under the Fill button). The colors are used to fill in the space
between the corresponding level and the next higher level. For example, if the contour levels are
20, 30, 40,..., etc., then the color corresponding to level 20 is used to fill in the space between the
level 20 contour and the level 30 contour.

To change color fill:
1.  Double-click the contour map and to open the contour map properties dialog.
2. Click the Fill Contours check box on the General page.

Map: Contourz Properties nm

General I Levelsl iew I Scale I Lirnitz I Backgmundl

— lnput Grid File
II::'xF'ru:ugram FilezhGolden SoftwarehSurfer8\S amplesh TUT ORWS ﬂ =

Smoothing————— [~ Blanked Regionz

[ Smooth Contours Fill Mare |
Color Scal :
| [ClorSeake | | ppour: [Low 7] Line:  Irwisible |

Fault Line Properties:

k. Canicel | Apply I

Make sure the Fill Contours box is checked on the
General page to add fill between the contour lines.
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3. Onthe Levelspage, click the Fill button to open the Fill dialog.

Cancel |
FEoreground Calar; -:I

Affected Levels

B ackground Color: -:I First: |1 =
Set |1 3:

Background Mode; ITfﬂﬂSparent j Skip: IEI 3

Fill Pattert:

You can use the Fill dialog to set the contour
level foreground and background fill.

4. Click the Foreground Color button

to open the Color Spectrum dialog.  \EaRUELLIEL HE

This dialog gllows you .to select Chrl-Click to insert new nodes, Del to remove
colors to assign to specific Z values. ¥ 0 value:

Click on the left anchor point J - 0
button above the spectrum, click on

blue in the color palette, and then
click OK. The Foreground Color
button is now displayed as a

gradation from blue to white in the
Fill dialog.

5. Click OK and the fill colors on the D ata to Color Mapping
L evels page are updated to reflect the ™ Use data limits

change. T I—
bdinimum: {20 0K

Color:  Blue

6. Click OK and the contour map is _
redrawn with color fill between the T I1 05 Cancel
contours.

To change the color spectrum, click the left anchor
button and then click blue in the color palette.

W
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Add, Delete, and M ove Contour Labds

Contour label locations can be changed on an individual basis. Labels can be added, deleted, or
moved.

To add, delete, and move contour labels:

1.

32

Right-click on the contour map and choose the Edit Contour Labelsoption. You can also
edit labels of a selected contour map using the Map | Contour Map | Edit Labels command.

The pointer changes to a black arrowhead ™ t0 indicate that you are in edit mode.

To delete a label, click on the label and press the DELETE key on the keyboard. For
example, click on a 70 label and then click the DELETE key on your keyboard.

To add a label, press and hold the CTRL key on the keyboard and click on the location on the
contour line where you want the new label located. Add a 60 contour label to the lower left
portion of the map.

To move a contour label, click on the label, hold down the left mouse button, and drag the
label. Move the 70 contour label on the right portion of the map to the north.

To exit the Edit Contour Labels mode, press the ESC key.

0 1 2 3 4 5 6 7 8 9

Contour labels can be moved, added, or deleted.



Chapter 2 - Tutorial

Modifying an Axis

Every contour map is created with four axes: the bottom, right, top, and left axes. You can
control the display of each axis independently of the other axes on the map. In this example, we
will change the contour spacing and add an axis label.

To modify an axis:

1. Move the pointer over one of the axis tick labels on the bottom X axis and left-click the
mouse. In the status bar at the bottom of the plot window, the words "Map: Bottom Axis" are
displayed. This indicates that you have selected the bottom axis of the contour map.
Additionally, hollow handles appear at each end of the axis, and solid green handles appear
surrounding the entire map. This indicates that the axis is a "sub-object" of the entire map.

hollow handles

Eight solid green handles appear around the selected map, and hollow handles appear
at the ends of the selected sub-object. In this case, the bottom axisis the sub-object.

2. Double-click on the bottom axis to display the bottom axis properties dialog.
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3. Inthe Titlebox on the General page, type "Bottom Axis" (without quotes) and then click the
Apply button. This places a title on the selected axis.

Map: Bottom Axis Properties n m |

General | Ticks | Sealing | Grid Lines |
—Title — Labels

Bottom Axis ﬂ W Show .-’-‘-.ng_le:m
Offzet; IEI.EI1 in 3:
Offzet along awiz: IEI.EIEI if 3:

Offzet from axis: 000 in Label Format. .. | Font... |

FEont... | Angle: ﬁ

Axiz Abtribukes:

— Az Plane

] 4 | Cancel |

If you would like to edit other axes, just click on the axis. You do
not need to close the dialog before changing your selection.

4. If you cannot see the axis title, select View | Zoom | Selected. Notice that you do not have to
close the properties dialog to select menu commands, toolbar buttons, or objects in the plot
window.
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5. Click on the Scaling page to display the axis scaling options. In the Major Interval box, type
the value 1.5 and then click the Apply button. This changes the spacing between major ticks
along the selected axis.

Map: Bottom Axis Properties n m |

Generall Ticks Scaling I Grid Linesl

[ Automatic Sealing

Az kinirmun; IEI Crozz % Axiz ab: IEI
Atz b i IEI Crozz £ Awiz at: IEI
b ajar [nterval: |1 A

Firzt M ajor Tick: IEI
Last Major Tick: IE

] | Cancel | Apply I

Enter 1.5 for the Major Interval to space the ticks 1.5 units apart.

6. Click on the General page and

then click the Label Format LabelFornat _________________HH

button to open the Label Format Type

dialog. ¥ Fixed Decimal Digits: |1| 3: |LI
7. In the Label Format dialog, " Exponential | | [ Thousands Cancel |

select the Fixed option in the " Compact [ &bsolute Value

Type group. Click on the down

arrow on the Decimal Digits box

and change the value to 1. This Prefis: |
indicates that only one digit _
follows the decimal point for the Suffi: |

axis tick labels.

8. Click OK in the Label For mat
dialog to return to the axis
properties dialog.

Sample: dd

Set the label format to Fixed with one
Decimal Digit in the Label Format dialog.
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9. Click OK in the axis properties dialog and the map is redrawn. The axis tick spacing and
labels are changed, and the axis title is placed below the map.

0.0 15 3.0 45 6.0 7.5 9.0
Bottom Axis

You can use the axis properties dialog to change
the tick mark and axistitle properties.

SavingaMap
When you have completed the map or drawing in the plot window, you can save the map to a

Surfer file [.SRF] containing all the information necessary to reproduce the map. When you save
a map, all the scaling, formatting, and parameters for the map are preserved in the file.

To save a map:

1. Choose the File | Save command, or click the E button. The Save Asdialog is displayed
because the map has not been previously saved.

2. In the File name box, type TUTORWS.

Click Save and the file is saved to the current directory with an [.SRF] extension. The saved
map remains open and the title bar changes reflecting the changed name.

36



Chapter 2 - Tutorial

Exporting 3D Contours

When you have completed a contour map in the plot window, you can export the contour lines
with associated Z values to an AutoCAD DXF file.

To export contour lines:
’ . . ERT ] Hap)
1. Select the map by clicking on the map in the plot i Right Axis

window or by clicking on the word "Contours" in the F-++ Left Axis
Object Manager. -+ Top Axis
2. Choose Map | Contour Map | Export Contours. ..+ Bottom Axis

In the Save Asdialog, type TUTORWS into the File o
name box.

4. C'lick Save anq the file is equrted to the current You can slect the map by dlicking on it
directory. This creates a file titted TUTORWS.DXF in the Object Manager (above) or by
that can be opened in any program with an AutoCAD clicking on the map in the plot window.

If you do not see the Object Manager,

DXF import option. click View | Object Manager to openit.

Lesson 4 - Creating a Wireframe

Wireframes are three-dimensional representations of a grid file. Wireframes are block diagrams
generated by drawing lines representing the grid X and Y lines (the grid columns and rows). At
each intersection of a column and row (i.e. at each grid node), the height of the surface is
proportional to the grid Z value at that point. The number of columns and rows in the grid file
determines the number of X and Y lines drawn on the wireframe.

Creating a New Wireframe

To create a new wireframe:

Select the File | New command, or click the E button.

2. Select Plot Document, in the New dialog and click OK. A new empty plot window is
displayed.

Select the Map | Wireframe command or click the @ button.

4. Choose the grid file TUTORWS.GRD from the list of files in the Open Grid dialog, click
Open, and the map is created. (TUTORWS.GRD, created in Lesson 2 - Creating a Grid File,
is located in Surfer's SAMPLES folder.)
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Changing the Orientation of a Wireframe

Although this example uses a wireframe to illustrate rotation and tilt, you can perform this
operation on most map types in Surfer.

To change rotation and tilt:

1. Click on the map once to select it.

Click the Map | Trackball command or click the button.

Click the left mouse button and hold it while moving the mouse to the left and right. This
changes the rotation of the wireframe. The rotation is listed in the status bar.

4. Click the left mouse button and hold it while moving the mouse up and down. This changes
the tilt of the map. The tilt is listed in the status bar.

5. Once you have rotated and tilted the map, click the ESC key on your keyboard to end
trackball mode.

Changing the rotation, tilt, field of view, and projection can also be accomplished by double
clicking the wireframe and using the options on the View page.

Thisisthe wireframe at a new rotation and tilt.
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Changing the Scaling of a Wireframe

You can change the scaling of wireframes and surfaces in three dimensions. In this example, the
Z scaling is changed, and the wireframe becomes somewhat exaggerated in the Z dimension.

To change the Z scaling:

1. Double-click the
wireframe to open the
map properties.

2. Click the Scale page.
You can set scaling
by entering the
number of map units
per inch or by
entering the length for
the map in page
coordinates.

3. Inthe Length box of
the Z Scale group,
change the value to 3
by scrolling to 3 or by
highlighting the
existing value and

typing 3. The Map
units value changes to
reflect the change you
made.

Map: Wireframe Properties

Generall £ Levelsl Caolar Zunesl Wigw

Scale | B ackaround |

— Scale

1.0in. = [1.5 Map unite  Length: IE.EIEI in 5:
— Scale

1.0in. = [1.5 Map unite  Length: |4.E? in 5:
—& Scale

1.0in = |25.535E|1 32 Mapunitz  Length: |3 in 3:

¥ Propartional $v Scaling

ok |

Cancel

| Apply I

On the Scale page, you can change the Z scaling on wireframes and surfaces.

Click OK and the wireframe is redrawn exaggerated in the Z dimension.
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The Z scale on the wireframe is changed Z dimension is exaggerated.
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Adding Color Zonesto a Wireframe

You can change the line colors of any wireframe by applying color zones. In this example, we
will change color zones gradationally and individually.

To add a color zone to a wireframe:

1.

2.
3.
4

10.

40

Double-click on the wireframe, to display the wireframe properties dialog.
Click on the Color Zones page.
Click on the Line button to display the Line Spectrum dialog.

Click on the Minimum Line Properties button to open the Line Properties dialog. From here,
you can select the line color, style, or thickness.

e Spoctom A

tinirum Ling Properties
s i oK |
Cancel |

b axirnum Line Properties

Click the Line button on the Color Zones
page to open the Line Spectrum dialog.

Click on the Color button and select blue.
Click OK to return to the Line Spectrum dialog.

Click on the Maximum Line Properties button and change the line color to red using the steps
above.

Click OK in the Line Spectrum dialog to return to the Color Zones page.

In the wireframe properties dialog, check the Apply Zonesto Lines of Constant X and Y boxes
by clicking in them.

Click Apply and the wireframe is displayed with gradational colors varying by the Z variable.
(Leave the dialog open.)
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To change the properties of an individual Z value:
1. Onthe Color Zones page, double-click the line sample for the contour level at Z = 70.

2. You can select the line color, style, or width for the selected line in the Line Properties
dialog. In the Width box, click the up arrow and change the width value to 0.030 in.

3. Click OK in the Line Properties dialog and the Color Zones page is updated to reflect the
change.

4. Click OK in the wireframe properties dialog and the map is redrawn. The color zone at Z =
70 is drawn with a thicker line, and is emphasized on the map. (If you need to zoom in on the

map, click the button and then click on the map. Click the ESC key on the keyboard
after you are finished zooming in.)
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Double-click on the 70 level line sample to emphasize the Z = 70 contour level.
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L esson 5 - Posting Data Points and Working with Overlays

Post maps are created by placing symbols representing data points on a map. Posting data points
on a map can be useful in determining the distribution of data points, as well as placing data or
text information at specific points on the map. Data files contain the XY coordinates used to
position the points on the map. Data files can also contain the labels associated with each point.

Creating Post Maps

When a new post map is created, it is independent of any other map in the current plot window.
When the two maps are displayed, notice that two sets of axes are also displayed, one set for each
map. When you use the Map | Overlay M aps command, the two maps are combined into a single
composite map with one set of axes.

To create a post map:

1. Choose File | Open to display the Open dialog. Choose TUTORIAL.SRF in the SAMPLES
directory and then click the Open button. TUTORIAL.SRF opens and contains a contour
map.

2. Select the Map | Post Map | New Post Map command or click the button.

Choose TUTORWS.DAT from the list of files in the Open dialog. (TUTORWS.DAT is
located in Surfer's SAMPLES folder.)

4. Click Open and the post map is created using the default properties.

The contour map and post map are two separate maps on the page. If you look closely at the X
axis, you will notice the two sets of axis tick labels for the two maps. Also, there are two map
frames and axes sets listed in the Object Manager. We will line up the maps with the Overlay
command after changing the post map properties.

Changing the Post Map Properties
To change the post map properties:

1. Open the Object Manager if it is not already open. The Object Manager is open if there is
a check mark displayed next to the words Object Manager in the View menu. If there is no
check mark, click on the command once.

2. Right click on the word "Post" in the Object M anager.
Select Properties from the context menu.
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In the post map properties dialog General page, click the
symbol button to open the Symbol Properties dialog. Default Syrbal
Default Anale:

o -

Choose the filled circle symbol from the palette and click
OK. The selected symbol appears in the symbol button.

Click the Apply button and the symbol appears at the posted Frequency:
data points on the map. : |'| 3:

In the Fixed Sze box (Symbol Size group), specify a size of The symbol button s located

0.09 in. in the Default Symbol group
Click OK and the post map is drawn with the new symbol on the General page.
size.

Map: Post Properties

— Data Filename — Default Symbol
II::'xF'ru:ugram Files\Golden Software (= Default Angle:
0 -
—Workzheet Calumns Erequency:

=

# Coord: IEDIumn & Eazting

% Coard: IEDIumn B: Marthing

=l

;I —Symbol Size——————
Symbal: IN':'”E ﬂ % Fived Size: ID-DE in E:
&nigle: INDHE j " Proportional — Szaling... |

] | Cancel | Apply I

You can change the symbol size to 0.09 inches on the General page.
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Overlaying M aps

To overlay maps:

1.

2.
3.

44

To see the two separate maps, place the mouse pointer in the center of the maps and click.
Press and hold the left mouse button and move the pointer slightly in any direction. Release

the button and the two maps are offset.
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DA

T
0o 1 2 3

jh)

0

B

=i1 Map

----- #++ Right Axis
----- [¥H+ Left Axis

----- H+H Top Axis

----- H+H Bottom Axis
..... Post

=i} Map

----- ¥+ Right Axis
----- [¥-+ Left Axis

----- ++ Top Axis

----- ++ Bottom Axis
----- Tutorial Contour Map

The two maps are offset to show that the contour map and post map are separate maps.
They also appear astwo separate maps in the Object Manager as shown on theright.

Click Edit | Select All to select both maps.

Choose the Map | Overlay M aps command to combine the two maps into a single composite

map.

El,{:} Map
L[5 Post

{#++ Right Axis

[+ Left Axis

[+ Top Axis

[+ Bottom Axis

-] Tutorial Contour Map

The contour and post maps are combined into a single composite map after using Overlay Maps. Notice
that the Object Manager displays one "Map" containing a post map, four axes, and the contour map.
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Selecting an Overlay and Assigning an Object 1D

After creating a composite map, you can still modify the individual overlays in the map.

Selecting M aps

An individual overlay can be selected in the composite map by clicking on the overlay in the plot
window or clicking on the overlay in the Object M anager .

The easiest way to select an overlay in a composite map is to click on the overlay name in the
Object Manager. However, you can also select the overlay in the plot window with the mouse.
Whenever two or more objects occupy the same position in the plot window, use the CTRL key
and the left mouse button to select the desired object. The CTRL key allows you to cycle through
the selection of overlapping objects. For example, if you want to select a text block behind a
rectangle, hold down the CTRL key and click until the text is selected. You can use the status bar
to help you to determine which object is selected.

Renaming the Post M ap
To select an overlay and assign an ID:

1. Make sure the Object Manager is open. If the Object
Manager is not open, click View | Object M anager.

2. Click the overlay name in the Object Manager. In
this case, click the word "Post." The status bar should
now report "Map: Post."

3. Choose Edit | Object ID.

4. Inthe Object ID dialog, type the name "Tutorial Post
Map" and click OK. The status bar, Object Manager, Click the word Post in the Object
and properties dialog title reflect the name change. Manager to select the post map.

obiectiv ___________HE|

Object 1D ITutu:uriaI Pozt Map

Ok I Eanu:ell

You can change the name of the
selected object using Edit | Object ID.

Left Axis
Top Anis
Bottom Axis

Tutonal Contour Map
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If you double-click on Tutorial Post Map in the Object M anager, notice that the properties dialog
title changes to Map: Tutorial Post Map Properties. When you rename an object in Surfer 8,
the object's properties dialog reflects the name change making it easier for you to keep track of the
object you are editing. For example, if you have eight post maps in the plot window, it is
beneficial to change the post map names to something meaningful to save time when trying to edit
them. This is especially important because the properties dialog can stay open when changing
selections.

Adding Labelsto the Post Map

You can add labels to the data points on post maps. The post map can be selected by a few
different methods, though only the Object M anager method is discussed here.

To add labels:
1. Right-click on "Tutorial Post Map" in the Object Manager and choose Properties.

2. Click on the Labelspage. In the Worksheet Column for Labels group, click the drop-down
arrow and a list of columns
in TUTORWS.DAT is 8.00
displayed.

3. Select Column C: Elevation
from the list.

4. Click the Format button to

6.00

open the L abel For mat 4.00+
dialog.

5. Change the Type to Fixed
and the Decimal Digits 2.007

value to zero.
6. Click OK to return to the
post map properties dialog.

7. Click OK and the overlay is
redrawn with labels on each
of the data points. You can add labelsto post maps through the post map properties dialog.

0.00+

10.00

46



Chapter 2 - Tutorial

L esson 6 - Introducing Surfaces

Surfaces are new to Surfer 8. They are
similar to wireframes, except that surfaces
are three-dimensional shaded renderings
of a grid file. Surfaces provide an
impressive visual interpretation of data.
Surfaces can be overlaid with other
surfaces, so that the surfaces will intersect
with each other. Surfaces can also have
overlays of other map types, excluding
wireframes.

You can control the color, lighting, Thisisa surface of the Telluride, Colorado USGS SDTSfile.
overlay blending, and wire mesh grid of a
surface.

Creating a Surface

To create a surface:

Select the File | New command, or click the E button.

2. Select Plot Document, in the New dialog and click OK. A new empty plot window is
displayed.

Select the M ap | Surface command or click the button.

Choose the grid file TUTORWS.GRD from the list of files in the Open Grid dialog, click
Open, and the surface is created using the default settings. (TUTORWS.GRD, created in
Lesson 2 - Creating a Grid File, is located in Surfer's SAMPLES folder.)

Adding an Overlay

You can overlay base, contour, post, image, shaded relief, and vector maps on surfaces. All
overlays, except other surfaces, are converted into a type of bitmap known as a texture map. This
texture map is then applied to the surface by stretching it and shrinking it as necessary. When
these maps are overlaid, you have a choice on how to treat the texture map. You can use the
colors from overlays only, from the surface only, or blend colors from the overlays and surface.
For example, you could create a color filled contour map, overlay the contour map and surface,
and then use the colors from the contour map only.
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When multiple surfaces of differing elevations are overlaid, the surfaces can intersect and overlap
each other. If the surfaces are adjacent to each other in the X or Y direction, the surfaces are
drawn side-by-side after using Map | Overlay Maps. In this example, we will overlay a plane
with the surface you just created.

First, create the surface plane:

1. Select the Map | Surface command or click the button.

2. Inthe Open Grid dialog, open Surfer's SAMPLES folder and select TUTORPL.GRD.
3. Click Open, and the surface is created using the default settings.
4

Right click on the upper 3D Surface in the Object M anager, choose Object |D and add the
text TUTORPL.GRD to the end of the 3D Surface label to make it easier to distinguish the
two surfaces in the Object Manager list.

Next, overlay the surfaces:
1. Click Edit | Select All to select both surfaces.
2. Click Map | Overlay Mapsto overlay the surfaces.

L
> A
oo

You can overlay two or more surfaces. Depending on each surface's
XYZ ranges, the surfaces may overlap or intersect each other.
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Adding a Mesh

Mesh lines can be applied to surfaces.

To add a mesh:

1. Double-click on the surface to open the surface properties.
Click the M esh page.
Check the X and Y boxes.

2
3.
4.
5

Change the Fregquency to 5 for the X and Y lines.
Click the OK or Apply button to add a mesh to the selected surface.

Notice that the mesh is applied to the selected surface within the composite map, not to both
surfaces. With all map types, you can only change the map-specific properties of one map at a
time. Properties that apply to all overlays in the composite map include View, Scale, Limits, and
Background.

o
The mesh is applied to the selected overlay in the composite map.
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Changing Colors

Changing color schemes on surfaces is similar to changing colors on other map types such as
image maps or contour maps. The Color Spectrum dialog is used to load previously defined
color schemes, and it is also used to create your own color schemes. The Color Spectrum dialog
is discussed in greater detail in Chapter 16, Adding Color to Maps.

Before experimenting with color, let's create a new surface map in a new plot window:

1. Click File| New or click the E button.
2. In the New dialog, select Plot Document and then click OK.

Select the M ap | Surface command or click the button.

4. Inthe Open Grid dialog, open Surfer's SAMPLES folder and select any grid file [.GRD].
HELENS2.GRD is a good choice for experimenting with color.

5. Click Open, and the surface is created using the default settings.

To change the surface material color:
1. Double-click on the surface to open the surface properties.
2. There is a Material Color group on the General page. Click the Upper button.

b aterial Calar

Shininess [%];
IBEI 3:

Click the Upper button in the Material Color
group to change the surface material color.
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3. Click the Load button in the Color Spectrum dialog.

Caolor Spactum EE

Eﬂﬁﬂthrﬂﬂmﬂi.ﬂdhmﬁ
T

[

Enlw: Eiach.

BOOLCNERE0

OooSEEmmD - &= |
Dt b Cipo W appng
v Llm clala frite

M 534 ak
e ET— fl

Click the Load button to use a different color
spectrumfile [ .CLR] for the surface material color.

4. The color schemes are stored in color spectrum files containing a [.CLR] extension. By
default, Surfer opens in the SAMPLES folder, which contains many predefined color
spectrums. (Browse to the SAMPLES folder if it is not open.) Click on one of the [.CLR]
files to select it and then click the Open button.

5. Notice that the colors and anchor node positions have changed in the Color Spectrum
dialog. Click OK in the Color Spectrum dialog to return to the surface map properties
dialog.

6. Click the Apply button in the surface map properties dialog to see your color changes. Drag
the surface map properties off to the side if you cannot see the map.

You can continue to experiment with the colors by clicking the Upper button and loading other
color spectrum files.

Need More Information?

If you find you still have questions after you have completed the tutorial, you should consider
reviewing the material in the rest of the User’s Guide or accessing Surfer's extensive online help.
Usually, the answers to your questions are found in these locations. However, if you find you still
have questions, do not hesitate to contact Golden Software’s technical support. We are happy to
answer your questions before they become problems.
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Chapter 3

Data Files and the Worksheet

Introduction to Surfer Data and Wor ksheet Windows
Data Files

Data files contain the raw information used to create a grid file, perform residual calculations, or
produce post maps. Each record in a data file occupies a single row and is comprised of at least
two values (XY) for post maps and at least three values for gridding (XYZ). The X, Y, and Z
values are each placed in separate columns. X and Y coordinates define the position of the point
on the map, and the Z value defines the value assigned to the specific XY location. Common
examples of XY coordinates include longitude-latitude, Easting and Northing, or UTM (Universal
Transverse Mercator) coordinates. Z data might be topographic elevation, water depth, chemical
concentrations, temperature, or any other quantity amenable to mapping.

Data files can be created in the Surfer worksheet, an ASCII editor, or any program that can
produce files in one of the file formats listed in this chapter. Regardless of the program used to
create your data files, you must save the file on disk prior to performing any Surfer operation
requiring a data file, including the gridding operation. Surfer reads data only from a data file in
one of the recognized formats listed in the Opening Data Files section of this chapter.

When one of the commands calling for a data file is chosen, the data are loaded into an internal
worksheet. It is not necessary to place the data in a worksheet window to perform any of the
operations requiring data files, such as the gridding operation. If you want to view or alter the data
in a data file, you can use the File | Open command to gain access to the worksheet data.

XYZ Data Files

XYZ data files contain the raw data Surfer interprets to produce a grid file. Before you create a
grid file in Surfer, you must create an XYZ data file. XYZ data files must be organized in
column and row format. By default, Surfer expects the X data to be contained in Column A, the
Y data in Column B, and the Z data in Column C. However, the data can be placed in any order in
any column.
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Portions of two simple data files are shown below. The order of the data in the file is not
important. These examples contain descriptive headers in Row 1 of each column. Such
information is helpful but not required by Surfer to create a grid file. When text appears in Row 1
of a column, this text appears in list boxes in various Surfer dialogs as column titles. If a number
resides in Row 1, it is not incorporated into the dialogs, and instead, the column heading (such as
Column B) is displayed.

A B C A B C

1 0.1 1] 50 1 |Longitude | Latitude | Elevation

s 3.5 ] 45 2 -109 39.205 1464
3 449 ] G5 3 -105.965 39.337 1524
4 6.2 ] 40 4 -108.93 39.3589 1385
5 7 ] a5 5 -105.895 39.526 15583
b g 1] 25 b -108.86 39.588 1445
7 g 5 55 i -108.825 39.795 1371
] g 3 48 8 -108.79 40.003 1371

Thisisa simple XYZ data file. Thisisanother example of an XYZ data
file with header information in Row 1 of
each column in the data file.

Rows with non-numeric entries (empty cells or text) in any of the X, Y, or Z columns are excluded
when performing various tasks such as gridding and transforming data in the worksheet. If there
is no Z information for a particular XY location, you can leave the Z column blank in that row. In
the example shown here, there are two data records without Z values. These records are not
considered during the gridding operation.

A B c
' n _ 1 ¥ Data |¥ Data |7 Dats

Data files can contain up to one billion columns. Since 7

. X 0.1 0 a0
you can specify the columns to be gridded, your X, Y, and 3 g 3 48
Z values can occupy any three columns. This allows you P 13 =
to have columns containing other information particular to :
each point. The data file can contain several Z columns, > 4.7 1 sl
so you can produce several contour maps using the same b 1.7 5.6 75
XY coordinates. For example, you might have 7 ] 1
concentrations of different contaminants at each sample (] 25 36 B0
location. All the contaminant concentration data can be Bl '

. ank Z column cellsareignored

placed in the same data file. when gridding a data file.
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A B C D E F G H

* Coord Y Coordi 55-4  (5H-A (5LT-B iSH-B (55-B [5AC
4345t 14005: 71432: 1478¢ 1603: 1683t 1R27: 1645
43bh:  14016: 1437 14830 1601 1689: 1625 1640
43bh: 14025 71445: 14780 1498 1R82: 1R37: 1636
4376:  14035: 1434 14BE: 1515: 1586: 1hRZBi 1k36
4386 14045: 1435 14760 1610: 1687 1R16: 1637
4389: 14066: 71448 14750 16120 1601: 16R03F 1638

Thisis an example of an XYZ data file containing several columns of

Z data. You could usethisfileto create several different grid files,
where each uses the same XY coordinates, but different Z data.

= | O | O | B | [T |k

Data files may contain data in addition to the X, Y coordinates, and the Z values. For example,
when posting data with the Map | Post M ap command, additional columns can be used to specify
the symbol, the rotation angle, labels, etc. The following is an example of such a data file.
Columns A, B, and C contain the XYZ data used to produce a contour map of depth to the water
table. Columns D, E, and F contain information used to create an overlaying post map.

A B C D E F
1 [Easting Norhing (Depth fWell Mame:Label Angle 1Symbol Mumber
2 14326 77531 BYRITC-3 30 104
3 14375 7659 489iTC- 30 104
4 14426 75761 BOFIWIC-G 30 110
5 14537 72831 BYAITCA13 45 104
b 134498 7444:  GRAMMIC-Y 50 110
7 17521 7366; GO1iTC-8 35 104

A data file used to create a post map or a classed post map can contain several
columns of data. Each column can have a different effect on the posted data points.

Data as Numbersor Text

Worksheet data is in one of two forms: numbers or text. Grid file creation, statistics, post maps,
and other operations require data as numbers. Text data (even if it contains numeric digits) can be
used for labels in Surfer, but it cannot be used to create grids or in any operation requiring
numbers.

Numbers can consist of digits (0 - 9), decimal points ( . ), the letters "e," "d," "E," or "D"
(indicating an exponent), and the plus (+) or minus (-) sign. If you type any characters other than
these when entering a number (or type any of the special characters more than once), Surfer
automatically converts the cell entry to text. For example, if your longitude data appears as 104.5
W in a worksheet cell, it is interpreted as text and cannot be used to grid data.
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You can also convert numeric data to text by typing a single quotation mark (') in front of the
number. Surfer does not place the single quotation in the worksheet cell, however.

By default, numeric data is right justified in a cell, and text is left justified. However, cell entries,
whether numeric or text, can also be justified by specifying the desired alignment using the
Alignment page through Format | Cell Properties.

Bzh "6
A B C
Z2h 4.6[1.6 70
2b 4525 80
27 4636 95
28 4542 80
29 4.35.1 /0
30 445 B0
3 5353 7
32 Bl5.7 83

Notice that Column Bisleft aligned. This
means the numbers are formatted as text. \When
a cell ishighlighted, an apostrophe appearsin
the active cell edit box, also indicating that the
number is formatted as text.

Worksheet

Worksheet windows are a view of the data file and are designed to display, edit, enter, and save
data. The worksheet windows have several useful and powerful editing, transformation, and
statistical operations available. Several import and export options are available for opening data
files from other spreadsheet programs.
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The Worksheet Window

The components of the worksheet window are discussed below.

Worksheet Name Active Cell Edit Box

Active Cell
Location

Select Entire

— olumn Letters
B4 23.9937 /C

P/

Worksheet ™———__ A 5 =
Button 1 [ v iz -
2 |00625620] 282793 794075 —7Active Cell
L 3 | 966522 40437 232857
Row Number/ 4 | 202505 239937 143229
5 | 275246 447982 232363

The components of a worksheet window shown
above are described in the following table.

Column Letters

The letter that identifies a column of the worksheet.

Row Numbers

The number that identifies a row of the worksheet.

Active Cell

The cell highlighted with a bold outline. The active cell receives data
input (numeric values or text strings) from the keyboard. Only one
cell is active at a time.

Active Cell Location

The location of the active cell, specified by column letter and row
number.

Active Cell Edit Box

The box displaying the data or text contained in the active cell. Data
typed into an empty cell appears in both the edit box and the active
cell.

Worksheet Name

The name of the data file displayed in the worksheet or the worksheet
number prior to saving.

Select Entire
Worksheet Button

The button used to select all cells in the worksheet.
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Working with Data

There are three ways to enter data into the worksheet. You can use File | Open to open an
existing data file, type data directly into the worksheet, or copy the data from another application
and paste it into the worksheet.

There are two basic modes in the worksheet. Normal mode is when the active cell can be moved
throughout the worksheet, and edit mode allows the contents of a single cell to be edited in the
active cell edit box. Only one mode may be active at a given time. ESC, ENTER, or clicking on
another cell can be used to exit edit mode and return to normal mode.

Entering Datainto a Cell

The Active Cell marks the position of the cell that can be edited. A heavy line surrounding the
cell indicates the active cell, and its location is given in the Active Cell Location box. The
worksheet cell is selected as the active cell by clicking on the cell with the mouse, by using the
PAGE UP, PAGE DOWN, TAB, SHIFT+TAB, HOME, END, and ARROW keys.

To enter new data and delete old data, highlight the contents in the Active Cell Edit Box and
begin typing. Edit mode is entered automatically and the old cell contents are deleted, if there is
anything in the cell. "Edit mode" means that the cell contents can be changed. Press ENTER, an
ARROW key, TAB, SHIFT+TAB, PAGE UP or PAGE DOWN keys to permanently record data
in the cell.

Cells can also be edited by pressing the F2 key or by highlighting the contents of the Active Cell
Edit Box. Use the HOME, END, BACKSPACE, DEL, and ARROW keys to move the cursor
within the cell. Press the ENTER, TAB, or SHIFT+TAB keys to permanently record information
in the cell. Press the ESC key to cancel the changes and restore the original data.

Moving the Active Cdll

You can designate any worksheet cell as the active cell by clicking on it with the mouse. The
active cell can also be repositioned by using keyboard commands.

ARROW keys (Up, Down, Left, Right) move the active cell to an adjacent cell.

PAGE UP/PAGE DOWN moves the active cell up or down by the number of rows visible in the
window.
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HOME moves the active cell to the first occupied cell in the current column. Pressing HOME
again moves the active cell to the top row in the current column.

END moves the active cell to the last occupied row in the current column. Pressing END again
moves the active cell to the bottom row of the worksheet.

ENTER moves the active cell down one row and ends edit mode.

TAB moves the active cell right one column and ends edit mode.

SHIFT+ENTER moves the active cell up one row and ends edit mode.

SHIFT+TAB moves the active cell left one column and ends edit mode.

CTRL+HOME moves the active cell to the top cell of the left most column in the worksheet (A1).

CTRL+END moves the active cell to the bottom occupied row of the last occupied column in the
worksheet.

The CTRL+LEFT ARROW behavior depends on the position of the active cell. If the active cell
is to the right of the last occupied column in the current row, it moves the active cell to the last
occupied column in the current row. If the active cell is in or to the left of the last occupied
column in the current row, but to the right of the first occupied column in the current row, it
moves the active cell to the first occupied column in the current row. Otherwise, CTRL+LEFT
ARROW moves the active cell to the first column in the current row.

The CTRL+RIGHT ARROW behavior depends on the position of the active cell. If the active cell
is to the left of the first occupied column in the current row, it moves the active cell to the first
occupied column in the current row. If the active cell is in or to the right of the first occupied
column in the current row, but to the left of the last occupied column in the current row, it moves
the active cell to the last occupied column. Otherwise, CTRL+RIGHT ARROW moves the active
cell to the last column in the current row.

The CTRL+UP ARROW behavior depends on the position of the active cell. If the active cell is
below the bottom occupied row in the current column, it moves the active cell to the bottom
occupied row in the current column. If the active cell is below the top occupied row in the current
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column, but in or above the bottom occupied row in the current column, it moves the active cell to
the top occupied row in the current column. Otherwise, CTRL+UP ARROW moves the active
cell to the first row in the current column.

The CTRL+DOWN ARROW behavior depends on the position of the active cell. If the active cell
is above the top occupied row in the current column, it moves the active cell to the top occupied
row in the current column. Ifthe active cell is above the bottom occupied row in the current
column, but below the top occupied row in the current column, it moves the active cell to the
bottom occupied row in the current column. Otherwise, CTRL+ DOWN ARROW moves the
active cell to the last row in the current column.

If a block of cells is selected, the ENTER, TAB, SHIFT+ENTER, and SHIFT+TAB keys move
the active cell within a group of selected cells without canceling the selection.

Pasting Data

If data are copied to the clipboard from another software application, the contents of the clipboard
can be pasted into the worksheet. If the source application is Microsoft Excel, some formatting
information is retained. When pasting data into the worksheet, select a cell and use Edit | Paste
(CTRLA+V). Any data to the right or below the active cell is overwritten, so be sure to locate the
active cell carefully. When data are copied to the clipboard, special formatting information is also
copied. The Edit | Paste Special command determines the format in which the contents are
pasted into the worksheet.
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Opening Data Files
When you create a grid file or use another command that requires data, you do not need to open

the data into the worksheet first. However, the worksheet is available if you would like to view or
edit your data. In the worksheet, the File | Open command loads a data file into a new worksheet.

If the worksheet already contains data, additional data can be merged into the worksheet using the
File| Import command. The contents of the new file are merged into the worksheet at the active
cell so it is imperative that the cell be positioned at the edge of the existing data. Any cells in the
existing worksheet that lie to the right and below the active cell will be overwritten with the
contents of the merging file.

Multiple files can be opened at one time into the same worksheet with File | Import using the
SHIFT or CONTROL keys while selecting files in the dialog.

Open nm
Look in: Ia Samples j = IC:F Ea-

Sample3.dat
Tutorws.dat
Tutorws2_dat
Yariol._dat

File name: | Open I
Files of type: IEDII:Ien Software Data [*.dat) ﬂ Cancel |,-’
A

You can open several data file types from the Open dialog.

Data File Formats
Data file formats are discussed in Appendix C, File Formats.
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Editing the Data Filesin the Wor ksheet

Formatting the worksheet, calculating statistics, and transforming data require the selection of one
or more blocks of cells before performing the operation. A block of cells can be selected with the
mouse by highlighting cells, row numbers, or column letters. Cells can also be selected with the

keyboard. Selected cells are indicated by reverse video color.

Tipson Selecting Célls

Clicking on the small box above the row labels and to the left of the column label bar selects
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the entire worksheet.

To deselect all selected cells, click the left mouse button anywhere within the worksheet,
press the ESC key, or move the active cell with an ARROW key or other movement key.

To rapidly select a large block, first select one corner of the block, and then use the scroll bars
to scroll to the opposite corner. Hold down the SHIFT key and click on the cell at the

opposite corner.

To select all cells in a column or row, click the column letter or row
number. To select several adjacent columns or rows, press and hold the
left mouse button and drag the pointer on the column letters or row
numbers.

While holding down the CTRL key, the active cell may be repositioned
for selecting a new, discontiguous block.

The CTRL key is used to select multiple blocks and the SHIFT key is
used to resize the last selected block.

Additional information on selecting cells with the mouse and keyboard is
located in the online help (see Selecting Cells).

Click a column
letter or row
number to select
an entire row or
column.
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Editing the Worksheet

The Edit menu contains several standard edit options such as Undo, Redo, Cut, Copy, and Paste.
See Chapter 21, Creating, Selecting, and Editing Objects for more details on these commands.
Some of the edit commands have functions specific to the worksheet and some are available
through the context menus as well as the main menus. You can right-click on selected cells to
open the context menu.

Paste Special

When data are copied to the clipboard, special formatting information is also copied. The Paste
Special command determines the format in which the contents are pasted to the worksheet.

Clear

The Clear command removes data from selected worksheet cells. The cells are left empty when
the data are removed. To shift the remaining data into the cleared cells, use the Delete command
instead.

Delete
The Delete command deletes the selected

worksheet cells and shifts the cells up or to the |
left to fill in the gap. After selecting Delete, ~ Delete
click the Shift Cells Up or Shift Cells Left option _
button and then click OK. The selected cells are @& Shift Cells Left

deleted and the contents of cells below or to the " Shift Cells Up Cancel |
right are moved to fill the deleted block. Click

Entire Row or Entire Column to delete the entire b Entfre How

row or column that contains highlighted cells. " Entire Calurn

To leave the selected cells empty when the data

are removed, use the Clear command, press the When using Edit | Delete, you can shift
DEL key, or use the Cut command. cellsto theleft or up to fill in the gap.
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Insert

_| The Insert command inserts a single blank cell

— Inzert or a block of blank cells in the worksheet.
% Shitt Cells Right : Select a block of cells in the area in w_hich you
£ Shift Cells Down Cancel | wish to insert cells and then select Edit | Insert,
= or right-click and choose Insert from the context
" Entire Row menu. Click the Shift Cells Down or Shift Cells

Right option button and then click OK. The
blank cells are inserted and the original contents
of the displaced cells are moved. Click Entire

" Entire Column

When using Edit | I nsert, you can shift cellsto the Row or Entire Column to insert an entire row or
right or down to make room for the new cells. column in the area that contains highlighted
cells.

Modifying the Worksheet and Data Files

The worksheet can be formatted in various ways. Once the data are opened, imported, entered, or
pasted into the worksheet they can be modified mathematically, formatted, and sorted. To save
some of the formatting with the data file, choose Excel Spreadsheet [.XLS] when you save the file.

Column Width

You can change the column width of selected cells by typing a value into the Column Width box,
or use the mouse to resize the column. The Excel Spreadsheet [.XLS] or Microsoft SYLK [.SLK]
file format must be used to save the column width information within the file, since ASCII files
such as [.CSV], [.TXT], [.DAT], [.BLN], and [.BNA] do not save format information.

To set column widths or to hide columns, select either the entire column or individual cells within
the columns, and then select For mat | Column Width. For information on selecting columns, see
the Tips on Selecting Cells section in this chapter. Enter the width for the selected columns or
cells in the Column Width dialog. Columns can range from zero to 512 characters wide. The
value zero (0) hides the column.
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Coumnwian |

Calurnn 'fidth:

Cancel

i

Change the column width by selecting columns,
choosing Format | Column Width, and then
entering a number into the Column Width
dialog. If you are having difficulty with hidden
columns, select all columns surrounding the
hidden column and use Edit | Column Width.

Row Height

Alternatively, you can change the column
width with the mouse. When the cursor is
moved to the line that defines the right

boundary of the column header, the cursor

changes to a line with two arrows. + Press
and hold the left mouse button and drag the
cursor to the left or right to change the width of
the column.

You can hide a column by moving the right
edge of the column to the left edge (i.e., by
making the column width equal to zero). To
display hidden columns, press and hold the left
mouse button at the edge of the hidden column
and move the cursor to the right to widen the
column.

You can change the row height of selected cells by typing a value into the Row Height box, or by
using the mouse to resize the row. The Excel Spreadsheet [.XLS] or Microsoft SYLK [.SLK] file
format must be used to save the row height information within the file, since ASCII files such as
[.CSV], [.TXT], [.DAT], [.BLN], and [.BNA] do not save format information.

To set row heights or to hide rows, select the entire row or individual cells within the rows, and
then select Format | Row Height. For information on selecting rows, see the Tips on Selecting
Cells section in this chapter. Enter the width for the selected rows or cells in the Row Height
dialog. Rows can range from zero to 512 characters in height. A value of zero hides the row.

Rowton |

Bow Height

Cancel |

Change the row height by selecting rows,
choosing Format | Row Height, and then
entering a number into the Row Height dialog.
If you are having difficulty with hidden rows,
select all rows surrounding the hidden row
and use Edit | Row Height.
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Alternatively, you can change the row height with the mouse. When the cursor is moved to the
line that defines the lower boundary of the row header, the cursor changes to a line with two

arrows. _I_ Press and hold the left mouse button, and drag the cursor up or down to change the
height of the row. Hide a row by moving the cursor up until the next dividing line is reached. To
display hidden rows, position the cursor at the bottom of the hidden row and drag the cursor down
to increase the row height.

Number For mat

Choose Format | Cell Propertiesto change the numeric data display in the worksheet. Number
formatting has no effect on a numeric text string (numbers entered as text). For example, an
ASCII data file might contain the digits "8123" (digits surrounded by quotes), numbers with
letters, or numbers with symbols (i.e. a backslash "\"). These "numbers" are read as text and not
as a number. See Data as Numbersor Text in

this chapter for additional information. m

' Hurkoer | piggeresrd | Baachgpoand |
Qn the Number page, the? General option Trpe Decival Diis
displays numbers as precisely as possible — ra
within the available cell width. The Fixed & ’ :
option displays numbers as "d.ddd." The .
Exponential option displays numbers as " Erponenial e
"d.ddde+ddd." You can set the number of " Gumency
digits to the right of the decimal in the
Decimal Digits box with the Fixed and Emﬂ‘-‘
Exponential options. The Currency option
displays fixed numbers with a currency
symbol such as the dollar sign ($). If the [ of | Coxa
Thousands Separator box is checked, a
comma appears every three digits to the left These are the number format options located on the
of the decimal point. Number page accessed through Format | Cell Properties.
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Alignment

Entries in a cell can be aligned in one of four ways. By default, imported ASCII files
automatically align numbers to the right and text to the left. On the Align page, the General
option aligns text to the left side of the cell, and numbers on the right side of the cell. A number
with an apostrophe in front of it ('8123) is a text string. The apostrophe only shows in the active
cell edit box. See The Worksheet Window section of this chapter for the location of the active cell
edit box. The Left option aligns text and numbers to the left side of the cell. The Center option
centers text and numbers within the cell. The Right option aligns text and numbers to the right
side of the cell.

— Honzontal

% General You can use the
worksheet cell

" Left alignment options
to change the

™ Center display of your

. data.
i~ Right

Background Color

You can click on a color to set the cell background color on the Background page. Click None to
remove any previously assigned background colors. The worksheet must be saved in the Excel
Spreadsheet [.XLS] format to save the background color information in the file.

Formatting the Data

Selected cells of data are sorted or _I

transformed using the Data menu St Firal By T
commands. The Data menu also contains a Iﬁ 1= gyrcending
statistics option. Various statistical results " Recendro Cared |
generated from the data can be saved in the St Hewt By
worksheet. [Land tuma =] Aucending
™ Dgrotndng

S Lask By
Sort | =] ' Aegending
The Data | Sort command arranges data | Seeentm
according to rank in user-specified sort I™ |gnois caos
columns. Sorting rank is based on numbers, ' Labsts i fraf oo
ASCII characters, and punctuation. You can
sort numeric data, text, or mixed columns. You can use the Data | Sort command to

sort data on multiple columns.
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Selecting Cells to Sort

Sorting is performed only on the selected columns (see Tips on Selecting Cells). If only one
column is selected, only that column is sorted. To keep records (rows of data) together, select all
columns containing data even if only one column is sorted.

Sort Order

The Sort First By option defines the primary column on which the rows are sorted. The positions
of the sorted rows are determined by the Ascending or Descending rank in the Sort First By
column.

Secondary Sort

When two or more rows have identical entries in the Sort First By column, the Sort Next By
column can further organize the data set. Duplicates in the Sort First By Column are then sorted
according to the rank in the Sort Next By column.

Final Sort
The Sort Last By column can be used when the Sort Next By column contains duplicates.

Ascending or Descending Sort

The sort order in an Ascending sort is based on the ASCII table. Numeric values are placed first,
followed in order by cells starting with a space character, common punctuation, numeric text
(numbers entered as text), uppercase letters, less common punctuation, lower case letters,
uncommon punctuation, and blank cells. Descending order is the opposite of ascending order
although blank cells are still listed last.

0 1 2 3 4 5 6 7 8 9
space ! " # $ % & ' ( )
* + ) - . / AU I R A B
"4" st tet | "7t | 8" "9 : ; < =
> ? @ A B C D E F G
H I J K L M N (0) P Q
R S T U A" W X Y Z [
\ ] " _ ) a b c d e
f g h i ] k 1 m n 0
p q r S t u A W X y
Z { | } ~ blank

This table shows the sort order in the worksheet.
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Ignore Case

Because sorting is based on an ASCII table, upper and lowercase letters are treated differently.
For example, "A" is sorted separately from "a." If the letters are to be treated as the same during
the sort, check the Ignore case option. When this check box is activated, "A" is considered
identical to "a" in the sorting rank.

Labels in First Row

The data set may contain text identifying the data in the column (header information) in Row 1. In
this case, click the Labelsin First Row option, to exclude the label row from the sort process.

Transform

Use the Data | Transform command to apply mathematical transformations to columns. Valid
math operators include addition (+), subtraction (-), multiplication (*), and division (/) as well as a
large library of built-in mathematical functions. See Appendix A, Mathematical Functions for a
list of functions. Parentheses should be used to override precedence. Parentheses can also be used
for clarification.

Type the formula you would like to use into the Transformation equation box. Formulas consist
of a destination column on the left side of the equation and a mathematical manipulation on the
right side of the equation. Use the column label letters on both sides of the equation. You can
click the down arrow to use previously entered equations. By default, if any cell contains text or
is empty, the formula is not calculated for that row. If you check Treat text and empty cells as 0.0,
the text or empty cell is replaced with 0.0 and the numeric result is placed in the destination
column. You can enter numbers into First row and Last row boxes to limit the calculation to the
specified rows.

The Functions button opens a list of pre-defined mathematical functions. To use pre-defined
functions, click the function in the list, click the Insert button, and then change the variable (X) in
the function to a column letter in the transformation equation.
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Example 1

Consider the simple example shown in the
figure to the right. The Transformation
equationis C=A + B. The Firstrowis 1 and
the Last row is 30. This transformation adds
columns A and B and places the sum in column
C for each of the 30 rows.

Example 2

This example shows how to use the built in
functions. Consider, for example, taking the
cosine of data in Column C. Column D is the
first empty column, so we will use Column D as
the destination column.

1. Click on the Data menu and then select
Transform. (You do not need to highlight
any columns before selecting Transform.)

2. Type "D =" into the Transform equation
box.

3. Click the Functions button.

4. Double-click on the function name COS(X)
in the Function name group.

5. COS(X) is automatically placed in the
equation. D = COS(X).

6. Replace the X in the function with the

column letter containing the data to be
transformed (Column C). D = COS(C).

7. Change the First row and Last row if you
wish, and then press OK to create a new
data column with Column C's data
transformed with the cosine.

Statistics

mm—
3 Caras |

Fask post Ltk non

|1 |_-'_| Funchons >

[ Toaal bisd aned gingshs el o 000

You can perform math in the worksheet by selecting
the Data | Transform command.

e
[ cosic =]

Cariasl
F"tp... Lask son _l
|1 |_-'_I Fumcbon <4
[T Tread beed and gty ook & 000
Funchon nams:
ATEMA ; | - Il

Cos )
Comeres of amghs = i ke

Thisis how the Transform dialog appears
after following the stepsto the left.

The Data | Statistics command calculates statistical values for a group of selected numeric cells.
For more information on selecting cells, see the Tips on Selecting Cells section of this chapter.
Before using the Statistics command, select an entire column or a continuous group of cells in
columns. If a rectangular block of rows and columns are selected, the Statistics command
calculates the statistics for each column separately. A warning message appears if a group of cells
cannot be used with the Statistics command. Non-numeric cell entries (empty cells or text) are

excluded in statistics calculations.
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The Statistics Dialog

Click in the check boxes next to the statistics options to calculate the statistics for the selected
data.

Select Sample or Population statistics in the Data group, depending on whether the data
represent a statistical sample or the complete set of all possible members of a population.

Check the Labelsin First Row box if the first row of the selection contains descriptive labels.
If this box is checked, the label appears at the top of the statistics report for each column.

Select Show in Window to write the statistics results to a window. You can copy the results in
this window to the clipboard to paste to other locations.

Select Copy to Worksheet to write the data to part of the worksheet. Use the Starting in Cell
box to specify the cell for the upper left corner of the statistics report. If the specified
destination cells contain data, a warning is displayed that data will be overwritten. Click OK
to overwrite the data or click Cancel to set a new Starting in Cell location.

Select iems to compuite;

[CJFrst nput rove

[ Last input rov

[#] Mumber of values

D Mumber of mizzing walues

Data Bezultz
* Sample & Show in a window
= Population i~ Copy to workzheet
[ Labels in first row Starting i cell: M13

| 2k I Canzel |

Click in the box adjacent to the statistics name to
compute the statistics for the selected columns.
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Statistics Options

Statistic

Description

First input row

The First input row reports the first row number in the selection. If the
Labelsin First Row option is checked, the First Input Row is the second
row in the selection.

Last input row

The Last input row reports the last row number containing data in the
column.

Number of values

The Number of values indicates the number of numeric cells in the
column.

Number of missing
values

The Number of missing values indicates the number of non-numeric
cells in the selection. If columns are selected by pressing the column
letters, the number of missing values includes blank values up to the last
used row in the worksheet, which may be different from the last-used
row in the selected column. If cells are selected by highlighting specific
cells, then only the blank cells within the selection are counted.

Sum The Sum s the sum of all numeric cells in the column.
Minimum The Minimum indicates the minimum value in the column.
Maximum The Maximum indicates the maximum value in the column.

The Range indicates the range of the numeric values in the column
Range . e

(Maximum — Minimum).

The Mean is the arithmetic average of the data values. The mean is the

sum of the data values divided by the number of data values.

1<

X==)> X
Mean N'i=

where:

n = number of data values

X; = ith data value

The Median is the middle value among the data values. Half of the data
Median values are larger than the median and half are smaller than the median.

When there is an even number of data values, the median is the average
of the two middle values.
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Statistic Description

The First quartile (25th percentile) is the value such that one-fourth of
the data values are smaller than the quartile and three-fourths of the data
values are larger than the first quartile.

First quartile (25th
percentile)

The Third quartile (75th percentile) is the value such that three-fourths
of the data values are smaller than the quartile and one-fourth of the
data values are larger than the third quartile.

Third quartile (75th
percentile)

The Standard error of the mean is an estimate of the standard deviation
of means that would be found if many samples of n items were
repeatedly collected from the same population.

Suppose many samples of size n were repeatedly collected from the
same population and the means of these many samples were calculated.
Sandard error of The means of the samples would themselves form a data set. The

the mean standard error of the mean is an estimate of the standard deviation of
this theoretical sample of means.

SE=s/Vn
where:

s = sample standard deviation

n = number of data values (for a sample)
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Statistic

Description

95% and 99%
confidence interval
for the mean

If ClI is the value of the confidence interval reported by the worksheet,
the range of values between the sample mean minus CI and the sample
mean plus CI is expected to include the true mean of the underlying
population 95% of the time (for the 95% confidence interval) or 99% of
the time (for the 99% confidence interval). This formula assumes that
the data set is sufficiently large for the central limit theorem to apply.

95% Confidence Interval for the Mean

e t(n—l),z)/:.OS (SE)

99% Confidence Interval for the Mean

£ t(n—l),a=.0| (SE)

where:

tv, = the value of the Student’s t distribution with v degrees of freedom such that
difference between the cumulative probability function evaluated at t(v,a) and -
t(v,0) is equal to 1- a

SE = standard error of the mean
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Statistic

Description

Variance

The population Variance is the average of the squared deviations from
the mean. The sample variance is the sum of the squared deviations
from the mean divided by one less than the number of data values.

Population Variance

where:

J = population mean
X = sample mean

N = number of data values (for a population)

N = number of data values (for a sample)

.th
X =i data value
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Statistic

Description

Average deviation

The Average deviation is the average of the difference between the

absolute values of data points and the mean.

Population Mean Deviation (MD)

MD = 3| (x = 4)

Sample Mean Deviation (MD)

MD = 3] (x - %)

where:

J = population mean
= sample mean

X
N = number of data values (for a population)

N = number of data values (for a sample)

.th
X, = i"™ data value

Standard deviation

The Standard deviation is the square root of the variance.
Population Standard Deviation

o=\Jo*

Sample Standard Deviation

s=vs

where:

2 . .
O~ = population variance

2 .
S = sample variance
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Statistic Description

The Coefficient of variation is the standard deviation divided by the
mean. The worksheet reports the quotient; it does not convert the value
to a percentage. The coefficient of variation is a dimensionless measure
of variation. This statistic is not defined for the case of a zero mean and
this measure is only useful when dealing with strictly positive data.

Population Coefficient of Variation

V=0o/u

Coefficient of

variation Sample Coefficient of Variation
V =s/X
where:

O = population standard deviation
S = sample standard deviation

J = population mean

X = sample mean
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Statistic

Description

Coefficient of
skewness

Coefficient of skewnessis a measure of asymmetry in the distribution.
A positive skew indicates a longer tail to the right, while a negative
skew indicates a longer tail to the left. A perfectly symmetric
distribution, like the normal distribution, has a skew equal to zero. For
small data sets, this statistic is an unreliable estimate of the population
coefficient of skewness.

Population Skew

= o2 )

i=1

Sample Skew
n

9 = (n-1)(n- 2)532( x)

where:

O = population standard deviation

€ = sample standard deviation

J = population mean

X = sample mean

N = number of data values (for a population)
N = number of data values (for a sample)

X = i"™ data value
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Statistic Description
Coefficient of The Coefficient of kurtosisis a measure of the data peak sharpness.
kurtosis Traditionally the value of this coefficient is compared to a value of 0.0,

which is the coefficient of kurtosis for a normal distribution (i.e. the
bell-shaped curve). A value greater than zero indicates a peaked
distribution and a value less than zero indicates a flat distribution.
Without a very large sample size, the use of this coefficient is of
questionable value.

Population Kurtosis

2 =[N104 > (x ‘,U)4j‘3

i=1
Sample Kurtosis

e e ) (RN B

(n-1(n-2)(n-3)s' 5 (n-2)(n-3)

where:
O = population standard deviation
€ = sample standard deviation

J = population mean
= sample mean

X
N = number of data values (for a population)

N = number of data values (for a sample)

.th
X =i" data value

The Kolmogorov-Smirnov goodness of fit for normal distribution

Kolmogorov- measures how well the data match a normal probability distribution.
Smirnov goodness of | The K-S statistic is the largest difference between a normal distribution
fit for normal (with a mean equal to the sample mean, X , and a standard deviation
distribution equal to the sample standard deviation, s) and the actual frequency

distribution of the data.
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Statistic Description

The Critical value of K-S statistic at 90% significance level, Critical
value of K-S statistic at 95% significance level, Critical value of K-S
statistic at 99% significance level are indicators of normal distributions.
Critical value of K-S | For example, if a sample collected from a population has a normal

Statistic at 90%, frequency distribution, the K-S statistic for that sample is less than the
95%, or 99% critical value 90, 95, or 99 percent of the time. If the K-S statistic is
significance level larger than the critical value, the hypothesis that the underlying

population is distributed normally with a mean of X and a standard
deviation of s should be rejected.

Statistics References

Gilbert, Richard O., (1987), Satistical Methods for Environmental Pollution Monitoring, Van
Nostrand Reinhold, New York.

King, Ronald S. and Bryant Julstrom, (1982), Applied Statistics Using the Computer, Alfred
Publishing Company, Sherman Oaks, California.

Press, William H. et al, (1992), Numerical Recipesin C, Cambridge University Press, New York.

Spiegel, Murray R. (1997), Schaunt s Outline of Theory and Problems of Statistics, McGraw-Hill,
New York.

Sokal, Robert R. and F. James Rohlf, (1981), Biometry: Principles and Practices of Satisticsin
Biological Research, Freeman and Co, New York.

Zar, Jerrold H., (1974), Biostatistical Analysis, Prentice Hall, Englewood Cliffs, New Jersey.

80



Chapter 3 - Data Files and the Worksheet

Saving Data Files

If the file has already been saved, File | Save updates the saved file. If the file has not been saved
previously, the Save As dialog appears when Save is selected from the File menu. If you would
like to save an existing file to a new file name, choose File | Save Asinstead of File | Save.

In the Save or Save As dialog, you can type a new name into the File name box to save a new file.
Also, the path and file name can be entered into the File name box instead of navigating through
folders in the Savein field. Select the file format for the file in the Save astypelist. You can save
in several formats in the worksheet. Lotus files can be opened into the worksheet, but they cannot
be saved in the Lotus formats.

Use Caution when Saving Excel Files!

Surfer does not allow for saving multiple worksheets in a single Excel workbook. If a multi-
worksheet Excel workbook is opened and saved as an [.XLS] file in Surfer, be aware that only the
single worksheet is saved in the document. All the unused worksheets are lost. In this case, a
warning message is issued. To avoid overwriting the file containing multiple sheets click No in
the warning message box and save the file to a different file name.

File Names, For mats, and File Extensions

When a worksheet file is saved, the file format is specified by entering the appropriate extension
on the file name. If the needed file is an ASCII DAT file, enter a file name such as
MYDATA.DAT. The [.DAT] extension tells the worksheet to save the file in the ASCII DAT file
format.

If the extension is not included in the file name, the format is determined by the dialog's Save as
type field. For example, if the name MYDATA is entered into the File name field and the Save as
type field is set to Excel Spreadsheet [.XLY, the file is saved as MYDATA.XLS in the Excel
format.

The file can be saved with any extension by enclosing the file name in double quotes. The file is
saved with the name and extension entered into the File name field, but saved in the format
specified in the Save as type field.

Fiie name: I Mydata abe For example, enter the name (with
Save az ype: IEDmma Separated Y ariables [*.cav] j quotes) "MYDATA.ABC" into the
File name field. If the Save astype
Enter a file name with quotes to preserve a file extension field is set to Comma Separ ated
not available in the save as type field. The file above will Variables[.CSV], the file is saved
bea[.CSV] filewith an [.ABC] extension. as MYDATA.ABC in the [.CSV]
format.
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Saving ASCII Data Files

When a file is saved in the ASCII Golden Software Data [.DAT] format, the GSI Data Export
Options dialog is displayed with the following options:

= Delimitersare the characters used between cells in a single row (fields in a record), and can
be commas, spaces, semicolons, or tabs.

= Text Qualifiersare double-quotes, single-quotes, or none. For example, if double-quotes are
chosen, all non-numeric or mixed alphanumeric cell entries are surrounded by double-quotes

in the file.
G5I Data Export Options n |

D elimiter

i~ Tab i~ Semicolon
& Comma " Space Cancel |

Text Qualifier; I [0 ouble quaote] j

Choose one Delimiter and a Text Qualifier for Golden Software
Data files[.DAT] in the GSI Data Export Options dialog.

[.TXT] files are tab delimited ASCII text files with no quotes around the text strings. [.CSV]
(comma separated variables) files are comma delimited with double-quotes around text strings
(non-numeric or mixed alphanumeric).

Using Commas or Semicolonsin Addition to Quotes

Although double quotes are not required around text strings, they are useful when creating a
space-delimited file that contains text. Often there are text strings that contain spaces, as in a date
containing month, day, and year. With space-delimited files, this single entry is interpreted as
three cells when loading this file into the worksheet. The safest way to eliminate this problem is
to place double quotes around all text strings and use comma delimiting between variables.

ASCII File Formatting

ASCII data files do not retain cell formatting such as background color. Use the Excel
Spreadsheet [.XLS] format if you wish to retain cell formatting.
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Page Setup

Before printing the worksheet, the page format of the worksheet can be set through File | Page
Setup. Page Setup controls items such as printing headers and footers, centering the data on the
page, showing gridlines, etc. There are three tabs in the Page Setup dialog, Page, Margins, and
Options. There is a Printer button at the bottom of the dialog that allows you to set the default
printer no matter what tab is open.

Page

You can set the paper Sze and Source for the active printer in the Paper group. The active printer
can be changed by pressing the Printer button at the bottom of the Page Setup dialog. The
orientation of the printed page can be changed to Landscape or Portrait mode in the Orientation

group.
] -

The options in the Scaling group box control the Fogn | wgies | ptera|

printed size of the worksheet. The Adjustto
% full size option specifies the percent of full size
that the worksheet prints. The arrow buttons can
be used to scroll up or down from 100% (full size),
or values can be typed into the box. The Adjust to
__ %full size setting is independent of the Fit to

R Popas [T
option.
i [ -| i Fuiw
T P ] =l e
The amount of data in the worksheet determines

how many pages are required to print the

worksheet. The Fitto__ page(s) acrosshy el I

page(s) down option tells the program to print the Coi [ peosdemty [T ] caeblcomn
worksheet at 100% scale or less. This option does
not automatically scale the printed worksheet (= ] _cwe | s |

greater than 100%. This option is most useful ]
when the worksheet is large and the number of Page shows the page |ayout at the top (margins,
orientation), includes options for paper sizes,

printed pages needs to be limited. orientation, and worksheet print scaling.
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Margins

You can use the Marginstab to set the page margins for the printed page. Set the Left, Right,
Top, and Bottom values in inches or millimeters to any limits the printer allows. The Margin
settings are independent of the settings used for Headers or Footers.

Headers and Footers are the only items that print outside of the margins. The From Edge options
control how far the Header or Footer is printed from the edge of the page. If these values are
greater than the Top or Bottom margins, the worksheet data can print over the header or footer.
The text printed for the header and footer is set on the Options page.

The Center on Page group options centers the printout Horizontally and Vertically. If neither
option is selected the worksheet prints in the upper left corner of the page.

Pags  bimget | Ditiors |

P e besi) Canis mn Fage:

e B g [0 T s

[ [T = pomww 77 = [ ek

Fuar E g b
Hesde i =

[ o ] cwed | mowe |

You can set the margin distance, header and footer
distance, and page centering on the Margins page.
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Options

The Print group controls how the worksheet information is printed. Check the Gridlines check
box to draw gridlines separating each column and row on the printout. Check the Row and
column headers option to print the column letters and row numbers of the worksheet on the
printout. If the cells contain color backgrounds (set from the Format | Cell Properties
command), use the Black and white option to print the worksheet in black-and-white. If the Black
and white option is not checked, colors print as shades of gray on a black and white printer.

The Page Order group options control the order in which multiple pages are printed. The Down
and then across option prints the worksheet from top to bottom first, and then moves to the right
and prints top to bottom again. The Across and then down option prints from left to right first, and
then moves down and prints left to right again.

The Header/Footer group options control the type of information included in the worksheet
headers and footers in the printout. The Header appears at the top of the page, and the Footer
appears at the bottom of the page. The headers and footers are spaced from the edge of the page
based on the From Edge option of the M arginspage. Descriptive text can be typed into the
Header and Footer boxes, or click the arrows to the right of the boxes and select automatic
options from the list.

Automatic Header/Footer Codes
= File Name <F> prints the name of the active file. The drive and path are not included.

= Page Number <P> prints the page number on each page. When several pages are printed, the
order of printing is controlled from the Page Order group.

= Total Page Count <C> prints the total number of pages required to print out the worksheet.
= Current Date <D> prints the current date.
= Current Time <T> prints the current time.

= Left/Center/Right Separator <&> separates the header and footer text. Too many separators
can push text off the page. If this happens, remove the <&> separator and use spaces instead.

85



Chapter 3 - Data Files and the Worksheet

Header/Footer

Headar |<&> <F> Eile Mame
Satel: Pange Mumber
Total Page Count
Footer:  [<t><&><P> of <C> el
Current Date
The automatic header and footer Current Time
options are located on the Options i
page in the Page Setup dialog. Left/Center/Right Separatar

Examples

For a six page document, <&><&>Page <P> of <C> would print the page number of total pages
right justified:

Page 1 of 6

Enter Joe Smith<&><F><&><D> to print out a name, file name, and date:

Joe Smith COLORADO.DAT 9/11/97

Creating a Data Filewith Digitize

In the plot window, the M ap | Digitize command can be used to create a data file from map XY
coordinates. The Digitize command is used to collect coordinates from the map, and create a
[.BNA] or [.BLN] file. See Appendix C, File Formats for more information on the [. BNA] and
[.BLN] file formats.

Select a map to activate the Digitize command. If anything other than a map is selected, (i.e. text
boxes, composite objects, drawing objects) the Digitize command is not active.
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To digitize points from a map:

1. Select a map.

2. Select Map | Digitize.

3. The arrow pointer changes into a cross hair pointer.
4

Digitize points by clicking with the left mouse button on the map. You can zoom in on the
map for greater precision in digitizing.

5. The digitized points appear as temporary small red crosses in the window. The digitized point
coordinates appear as text in a report window.

6. Save the contents of the report window to save the digitized points.

Digitized points appear
astemporary small red
crosses on the map.
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Wor ksheet Technical Specifications
Worksheet Sizeand Memory Requirements

In a worksheet, the maximum number of rows is one billion, and the maximum number of
columns is one billion. The approximate memory requirements for unformatted numeric data are
10.5 bytes per cell.

Numeric Limits

Numeric data are stored in the worksheet as double precision floating-point numbers. The largest
number that can be represented is approximately 1.79769E+308. The smallest number that can be
represented is approximately -1.79769E+308.

The smallest positive number that can be represented is 2.22507E-308. However, double
precision floating-point numbers can only represent approximately 15 significant decimal digits.
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Creating Grid Files

Introduction to Grid Files

Contour maps, image maps, shaded relief maps, vector maps, wireframes, and surfaces all require
grids for their generation in Surfer. A grid is a regular, rectangular array of values. The Grid |
Data command provides you with several methods for generating a grid file [.GRD] from your
XYZ data. Surfer can also use USGS [.DEM], GTopo30 [.HDR], SDTS [.DDF] or DTED [.DT*]
grid files directly. This means that you do not have to go through the gridding process if you
already have a [ DEM], [.HDR], [.DDF], or [.DT*] file.

Gridding methods produce a regularly spaced, rectangular array of Z values from irregularly
spaced XYZ data. The term "irregularly spaced" means that the points follow no particular pattern
over the extent of the map, so there are many "holes" where data are missing. Gridding fills in
these holes by extrapolating or interpolating Z values at those locations where no data exists.

A grid is a rectangular region comprised of evenly spaced rows and columns. The intersection of
a row and column is called a grid node. Rows contain grid nodes with the same Y coordinate, and
columns contain grid nodes with the same X coordinate. Gridding generates a Z value at each grid
node by interpolating or extrapolating the data values.

Grid file columns and rows are sometimes referred to as X grid lines and Y grid lines,
respectively. In fact, when you produce a wireframe from a grid file, the lines that make up the
map actually represent the X and Y grid lines. The intersection of the grid lines define the
location of the grid nodes on the wireframe, and the height of the surface at each grid node is
proportional to the Z value assigned to that node.

When XYZ data are collected on regular intervals, you may produce a grid file that uses the Z
values directly and does not interpolate the values for the grid nodes. These procedures are
explained in the Producing a Grid File from a Regular Array of XYZ Data section of this chapter.
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A Gridding Example

Consider the problem of producing a contour map of water table depth given well data collected
over a region. The well locations are not regularly spaced over the area of interest. If you provide
Surfer with the locations of the wells (the XY coordinates) and the depth to the water table (the Z
value) in the form of an XYZ data file, Surfer can produce a grid file and, ultimately, a grid-based
map from the original data. The following series of figures show the normal progression from a
data file, to a grid file, to a contour map.

A B C 10000 23:7
1 | <Coord { % Coord. | Zwalue ** 84
2 1hRE .4 OQER7 2 2347 80001
3 7h593 2324 5 2752 70001
4 14995 J212.9 c¢hih 6000- °
5 h438.1 57539 ¢ 5000 2311
b e N EC L ool .
7 feie A 7214 2194 ° 2458

300(}2535
1. Thisisthe XYZ data file that defines the well 2000+ 27.5.2
locations and water table depth at each location. 1000
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

2. Thisisa post map displaying the data
locations. The well locations areirregularly
spaced over the map in this example. There

are many "holes’ where no data exists.

10000 10000
) o
2347 %4.7 \ N
9000 ° 9000 ‘
219.4 219.4
8000- 8000
7000 7000
2 N1
6000- ° 6000 20 ° _—
231.1 2311 o 1
5000 5000 | T ghO: —_—
L—] |
4000 ° 4000 B
o 245.8 . [ 245.8 LT T
3000 a 3000 ——
P535 R L S — [ /{\
2000 75- 2000 = 75\
|
1000 1000 &
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
3. Gridding interpolates a Z value at the ) )
intersection of each row and column in the 4. Theirregularly spaced data points are
grid file, thereby filling holes in the data. Uused to interpolate grid node values. These
Here the rows and columns are represented interpolated values are written to a grid file.
by grid lines drawn across the map. The grid fileis used to produce the contour

map. Thisfigure shows the contour map, the
posted data points, and the layout of the grid.
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Creating a Grid File

Grid files are produced using the Grid | Data command. The Data command creates a grid file
from an XYZ data file. When creating a grid file you can usually accept all of the default gridding
parameters and generate a grid file that represents your data well. Under most circumstances, the
recommended gridding method is kriging with the default linear variogram. This is the selected
default gridding method because it gives good results for most XYZ data sets.

There are several gridding parameters you can set when producing a grid file. Each parameter is
discussed in detail in this chapter.

To produce a grid file from an XYZ data file:

1. Create an XYZ data file. The data must be organized in columns: all X data in one column,
all Y data in another column, and all Z data in a third column.

Choose the Grid | Data command to display the Open dialog.
Select the XYZ data file and click Open.
In the Grid Data dialog, specify the parameters for the type of grid file you want to produce.

wok wbn

Click OK and the grid file is created. During gridding, the status bar at the bottom of the
Surfer window provides you with information about the gridding process.

Grid Data - C:\Program Files\Golden 5uftware'\SurlerB'\Samples'\DE...nB
—Data Calumnz  [47 data points] oK. |

s IEDIumn & Easting ;I

e IEDIumn B: Maorthing LI Yiew [1ata |
Z IEDIumn L Elevation j Statiztics | ¥ Grid Report

— Gridding Method

Cancel

IKriging LI Advanced Options. .. | Cross Walidate. .
— Output Grid File
IE:'&F'n:ugram Filez\Golden S oftwarehSurferdySamplez\DEMOGRID . grd e
— Gnd Line Geometmy
b inirmum bd airnnmn Spacing # of Linez
¥ Direction: |0 E ([EREGERERE (=
¥ Direction: |0 7 [EEIEERETET I

Gridding options are set through the Grid Data dial og.
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Data

All gridding methods require at least three non-collinear data points, organized into XYZ data
files. Some methods require more data points. For example, a higher-order polynomial fit needs
more than three data points because there must be at least as many data points as there are degrees
of freedom. Select Grid | Data to choose the data to be used in the gridding process.

Filter Data

You can filter the data before gridding based on a pre-defined filter or based on a user-defined
equation. The Filter dialog provides methods for filtering data and it is opened by clicking the
Filter Data button in the Grid Data dialog. Filtering is also available on the Data page in the
New Variogram dialog. You can filter data by using one of the predefined data filtering methods
(To Keep list), or you can generate a filtering method with the Data Exclusion Filter. When
filtering data, the Data Exclusion Filter is applied first, and then the Duplicate Data methods are

applied.
N [~

Duplicate Data

Cancel |

% Tolerance: |‘I E-005

T Tolerance: |B_3E-EIEI?

[ata Excluzion Filter [eq, = =-933 0F v »=-393 0F z =-339]

You can open the Filter dialog by clicking the
Filter Data button in the Grid Data dialog.

Duplicate Data

The Duplicate Data group contains methods for defining and handling duplicate data points.
Duplicate data are two or more data points having nearly identical XY coordinates (Z values may
vary for these XY coordinates). Duplicate data are a problem for a number of gridding methods,
including kriging, natural neighbor, radial basis function, and triangulation with linear
interpolation.
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To Keep

Duplicates are determined by moving from the lowest X value to the highest X value. A datum
only belongs to one set of duplicates. The To Keep options specify which duplicate data points to
keep and which to delete in each set of duplicate points. A report containing the retained and
deleted points can be generated.

ToKeep Description
Do not delete any duplicates. This option is not available for kriging, nearest

All neighbor, natural neighbor, radial basis function, and triangulation with linear
interpolation.

None Eliminate all of the duplicates.

First Keep the first point, as defined by the order in the data file, from each set of
duplicates.

Last Keep the last point, as defined by the order in the data file, from each set of
duplicates.

Minimum X | Keep the point with the minimum X coordinate.

Maximum X | Keep the point with the maximum X coordinate.

Median X Keep the point with the median X coordinate.

MinimumY | Keep the point with the minimum Y coordinate.

MaximumY | Keep the point with the maximum Y coordinate.

Median Y Keep the point with the median Y coordinate.

MinimumZ | Keep the point with the minimum Z value.

MaximumZ | Keep the point with the maximum Z value.

Median Z Keep the point with the median Z value.

um Create an artificial datum at the centroid of the duplicate points with a Z value
equal to the sum of the duplicate set's Z values.

Average Create an artificial datum at the centroid of the duplicate points with a Z value

9 equal to the average of the duplicate set's Z values.

Create an artificial datum at the centroid of the duplicate points with a Z value

Midrange equal to the midrange of the duplicate observations' Z values halfway between
the minimum Z and the maximum Z.

Random Keep a single, randomly selected, representative point.
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X and Y Tolerance

In addition to the To Keep options there are X Tolerance and Y Tolerance options. For example,
two points, A and B are duplicates if:

|X o = Xg| < X Tolerance
and

Yo —Yg| <Y Tolerance

Using this definition, it is possible for points A and B to be duplicates, for point B and C to be
duplicates, but for A and C to not be duplicates.

Excluding Data

In addition to eliminating duplicates, you can also filter data based on Boolean functions. The
Data Exclusion Filter allows you to use a Boolean expression to specify how to exclude data. For
example:

Exclusion Filter Purpose

X=-999 or Y=-999 or Z=-999 excludes any triplet with a -999 field
X<10 or X>20 or Y<10 or Y>20 excludes all data outside the range 10 to 20
72<0.0 excludes any triplet with Z < 0.0

Boolean expressions, used by Grid | Function, Grid | Math, Grid | Data, and Grid | Variogram,
include:

= logical operators (and, or, Xor, not)
= comparison operators (=, <>, <, >, <= >=)

= [IF function - e.g., [F(condition,true_value,false value).

The words AND, OR, XOR, NOT, and IF are reserved keywords and may not be used as variables
names.

D ata Excluzion Filker [eq, x=-999 OR y=-993 0OR z=-999]

= x40

The Data Exclusion Filter isfound in the Filter dialog
and on the Data page in the New Variogram dialog.
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For example, consider the case of ignoring data outside of a grid. The original grid X Maximum is
50, but the grid X Maximumis reset to 40. To limit the search to data with X values less than 40,
use the Data Exclusion Filter by entering X > 40 into the Data Exclusion Filter text box. This
tells Surfer to exclude all data with X values greater than 40.

Statistics
Click the Satistics button to generate a statistics report based on the selected XYZ columns.
Refer to the Reports topic in online help for detailed information on each of the reported statistics.

View Data

If you are unsure of which columns contain your XYZ data, click the View Data button to see the
data file in a worksheet format. If you get an Insufficient data (3 or more XYZ triplets required)
error, use View Data to make sure that all three columns of data are right aligned. If one of the
columns is left aligned, the data are text, not numbers. Refer to Data as Numbers or Text in
Chapter 3, Data Files and the Worksheet for more information.

Grid Line Geometry

The grid line geometry is set in the Grid Data dialog. Grid line geometry defines the grid limits
and grid density. Grid limits are the minimum and maximum X and Y coordinates for the grid.
Grid density is usually defined by the number of columns and rows in the grid. The # of Linesin
the X Direction is the number of grid columns, and the # of Lines in the Y Direction is the number
of grid rows. By defining the grid limits and the number of rows and columns, the Spacing values
are automatically determined as the distance in data units between adjacent rows and adjacent
columns.

Gnd Line Geometry

kinirum kA a=inLar Spacing # af Lines
¥ Directior: |0 E |nogogndosng oo =
¥ Direction: |0 |7 |nogogndoang [7e =

In the Grid Data dialog, the Grid Line Geometry group allows you to specify
the grid limits and the grid density by entering the appropriate values.

Surfer computes the minimum and maximum X and Y values from the XYZ data file. These
values are used as the default minimum and maximum coordinates for the grid. The direction that
covers the greater extent (the greater number of data units) is assigned 100 grid lines by default.
The number of grid lines in the other direction is computed so that the grid line spacing in the two
directions are as close to one another as possible.
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The simple example shown here demonstrates the relationship between grid rows, columns, and
grid nodes. In this example, the grid spacing is 1.0 between rows and columns. The number of
grid lines in the X direction (the number of columns in the grid file) is nine, and the number of
grid lines in the Y direction (the number of rows in the grid file) is seven.

7 - @ ----@--- - e - @ ----"@----"@----@ --- -
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[N
'

Grid File Columns

Thisis an example of a nine by seven grid. The grid columns

arerepresented by vertical solid lines, and the grid rows are
represented by horizontal dashed lines. The grid nodes are
shown as dots at the intersection of the rows and columns.

Three examples are given in the table below. These examples show the default parameters
generated based on the minimum and maximum X and Y values from the three XYZ data files.

Row/Column [ Minimum | Maximum [ Grid Line Spacing | # of Grid Lines
X Direction 0 99 1 100
Y Direction 0 79 1 80
X Direction 100 109 0.09090909 100
Y Direction 50 57 0.09090909 78
X Direction -105.75 -105.38 0.00434343 86
Y Direction 39.6 40.03 0.00434343 100
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Grid Limits

Grid limits define the extent of contour maps, image maps, shaded relief maps, vector maps,
wireframes, and surfaces created from grid files. When creating a grid file, set the grid limits at
the extents you want to use for your map. Once a grid file is created, you cannot produce a grid-
based map larger than the extent of the grid file. If you find you need larger grid limits, you must
regrid the data. You can, however, read in a subset of the grid file to produce a map smaller than
the extent of the grid file.

To specify the grid limits:
1. Click Grid | Data.
2. Open a data file.

3. Examine the values in the Grid Line Geometry group. The Minimum and Maximum boxes for
the X Direction and the Y Direction show the data limits for the file to be gridded.

4. You can set different limits by typing new values into the boxes. For example, if your data
ranges from one to nine in the X Direction, the default limits in the X Direction are set at one
for the Minimum and nine for the Maximum. If you want the grid file to range from zero to
10, you must set these limits by specifying the Minimum and Maximum values to use in the X
Direction. The same applies for the Y Direction.

5. Specify any other gridding parameters, click OK, and the grid file is created with the limits
you specify.

Grid Density

Grid density refers to the number of rows and columns in a grid file, and it is a measure of the
number of grid nodes in the grid. Higher grid densities increase the smoothness in grid-based
maps. However, an increase in the number of grid nodes proportionally increases the gridding
time, drawing time, and the grid file size. You can have up to 10,000 rows and columns in a grid
file.

Greater grid density generates visually smoother maps. Contour lines and lines defining a
wireframe are a series of straight-line segments. More X and Y lines in a grid file result in shorter
line segments for contours or wireframes. This provides a smoother appearance to contour lines
on a contour map or smoother appearing wireframe.

Although highly dense grid files can be created, time and space are practical limits to the number
of grid nodes you may want to create in a grid file. Grid density limits are based on the amount of
available memory in your computer and the size of the data file used to create the grid. Limited
memory, very large data files, very dense grids, or any combination of these factors can greatly
increase gridding time. When gridding begins, the status bar provides you with information about
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the estimated gridding time to complete the task. If gridding time is excessive, click in the plot
window to cancel the gridding operation.

You can increase or decrease the grid density by using the Grid | Spline Smooth command, or the
Grid | Extract command. See Chapter 18, Grid Operations for more information on these
commands.

To specify the grid density:
Click Grid | Data.
Open a data file.

1.
2.
3.
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You can specify Soacing values or # of Line values for both the X Direction and Y Direction
in the Grid Line Geometry group in the Grid Data dialog. These values, in conjunction with
the grid limits, control the grid density in the grid file.

The Spacing boxes specify the number of data units between grid lines. This value is a
function of the Minimum and Maximum values and the # of Lines values. When you
change these values, the # of Lines values are automatically recalculated to reflect the
change. If the Spacing value you specify results in a fractional number for the # of Lines
value, Surfer automatically adjusts the Spacing value slightly to generate an integer
number for the # of Lines value.

The # of Lines boxes specify the number of lines in the X and Y directions. This is the
number of rows (Y) and columns (X) generated in the grid, and must be a whole number.
If you change the # of Lines values, the Spacing values automatically change to reflect
the new values. If the data limits are different in the X and Y directions, the Spacing in
Grid Line Geometry is unequal if the # of Lines values are equal.

Specify any other gridding parameters, click OK, and the grid file is created with the selected
limits.
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Examples

Consider these examples. The data 25 25
range from 0 to 25 inthe Y
dimension and 0 to 10 in the X
dimension. The two examples use 20 20
different numbers of grid lines, or
grid spacing, during gridding. The
Grid Line Geometry information for
both examples is given below.

15 15

In the example on the left, the grid 10 10
Foacing is set approximately equal in
the X and Y dimensions (one unit
each). This results in a different 5 5
number of grid lines in the X an Y
dimensions.

0 0

. 0 2 4 6 8 10 0 2 4 6 8 10
In the example on the right, the same

# of Lines are specified in the two Two different Grid Line Geometry examples are shown here. These
dimensions. This results in an gridsare based on the same data file. The coordinates range from

unequal spacing in data units in the zeroto 10 in the X dimension and zero to 25 in the Y dimension.

two dimensions.

Grid Line Geometmny

ke irirriLam b amirnim Spacing # of Lines
¥ Direction: |0 f10 |1 =
¥ Direction: |0 |25 |1 E=

This shows the Grid Line Geometry information for the 11 by 26 grid. Thegrid line spacing
values are set to one, resulting in a different number of grid linesin the X and Y dimensions.

[rid Line Geometmy

kdinimum b Airnam Spacing # of Lines
# Direction: |0 10 |25 |5 —
¥ Direction: |0 |25 |6.25 |5 —

This shows the Grid Line Geometry information for the 5 by 5 grid. The number of
linesisequal, resulting in different spacing in the X and Y dimensions.
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Cross Validate

Generally, cross validation can be considered an objective method of assessing the quality of a
gridding method, or to compare the relative quality of two or more candidate gridding methods.
In Surfer, cross validation can be used with all gridding methods. While cross validation can be
used to select a gridding method, the results can also be used to assess the spatial variation in
gridding quality and to guide data sampling.

A generalized discussion of cross variation is given here. Refer to one of the many geostatistics
books for more information. In the listed references, much of the discussion concerns kriging, but
the generalized discussion applies to all of the gridding methods in Surfer.

The Cross Validation Process

Given the known values at N observation locations in the original data set, cross validation allows
you to assess the relative quality of the grid by computing and investigating the gridding errors. In
Surfer, these errors are calculated by removing the first observation from the data set, and using
the remaining data and the specified algorithm to interpolate a value at the first observation
location. Using the known observation value at this location, the interpolation error is computed
as:

error = interpolated value — observed value

Then, the first observation is put back into the data set and the second observation is removed
from the data set. Using the remaining data (including the first observation), and the specified
algorithm, a value is interpolated at the second observation location. Using the known observation
value at this location, the interpolation error is computed as before. The second observation is put
back into the data set and the process is continued in this fashion for the third, fourth, fifth
observations, etc., all the way through up to and including observation N. This process generates
N interpolation errors. Various statistics computed for the errors can be used as a quantitative,
objective measure of quality for the gridding method.

Thus, cross validation involves four steps:
1. Select a gridding method, along with all of the defining parameters.

2. For each observation location, interpolate the value using the neighboring data, but not the
observation itself.

Compute the resulting interpolation errors.

Assess the quality of the selected gridding method using various summary statistics of the
errors.
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Using Cross Validation

To obtain cross validation information:

1. Select Grid | Data.

2. Select a data file in the Open dialog.

3. Set the Gridding Method and its Advanced Options.

4. Click the Cross Validate button in the Grid Data dialog.
5

Select the number of random points, the validation limits, and exclusion limits you wish to
use with cross validation.

Click the Report box to generate a cross validation report.
Set the results path and file name in the Cross Validation Results File field.

The Cross Validation Dialog
Number of Random Pointsto Validate

For large and very large data sets the cross validation process of sweeping through each and every
observation point can take a great deal of time and computational effort. A quicker alternative is
to carry out the cross validation procedure at a random subset of the observation locations.

Cross YValidahon

Hurriber of random points o walidats: ﬁ = | Ok I

Selactvalidation paints within these mils Cancs|
Minimum bdmzaimurm

¥ Dirgction: | [

¥ Direction: [0 B F Bepor

Z Dirction: |75 [105

Emchada deda within this distance of fhe validedon point
* Tolrance: ||  Tglarance: |

Cross WalideSan Resulis File

|L' ragram Files\Golden SotsarsSurlerd S amgles\ Demognd<y =

Click the Cross Validate button in the Grid Data
dialog to open the Cross Validation dialog.
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Number of random points to validate allows you to specify the number of cross validation points.
By default, this value is equal to the total number of observations. For large and very large data
sets this values should be 1,000 or more to ensure a relatively stable set of error statistics. Note,
the entire data set is used throughout the cross validation process, not just the random subset. The
random subset merely identifies the locations at which cross validation errors are computed. Also,
note that the random subset is determined without replacement, using a pseudo-random number
generator that is randomly initialized for every execution; thus, the random subset may be
different every cross validation run.

Select Validation Points Within These Limits

Set the X Direction, Y Direction, and Z Direction minimum and maximums in the Select
validation points within these limits group to restrict the cross validation to a subarea of the data
extent. Data falling outside of these limits may be used during the interpolation, but they are not
used as cross validation points. The limits in the Z Direction are useful to exclude cross validation
at known anomalous observation locations.

Exclude Data Within this Distance of the Validation Point

Often observations come in relatively homogeneous clusters. In these circumstances, the standard
cross validation approach may not generate useful results, as the interpolated values are merely the
values of the close-by adjacent observations. To counter this potential problem, the X Tolerance
and Y Tolerance fields define a centered rectangular buffer zone around each of the observations
at which cross validation is carried out. This buffer zone is two times the X Tolerance in the X
direction, and two times the Y Tolerance in the Y direction. Any observations falling within a
validation point’s buffer zone are not used in the interpolation of that validation point.

Cross Validation Results File

Set a path and file name in the Cross Validation Results File field for the cross validation results.
The results are presented in an ASCII data file, which can be used as a gridding data file. The first
line in the file contains column titles. Each subsequent line is associated with a validation point.
There are seven numeric values per line. The first three values are the X, Y, and Z values of the
validation point. The fourth value, titled ID is the line number from the original data file of the
validation point. The next two numbers are the estimated and residual values. The nData column
contains the total number of original data points.

Statistics Note

Under most interesting statistical models, the cross validation errors are statistically dependent:
the estimate at one observation location uses much of the same information as the estimate at a
neighboring observation location. As such, standard hypothesis testing and test of statistical
significance are not valid. A discussion of this point can be found in Kitanidis (1997).
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Cross Validation References

Below are a few references for cross validation. The following references include extensive
discussion of the theory and application of cross validation. Isaaks and Srivastava [1989],
Kitanidis [1997], Olea [1999], and Chiles and Delfiner [1999] focus on cross validation with
kriging, but the general discussion applies to all of the supported gridding methods in Surfer.

Chiles, J. P. and P. Delfiner. (1999) Geostatistics: Modeling Spatial Uncertainty. John Wiley
and Sons, New York, 695 pp.

Isaaks, E. H. and R. M. Srivastava. (1989) Applied Geostatistics. Oxford University Press, Inc.,
New York, 561 pp.

Kitanidis, P. K. (1997) Introduction to Geostatistics: Applicationsin Hydrogeology. Cambridge
University Press, Cambridge, 249 pp.

Olea, R. (1999) Geostatistics for Engineers and Earth Scientists. Kluwer Academic Publishers,
Boston, 303 pp.

Grid Report

Check the Grid Report box in the Grid Data dialog to create a gridding report that includes all the
gridding parameters used to generate a grid. This report also includes statistics. For detailed
information about the contents of this report, see the online help topic Reports.

General Gridding Options

Each gridding method has its own set of gridding options. Some of the options are the same or
similar for the different gridding methods, while other options are specific to particular gridding
methods. The following options are available to multiple gridding methods.

Search

Search options control which data points are considered by the gridding operation when
interpolating grid nodes. To access the search options, if available with the gridding method, click
the Advanced Options button in the Grid Data dialog. If searching is available with the selected
gridding method, a Sear ch page appears in the advanced options dialog. However, in some cases
a few of the search options, such as Anisotropy, are available on the gridding method's General
page. If search options are not available for a gridding method, this means that all the data points
from the data file must be used when calculating the grid.
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No Search

The search options tell Surfer how to find data
points during the calculation of grid node values.
The No Search (use all of the data) option tells
Surfer to use all data when interpolating each
grid node. Uncheck the No Search box to
activate the search during the gridding process.

For small data sets (up to 250 points) the No
Search option is usually the most appropriate.
This type of search increases gridding speed. No
Search uses all data points in the calculation of
every grid node. The distance weighting factors
are still applied. Therefore, although a point far

removed from the grid node is still used when Thisisan example of a four-sector search.
calculating the grid node value, it carries The three nearest pointsin each quadrant are
relatively little weight compared to data points included during gridding in this example.

close to the grid node.

When data points are evenly distributed over the map area, the No Search option is adequate.
When observations are heavily clustered within the map area, a four-sector or eight-sector search
is recommended. These types of searches are also appropriate when you have data collected on
widely spaced traverses. A one-sector search might attempt to estimate grid nodes using data
points from a single direction. This might generate unrealistic slopes between traverses, and
unrealistic polygonal shaped plateaus across the map area. Four- or eight- sector searches should
eliminate or reduce this effect.

Some gridding methods construct an internal matrix based on the number of search points (such as
kriging and radial basis function). This matrix can consume a large amount of memory if too
many search points are used. For these methods, the default cut off for using all data (No Search)
versus searching is 250 data points. If there are more than 250 points, Surfer defaults to
performing a search. If there are 250 or fewer data points, Surfer selects the No Search (use all of
the data) option by default. The absolute maximum number of data points that can be used with
the No Search (use all of the data) option with these methods is 750. If you have more than 750
points, the No Search (use all of the data) option is disabled.
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Search Rules

Search rules define the number of points included in interpolating a grid node value. Uncheck the
No Search (use all of the data) option to enable the search rules edit controls. Search rules limit
the number of data points to include in the interpolation at each grid node. Search rules work in
concert with the search ellipse. The search ellipse specifies the size of the local neighborhood in
which to look for data, and the search rules specify the number of points to actually consider
within the neighborhood.

If the number of data points defined by the Minimum number of data in all sectors is not found
within the Search Ellipse distance, the blanking value is assigned at the grid node. Blanking
values indicate that insufficient data existed to satisfy the search criteria at that particular location.
Blanked grid nodes truncate contour lines on contour maps, and produce low flat regions on
wireframes.

Search Options

= The No Search (use all of the data) option tells Surfer to use all data when interpolating each
grid node. Uncheck the No Search box to activate the search during the gridding process.

= The Number of sectorsto search option divides the search area into smaller sections to which
you can apply the following three search rules. You can specify up to 32 search sectors.

= The Maximum number of data to use from ALL sectors value limits the total number of points
used when interpolating a grid node.

= The Maximum number of data to use from EACH sector value specifies the number of points
to be used from each sector.

= The Minimum number of data in all sectors (node is blanked if fewer) value assures that the
specified number of points is encountered when interpolating a grid node. If the minimum
number of points is not found, the blanking value is assigned at the grid node. Data points
beyond the nearest points in a quadrant are ignored even if the data points in another quadrant
are farther from the grid node being calculated.

= Blank node if more than this many sectors are empty assures that if more empty sectors than
this value are encountered, the blanking value is assigned at the grid node.
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Search Ellipse

The Search Ellipse defines the local neighborhood of points to consider when interpolating each
grid node. This defines the distance in data units from the grid node that Surfer looks to find data
points when calculating grid nodes. Data points outside the search ellipse are not considered
during grid node interpolation.

Elliptical searches do not impart extra weight to data points in the various directions, but do search
farther along one ellipse axis. The default Search Ellipse is circular, meaning that Surfer looks
the same distance in all directions.

Search ellipses are specified by defining the ellipse radii and the angle for the ellipse.

= Radius1 and Radius 2 are positive Radius 1 axis
values indicating the distance in data / for the ellipse
units. N
\ I'd

= Angleis the inclination between the

/7
positive X axis and the ellipse axis \ P 7 /Angle
associated with Radius 1. This can be \ 7

any value between -360 and +360 AY
degrees. X \ \
\ Positive X axis
7/ N\

Blanking values indicate insufficient data 7
existed to generate a grid node value at that 4 N\
particular location based on the specified N
search rules. For example, if you The search dlipse angle is the angle between the positive
inadvertently set your search ellipse size to X axis and the ellipse axis associated with Radius 1.

be smaller than half the distance between

your data points, a significant number of

grid nodes may be blanked in the grid file. Blanked grid nodes cause truncation of contour lines
within contour maps, and flat regions on wireframes. In addition, blanking values are placed
outside of the convex hull of the data for non-extrapolating gridding methods, like triangulation
with linear interpolation and natural neighbor.
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Although not required, in most cases it works well to set the search ellipse ratio and direction to
coincide with the anisotropy ratio and direction. For more information on anisotropy, see the
Anisotropy section on page 108.
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\When a search ellipse is set too small, the blanking valueis
assigned to the grid nodes where not enough data were
found within the search ellipse. Thiscan resultinan
incomplete contour map, with truncation of contour lines,
or awireframe with pronounced discontinuities.
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To specify the search options:
1.

2.
3.
4

9.
10. Click OK to grid the data.

Select Grid | Data and choose a data file. — Search Ellipze

Select a Gridding Method. Radius 1: [100 :
Click the Advanced Options button.

. . g Radius 2 IEDEI 3:
Click the Search page in the gridding method's advanced
options dialog. If the search page does not exist, a sector Angle: |45| 3:
search is not allowed (the gridding method uses all of the
data).
If the No Search (use all of the data) option is checked, click
in the box to deselect this option if you want to set search
rules. \
Specify the Number of sectorsto search. The number of J
sectors can range from one to 32.

Specify the search rules so the desired number of points is

considered during interpolation at each grid node. The search dllipse graphic

Create the search ellipse by defining the radius and angle
values. The Search Ellipse group presents a sketch of the

ellipse as specified.

reflects changes made to
search ellipse options.

Click OK to return to the Grid Data dialog.

Anisotropy

Natural phenomena are created by physical processes. Often these physical processes have
preferred orientations. For example, at the mouth of a river the coarse material settles out fastest,

Anizotropy
F atio:
|2 3:
Angle:

an -

The anisotropy settings have
an axisratio and angle.

while the finer material takes longer to settle. Thus, the closer
one is to the shoreline the coarser the sediments while the
further from the shoreline the finer the sediments. When
interpolating at a point, an observation 100 meters away but in
a direction parallel to the shoreline is more likely to be similar
to the value at the interpolation point than is an equidistant
observation in a direction perpendicular to the shoreline.
Anisotropy takes these trends in the data into account during
the gridding process.

Usually, points closer to the grid node are given more weight than points farther from the grid
node. If, as in the example above, the points in one direction have more similarity than points in
another direction, it is advantageous to give points in a specific direction more weight in
determining the value of a grid node. The relative weighting is defined by the anisotropy ratio.
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The underlying physical process producing the data, as well as the sample spacing of the data, are
important in the decision of whether or not to reset the default anisotropy settings.

Anisotropy is also useful when data sets use fundamentally different units in the X and Y
dimensions. For example, consider plotting a flood profile along a river. The X coordinates are
locations, measured in miles along the river channel. The Y coordinates are time, measured in
days. The Z values are river depth as a function of location and time. Clearly in this case, the X
and Y coordinates would not be plotted on a common scale, because one is distance and the other
is time. One unit of X does not equal one unit of Y. While the resulting map can be displayed
with changes in scaling, it may be beneficial to apply anisotropy as well.

Another example of when anisotropy might be employed is an isotherm map (contour map) of
average daily temperature over the upper Midwest. Although the X and Y coordinates (Easting
and Northing) are measured using the same units, along the east-west lines (X lines) the
temperature tends to be very similar. Along north-south lines (Y lines) the temperature tends to
change more quickly (getting colder as you head north). When gridding the data, it would be
advantageous to give more weight to data along the east-west axis than along the north-south axis.
When interpolating a grid node, observations that lie in an east-west direction are given greater
weight than observations lying an equivalent distance in the north-south direction.

The anisotropy settings include a Ratio and an Angle setting. The Ratio is the maximum range
divided by the minimum range. An anisotropy ratio less than two is considered mild, while an
anisotropy ratio greater than four is considered severe. Typically, when the anisotropy ratio is
greater than three its effect is clearly visible on grid-based maps. The Angleis the preferred
orientation (direction) of the major axis in degrees.
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Example

An example where an anisotropy ratio is
appropriate is an oceanographic survey to
determine water temperature at varying depths.
Assume the data are collected every 1000
meters along a survey line, and temperatures
are taken every ten meters in depth at each
sample location. With this type of data set in
mind, consider the problem of creating a grid
file. When computing the weights to assign to
the data points, closer data points get greater
weights than points farther away. A
temperature at 10 meters in depth at one
location is similar to a sample at 10 meters in
depth at another location, although the sample
locations are thousands of meters apart.
Temperatures might vary greatly with depth,
but not as much between sample locations.

NOTE: Unless there is a good reason to use an
anisotropy ratio, you should accept the default
value of 1.0.

Detailed discussions of anisotropy and kriging
as well as anisotropy equations are given in
Chapter 5, Variograms.

For each different gridding method, anisotropy
might be specified in a slightly different
manner.
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In the oceanographic survey described here, the
contour lines cluster around the data points
when an anisotropy ratio is not employed. Inthe
bottom contour map, an anisotropy ratio results
in contour linesthat are a more accurate
representation of the data.
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Breaklines and Faults

Breaklines and faults are a means to show discontinuities in the surface. Select gridding methods
support breaklines and/or faults. Breaklines and faults are defined with blanking files.

If your grid is not dense enough, the breakline or fault will not show very well in the map. If you
cannot see any indication of the breakline or fault (i.e. contours do not bend properly), regrid the
data with a denser grid.

To include the breakline or fault as a line on your map, use Map | Base M ap and choose your
blanking file. Select all maps and use Map | Overlay M apsto position the line correctly.
Contour maps have a Fault Line Properties button, so you do not need to use a base map to show
faults on contour maps.

Defining Breaklines and Faultswith Blanking Files

You can create a blanking file to define a breakline or fault in the Surfer worksheet or any text
editor. These blanking files do not require the blank inside or blank outside flag. Blanking files

are described in detail in Appendix C, File
3 <«4—— header

Formats. 2.978.32 10
XYZ vertices——3.38 7.25 20
3.045.31 30

Breaklines

A breakline uses Z values

Enter a header containing the number of vertices in in ablanking file.

the breakline, followed by the XYZ coordinates of
each vertex, one per line.

header
«—
Faults 3
Enter a header containing the number of vertices in the XY vertices ggg ?gé
fault, followed by the XY coordinates of each vertex, 3.045.31

one per line.
A fault is defined by a blanking file.

Grid Files

The only grid file format that retains fault information is the Surfer 7 grid file. If you use another
grid file format, the faulting information is lost.
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Breaklines

A breakline is a three-
dimensional blanking file that
defines a line with X, Y, and Z
values at each vertex. When the
gridding algorithm sees a
breakline, it calculates the Z
value of the nearest point along
the breakline, and uses that value
in combination with nearby data
points to calculate the grid node
value. Surfer uses linear
interpolation to determine the
values between breakline vertices
when gridding. Unlike faults,
breaklines are not barriers to
information flow, and the
gridding algorithm can cross the
breakline to use a point on the

10
+ + Gridding algorithm search
breakline can cross breakline.
20
37.2 data
grid *< point
+ node I ###### -
T2

Z value interpolated from
line segment vetices.

+ + a0

The gridding algorithm search uses a single Z value at the closest point
along theline. The search can cross the breakline to search for data.

other side of the breakline. If a point lies on the breakline, the value of the breakline takes
precedence over the point. Breakline applications include defining streamlines, ridges, and other

breaks in the slope.

Gridding algorithm searches use the specified anisotropy ratio when determining the distance to
the breakline. Breaklines are ignored when determining this distance. The use of complex
breaklines or a large number of breaklines will slow the gridding process significantly. Breaklines
cannot cross other breaklines or faults. Breaklines are not allowed with the No Search (use all of
the data) search method for any gridding method.

The following gridding methods support breaklines:

Inverse Distance to a Power
Kriging
Minimum Curvature

Nearest Neighbor
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Faults

In Surfer, a fault is a two-dimensional blanking file defining a line acting as a barrier to
information flow when gridding. When gridding a data set, data on one side of a fault is not
directly used when calculating grid node values on the other side of the fault.

If the fault line is a closed polygon, the gridding algorithm grids data in the interior of the
polygon. If the fault line is not a closed polygon, the gridding algorithm can search around the
end of the fault to see a point on the other side of the fault, but this longer distance reduces the
weight of the point in interpolating the grid node value. If a point lies directly on the fault line,
random round-off error determines which side of the fault captures the point.

The following gridding methods support faults:
Inverse Distance to a Power

Minimum Curvature

Nearest Neighbor

Data Metrics

Faults and Memory

Faults consume memory and increase gridding time in proportion to the square of the number of
fault segments. In addition, they may cause some gridding methods to fail. With minimum
curvature, the failure is due to lack of convergence.

Gridding with Breaklines and Faults
To use a breakline or fault in gridding:

1. Create a blanking file containing the breakline or fault trace. Remember that breaklines need
Z values in the blanking file.

Click on Grid | Data.

Choose a data file in the Open dialog.

In the Grid Data dialog, choose a Gridding Method that supports breaklines or faults.
Click the Advanced Options button.

Click the Breaklines page or Breaklines and Faults page, depending on the selected
gridding method.

AN

7. Click the File Containing Breaklines or File Containing Fault Traces E button to select
the blanking file [.BLN] containing the faults or breaklines. The number of traces and the
number of total vertices are displayed under the file name.

8. Click OK to return to the Grid Data dialog.
Click OK in the Grid Data dialog to grid the data with a breakline or fault.
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Gridding Methods

Gridding methods are selected in the Grid Data dialog, which is accessed through Grid | Data.
When you select a gridding method in this dialog, you can specify the parameters for the particular
method by clicking on the Advanced Options button.

The differences between gridding methods are in the mathematical algorithms used to compute the
weights during grid node interpolation. Each method can result in a different representation of
your data. It is advantageous to test each method with a typical data set to determine the gridding
method that provides you with the most satisfying interpretation of your data.

I nver se Distance to a Power

The Inverse Distance to a Power gridding method is a weighted average interpolator, and can be
either an exact or a smoothing interpolator.

With inverse distance to a power, data are weighted during interpolation such that the influence of
one point relative to another declines with distance from the grid node. Weighting is assigned to
data using a weighting power that controls how the weighting factors drop off as distance from a
grid node increases. The greater the weighting power, the less effect points far from the grid node
have during interpolation. As the power increases, the grid node value approaches the value of the
nearest point. For a smaller power, the weights are more evenly distributed among the
neighboring data points.

Normally, inverse distance to a power behaves as an exact interpolator. When calculating a grid
node, the weights assigned to the data points are fractions, and the sum of all the weights is equal
to 1.0. When a particular observation is coincident with a grid node, the distance between that
observation and the grid node is 0.0, and that observation is given a weight of 1.0, while all other
observations are given weights of 0.0. Thus, the grid node is assigned the value of the coincident
observation. The Smoothing parameter is a mechanism for buffering this behavior. When you
assign a non-zero Smoothing parameter, no point is given an overwhelming weight so that no
point is given a weighting factor equal to 1.0.

One of the characteristics of inverse distance to a power is the generation of "bull's-eyes"
surrounding the position of observations within the gridded area. You can assign a smoothing
parameter during inverse distance to a power to reduce the "bull's-eye" effect by smoothing the
interpolated grid.

Inverse distance to a power is a very fast method for gridding. With less than 500 points, you can
use the No Search (use all of the data) search type and gridding proceeds rapidly.
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The equation used for Inverse Distance to a Power is:

where

h; is the effective separation distance between grid node j and the neighboring point i
z J- is the interpolated value for grid node j

Zj are the neighboring points

dj i is the distance between the grid node j and the neighboring point i

B is the weighting power (the Power parameter)

e} is the Smoothing parameter

Inverse Distance to a Power Advanced Options

To set inverse distance to a power options:

1. Click on Grid | Data.

2. Open a data file.

3. Inthe Grid Data dialog, choose Inverse Distance to a Power in the Gridding Method group.

4. Click the Advanced Options button to display the I nver se Distance Advanced Options
dialog.

5. On the General page, specify the weighting Power and Smoothing parameters to apply during
the gridding operation.
= The weighting Power parameter determines how quickly weights fall off with distance
from the grid node. As the power parameter approaches zero, the generated surface
approaches a horizontal planar surface through the average of all observations from the
data file. As the power parameter increases, the generated surface is a "nearest neighbor"
interpolator and the resultant surface becomes polygonal. The polygons represent the
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nearest observation to the interpolated grid node. Power values between 1.2¢-038 and
1.0e+038 are accepted, although powers should usually fall between one and three.

= The Smoothing factor parameter allows you to incorporate an "uncertainty" factor
associated with your input data. The larger the smoothing factor parameter, the less
overwhelming influence any particular observation has in computing a neighboring grid
node.

6. You can set Anisotropy parameters on the General page. For more information about
anisotropy options, see Anisotropy beginning on page 108.

8. The Search page allows you to specify search rules. For more information on search, see the
Search section beginning on page 103.

9. The Breaklinesand Faults page is used to add breaklines and faults to the gridding process.
For more information on breaklines and faults, see the Breaklines and Faults section
beginning on page 111.

10. Click OK in the I nverse Distance Advanced Options dialog to return to the Grid Data
dialog.

11. Click OK in the Grid Data dialog and a grid file is produced using the Inverse Distance to a
Power gridding method with the specified options.

—Anisotro
Eawer: |2 :I : id

Fatio; |1 3:
Smoothing: IIZI Angle: IEI 3

The General pagein the I nverse Distance Advanced Options dialog allows you
to specify the parameters to use when gridding with inver se distance to a power.

Inverse Distanceto a Power References
Davis, John C. (1986), Satistics and Data Analysisin Geology, John Wiley and Sons, New York.

Franke, R. (1982), Scattered Data Interpolation: Test of Some Methods, Mathematics of
Computations, v. 33, n. 157, p. 181-200.
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Kriging

Kriging is a geostatistical gridding method that has proven useful and popular in many fields.

This method produces visually appealing maps from irregularly spaced data. Kriging attempts to
express trends suggested in your data, so that, for example, high points might be connected along a
ridge rather than isolated by bull's-eye type contours.

Kriging is a very flexible gridding method. You can accept the kriging defaults to produce an
accurate grid of your data, or kriging can be custom-fit to a data set by specifying the appropriate
variogram model. Within Surfer, kriging can be either an exact or a smoothing interpolator
depending on the user-specified parameters. It incorporates anisotropy and underlying trends in an
efficient and natural manner.

Kriging Advanced Options

To set advanced kriging options:

Click on Grid | Data.

In the Open dialog, select a data file and then click the Open button.

In the Grid Data dialog, choose Kriging in the Gridding Method group.

Click the Advanced Options button to display the Kriging Advanced Options dialog.
On the General page:

1.

2
3.
4.
5

Click the Add button to add variogram components. Refer to the Variograms section for
more information on the variogram components.

Click the Edit button to display the Variogram Components dialog. You can edit
various parts of the variogram model from this dialog. Once you are finished editing the
components, click OK to return to the Kriging Advanced Options dialog.

To remove a component from the variogram model, highlight the component in the
Variogram Model group, and then click the Remove button.

If you have modeled your data with Surfer's variogram modeling feature (Grid | New
Variogram), click the Get Variogram button to use the variogram results. The Get
Variogram button extracts the current variogram model and inserts it into the kriging
variogram model. You must have the variogram open in the current plot window to use
the Get Variogram option.

Click the H button to enter a file name into the Output Grid of Kriging Standard
Deviationsbox. See Kriging Standard Deviations for more information on this subject.

Choose Point or Block Kriging from the Kriging Type box. For more information on
Point or Block Kriging, see the Kriging Type section.
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=  You can select a Linear or Quadratic drift type. Drift type None is ordinary kriging,

while Linear and Quadratic drift types are universal kriging.

6. The Search page allows you to specify search rules. For more information on search, see the

Search section beginning on page 103.

7. The Breaklinespage is used to add breaklines to the gridding process. (Faults are no longer
supported with kriging.) For more information on breaklines, see the Breaklines and Faults

section beginning on page 111.

Click OK in the Kriging Advanced Options dialog to return to the Grid Data dialog.
9. Click OK in the Grid Data dialog and a grid file is produced using the kriging gridding

method with the specified options.

General

—“ariagram tadel

Linsar Slope=1. Anisn=1, [ T Rdd
Mugoet Effect Errar=1, Micro=1

Edit... |

Bemove |

GetVariagrarm...

— Qutput Grid of Kriging Standard Deviations

CAProgram FileshGolden Software!, Suderg, Samples) stddev.grd

Kriging Tywpe:  |Point j Drift Type:  [Mone j

You can specify the variogram parameters, kriging standard deviations
file, kriging type, and drift type in the Kriging Advanced Options dial og.

Variograms

An important component of the kriging gridding method is the variogram. Variograms are
discussed in detail in Chapter 5, Variograms. The default linear variogram provides a reasonable
grid in most circumstances, as long as a nugget effect is not used. A variogram-modeling feature
is included in Surfer to assist you in selecting the appropriate variogram model for your data. Do
not change the variogram components without modeling the variogram first. If you do not
understand variograms or variogram modeling, use the default linear variogram with no nugget

effect. When in doubt, use the default linear variogram.
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Kriging Standard Deviations

Enter a path and file name into the Output Grid of Kriging Sandard Deviations box to produce an
estimation standard deviation grid. If this box is empty, the estimation standard deviation grid is
not created.

The kriging standard deviation grid output option greatly slows the kriging process. This is
contrary to what you may expect since the kriging variances are usually a by-product of the
kriging calculations. However, Surfer uses a highly optimized algorithm for calculating the node
values. When the variances are requested, a more traditional method must be used, which takes
much longer.

There are several cases where a standard deviation grid is incorrect or meaningless. If the
variogram model is not truly representative of the data, the standard deviation grid is not helpful to
your data analysis. In addition, the kriging standard deviation grid generated when using a
variogram model estimated with the Standardized Variogram estimator or the Autocorrelation
estimator is not correct. These two variogram estimators generate dimensionless variograms, so
the kriging standard deviation grids are incorrectly scaled. Similarly, while the default linear
variogram model will generate useful contour plots of the data, the associated kriging standard
deviation grid is incorrectly scaled and should not be used. The default linear model slope is one,
and since the kriging standard deviation grid is a function of slope, the resulting grid is
meaningless.

The kriging standard deviation grid is not allowed with the No Search (use all of the data) option
on the Sear ch page.

Kriging Type

Surfer includes two kriging types: Point Kriging and Block Kriging. A detailed discussion of the
two methods can be found in Isaaks and Srivastava (1989, Chapters 12 and 13). Ordinary (no
drift) and Universal Kriging (linear or quadratic drift) algorithms can be applied to both kriging
types.

Both Point Kriging and Block Kriging generate an interpolated grid. Point Kriging estimates the
values of the points at the grid nodes. Block Kriging estimates the average value of the rectangular
blocks centered on the grid nodes. The blocks are the size and shape of a grid cell. Since Block
Kriging is estimating the average value of a block, it generates smoother contours. Furthermore,
since Block Kriging is not estimating the value at a point, Block Kriging is not a perfect
interpolator. That is even if an observation falls exactly on a grid node, the Block Kriging estimate
for that node does not exactly reproduce the observed value.
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When a Kriging standard deviation grid is generated with Block Kriging, the generated grid
contains the Block Kriging standard deviations and not the Point Kriging standard deviations.

The numerical integration required for point-to-block variogram calculations necessary for Block
Kriging is carried out using a 3x3, two-dimensional Gaussian-Quadrature. In particular, Surfer
uses Section 25.4.62 of Abramowitz and Stegun (1972).

Point Kriging is the default method.

+ + +

° In the diagram to the | eft, the crossesindicate a
block of grid nodes and the filled circles indicate
data points. If we were to interpolate the center
grid node with Point Kriging, the data point
closest to the center grid node would have the
greatest weight in determining the value of the
grid node. If we were to interpolate the center
grid node with Block Kriging, all three data
points within the block of grid nodes are
averaged to interpolate the grid node val ue.

Kriging References

For a detailed derivation and discussion of kriging, see Cressie (1991) or Journel and Huijbregts
(1978). Journel (1989) is, in particular, a concise presentation of geostatistics (and kriging).
Isaaks and Srivastava (1989) offer a clear introduction to the topic, though it does not cover some
of the more advanced details. For those who need to see computer code to really understand an
algorithm, Deutsch and Journel (1992) includes a complete, well-written, and well-documented
source code library of geostatistics computer programs (in FORTRAN). Finally, a well-
researched account of the history and origins of kriging can be found in Cressie (1990).

Abramowitz, M., and Stegun, 1. (1972), Handbook of Mathematical Functions, Dover
Publications, New York.

Cressie, N. A. C. (1990), The Origins of Kriging, Mathematical Geology, v. 22, p. 239-252.

Cressie, N. A. C. (1991), Satistics for Spatial Data, John Wiley and Sons, Inc., New York, 900
pp.
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Deutsch, C.V., and Journel, A. G. (1992), GSLIB - Geostatistical Software Library and User's
Guide, Oxford University Press, New York, 338 pp.

Isaaks, E. H., and Srivastava, R. M. (1989), An Introduction to Applied Geostatistics, Oxford
University Press, New York, 561 pp.

Journel, A.G., and Huijbregts, C. (1978), Mining Geostatistics, Academic Press, 600 pp.

Journel, A.G. (1989), Fundamentals of Geostatisticsin Five Lessons, American Geophysical
Union, Washington D.C.

Minimum Curvature

Minimum Curvature is widely used in the earth sciences. The interpolated surface generated by
minimum curvature is analogous to a thin, linearly elastic plate passing through each of the data
values with a minimum amount of bending. Minimum curvature generates the smoothest possible
surface while attempting to honor your data as closely as possible. Minimum curvature is not an
exact interpolator, however. This means that your data are not always honored exactly.

Minimum curvature produces a grid by repeatedly applying an equation over the grid in an attempt
to smooth the grid. Each pass over the grid is counted as one iteration. The grid node values are
recalculated until successive changes in the values are less than the Maximum Residual value, or
the maximum number of iterations is reached.

Surfer fully implements the concepts of tension as described and detailed in Smith and Wessel
(1990). Also, as recommended by Smith and Wessel (1991), this routine first fits a simple planar
model using least square regression:

AX +BY +C =Z(X.,Y)

There are four steps to generate the final grid using the minimum curvature method.
1. The least square regression model is fit to the data.

2. The values of the planar regression model at the data locations are subtracted from the data
values; this yields a set of residual data values.

3. The minimum curvature algorithm is used to interpolate the residuals at the grid nodes.

The values of the planar regression model at the grid nodes are added to the interpolated
residuals, yielding a final interpolated surface.
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Unlike Smith and Wessel (1990), the fixed nodes are defined as the average of the neighboring
observed values. That is, consider a rectangle the size and shape of a grid cell. The neighborhood
of a grid node is defined by this rectangle centered on the grid node. If there are any observed
data within the neighborhood of a grid node, the value of that grid node is fixed equal to the
arithmetic average of contained data.

The minimum curvature algorithm generates the surface that interpolates the available data and
solves the modified biharmonic differential equation with tension:

(1-m )02 (0z)- (T )72z =0

There are three sets of associated boundary conditions:

9°Z 0Z
On the edges: (1 - Tb)—2 + (Tb)— =0
on on
a(0°z)
On the edges: =0
on
0°Z
At the corners: =0
oxoy
where
2 is the Laplacian operator
n is the boundary normal
T, is the internal tension
Tb is the boundary tension
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Minimum Curvature Advanced Options

To set minimum curvature advanced options:
Click on Grid | Data.
In the Open dialog, select a data file and then click the Open button.

1.

2.
3.
4

In the Grid Data dialog, choose Minimum Curvature in the Gridding Method group.

Click the Advanced Options button to display the Minimum Curvature Advanced Options
dialog.

You can control the convergence criteria for minimum curvature on the General page:

The Maximum Residual parameter has the same units as the data, and an appropriate
value is approximately 10% of the data precision. If data values are measured to the
nearest 1.0 unit, the Maximum Residual value should be set at 0.1. The iterations
continue until the maximum grid node correction for the entire iteration is less than the
Maximum Residual value. The default Maximum Residual value is given by: Default
Max Residual = 0.001 (Zmax - Z min)

The Maximum Iteration parameter should be set at one to two times the number of grid
nodes generated in the grid file. For example, when generating a 50 by 50 grid using
Minimum Curvature, the Maximum Iteration value should be set between 2,500 and
5,000.

For more information on Internal Tension and Boundary Tension, see the Internal and
Boundary Tension section.

For more information on the Relaxation Factor, see the Relaxation Factor section.

You can set Anisotropy parameters in this dialog. For more information about anisotropy
options refer to the Anisotropy section beginning on page 108.

—Anisot -
taximum Besidual: ID.EIB1 MISOroy

Ratio: |1 3:
baximum lteration: I'IEIEIEIEID 3:

Relaxation Eactor; |1

Internal Tensian; ID
Boundary Tension: ID

Click the Advanced Options button in the Grid Data dialog to set the minimum curvature options.
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6. The Breaklinesand Faults page is used to add breaklines and faults to the gridding process.
For more information on breaklines and faults, see the Breaklines and Faults section
beginning on page 111.

7. Click OK in the Minimum Curvature Advanced Options dialog to return to the Grid Data
dialog.

8. Click OK in the Grid Data dialog and a grid file is produced using the minimum curvature
gridding method with the specified options.

Internal and Boundary Tension

Qualitatively, the minimum curvature gridding algorithm is attempting to fit a piece of sheet metal
through all of the observations without putting any creases or kinks in the surface. Between the
fixed observation points, the sheet bows a bit. The Internal Tension is used to control the amount
of this bowing on the interior: the higher the tension, the less the bowing. For example, a high
tension makes areas between observations look like facets of a gemstone. The Boundary Tension
controls the amount of bowing on the edges. By default, the Internal Tension and the Boundary
Tension are set to zero.

Relaxation Factor

The minimum curvature gridding algorithm is actually solving the specified partial differential
equation using a successive over-relaxation algorithm. The interior is updated using a
"chessboard" strategy, as discussed in Press, et al. (1988, p. 868). The only difference is that the
biharmonic equation must have nine different "colors," rather than just black and white.

The Relaxation Factor is as described in Press et al. (1988). In general, the Relaxation Factor
should not be altered. The default value (1.0) is a good generic value. Roughly, the higher the
Relaxation Factor (closer to two) the faster the Minimum Curvature algorithm converges, but the
more likely it will not converge at all. The lower the Relaxation Factor (closer to zero) the more
likely the Minimum Curvature algorithm will converge, but the algorithm is slower. The optimal
Relaxation Factor is derived through trial and error.

Convergence

As mentioned in Briggs (1974), and strongly recommended in Smith and Wessel (1990), Surfer
uses a "multiple lattice strategy." It starts with a coarse grid and then incrementally refines the
grid until the final density is achieved.

The relaxation approach is a local smoothing process and, consequently, short-wavelength
components of Z are found quickly. On the other hand, the relaxation process does not propagate
the effects of the data constraints to longer wavelengths efficiently.

124



Chapter 4 - Creating Grid Files

As recommended by Briggs (1974) and Smith and Wessel (1990), this routine determines
convergence by comparing the largest magnitude nodal change in one iteration to the specified
tolerance (Maximum Residual).

The status of the algorithm is reflected on the status line. For example, pass 2 of 4, iteration 360
(0.1234 > 0.08) means there are four levels of grids considered (the fourth is the final grid), and
the algorithm is currently working on the second. The algorithm is currently on iteration 360. If
the iteration number exceeds the Maximum Iteration parameter, the algorithm terminates without
generating the grid and provides a failure-to-converge warning. The numbers in the parentheses
are the current largest residual and the largest allowed residual. The largest allowed residual
equals the Maximum Residual parameter on the final pass.

The Minimum Curvature method requires at least four data points.

Minimum Curvatur e Refer ences

Briggs, I. C. (1974), Machine Contouring Using Minimum Curvature, Geophysics, v. 39, n. 1, p.
39-48.

Press, W.H., Flannery, B.P., Teukolsky, S.A., and Vetterling, W.T. (1988), Numerical Recipesin
C, Cambridge University Press.

Smith, W. H. F., and Wessel, P. (1990), Gridding with Continuous Curvature Splines in Tension,
Geophysics, v. 55, n. 3, p. 293-305.

Modified Shepard's Method

Modified Shepard's Method uses an inverse distance weighted least squares method. As such,
modified Shepard's method is similar to the inverse distance to a power interpolator, but the use of
local least squares eliminates or reduces the "bull's-eye" appearance of the generated contours.
The modified Shepard's method can be either an exact or a smoothing interpolator.

The Surfer algorithm implements Franke and Nielson's (1980) modified quadratic Shepard's
method with a full sector search as described in Renka (1988).
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M odified Shepard's M ethod Advanced Options

To set the modified Shepard's method options:

1. Click on Grid | Data.

2. Inthe Open dialog, select a data file and then click the Open button.

3. Inthe Grid Data dialog, choose Modified Shepard's Method in the Gridding Method group.
4

Click the Advanced Options button to display the Shepard's M ethod Advanced Options
dialog.

5. You can assign a smoothing parameter to the gridding operation. The Smoothing Factor

parameter allows Modified Shepard's Method to operate as a smoothing interpolator. Greater

smoothing occurs as you increase the value of the smoothing parameter. In general, values
between zero and one are most reasonable.

For more information on Quadratic Neighbors, see the Quadratic Neighbors section.
For more information on Weighting Neighbors, see the Weighting Neighbors section.

You can set Search parameters in this dialog. For more information about search options,
refer to the Search section on page 103.

9. Click OK in the Shepard's Method Advanced Options dialog to return to the Grid Data
dialog.

10. Click OK in the Grid Data dialog and a grid file is produced using the Modified Shepard's
Method gridding method with the specified options.

Shepard's Method Advanced OGphons

‘amoathing Facor: |“
Clumdreic Maighbors: |'| 3 3'. Canceal |
Wgighting Maighbors: |1 3 5'.

Search
F'mrqg l ool =

Fiarge 2 I i) 3:
&nile I'-' 5:

You can set the modified Shepard's method options, including
search, in the Shepard's Method Advanced Options dialog.
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Quadratic Neighbors

The modified Shepard's method starts by computing a local least squares fit of a quadratic surface
around each observation. The Quadratic Neighbors parameter specifies the size of the local
neighborhood by specifying the number of local neighbors. The local neighborhood is a circle of
sufficient radius to include exactly this many neighbors. The default value follows the
recommendation of Renka (1988).

Weighting Neighbors

The interpolated values are generated using a distance-weighted average of the previously
computed quadratic fits associated with neighboring observations. The Weighting Neighbors
parameter specifies the size of the local neighborhood by specifying the number of local
neighbors. The local neighborhood is a circle of sufficient radius to include exactly this many
neighbors. The default value follows the recommendation of Renka (1988).

Modified Shepard's M ethod References

Franke, R., and Nielson, G. (1980), Smooth Interpolation of Large Sets of Scattered Data,
International Journal for Numerical Methods in Engineering, v. 15, p. 1691-1704.

Renka, R. J. (1988), Multivariate Interpolation of Large Sets of Scattered Data, ACM Transaction
on Mathematical Software, v. 14, n. 2, p. 139-148.

Shepard, D. (1968), A two-dimensional interpolation function for irregularly spaced data, Proc.
23rd Nat. Conf. ACM, p. 517-523.

Natural Neighbor

The Natural Neighbor gridding method is quite popular in some fields. What is Natural Neighbor
interpolation? Consider a set of Thiessen polygons (the dual of a Delaunay triangulation). If a
new point (target) were added to the data set, these Thiessen polygons would be modified. In fact,
some of the polygons would shrink in size, while none would increase in size. The area associated
with the target's Thiessen polygon that was taken from an existing polygon is called the "borrowed
area." The Natural Neighbor interpolation algorithm uses a weighted average of the neighboring
observations, where the weights are proportional to the "borrowed area."
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The Natural Neighbor method does not extrapolate contours beyond the convex hull of the data
locations (i.e. the outline of the Thiessen polygons).
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The map on the left shows contours generated by the inver se distance to a power method and the map
on the right shows contours generated by the natural neighbor method. Contours are not extrapolated
beyond the boundary of the Thiessen polygons with the natural neighbor gridding method.
Natural Neighbor Advanced Options
To set the natural neighbor advanced options:
1. Click on Grid | Data.
2. Inthe Open dialog, select a data file and then click the Open button.
3. Inthe Grid Data dialog, choose Natural Neighbor in the Gridding Method group.
4. Click the Advanced Options button to display the Natural Neighbor Advanced Options
dialog.

Malural Neighbor sdvanced Dplions

[\ Progeam Files\Galden Sohweare\Surferd\Samples\Demogrid gsb &

You can set the anisotropy options and save Delaunay
trianglesin the Natural Neighbor Advanced Options dialog.
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5. For more information about anisotropy options refer to the Anisotropy section beginning on
page 108.

6. Check the Save Triangles To box to export the Delaunay triangulation in any of the supported
export formats. The resulting file can be loaded as a base map and combined with contour
maps, surface plots, etc.

7. Click OK in the Natural Neighbor Advanced Options dialog to return to the Grid Data
dialog.

8. Click OK in the Grid Data dialog and a grid file is produced using the Natural Neighbor
gridding method with the specified options.

Natural Neighbor References

The main reference for this method is Sibson (1981), however, also refer to Sibson (1980) and
Watson (1994). Watson (1994) discusses the Natural Neighbor gridding technique in some detail,
though Surfer does not use any of Watson's source code.

Sibson, R. (1980), A Vector Identity for the Dirichlet Tessilation, Math. Proc. Cambridge Phil.
Soc., v. 87, p. 151-155.

Sibson, R. (1981), A Brief Description of Natural Neighbor Interpolation, Interpreting
Multivariate Data, V. Barnett editor, John Wiley and Sons, New York, p. 21-36.

Watson, Dave (1994), Nngridr - An Implementation of Natural Neighbor Interpolation, David
Watson, P.O. Box 734, Clarement, WA 6010, Australia.

Near est Neighbor

The Nearest Neighbor gridding method assigns the value of the nearest point to each grid node.
This method is useful when data are already evenly spaced, but need to be converted to a Surfer
grid file. Alternatively, in cases where the data are nearly on a grid with only a few missing
values, this method is effective for filling in the holes in the data.

Sometimes with nearly complete grids of data, there are areas of missing data that you want to
exclude from the grid file. In this case, you can set the search to values so that areas of no data are
assigned the blanking value in the grid file. By setting the search ellipse radii to values less than
the distance between data values in your file, the blanking value is assigned at all grid nodes where
data values do not exist.
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When you use the nearest neighbor method to convert regularly spaced XYZ data to a grid file,
you can set the grid spacing equal to the spacing between data points in the file. Refer to
Producing a Grid File from a Regular Array of XYZ Data for the procedure of converting
regularly spaced XYZ data into a Surfer grid file.

Breaklines and faults can also be used with the nearest neighbor gridding method.

Near est Neighbor Advanced Options

To set the nearest neighbor advanced options:

1. Click on Grid | Data.

2. Inthe Open dialog, select a data file and then click the Open button.

3. Inthe Grid Data dialog, choose Nearest Neighbor in the Gridding Method group.

4. Click the Advanced Options button to display the Nearest Neighbor Advanced Options
dialog.

5. Onthe General page, set the search range and angle. For more information on search, see the
Search section beginning on page 103.

6. The Breaklinesand Faults page is used to add breaklines and faults to the gridding process.
For more information on breaklines and faults, see the Breaklines and Faults section
beginning on page 111.

7. Click OK in the Nearest Neighbor Advanced Optionsdialog to return to the Grid Data
dialog.

8. Click OK in the Grid Data dialog and a grid file is produced using the Nearest Neighbor
gridding method with the specified options.

You can set search parameters on the General page
in the Nearest Neighbor Advanced Options dialog.
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Polynomial Regression

Polynomial Regression is used to define large-scale trends and patterns in your data. Polynomial
regression is not really an interpolator because it does not attempt to predict unknown Z values.
There are several options you can use to define the type of trend surface.

Regression Advanced Options

To set polynomial regression advanced options:

1. Click on Grid | Data.

2. Inthe Open dialog, select a data file and then click the Open button.

3. Inthe Grid Data dialog, choose Polynomial Regression in the Gridding Method group.
4. Click the Advanced Options button to display the Regression Advanced Options dialog.
5

You can select the type of polynomial regression to apply to your data from the Surface
Definition group. As you select the different types of polynomials, a generic polynomial form
of the equation is presented in the dialog, and the values in the Parameters group change to
reflect the selection. The available choices are:

Smple planar surface
Bi-linear saddle
Quadratic surface
Cubic surface

User defined polynomial

6. The Parameters group allows you to specify the maximum powers for the X and Y
component in the polynomial equation. As you change the Parameters values, the options are
changed in the Surface Definition group to reflect the defined parameters.

= The Max X Order specifies the maximum power for the X component in the polynomial
equation.

= The Max Y Order specifies the maximum power for the Y component in the polynomial
equation.

= The Max Total Order specifies the maximum sum of the Max X Order and Max Y Order
powers. All of the combinations of the X and Y components are included in the
polynomial equation as long as the sum of the two powers does not exceed the Max Total
Order value.
7. Click OK in the Regression Advanced Options dialog to return to the Grid Data dialog.
If you would like a report of the coefficients used in the calculation of the surface, make sure
to check the Generate Report check box in the Grid Data dialog.

9. Click OK in the Grid Data dialog and a grid file is produced using the Polynomial
Regression gridding method with the specified options.
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Heqgression Advanced Oplions
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Click the Advanced Options button to open the Regression Advanced Options dial og.

Polynomial Regression Reference

Draper, N., and Smith, H. (1981), Applied Regression Analysis, second edition, Wiley-
Interscience, 709 pp.

Radial Basis Function

Radial Basis Function interpolation is a diverse group of data interpolation methods. In terms of
the ability to fit your data and to produce a smooth surface, the Multiquadric method is considered
by many to be the best. All of the radial basis function methods are exact interpolators, so they
attempt to honor your data. You can introduce a smoothing factor to all the methods in an attempt
to produce a smoother surface.

Radial Basis Function Advanced Options

To set radial basis function advanced options:

1. Click on Grid | Data.

2. Inthe Open dialog, select a data file and then click the Open button.

3. Inthe Grid Data dialog, choose Radial Basis Function in the Gridding Method group.

4. Click the Advanced Options button to display the Radial Basis Advanced Options dialog.
5. Inthe General page, you can specify the function parameters for the gridding operation.

= The Basis Function list specifies the basis kernel function to use during gridding. This
defines the optimal weights applied to the data points during the interpolation. The Basis
Function is analogous to the variogram in kriging. Experience indicates that the
Multiquadric basis function works quite well in most cases. Successful use of the Thin
Plate Spline basis function is also reported regularly in the technical literature.
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10.

»  The R? Parameter is a shaping or smoothing factor. The larger the R® Parameter shaping
factor, the rounder the mountain tops and the smoother the contour lines. There is no
universally accepted method for computing an optimal value for this factor. A reasonable
trial value for R® Parameter is between the average sample spacing and one-half the
average sample spacing.

You can set Anisotropy parameters on the General page. For more information about
anisotropy options see the Anisotropy section on page 108.

The Sear ch page allows you to specify search rules. For more information on search, see the
Search section beginning on page 103.

The Breaklines page is used to add breaklines to the gridding process. For more information
on breaklines, see the Breaklines and Faults section beginning on page 111.

Click OK in the Radial Basis Advanced Options dialog to return to the Grid Data dialog.

Click OK in the Grid Data dialog and a grid file is produced using the Radial Basis Function
gridding method with the specified options.

Easis Function: IMuItiquadric j —Anisotropy

Ratio: |1 3:
|u.11

Angle: [0

BEE Parameter;

Set the type of radial basis function and set anisotropy in the Radial Basis Function Advanced Options dialog.
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Function Types

The basis kernel functions are analogous to variograms in kriging. The basis kernel functions
define the optimal set of weights to apply to the data points when interpolating a grid node. The
available basis kernel functions are listed in the Basis Function list in the Radial Basis Function
Advanced Options dialog.

1
Inverse Multiquadric B(h) = ﬁ

Multilog B(h) =log(h* +R*)

Multiquadric B(h) =+h* + R’

3/2
Natural Cubic Spline  B(h) = (h* + R?)

Thin Plate Spline B(h) = (h* + R?)log(h* +R?)

where

h is the anisotropically rescaled, relative distance from the point to the node
R2 is the smoothing factor specified by the user

Default R* Value
The default value for R” in the radial basis function gridding algorithm is calculated as follows:

(length of diagonal of the data extent)2 / (25 * number of data points)
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Radial Basis Function Refer ences

A concise and readable introduction to radial basis function interpolation can be found in Carlson
and Foley (1991a). Given the clarity of presentation and the numerous examples, Hardy (1990)
provides an excellent overview of the method, although this paper focuses exclusively on the
special case of multiquadrics.

Carlson, R.E., and Foley, T.A. (1991a), Radial Basis Interpolation Methods on Track Data,
Lawrence Livermore National Laboratory, UCRL-JC-1074238.

Carlson, R. E., and Foley, T. A. (1991b), The Parameter R? in Multiquadric Interpolation,
Computers Math. Applic, v. 21, n. 9, p. 29-42.

Franke, R. (1982), Scattered Data Interpolation: Test of Some Methods, Mathematics of
Computations, v. 33, n. 157, p. 181-200.

Hardy, R. L. (1990), Theory and Applications of the Multiquadric-BiHarmonic Method,
Computers Math. Applic, v. 19, n. 8/9, p. 163-208.

Powell, M.J.D. (1990), The Theory of Radial Basis Function Approximation in 1990, University of
Cambridge Numerical Analysis Reports, DAMTP 1990/NA11.

Triangulation with Linear Interpolation

The Triangulation with Linear Interpolation method uses the optimal Delaunay triangulation. The
algorithm creates triangles by drawing lines between data points. The original points are
connected in such a way that no triangle edges are intersected by other triangles. The result is a
patchwork of triangular faces over the extent of the grid. This method is an exact interpolator.

Each triangle defines a plane over the grid nodes lying within the triangle, with the tilt and
elevation of the triangle determined by the three original data points defining the triangle. All grid
nodes within a given triangle are defined by the triangular surface. Because the original data are
used to define the triangles, the data are honored very closely.

Triangulation with linear interpolation works best when your data are evenly distributed over the
grid area. Data sets that contain sparse areas result in distinct triangular facets on the map.
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Triangulation with Linear Interpolation Advanced Options

To set triangulation with linear interpolation advanced options:

1.
2.
3.

136

Click on Grid | Data.
In the Open dialog, select a data file and then click the Open button.

In the Grid Data dialog, choose Triangulation with Linear Interpolation in the Gridding
Method group.

Click the Advanced Options button to display the Triangulation Advanced Options dialog.
For more information about anisotropy options refer to the Anisotropy section on page 108.

Check the Save Triangles To box to export the Delaunay triangulation in any of the supported
export formats. The resulting file can be loaded as a base map and combined with contour
maps, surface plots, etc.

Click OK in the Triangulation Advanced Options dialog to return to the Grid Data dialog.

Click OK in the Grid Data dialog and a grid file is produced using the Triangulation with
Linear Interpolation gridding method with the specified options.

Triangulintion Advanced Ophions
gy —
Beio: |1 :
Canca| |
Angle: I'l 3:

[=\Program Files| Galden Soéware)SurferE) Samples) Demagnd.gsb =

You can set the anisotropy options and save Delaunay
trianglesin the Triangulation Advanced Options dial og.
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Triangulation with Linear Interpolation References

The Surfer implementation of triangulation with linear interpolation is based upon four papers.
Lee and Schachter (1980) present a complete discussion of (Delaunay) triangulation, including the
details of two algorithms and the underlying mathematical proofs. Lawson (1977) is equally
informative. The algorithm presented in Guibas and Stolfi (1985) form the basis for the Surfer
implementation.

Guibas, L., and J. Stolfi (1985), Primitives for the Manipulation of General Subdivisions and the
Computation of Voronoi Diagrams, ACM Transactions on Graphics, v. 4, n. 2, p. 74-
123.

Lawson, C. L. (1977), Software for ! surface interpolation, Mathematical Softwarelll, J. Rice
(ed.), Academic Press, New York, p. 161-193.

Lee, D. T., and Schachter, B. J. (1980), Two Algorithms for Constructing a Delaunay
Triangulation, International Journal of Computer and Information Sciences, v. 9, n. 3, p.
219-242.

Moving Average

The Moving Average gridding method assigns values to grid nodes by averaging the data within
the grid node's search ellipse.

To use moving average, define a search ellipse and specify the minimum number of data to use.
For each grid node, the neighboring data are identified by centering the search ellipse on the node.
The output grid node value is set equal to the arithmetic average of the identified neighboring data.
If there is fewer than the specified minimum number of data within the neighborhood, the grid
node is blanked.

Moving Average Advanced Options

To set moving average advanced options:

1. Click on Grid | Data.

2. Inthe Open dialog, select a data file and then click the Open button.

3. Inthe Grid Data dialog, choose Moving Average in the Gridding Method group.
4

Click the Advanced Options button to display the M oving Aver age Advanced Options
dialog.

5. On the General page:
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= The Minimum number of data (node is blanked if fewer) value sets the specified number
of points when interpolating a grid node. If the minimum number of points is not found,
the blanking value is assigned to the grid node.

= Search ellipses are specified by defining the ellipse radii and the angle for the ellipse.
Radius 1 and Radius 2 are positive values indicating the distance in data units. Angleis
the inclination between the positive X axis and the ellipse axis associated with Radius 1.
This can be any value between -360 and +360 degrees. See the Search section on page
103 for more information on search.

Minirmurm number of data (node is blanked if fewer): |1 :I

—Search Ellipse
Radius 1: |57 =

Radius 2. |57 =

Angle: ID :I

You can set the blanking options and the search dllipse in the Moving Average Advanced Options dialog.

6. The Breaklinespage is used to add breaklines to the gridding process. For more information
on breaklines, see the Breaklines and Faults section beginning on page 111.

7. Click OK in the M oving Average Advanced Options dialog to return to the Grid Data
dialog.

8. Click OK in the Grid Data dialog and a grid file is produced using the Moving Average
gridding method with the specified options.
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Data Metrics

The collection of data metrics gridding methods creates grids of information about the data on a
node-by-node basis. The data metrics gridding methods are not, in general, weighted average
interpolators of the Z values. For example, you can obtain information such as:

= the number of data points used to interpolate each grid node. If the number of data points
used is fairly equal at each grid node, then the quality of the grid at each grid node can be
interpreted.

= the standard deviation, variance, coefficient of variation, and median absolute deviation of the
data at each grid node. These are measures of the variability in space of the grid, and are
important information for statistical analysis.

= the distance to the nearest data point. For example, if the XY values of a data set are
sampling locations, use the Distance to Nearest data metric to determine locations for new
sampling locations. A contour map of the distance to the nearest data point, quantifies where
higher future sampling density may be desired.

Data metrics use the local data set, including breaklines, for a specific grid node for the selected
data metric. The local data set is defined by the search parameters. These search parameters are
applied to each grid node to determine the local data set. In the following descriptions, when
computing the value of a grid node (r,c), the local data set S(r,c) consists of data within the
specified search parameters centered at the specific grid node only. The set of selected data at the
current grid node (r,c), can be represented by S(r,c), where

S(r.c)={(x, v1.2, 1 (X0 ¥2. 25 oo (X Vs 20}

and where n = number of data points in the local data set.

The Z(r,c) location refers to a specific node within the grid.
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Planar Grids

Data metrics is used to provide information about your data. After information is obtained from
data metrics, it is likely you will grid the data again using one of the other gridding methods.
When using data metrics, you will usually want to use the same grid line geometry, search,
breakline, and fault parameters as when you grid the data using another gridding method.

When using some data metrics, a horizontal planar or sloping planar grid is generated. This is
usually a result of the selected search method. For example, consider using DEMOGRID.DAT
and the Count data metric. The Count data metric determines the number of data points used in
determining the grid node value. Since DEMOGRID.DAT contains 47 data points, No search
(use all of the data) is the default search method. Using No search (use all of the data) means for
each calculated grid node, all 47 points are used in determining the grid node value. The resulting
data metric grid is horizontal planar because all grid nodes have a Z value of 47. The grid report
shows both the Z minimum and the Z maximum as 47.

Other data metrics can yield similar results. For example, if the search radius is large enough to
include all of the data using Terrain Statistics, the moving average is computed with such a large
search radius that the resulting grid will be a planar surface at the data average. When interpreting
data metrics results, keep the gridding parameters and the data metrics calculation approach (see
the previous page) in mind.
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Data M etrics Advanced Options

To set the data metrics advanced options:

S

Click on Grid | Data.

In the Open dialog, select a data file and then click the Open button.

In the Grid Data dialog, choose Data Metricsin the Gridding Method group.

Click the Advanced Options button to display the Data M etrics Advanced Options dialog.
Select a metric on the General page.

The Sear ch page allows you to specify search rules. For more information on search, see the
Search section beginning on page 103.

The Breakline and Faults page is used to add breaklines and faults to the gridding process.
For more information on breaklines and faults, see the Breaklines and Faults section
beginning on page 111.

Click OK in the Data M etrics Advanced Options dialog to return to the Grid Data dialog.

Click OK in the Grid Data dialog and a grid file is produced using the Data Metrics gridding
method with the specified options.

General |

Data kMetric to Grid:
= £ Order Statistics a | Minimum £ walue within the
M search.

- Loweer Cluartile

- Median

- Upper Quartile

- baximum

- Fange

- Midrange

- Interquartile Range
- £ Moment Statistics

- Other £ Statistics
. Mata | neatinn Statictirs ;I

A description of the metric islisted in the right side of the General page when you click on each metric.
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Data Metrics Descriptions

There are five groups of data metrics, Z Order Satistics, Z Moment Satistics, Other Z Statistics,
Data Location Satistics, and Terrain Satistics.

Z Order Statistics

The data at a grid node within the search parameters are sorted for the Z order statistics.

(#2924}

where 7y <7y <...< 7 . Square brackets indicate ordered Z values.

node

Data Metric Definition Equation
o each nodal value is t.he minimum Z value of data Z (I’ , C) = min( 2,2,..., Zn) - Z[l]
Minimum selected by the specified sector search centered at that

Lower Quartile

each nodal value is the 25th percentile Z value of data
selected by the specified sector search centered at that
node

Median

each nodal value is the median Z value of data
selected by the specified sector search centered at that
node

Upper Quartile

each nodal value is the 75th percentile Z value of data
selected by the specified sector search centered at that
node

Maximum

each nodal value is the maximum Z value of data
selected by the specified sector search centered at that
node

Z(r,c) =max(z],zz,...,zn)= Z|

Range

each nodal value is the difference between the
maximum Z value and the minimum Z value for the
data selected by the specified sector search centered at
that node

2(r,0) = 7 - 3

Midrange

each nodal value is the average of the maximum Z
value and the minimum Z value, for the data selected
by the specified sector search centered at that node

2(r.c)= Z[n];rz[ll

Interquartile
Range

The Interquartile Range data metric generates a grid
for which each nodal value is the difference between
the 75th percentile Z value and the 25th percentile Z
value, for the data selected by the specified sector
search centered at that node. This data metric shows
the spatial variation of variability of the data, but it
focuses on the middle fifty percent of the data only.
Thus, it is insensitive to variations in the tails of the
local distributions.

#0044y
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Z Moment Statistics

Data Metric Definition Equation

each nodal value is the arithmetic average of the

n
Mean data selected by the specified sector search centered Z(I‘ , C) - lz z
n
i=1

at that node

each nodal value is the standard deviation of the
data selected by the specified sector search centered

at that node
Standard Deviation
data
each nodal value is the variance of the data selected 1 n
i s5\2
by the specified sector search centered at that node Z(r , C) — H Z (Zi _ Z)
Variance i=1
where Z is the mean of the selected
data
The Coef. of Variation data metric generates an ot
standard deviation (z
output grid for which each nodal value is the local Z(r, C) = ( )
standard deviation divided by the local mean of the mean (Z)

data selected by the specified sector search centered
at that node. Note that this measure is useless for
data whose local mean values are close to zero; this
includes data that changes sign within the domain of
interest.

Coef. of Variation
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Other Z Statistics

Data Metric Definition Equation
The Sum data metric generates an output grid for n
um which each nodal value is the sum of the Z values of | 7 (I‘ C) - z
b

the data selected by the specified sector search -
centered at that node. 1=l

metric generates an output grid for which each nodal
value is the median absolute deviation of the data
selected by the specified sector search centered at
that node.

MAD. where di =g —Z[E}

2

The Median Absolute Deviation (M.A.D.) data Z(r , C) = d[

these dj are sorted into ascending order
and indexed as

ISR

The Root Mean Square (R.M.S) data metric
generates an output grid for which each nodal value
is the root mean square of the data selected by the
specified sector search centered at that node.

RM.S

Data Location Statistics

The separation distances between the current grid node and each of the selected data are used in
the computation of the data location statistics. In the following discussion, let the location of the
current grid node be represented as (X, ¥y). The list of separation distances is defined as

R :\/(Xi =%o)" +(vi =¥o)?

The R, are sorted in ascending order and indexed as

{Ri-R-- Rl
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Data Metric

Definition

Equation

Count

The Count data metric generates an output grid
for which each nodal value is the number of
data selected by the specified sector search
centered at that node. Under most
circumstances, the best interpolation results
occur when the Count is approximately
homogeneous throughout the area of interest.

Z(r,c):n

Approximate Density

The Approximate Density data metric generates
an output grid for which each nodal value is
the number of data selected by the specified
sector search centered at that node, divided by

lﬂﬁ where R{n] is the distance from the

node to the farthest selected datum. The area
over which the density is computed is bounded
by the distance to the farthest selected datum.
As such, when the data are relatively sparse,
the computed density is slightly over-stated.

Distance to Nearest

each nodal value is the distance to the nearest
datum selected by the specified sector search
centered at that node

Z(r,c)= Ry

Distance to Farthest

each nodal value is the distance to the farthest
datum selected by the specified sector search
centered at that node

Z(r,c): R[n]

Median Distance

each nodal value is the median separation
distance between the node and all of the data
selected by the specified sector search centered
at that node

Z(r,c)= RF}

Average Distance

each nodal value is the average separation
distance between the node and all of the data
selected by the specified sector search centered
at that node

2(.0)=5 Y R

Offset Distance

each nodal value is the distance between the
node and the centroid of all of the data selected
by the specified sector search centered at that
node

2(r,¢) = =% +(yo - ve)?

where the centroid coordinates

&
(Xc’yc)are X :EIZ:;X' and

1 n
Ye :HZ Yi
i=1
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Terrain Statistics

Terrain statistics are all based upon a locally fitted planar surface. For each grid node, the
specified sector search is performed. Then, using ordinary least squares, the following equation is
fitted to the selected data:

Z; = AX +By; +C+¢

where &; is an error term.

Least squares fitting is carried out using the data coordinates and it ignores faults. A sector search
and the subsequent least squares fit are carried out for each grid node.

These data metrics are similar to Grid | Calculus terrain modeling, however, data metrics work on
a local subset of the data rather than the grid.

plane of the data selected by the
specified sector search centered at
that node

Data - )
; Definition Equation
Metric a
each nodal value is the terrain slope Z(I‘, C) - RadiansToDegre%(atan(hypot(A B)))
Terrain Sope of the least-squares-fit plane of the
data selected by the specified sector
search centered at that node
each nodal value is the terrain Z(lr.c)=270.0 - RadiansToD rees( atan?2 B
aspect, as an angle from zero to 360 ( ’ ) 9 (A ))
Terrain Aspect degrees, of the least-squares-fit
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L ocal Polynomial

The Local Polynomial gridding method assigns values to grid nodes by using a weighted least
squares fit with data within the grid node's search ellipse.

For each grid node, the neighboring data are identified by the user-specified sector search. Using
only these identified data, a local polynomial is fit using weighted least squares, and the grid node
value is set equal to this value. Local polynomials can be order 1, 2, or 3.

The form of these polynomials are:
Order 1
F(X,Y)=a+bX +cY

Order 2
F(X,Y)=a+bX +cY +dXY +ex? + fy?

Order 3
F(X,Y)=a+bX +cY +dXY +eX 2 + fY2 + gX 2Y +hXY 2 +iX 3 + jY3

The weighted least squares function weights data closer to the grid node higher and data further
away lower. The weighting function depends on the search ellipse, the power, and the specific
data geometry. The actual calculations for the weights are somewhat involved. Define Txx, Txy,
Tyx, and Tyy by

T = siré(ﬂ)
T, = -S;rl(fﬂ)
T, = COFZE(I))
where

¢ is the angle of the search ellipse

R, is search radius 1
R, is search radius 2
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Define Axx, Axy, and Ayy by
Axx =Txx +Tx

Axy = 2(Txx Txy +Tyx TYY)
An =T +Txy

Note that these values (Axx, Axy, and Ayy) are a function of the search ellipse parameters only.
They are the same for all data and for all grid nodes.

Next, consider a datum at location (X;, Y;) and a grid node at location (X,, Yo). Let

dX =X; =X,
dy =Y, -Y,
then

R =/ A dX > + Ay dXdY + Ay dY?

and finally,
W =(1-R )"

where W;is the weight for datum i and p is the specified power.

Let the collection of neighboring data be enumerated as
{0,y z)fori=1,2,...,N}

The local least squares parameters are computed by minimizing the weighted sum of the squared
residuals:

MinimizeZN:Wi [F(Xi > Yi )‘ Zi]2

i=1
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Local Polynomial Advanced Options

To set the local polynomial advanced options:

1.

2.
3.
4

Click on Grid | Data.
In the Open dialog, select a data file and then click the Open button.
In the Grid Data dialog, choose Local Polynomial in the Gridding Method group.

Click the Advanced Options button to display the L ocal Polynomial Advanced Options
dialog.

On the General page, set the Power to a number between 0 and 20, then select a Polynomial
Order, 1, 2, or 3.

The Sear ch page allows you to specify search rules. For more information on search, see the
Search section beginning on page 103.

The Breaklines page is used to add breaklines to the gridding process. For more information
on breaklines, see the Breaklines and Faults section beginning on page 111.

Click OK in the L ocal Polynomial Advanced Options dialog to return to the Grid Data
dialog.

Click OK in the Grid Data dialog and a grid file is produced using the Local Polynomial
gridding method with the specified options.

|
Power: |2 3:

Palynormial Order
& 1 Fixvi=a+hbx+cy

2 FiY =a+ b+ O + dly' + g2+ 2

C 3 FEY I =a+hx+ oY+ dey + X2+ Y2+ g3y + iy 2+ (5% + [y 2

Choose a power and polynomial order in the Local Polynomial Advanced Options dialog.
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Choosing Gridding M ethods

Grid method parameters control the interpolation procedures. When you create a grid file, you can
usually accept the default gridding method and produce an acceptable map. Different gridding
methods provide different interpretations of your data because each method calculates grid node
values using a different algorithm. If you are not satisfied with the map of your data, you might
consider producing grid files using several different gridding methods and comparing the results.

Because Surfer maps are created from gridded data, the original data are not necessarily honored
in the grid file. When you post the original data points on a contour map, some of the contour
lines might be positioned "wrong" relative to the original data. This happens because the locations
of the contour lines are determined solely by the interpolated grid node values and not directly by
the original data. Some methods are better than others in preserving your data, and sometimes
some experimentation (i.e. increasing grid density) is necessary before you can determine the best
method for your data. See the Gridding Methods section of this chapter for more information on
each method.

General Gridding Recommendations

The following list gives you a quick overview of each gridding method and some advantages and
disadvantages in selecting one method over another.

= Inverse Distance to a Power is fast but has the tendency to generate "bull's-eye" patterns of
concentric contours around the data points. Inverse distance to a power does not extrapolate
Z values beyond the range of data.

= Kriging is one of the more flexible methods and is useful for gridding almost any type of data
set. With most data sets, kriging with the default linear variogram is quite effective. In
general, we would most often recommend this method. Kriging is the default gridding
method because it generates a good map for most data sets. For larger data sets, kriging can
be rather slow. Kriging can extrapolate grid values beyond your data's Z range.

= Minimum Curvature generates smooth surfaces and is fast for most data sets but it can create
high magnitude artifacts in areas of no data. The Internal Tension and Boundary Tension
allow you control over the amount of smoothing. Minimum curvature can extrapolate values
beyond your data's Z range.

= Modified Shepard's Method is similar to inverse distance to a power but does not tend to
generate "bull's eye" patterns, especially when a smoothing factor is used. Modified
Shepard's method can extrapolate values beyond your data's Z range.

= Natural Neighbor generates good contours from data sets containing dense data in some areas
and sparse data in other areas. It does not generate data in areas without data. Natural
neighbor does not extrapolate Z grid values beyond the range of data.
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= Nearest Neighbor is useful for converting regularly spaced (or almost regularly spaced) XYZ
data files to grid files. When your observations lie on a nearly complete grid with few
missing holes, this method is useful for filling in the holes, or creating a grid file with the
blanking value assigned to those locations where no data are present. Nearest Neighbor does
not extrapolate Z grid values beyond the range of data.

= Polynomial Regression processes the data so that underlying large-scale trends and patterns
are shown. This is used for trend surface analysis. Polynomial regression is very fast for any
amount of data, but local details in the data are lost in the generated grid. This method can
extrapolate grid values beyond your data's Z range.

= Radial Basis Function is quite flexible. It compares to kriging since it generates the best
overall interpretations of most data sets. This method produces a result quite similar to
kriging.

= Triangulation with Linear Interpolation is fast. When you use small data sets, triangulation
with linear interpolation generates distinct triangular faces between data points. Triangulation
with linear interpolation does not extrapolate Z values beyond the range of data.

= Moving Average is most applicable to large and very large data sets (e.g. > 1,000
observations). Moving Average extracts intermediate-scale trends and variations from large,
noisy data sets, and it is fast even for very large data sets. This gridding method is a
reasonable alternative to Nearest Neighbor for generating grids from large, regularly spaced
data sets.

= Data Metricsis used to create grids of information about the data.

= Local Polynomial is most applicable to data sets that are locally smooth (i.e. relatively smooth
surfaces within the search neighborhoods). The computational speed of the method is not
significantly affected by the size of the data set.

The following figure shows a comparison of all the gridding methods applied to the file
DEMOGRID.DAT. This data file contains 47 data points irregularly distributed over the extent of
the map. The defaults were accepted for all the gridding methods.
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It is recommended that you try each of the different methods, accepting the defaults, in much the
same fashion as you have seen here. This gives you a way to determine the best gridding method
to use with a data set.
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With DEMOGRID.DAT, Kriging, Minimum Curvature, Natural Neighbor, and Radial Basis
Function all produced acceptable contour maps with smooth appearance.

Inverse Distance to a Power and Modified Shepard's Method both tended to generate "bull's
eye" patterns.

With Triangulation with Linear Interpolation, there are too few data points to generate an
acceptable map, and this explains the triangular facets apparent on the contour map.

Nearest Neighbor shows as a "blocky" map because the data set is not regularly spaced and is
therefore a poor candidate for this method.

Polynomial Regression shows the trend of the surface, represented as a tilted plane.

Due to the small number of data in DEMOGRID.DAT, the Moving Average method is not
applicable. The results of using this method with an inadequate data set are shown as
discontinuities are created as data are captured and discarded by the moving search
neighborhoods.

Data Metrics can show many different types of information about the data and about the
gridding process, depending on which metric is selected. In this case, the median distance
metric was selected, and it shows the median distance between each grid node and the original
47 data points.

Local Polynomial models smooth local variation in the data set.
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Natural Neighbor Nearest Neighbor

Thisisa comparison of the different gridding methods. For these examples, the same file, DEMOGRID.DAT,
was used. All the defaults for the various methods were accepted. This data set contains 47 data points,
irregularly spaced over the extent of the map. The data point locations are indicated with dots on the maps.
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Data Metrics L ocal Polynomial

Thisisa comparison of the different gridding methods. For these examples, the same file, DEMOGRID.DAT,
was used. All the defaults for the various methods were accepted. This data set contains 47 data points,
irregularly spaced over the extent of the map. The data point locations are indicated with dots on the maps.
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Choosing M ethods Based on the Number of XY Z Data Points

The size of your input data set should be considered when selecting a gridding method. For
example, some gridding methods interpret small data sets more effectively than others do. Surfer
needs a bare minimum of three non-collinear XYZ points to perform the gridding process.

= Ten or fewer points are not enough to define more than a general trend in your data.
Triangulation with Linear Interpolation and Moving Average are not effective with few
points. As with most data sets, Kriging and Radial Basis Function methods will produce the
best representation of your data in this situation. If you want only to define the trend of the
data, you can use Polynomial Regression. With 10 or fewer points, gridding is extremely fast,
so you might want to try the different methods to determine the most effective method for
your data.

= With small data sets (<250 observations), Kriging with the default linear variogram, or Radial
Basis Function with the multiquadric function produce good representations of most data sets.

= With moderate-sized data sets (from 250 to 1000 observations), Triangulation with Linear
Interpolation is fast and creates a good representation of your data. Although Kriging or
Radial Basis Function generate the grids more slowly, they also produce good data
representations.

= For large data sets (>1000 observations), both Minimum Curvature and Triangulation with
Linear Interpolation are quite fast, and both produce good representations. As with most
other data sets, Kriging or Radial Basis Function probably produce the best maps but are
quite a bit slower.

= Using Kriging or Radial Basis Function with large data sets does not result in significantly
different gridding times. For example, if your data file contains 3,000 or 30,000 data points,
the gridding time is not significantly different. Either data set might take a considerable
amount of time to grid, but they take approximately the same amount of time.
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Exact and Smoothing I nterpolators

Gridding methods included with Surfer are divided into three general categories: exact
interpolators, smoothing interpolators, and data metrics. Some exact interpolators can incorporate
a smoothing factor that causes them to become smoothing interpolators.

Exact interpolators honor data points exactly when the point coincides with the grid node being
interpolated. In other words, a coincident point carries a weight of essentially 1.0 and all other
data points carry a weight of essentially zero. Even when using exact interpolators, it is possible
that the grid file does not honor specific data points if the data points do not exactly coincide with
the grid nodes. Refer to the Weighted Averaging section of this chapter for more information on
weights assigned during interpolation.

To increase the likelihood that your data are honored, you can increase the number of grid lines in
the X and Y direction. This increases the chance that grid nodes coincide with data points, thereby
increasing the chance that the data values are applied directly to the grid file.

The following methods are exact interpolators:

= Inverse Distance to a Power when you do not specify a smoothing factor
= Kriging when you do not specify a nugget effect

= Nearest Neighbor under all circumstances

»  Radial Basis Function when you do not specify an R* value

= Modified Shepard's Method when you do not specify a smoothing factor
= Triangulation with Linear Interpolation

= Natural Neighbor

Smoothing interpolators or smoothing factors can be employed during gridding when you do not
have strict confidence in the repeatability of your data measurements. This type of interpolation
reduces the effects of small-scale variability between neighboring data points. Smoothing
interpolators do not assign weights of 1.0 to any single point, even when a point is exactly
coincident with the grid node. When smoothing is used, weighting factors are assigned so the map
is smoother. In the extreme case, all data points are given equal weight and the surface becomes a
horizontal plane at the average for all data in the data file.
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The following methods are smoothing interpolators:

= Inverse Distance to a Power when you specify a smoothing factor
= Kriging when you specify an error nugget effect

= Polynomial Regression

»  Radial Basis Function when you specify an R* value

= Modified Shepard's Method when you specify a smoothing factor
= Local Polynomial

= Moving Average

Weighted Averaging

The gridding methods in Surfer use weighted average interpolation algorithms, with the exception
of data metrics. This means that, with all other factors being equal, the closer a point is to a grid
node, the more weight it carries in determining the Z value at that grid node. The difference
between gridding methods is how the weighting factors are computed and applied to data points
during grid node interpolation.

To understand how weighted averages are applied, consider the equation shown here. Given N
data values:

{Z,25,...,2N}

the interpolated value at any grid node (for example, G j ) can be computed as the weighted

average of the data values:

N
G = Z WijZi
i=1
where
Gj is the interpolated grid node value at node |
N is the number of points used to interpolate at each node
Z is the Z value at the i™ point
Wij is the weight associated with the i data value when computing Gj

157



Chapter 4 - Creating Grid Files

Producing a Grid Filefrom a Regular Array of XYZ Data

When your XYZ data are collected or generated on regular intervals it is possible to produce a grid
file that uses your values directly and does not interpolate the values for the grid nodes. You can
use the Grid | Data command to create a grid file in the correct format.

When you have a complete array of XYZ data (or a nearly complete set of data with only a few
"holes"), you can use the nearest neighbor gridding method to convert your data directly to a grid
file. The nearest neighbor method does not interpolate data but merely picks up the closest point
and assigns that value to the grid.

To use the Data command to produce a grid file from regularly spaced data:

1. Create an XYZ data [.DAT] file from your data.

2. Choose the Grid | Data command.

3. The Open dialog is displayed. Specify the name of the XYZ data file, click OK, and the Grid
Data dialog is displayed.

4. In the Grid Line Geometry group, set the Spacing values to match the spacing of your data in
the X and Y directions. This assures that the grid nodes coincide with your data. For
example, if your data are separated by 100 meters over the extent of your map, enter 100 for
the X Direction and Y Direction Spacing boxes.

5. Select Nearest Neighbor as the Gridding Method. During gridding, the nearest Z value from
the data file is assigned to the grid node.

6. Click OK in the Grid Data dialog and the grid file is created.

You can also produce grid files directly from an evenly spaced array of Z values. When your Z
values are organized correctly in an ASCII file, you can add some header information identifying
the data as a grid file, specify the limits of the data, and then save the file. The ASCII grid file
format is given in Appendix C, File Formats.
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Gridding a Function

The Grid | Function command allows you to create a grid file from a user-defined two variable
equation of the form Z = f(X,Y). The density of the generated grid is a function of the Minimum,
Maximum, and Increment values for both X and Y. The Function command can use any of the
mathematical functions listed in Appendix A, Mathematical Functions. Grids created as functions
are plotted in the same way as grids created using the Data command.

To grid a function:
1. Click the Grid | Function. The Grid Function dialog is displayed.

2. Enter the function of interest into the box titled: Enter a function of theformZ = f (XY). The
function calculation is repeated one time for each Z value to be written to the output grid file.
The number of grid nodes in the output grid and, therefore, the number of calculations to be
performed, is based on the Minimum, Maximum and Increment values specified.

3. Inthe Minimum X and Y boxes, specify the beginning values used in the specified function.
These values are entered into the defined function and the first grid node is calculated based
on these values. These values also specify the lower limits for X and Y in the output grid file.

4. 1Inthe Maximum X and Y boxes, specify upper values to be applied to the function and the
upper X and Y limits for the grid.

5. Inthe Increment boxes, specify the amount to step in the X and Y directions for each grid
line. This is similar to the grid spacing setting in the Grid Data dialog.

6. Inthe Output Grid File group, click the H button and specify the path and file name for the
grid file to be created.

7. Click OK and a grid file is created based on the function and parameters you specify.

[t gied wF

You can set the mathematical function, the minimum and maximum X and
Y values, and the function increment valuesin the Grid Function dialog.
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Grid Files

In addition to the grid files that Surfer creates, you can also use Digital Elevation Models (DEM)
such as USGS DEM [.DEM], GTopo30 [.HDR], SDTS [.DDF], and DTED [.DT*] grid files.
DEM files containing arc-second XY coordinates are automatically converted to latitude/longitude
decimal degrees.

GRD

To preserve faulting information and to use double precision values in Surfer, be sure to save the
grid in the Surfer 7 format. If you need to use a grid in Surfer 5 or Surfer 6, save the grid as GS
ACII [.GRD] or GSBinary [.GRD]. Keep in mind that these two formats do not retain fault
information or double precision values. See Appendix C, File Formats for detailed information on
Surfer grid files.

USGS DEM

The United States Geological Survey (USGS) produced two DEM file types: the 7.5 minute DEM
data (1:24,000 scale) and the 1:250,000-scale DEM data (1:250,000 scale). These files have been
replaced by the newer SDTS format, although you can still use these files in Surfer.

GTopo30

USGS GTopo30 files are extremely large. Surfer can read the files, though approximately 220
MB of RAM is needed for this operation due to the grid size. You can use Grid | Extract to make
the file smaller. You must have the associated . DEM], [.HDR], and [.STX] files to use GTopo30
files in Surfer. These files are necessary for computing the X, Y, and Z limits. Some GTopo30
files contain a "no data" value of -9999 in the file. The no data value is set to zero elevation in
Surfer.

SDTS

There are two separate types of USGS SDTS files. The Topological Vector Profile SDTS files
contain boundary line information and can be used as a base map (use with File | Import or Map |
Base Map). The Raster Profile SDTS files contain gridded elevation information and can be used
to create a grid-based map. Anuncompressed SDTS DEM contains several files with the [.DDF]
extension. You can choose any one of these files in the Open Grid dialog when creating a grid-
based map. All of the [.DDF] files are necessary to produce a map (i.e. you cannot copy just one
[.DDF] file and create a map from it).
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DTED

Digital Terrain Elevation Data (DTED) are grids originally produced by the United States
National Imaging and Mapping Agency (NIMA). The files contain latitude/longitude coordinates

with the Z units in meters.

There are multiple "levels" of DTED files. Level O files [.DTO0] are 1-degree square blocks with
30 arc-second spacing, similar to GTOPO 30 files. Level 1 files [.DT1] use three arc-second
spacing. Level 2 files [.DT2] use one arc-second spacing.
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Variograms

Introduction to Variograms

Surfer includes an extensive variogram modeling o s
subsystem. This capability was added to Surfer as an 0 Drecten: 00 Tolerance: 0.0
integrated data analysis tool. The primary purpose of the o
variogram modeling subsystem is to assist users in selecting 0]
an appropriate variogram model when gridding with the ol
kriging algorithm. The variogram modeling subsystem may
also be used to quantitatively assess the spatial continuity of
data even when the kriging algorithm is not applied.

Variogram

Surfer's variogram modeling feature is intended for
experienced variogram users. The novice variogram user
may find the following four authors helpful: Cressie (1991), T T R T TR T
Isaaks and Srivastava (1989), Kitanidis (1997), and rebmane

Pannatier (1996). Please refer to the Suggested Reading Thisisa variogramusing
section of this chapter for full references for each of the the defaut parameters.
previous books. If you do not understand variograms or if you are unsure about which model to
apply, use Surfer's default linear variogram with the kriging algorithm.

Variogram modeling is not an easy or straightforward task. The development of an appropriate
variogram model for a data set requires the understanding and application of advanced statistical
concepts and tools: this is the science of variogram modeling. In addition, the development of an
appropriate variogram model for a data set requires knowledge of the tricks, traps, pitfalls, and
approximations inherent in fitting a theoretical model to real world data: this is the art of
variogram modeling. Skill with the science and the art are both necessary for success.

The development of an appropriate variogram model requires numerous correct decisions. These
decisions can only be properly addressed with an intimate knowledge of the data at hand, and a
competent understanding of the data genesis (i.e. the underlying processes from which the data are
drawn). The cardinal rule when modeling variograms is know your data.
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Variogram Components
Kriging and Variograms

The kriging algorithm incorporates four essential details:

1.  When computing the interpolation weights, the algorithm considers the spacing between the
point to be interpolated and the data locations. The algorithm considers the inter-data spacing
as well. This allows for declustering.

2. When computing the interpolation weights, the algorithm considers the inherent length scale
of the data. For example, the topography in Kansas varies much more slowly in space than
does the topography in central Colorado. Consider two observed elevations separated by five
miles. In Kansas, it would be reasonable to assume a linear variation between these two
observations, while in the Colorado Rockies such an assumed linear variation would be
unrealistic. The algorithm adjusts the interpolation weights accordingly.

3. When computing the interpolation weights, the algorithm considers the inherent
trustworthiness of the data. If the data measurements are exceedingly precise and accurate,
the interpolated surface goes through each and every observed value. If the data
measurements are suspect, the interpolated surface may not go through an observed value,
especially if a particular value is in stark disagreement with neighboring observed values.
This is an issue of data repeatability.

4. Natural phenomena are created by physical processes. Often these physical processes have
preferred orientations. For example, at the mouth of a river the coarse material settles out
fastest, while the finer material takes longer to settle. Thus, the closer one is to the shoreline
the coarser the sediments, while the further from the shoreline the finer the sediments. When
computing the interpolation weights, the algorithm incorporates this natural anisotropy.
When interpolating at a point, an observation 100 meters away but in a direction parallel to
the shoreline is more likely to be similar to the value at the interpolation point than is an
equidistant observation in a direction perpendicular to the shoreline.

Items two, three, and four incorporate something about the underlying process from which the
observations were taken. The length scale, data repeatability, and anisotropy are not a function
of the data locations. These enter into the kriging algorithm via the variogram. The length scale
is given by the variogram range (or slope), the data repeatability is specified by the nugget
effect, and the anisotropy is given by the anisotropy.
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TheVariogram Grid

Users familiar with GeoEAS or VarioWin" should be familiar with pair comparison files [.PCF].
Surfer uses a variogram grid as a fundamental internal data representation, in lieu of a pair
comparison file. The pair comparison file can be extremely large for moderately sized data sets.
For example, 5000 observations create N(N-1)/2 pairs (12,497,500). Each pair requires 16 bytes
of information for a pair comparison file, so a 5000-observation pair comparison file would take
approximately 191 megabytes of memory to merely hold the pair comparison information. The
time to read and search through this large file makes this approach impractical for many Surfer
users.

Computational speed and storage are gained by using the variogram grid approach. Once the
variogram grid is built, any experimental variogram can be computed instantaneously. This is
independent of the number of observations. However, the ability to carry out on-the-fly editing of
variograms on a pair-by-pair basis is lost by using the variogram grid approach in Surfer.

Unlike the grids used elsewhere in Surfer, which are rectangular grids, variogram grids are polar
grids. Polar grids cannot be viewed in Surfer, and are only used within the context of variogram
computation. The first coordinate in a variogram grid is associated with the polar angle, and the
second coordinate is associated with the radial distance out from the origin.

Consider the following variogram grid:

90
135 45
[]
B
[ ]
180 0
100
200
300
400
225 315
270

Thisisa polar variogramgrid for three pairs (A, B, and C) of
observation points, showing separation angles and separation distances.
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There are eight angular divisions: {0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°} and four radial
divisions: {100, 200, 300, 400}. Thus, there are 32 individual cells in this variogram grid. Users
familiar with VarioWin® will notice similarities between Surfer's variogram grid and the
"variogram surface" in VarioWin® 2.2. In Surfer, only the upper half of the grid is used. See the
General section of this chapter for a more detailed explanation.

Consider the following three observation locations: {(50,50), (100, 200), and (500,100)}. There
are three observations, so there are 3*(3-1)/2 = 3 pairs. The pairs are:

A (50,50), (100,200)
B (50,50), (500,100)
C (100,200), (500,100)

Each pair is placed in a particular cell of the variogram grid based upon the separation distance
and separation angle between the two observation locations.

The separation distance is:

h:\/(xz _Xl)2 +(Y2 _Y1)2

The separation angle is:

@ = arctan ﬁ
Xz - Xl
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Using the previous equations, the separation angle for the first pair of observations {(50,50),
(100,200)} is 71.57 degrees and the separation distance is 158.11. This pair is placed in the cell
bounded by the 100 circle on the inside, the 200 circle on the outside, the 45° line in the clockwise
direction, and the 90° line in the counterclockwise direction. The location of this pair in the
variogram grid is shown on the previous page as point A.

Pair Separation Angle Separation Distance
A 71.57 158.11
B 6.34 452.77
C -14.04 412.31

The separation angle and separation distance for each
pair are calculated using the previous equations.

Since the separation distance of pairs B and C are greater than the radius of the largest circle
(400), these pairs fall outside of the variogram grid. Pairs B and C are not included in the
variogram grid and therefore, not included in the variogram. Using the previous equations, every
pair is placed into one of the variogram grid cells or it is discarded if the separation distance is too
large.

For a large data set, there could be millions of pairs (or more) and the associated pair comparison
file would be very large. On the other hand, with the variogram grid in the example above there
are only 32 grid cells regardless of the number of pairs contained in a particular grid cell. Herein
lies the computational saving of the variogram grid approach. It is not necessary that every pair is
stored in a variogram grid cell; each variogram grid cell stores only a small set of summary
statistics that represent all of the pairs contained within that cell.
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TheVariogram

The variogram is a measure of how quickly
things change on the average. The underlying

principle is that, on the average, two observations

closer together are more similar than two
observations farther apart. Because the
underlying processes of the data often have
preferred orientations, values may change more
quickly in one direction than another. As such,
the variogram is a function of direction.

The variogram is a three dimensional function.
There are two independent variables (the
direction 6, the separation distance h) and one

dependent variable (the variogram value y(6,h)).

When the variogram is specified for kriging we
give the sill, range, and nugget, but we also
specify the anisotropy information. The
variogram grid is the way this information is
organized inside the program.

Variogram

30007

2500
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2
ol
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Column C
Direction: 30.0 Tolerance: 30.0

0 20 40 60 80 100 120 140 160 180

Lag Distance

Thisis an example of a variogram.

The variogram (XY plot) is a radial slice (like a piece of pie) from the variogram grid, which can
be thought of as a "funnel shaped" surface. This is necessary because it is difficult to draw the
three-dimensional surface, let alone try to fit a three dimensional function (model) to it. By taking
slices, it is possible to draw and work with the directional experimental variogram in a familiar

form - an XY plot.

Remember that a particular directional experimental variogram is associated with a direction. The
ultimate variogram model must be applicable to all directions. When fitting the model, the user
starts with numerous slices, but must ultimately mentally integrate the slices into a final 3D model.
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The Variogram M odel

The variogram model mathematically specifies the spatial variability of the data set and the
resulting grid file. The interpolation weights, which are applied to data points during the grid

node calculations, are direct functions of the variogram model.
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Thisisa variogram model demonstrating the variogram parameters.

NUGGET EFFECT: quantifies the sampling and assaying errors and the short scale variability
(i.e. spatial variation occurring at distance closer than the sample spacing).

SCALE (C): is the vertical scale for the structured component of the variogram. Each component

of a variogram model has its own scale.

SILL: is the total vertical scale of the variogram (Nugget Effect + Sum of all component Scales).

Linear, Logarithmic, and Power variogram models do not have a sill.
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LENGTH: is the horizontal range of the variogram. (Some variogram models do not have a
length parameter; e.g., the linear model has a slope instead.)

VARIANCE: is the mean squared deviation of each value from the mean value. Variance is
indicated by the dashed horizontal line in the diagram shown above.

N 2

N
z z? Z z
i=l i=l

var = - where: N is the number of data
N N

PAIRS: represents the average variogram value for the group of pairs separated by a specified
distance (lag width). The number adjacent to the square symbols indicates the number of pairs
within each lag distance.

MODEL CURVE: shows the shape of the variogram model.

EXPERIMENTAL CURVE: displays the groups of variogram pairs on a plot of separation
distance versus the estimated variogram.

For more information on the nugget effect, scale, and length settings, see the Model section of this
chapter.

170



Chapter 5 - Variograms

Creating a Variogram

When you create a new variogram, the New Variogram dialog is displayed after the data file is
selected. The New Variogram dialog contains options for setting up the variogram grid used for
the variogram. Once the variogram is created through the New Variogram dialog, the variogram
properties, such as the variogram model used, are set through the variogram properties dialog.
Once the variogram grid is created, it is used for the duration of the variogram modeling effort.
See The Variogram Grid section for more information on variogram grids.

The following directions contain the general steps to create a variogram. Decisions about the
various options should be made based on knowledge of the data and based on knowledge of
variograms. As such, specific modeling recommendations cannot be made.

Choose Grid | Variogram | New Variogram.
Select a data file from the Open dialog and click the Open button.

Set the data columns to use on the Data page in the New Variogram dialog, and select the
variogram grid settings on the General page.

4. Once the variogram has been created, using one of the methods described in the Editing
Variogram Properties section. The variogram properties dialog allows you to select a
variogram model other than the default linear model, and it allows you to set several other
options discussed later in this chapter.

Editing Variogram Properties

To change the features of the variogram, such as the variogram model, open the variogram
properties dialog by:

= double-clicking on the variogram in the plot window,

= right-clicking the variogram and choosing Propertiesin the context menu,

= right-clicking on the variogram in the Object Manager and choosing Propertiesin the
context menu,

= or by clicking Edit | Properties when the variogram is selected.
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New Variogram Properties
The New Variogram dialog contains two pages: Data and General.

Data
You can select data for a new variogram on the Data page in the New Variogram dialog.

Data Columns

You can specify the columns for the X data, the Y data, and the Z data in the Data Columns group.
Surfer defaults to X: Column A, Y: Column B, and Z: Column C. Your data can be in any three
columns, however. Click the down arrow on each box and select the appropriate column for each
variable.

Data I
[rata Columnz Duplicate Data
o IEDIumn & ;I To Keep: I,-'E-,II ;I
" Il:l:ulumn E ;I # Tolerance: IEI
P IEDIumn C ;I Y Tolerance: IEI

[rata Excluzion Fiker [eq, x=-999 0OF »=-993 OF z=-999]

| Ipdate Statiztics |
Statistic | ¥ | ¥ | z .
Active 24 24 x| —
Original 24 24 24
Excluded 1] 0 0
Celeted Dup. 0 1] 1] j

The Data page in the New Variogram dialog is used to set the
data columns, filter duplicate data, and to view data statistics.

Duplicate Data

You can choose the type of duplicate data to use in the variogram gridding process from the To
Keep list. The X Tolerance and Y Tolerance boxes set the distance, in data units, that define
whether or not the data are duplicates. If the data do not share identical coordinates, but you
would like close-by points to be considered duplicates, use this setting. Refer to the Filter Data
section in Chapter 4, Creating Grid Files for more information on duplicate data.
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Data Exclusion Filter

To set up rules for excluding data when gridding, use the Data Exclusion Filter. Refer to the
Filter Data section in Chapter 4, Creating Grid Files for more information on data exclusion.

Statistics
The bottom of the dialog displays statistics about the data. If you change any of the parameters in

the dialog, click the Update Statistics button to display statistics based on the changed
information.

General
The General page is used to define the variogram grid.

Variogram Grid

The Variogram Grid group contains the maximum lag distance, angular divisions, and the radial
divisions settings for the variogram grid, as pictured on the right side of the group.

Max Lag Distance specifies the largest separation distance contained in the variogram grid. Any
pairs separated by more than the maximum lag distance are not included in the variogram grid.
The default value of the Max Lag Distance is one-third the diagonal extent of the data rounded
down at the second significant figure (i.e. 1.2345 becomes 1.2).

The Angular Divisions specify the number of angular divisions: i.e. the number of spaces between
"spokes" in the variogram grid. 0° is located on the positive X axis, not the positive Y axis
(azimuth). The angular divisions only go from 0° to 180°, and not all the way back around to
360°. If a vector were drawn from the first point in the pair to the second point in the pair, the
arrow symbol would point to one direction in the polar grid. In Surfer, the first point is the point
with the smaller Y value and the second point is the point with the larger Y value. As such, the
lower half of the variogram grid is empty and unnecessary. The experimental variogram for any
direction between 180° and 360° can be computed from the upper half of the grid using the
inherent symmetry of the variogram. The default value of 180 makes each variogram grid cell
span 1° of arc.

The Radial Divisions specify the number of concentric circles in the variogram grid. The default
value is 100. Keep in mind that increasing the number of Angular Divisions and Radial Divisions
increases the amount of memory required to store the grid. See The Variogram Grid section for
more information on memory requirements.
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General |

— % anogram Gnd

bdax Lag Diztance: |23EI

Angular Divizions:  |180 =

Fadial Divisions: 100 =

— Detrend
' Do not detrend the data

" Linear: Znew = Z-[&=+BY +C ]

= Ouadratic; Zhew = Z - [A0E + By + 07 + D + EY +F |

¥ Generate Feport

You can set the variogram grid properties on the General page in the New Variogram dial og.

The picture to the right of the edit controls depicts the specified variogram grid. However, to
make the picture legible, the number of concentric circles drawn is equal to the number of radial
divisions divided by ten. The number of radial spokes drawn is equal to the number of angular
divisions divided by ten.

Detrend

The Detrend group contains three options for detrending the data before creating a variogram.
The Detrend options carry out a simple polynomial least squares regression of the data and
computes the variogram grid for the resulting residuals only. See Section 6.12 in Kitanidis (1997)
for a more detailed discussion of detrending data.

= Do not detrend the data should be used most of the time - it should be used all of the time by
novices.

= Linear detrending should be used when the kriging algorithm is applied with a linear drift.

= Quadratic detrending should be used when the kriging algorithm is applied with a quadratic
drift.

Reports

Click in the Generate Report check box to create a report of the data, including statistics. For
more information about the contents of the report, see the Reports topic in online help.

174



Chapter 5 - Variograms

Variogram Properties

Once the variogram grid has been created with Grid | Variogram | New Variogram, the
properties of the variogram can be changed through the variogram properties dialog. The
variogram properties dialog contains four pages: Experimental, M odel, Statistics, and Plot.

Experimental

The Experimental page in the variogram properties dialog contains parameters for the
experimental variogram such as the lag direction, estimator type, maximum lag distance, number
of lags, lag width, and vertical scale.

Lag Direction

The Lag Direction group controls the direction from which the variogram is viewed. The
Direction specifies the focal direction when computing the experimental variogram. In keeping
with the standard notation used in geostatistics, this direction is given using a mathematical
convention: 0° is along the positive X axis, and 90° is along the positive Y axis. The direction is
not given as an azimuth.

Tolerance

The direction Tolerance specifies the size of the angular window for the experimental variogram.
The angular window is:

Direction - Tolerance < Angle < Direction + Tolerance

thus, the width of the entire angular window is twice the Tolerance. For example, the default
Tolerance of 90° captures all directions (omni-directional variogram). The diagrammatic
representation of the current angular window appears in the Lag Direction group.

Step Amount and Step Direction

When building a complete model of a variogram, it is necessary to review the variogram and the
model in many directions. Surfer allows you to step through as many directions as desired in an
animated fashion. Since Surfer uses a variogram grid approach, it can compute and replot
directional variograms almost instantaneously. The Step Amount specifies the increment in the lag
Direction each time, the Sep CW or Sep CCW buttons are clicked. When the Sep CW button is
clicked, the lag Direction is decremented by the Step Amount and the variogram plot is
automatically updated. When the Sep CCW button is clicked, the lag Direction is incremented by
the Stlep Amount and the variogram plot is automatically updated. You can drag the variogram
properties dialog away from the variogram to see the changes each time the Step CW or Sep CCW
buttons are clicked.
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Estimator Type

There are a number of different formulae for estimating the variogram. Each method has different
strengths, weaknesses, and proponents. Surfer contains four estimating options: the Variogram,
Standardized Variogram, Autocovariance, and Autocorrelation. When in doubt use the default
classical variogram.

An observation is an (X,Y,Z) triple. A pair of observations contains two such triples. Consider
the set of N pairs of observations that go into the calculation of a single plotted point on an
experimental variogram. These N pairs are ordered pairs; the two observations are not randomly
ordered within a pair. The first observation in the pair is the point with the smaller Y value and
the second observation is the point with the larger Y value. The first observation is called the
"head" (denoted by an "h"), and the second observation is called the "tail" (denoted by a "t").

Let
Zh; be the observed value of the head observation of the i" pair, and
Zt; be the observed value of the tail observation of the i" pair.

The required sums over the set of all N pairs are denoted:
Zh=> zh

Zhh ="z

zt=>"2z,

ztt =Yzt

Zht =" Zhy x2t,

The average and variance for all of the observed head values are:

AVEh = zh
N

VARN = ZThh ~(AVEN)?
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Similarly, the average and variance for all of the observed tail values are:

AVE] :é
N

VARt = % - (AVEL)®

Then define the following two intermediate quantities:

Lag Variance = v/VARhXVARt

Lag Covariance = (thtj - (AVEh X AVEt)

Variogram
The classical variogram estimator is:

_ (zbh-2znt + ztt)
4 2N
(see Pannatier, 1996, p. 38).

Standardized Variogram

The standardized variogram estimator is:
(zhh -2zt + ztt)
(2N)
Lag Variance

(see Pannatier, 1996, p. 39).

Autocovariance
The autocovariance estimator is:

y = Lag Variance — Lag Covariance

(see Pannatier, 1996, p. 41).
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Autocorrelation

The autocorrelation estimator is:

_ I-LagCovariance

Lag Variance

(see Pannatier, 1996, p. 42).

Maximum L ag Distance

The Max Lag Dist specifies the extent of the separation distance axis (abscissa or X axis). This
value should never be larger than the Max Lag Distance specified in the New Variogram dialog.
Pairs with separation values beyond the New Variogram Max Lag Distance have been eliminated
from the variogram already. The Max Lag Distance specified when creating the variogram grid
(New Variogram dialog) limits the maximum separation distance that you can look without
recreating a new variogram grid. The Max Lag Dist specified in the variogram properties dialog
limits the maximum separation distance you will look. The Max Lag Dist specified in the
Experimental page in the variogram properties dialog is often less than the Max Lag Distance
specified when creating the variogram grid.

Number of Lags

The Number of Lags specifies how many experimental variogram points are computed and
plotted. The default Number of Lagsis 25.

Lag Width

When the associated Auto check box is checked, the Lag Width is automatically set equal to the
Max Lag Dist divided by the Number of Lags. For example, if the Max Lag Dist is 100, and the
Number of Lagsis five, the Lag Width would be set to 100 / 5= 20. In this case, the first plotted
point would summarize all pairs with separation distances greater than or equal to zero and less
than 20. The second plotted point would summarize all pairs with separation distances greater
than or equal to 20 and less than 40, etc. Lag intervals are 0 to 20, 20 to 40, ..., 80 to 100; they do
not overlap. You can use Lag Width to smooth a variogram.

Smoothing the Variogram with Lag Width

When the associated Auto check box is not checked, the Lag Width may be independently
specified. In this case, the Lag Width is not a function of the Max Lag Dist and the Number of
Lags. This flexibility allows for overlapping lag intervals and, therefore, a smoothed experimental
variogram.
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For example, consider the case where the Max Lag Dist is 100, the Number of Lagsis five, and the
Lag Width is 40. The resulting lag intervals would be 0 to 40, 10 to 50, 30 to 70, 50 to 90, and 60
to 100. Notice these intervals overlap. Overlapping lag intervals causes a moving average type
smoothing of the experimental variogram. Often, it is easier to select an appropriate model for
such smoothed experimental variograms.

In either case, the formulae for determining the intervals are given by the following pseudo-code
fragment.

for(lag = 0; lag < Nunber of Lags; ++lag )

{
center = Max Lag Distance / Nunber of Lags * (lag+0.5);
from = max( center - ( Lag Wdth / 2.0), 0.0 );
to = mn( center + ( Lag Wdth / 2.0 ), Mux Lag Distance );
}
E =perimental |
— Lag Direction
E ztimator Type: I‘-.r"aricugram ;I

Directior: |15

)

bax Lag Dizt: 180

Mumber of Lags: |25 3

Tolerance: |30 =

Step z

Amaunt Laa width: 72 M Auto
Step Chw Yerical Scale; IEEEII:I V' Zuto

Step COW

The Experimental page in the variogram properties dialog contains the parameters
for the experimental variogram. The diagramin the Lag Direction group shows the
direction and size of the angular window of the current variogram.

179



Chapter 5 - Variograms

Vertical Scale

The Vertical Scale specifies the extent of the variogram axis (ordinate or Y axis). If the associated
Auto check box is checked, the vertical scale is determined on the fly so that the entire variogram
fits on the plot. When the Auto check box is checked the vertical scale is recomputed every time
the variogram is redrawn. As you step around with the Step CCW or Step CW buttons, the vertical
scale changes with each step.

When the associated Auto check box is not checked, the Vertical Scaleis held constant at the
specified value. When using the Step CCW and Step CW buttons to rotate the lag direction, it is
advisable to uncheck the Auto check box to avoid having the vertical scale change for every plot.
This allows for easier visual comparison between plots.

M odd

The Model page in the variogram properties dialog allows you to set a specific variogram model
and its parameters. Computing an experimental variogram from your data is the only certain way
to determine which variogram model you should use. A detailed variogram analysis can offer
insights into the data that would not otherwise be available, and it allows for an objective
assessment of the variogram scale and anisotropy. There are lengthy chapters in many
geostatistics textbooks discussing the tools and techniques necessary to generate a variogram (e.g.
Isaaks and Srivastava, 1989).

Surfer allows for a general nested variogram model. There are no
limits on the number of models that can be nested in Surfer. equation variables:
Because of this, there are hundreds of possible combinations of
variogram models. There are twelve common variogram functions:
Nugget Effect, Soherical, Exponential, Linear, Gaussian, Wave y (h) is the semi-
(Hole-Effect), Quadratic, Rational Quadratic, Logarithmic, Power, variogram

Cubic, and Pentaspherical. Each of the components allow for
independent specification of the anisotropy, except for the nugget
effect. C is the scale for the
structured component of

. . ) : the variogram
When in doubt, you should use the Linear variogram model with

the default Scale (C) and Length (A) parameters.

h is the anisotropically

The variogram model components available in Surfer are:
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Exponential M odel
Cressie (1991, p. 61)

ﬂm:che“]

Quadratic M odel
Alfaro (1980, p. 31)

cbh—h4 h<?
c  h21

wm:{

Gaussian M odel
Pannatier (1996, p. 50)

ﬂm:cp—é“]

Rational Quadratic Model
Cressie (1991, p. 61)

2
y(h)z{ h }

1+h?
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0<h<l Power Models I<h<2

Pannatier (1996, p. 51)

y(n)=clp]
where 0 <n<2

when n=1itisalinear model

Linear M odel Wave (Hole Effect) M odel
Kitanidis (1997, p. 61) Cressie (1991, p. 62)
y(h) :C(h) y(h):C{l—Sm h}
The Linear Moddl is a special case of the Power h

Model where the power isequal to one.
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Spherical M odel
Pannatier (1996, p. 48)

C[I.Sh - 0.5h3] h< 1}

y(h)={ c ha1

Pentaspherical M odel
Olea (1999, p. 79)

yn)=cli.875h-1.25h +0.375n%)

Logarithmic M odel
Kitanidis (1997, p. 61)

y(h)=Clloge(h] h>0

Cubic Model
Olea (1999, p. 79)

y(h)=cl7h? =8.75h* +3.5n° —0.75n")
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k odel

Y ariogram Components
MHugget Effect Error=1240, Micro=2 e pdd

|
Remove »» |
[ ot |

Lagarithric Scale=750, Length=20, Anizo=1,

Anizotro :
Scale: R0 Fiati: P AutaFit...
m -
Length [A]: |2EI -
Zhe Angle:
Pater: |1 u z

Options such asthe variogram model are set through the Model page.

With the exception of the Linear, Logarithmic, and Power variogram models (which do not have a
sill), the Scale parameters (denoted by C in the variogram equations) define the sill for the
variogram components you select. Thus, the sill of the variogram model equals the Nugget Effect
plus the sum of the component’s Scale (C) parameters. In many situations, the variogram model
sill is approximately equal to the variance of the observed data (see Barnes, 1991).

The Length (A) parameters define how rapidly the variogram components change with increasing
separation distance. The Length (A) parameter for a variogram component is used to scale the
physical separation distance. For the Spherical and Quadratic variogram functions, the Length (A)
parameter is also known as the variogram range. In an isotropic setting, the relative separation
distance, h, is computed by the following equation:

he JAX? +Ay?

A
where
[AX Ay] is the separation vector (in map coordinates), and
A is the component’s Length parameter.
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The anisotropically rescaled relative separation distance for the variogram equations is computed
by the following matrix equation

h=flax Ay]{c"se ‘51“9}{(%\)2 0 ]{ cos6 sinewx}

sin@ cosd 0 (%)2 —-sin@ cos@ || Ay

where

[AX Ay] is the separation vector (in map coordinates),
A is the component’s Length parameter.

6 is the anisotropy Angle, and

Yo, is the anisotropy Ratio.

With a Linear variogram model, the slope is given by the Scale divided by the Radius. By
allowing an anisotropic radius, it is possible to specify an anisotropic linear variogram slope. The
slope of the linear variogram makes no difference in the kriging algorithm if the nugget effect is
zero.

Nugget Effect

The Nugget Effect is used when there are potential errors in the collection of your data. The
nugget effect is implied from the variogram you generate of your data. Specifying a nugget effect
causes kriging to become more of a smoothing interpolator, implying less confidence in individual
data points versus the overall trend of the data. The higher the nugget effect, the smoother the
resulting grid. The units of the nugget effect are the units of the observations squared.

The nugget effect is made up of two components:

Nugget Effect = Error Variance + Micro Variance
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The Error Variance is a measure of the direct repeatability of the data measurements. If you took
an observation at one point, would the second measurement at that exact point be exactly the same
as the first measurement? The error variance values take these variances in measurement into
account. A non-zero error variance means that a particular observed value is not necessarily the
exact value of the location. Consequently, kriging tends to smooth the surface: it is not a perfect
interpolator. (l

The Micro Variance is a measure of
variation that occurs at separation
distances of less than the typical
nearest neighbor sample spacing. For
example, consider a nested variogram ®
where both of the models are
spherical. The range of one of the
structures is 100 meters while the
range of the second structure is five
meters. If our closest sample spacing
were 10 meters, we would not be able
to see the second structure (five meter Nugget Effect M odel

structure). The micro variance box

allows you to specify the variance of

the small-scale structure. If you do y(h) _ {Error Variance h=0 }

not know the micro variance, leave Error Variace + MicroVariance h>0
the setting at 0.0.

Thisisthe nugget effect model. Therest of the model graphicsare

Surfer's implementation of the nugget located in the beginning of the Model section of this chapter.

effect follows the recommendation of
Cressie (1991, Section 3.2.1), and this reference should be consulted for a more rigorous
presentation of the nugget effect and its partitioning.

Anisotropy

Physical processes have preferred orientations. Anisotropy implies a preferred direction, or
direction of higher or lower continuity between data points. Alternatively, you can say that points
that lie farther away along one axis are given equivalent weights to points that lie closer along the
other axis. The relative weighting is defined by the anisotropy ratio.

An example of when anisotropy might be employed is an isotherm map (contour map) of average
daily temperature over the upper Midwest. Although the X and Y coordinates (i.c., Easting and
Northing) are measured using the same units, along the east-west lines the temperature tends to be
very similar. Along north-south lines, the temperature tends to change more quickly (getting
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colder as you head north). When creating a variogram with this

data it would be advantageous to give more weight to data ﬁnigntrupy

along the east-west axis than along the north-south axis. When Ratio:

interpolating a grid node, observations that lie in an east-west 2 :

dire'ction are given greater weight than (')bse?vations lying an Angle:

equivalent distance in the north-south direction. 0 P

Anisotropy is also useful when data sets use fundamentally The anisotropy settings are located
different units in the X and Y dimensions. For example, on the Model pagein the

consider plotting a flood profile along a river. The X variogram properties dialog.

coordinates are locations, measured in miles along the river channel. The Y coordinates are time,
measured in days. The Z values are river depth as a function of location and time. Clearly in this
case, the X and Y coordinates would not be plotted on a common scale, because one is distance
and the other is time. One unit of X does not equal one unit of Y. While the resulting map can be
displayed with changes in scaling (see Chapter 14, Common Map Properties), it may be necessary
to apply anisotropy as well.

The anisotropy settings in the M odel page in the variogram properties dialog include a Ratio and
an Angle setting. The ratio is the primary range divided by the secondary range. An anisotropy
ratio less than two is considered mild, while an anisotropy ratio greater than four is considered
severe. Typically, when the anisotropy ratio is greater than three its effect is clearly visible on
contour maps. The Angle is the orientation (direction) of the primary axis.
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AutoFit

AutoFit takes a user specified variogram model and an initial set of parameters, and attempts to
find a better set of parameter values. For example, if a user has selected a spherical variogram
model with a nugget effect, the AutoFit tool can be used to determine the "best" fitting anisotropy
parameters.

Automatic Variogram Fitting EHE |
it Criterion: | P Target Precision [Z]: ID-':":":"I
b @i [kerations: IEEI E: b awirmum Digtance: |1E+I]38

— Parameter Fit Limits

MHugoet Effect
- Erraor W anance: 3.92 Miimur: ||:|
- Micro Wariance: 0
3 auzsian Irmitial: IE_EIE
- Soaler 2 _
- Length; 50 b amirmim; |'|E+EISE
- Anizo Fatio: 1
-~ finizo Angle; 0
k. I Cancel

The Automatic Variogram Fitting dialog is opened by clicking the AutoFit

button on the Model page of the variogram properties dialog. The AutoFit

feature does not select an appropriate model. Before using AutoFit, select

reasonable model parameters and then use AutoFit to fine tune the model.
The AutoFit button on the M odel page in the variogram properties dialog takes the user into the
Automatic Variogram Fitting dialog. Please note that the AutoFit tool is meant to hone and
polish a set of user specified parameters. AutoFit does not select the appropriate model form. 1t
should not be used as an exploratory tool in the search for an appropriate model. It merely fits the
parameters once you select a reasonable model.

The underlying fitting algorithm is a simple implementation of Powell's Search Method. This
search does not involve the use of derivatives. This means there are no gradient calculations. One
iteration of this algorithm includes a line search along each of the individual parameter directions,
and then a line search along the accumulated direction moved during this iteration. There is some
useful discussion of this method in Press et al. (1988, Section 10.1). However, this routine does
not attempt to build a set of conjugate directions.

While the fitting algorithm is working, the current iteration number and the current value of the
objective function are indicated in the status bar. The fit algorithm can take some time to work.
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Fit Criterion

There are two fit criteria available, Least Squares and Least Absolute Value. An important
consideration is that both of these criteria work by fitting the model to the variogram grid in all
directions at once and not to the current directional variogram plot shown on the screen.

The Least Squares criterion is an implementation of the simple weighted least squares method
discussed in Cressie (1991, Section 2.6.2). See Zimmerman and Zimmerman (1991) for a rather
detailed comparison among various methods. The Least Squares method minimizes the sum of
the square of the error, and the Least Absolute Value method minimizes the sum of the absolute
value of the errors.

The Default method uses the default linear variogram. Default calculates a slope and nugget effect
similar to the default linear variogram as first displayed with New Variogram.

Maximum lterations

The maximum number of iterations specifies a termination criterion for AutoFit. After this
number of iterations the search stops, though the iterations also terminate if a target precision is
met (see the next section). One iteration includes a line search for each of the free parameters,
plus a line search in the direction of the accumulated change.

One nice feature is that the AutoFit search can be stopped and restarted multiple times. Therefore,
you could run the search for a few iterations, see what is happening, and then try a few more
iterations. You can terminate the search by clicking the ESC button on your keyboard and
selecting the Abort button in the dialog that appears. If you stop AutoFit, the best set of
parameters so far is saved.

Target Precision

The target precision is also a termination criterion for the search with AutoFit. The target
precision specifies a maximum relative change in the objective function during one iteration. If
the change in the objective function is less than the specified amount, the search is terminated. If
the change in the objective function is greater than the specified amount, the search is continued
for another iteration (assuming that the maximum number of iterations has not been reached). The
actual formula is

A dObj ective - NewObjective < O dnjective * Target Preci sion/ 100

Note that the target precision is given as a percentage.
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Maximum Distance

AutoFit attempts to fit the model to the data contained in the variogram grid. The extent of the
variogram grid is given by the Max Lag Distance parameter specified when the variogram grid is
created with the New Variogram dialog. Often, the Max Lag Distance specified when the
variogram grid is created is greater than the maximum lag distance that a user is interested in
working with while fitting. (Remember that the variogram grid is created before you start
modeling).

The Maximum Distance parameter limits the extent of the search. The fitting algorithm ignores
any pairs separated by more than the Maximum Distance, even if they are included in the
variogram grid.

Parameter Fit Limits

The Parameter Fit Limits define the range of values over which the fitting algorithm searches.
The Parameter Fit Limits allow the user a great deal of control in applying the fitting algorithm.
For example, if you specify the Maximum equal to the Minimum, the fitting algorithm does not
adjust the specified parameter.

Although the fit algorithm attempts to fit parameters with a large range between the Maximum and
the Minimum, you will have greater success with the fitting algorithm if the limits are as tight as
you can make them. Use a "reasonable value" approach in specifying the limits.

= The Minimum s the lower bound on the fitted parameter value. No value lower than this is
considered by the fitting algorithm.

= The Initial option is a guess for the parameter value. Since the objective function is non-
linear, the final fitted values can be sensitive to the starting point. The objective function (fit
criterion) may have numerous local minima, which are distinct from the global minima.

= The Maximum s the upper bound on the fitted parameter value. No value greater than this is
considered by the fitting algorithm.
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Statistics

The Statistics page in the variogram properties dialog shows histograms and scatter plots of the
data, as well as providing statistics on the data.

The X, Y, Z Histogram options show the distribution of the X, Y, and Z data respectively. The
histogram is shown to the right of the options. The XY Scatter option shows the distribution of the
data as a simple scatter diagram.

Statistics |
e — T R epart |
¥ Higtogram ol . 1.“: RO
55 s
% Histogram l;:':: = '_'..":bl.'
" Z Histogram [, ;;:t‘ "I:_-'l'g
S L

@ 5 Scatter M R LA

Statistic | ¥ | ¥ | z |-
Active 256 286 206 —
Original 256 256 286

Exciuded 1] 1] ]

Deleted Dup. 0 0 0 j

On the Statistics page, you can show an X, Y, or Z
histogram, view statistics, or generate a variogramreport.

You can use the scroll bar on the right of the statistics box to view the statistics. Click the Report

button to open the statistics and variogram information in a report window. The statistics can be
printed if they are opened in the report window.
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Plot

Most of the visual characteristics of the variogram display are controlled though the Plot page.

= You can change the title and title font in the Title group. To create a multi-lined title, press
CTRLAENTER on your keyboard to move to the next line. See the online help system for
more information on the Text Properties dialog.

= To display Symbols, the plot Line, the Model line, the Variance line, the direction/tolerance
Subtitle, or the number of Pairs, click in the check box to the left of the option name.

= To change the characteristics of the feature, click the button to the right of the option name
and make the changes in the dialog.

Plat |
Title

Column C
Faont... |

¥ Symbols: . | ¥ Subtitle: Faont... |
¥ Line: —l ¥ Pairs: Fant... |
v tdodel: —l

¥ Vaiancey — — —

You can control the display of the variogram graph through
the Plat page in the variogram properties dial og.

192



Chapter 5 - Variograms

Default Linear Variogram

The default linear variogram takes the form
y(h) =C, +Sth

where C; is the unknown nugget effect, and S is the unknown slope. We need two defining

equations to solve for these two unknown parameters.

According to theory, the expected value of the sample variance is the average value of the
variogram between all possible pairs of sample locations (Barnes, 1991); this yields one equation.
The second equation is generated by equating the experimental sample variogram for nearest
neighbors to the modeled variogram. Thus, we can write

Var =C, +S[D,,
Gnn :CO +SDDnn

where

D,,, = average distance to the nearest neighbor
D,.= average inter-sample separation distance

G, = one half the averaged squared difference between nearest neighbors

Var = sample variance

By solving the two equations for the two unknown parameters, and checking for unreasonable
values, we get the final formulae used in Surfer:

Var -G
S= max|:—nn, 0:|
ave — D

Gnn |:IDave —Var DDnn 0
D,.-D ’

ave = “nmn

C, = ma){
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Exporting a Variogram

You can use Grid | Variogram | Export Variogram to export the XY coordinates of the symbols
representing the pairs for each lag distance. The resulting file is an ASCII text file ([.DAT]
extension), with the X coordinates (separation distance) in Column A, the Y coordinates
(variogram - y(h)) in Column B, and the number of pairs in Column C.

Using Variogram Resultsin Kriging
Once you have completed the variogram, you can use the results of the variogram model when
gridding the data with the Kriging gridding option.

To use model results:

1.  Make sure the plot window containing the variogram is open. If you switch to a new plot
window, the variogram results cannot be used.

Select Grid | Data.

In the Open dialog, choose the data file to be modeled and then click the Open button.
In the Grid Data dialog, select Kriging for the gridding method.

Click the Advanced Options button to open the Kriging Advanced Options dialog.

Click the Get Variogram button to use the variogram model open in the plot window. If more
than one variogram exists in the document, a dialog is displayed prompting you for the
variogram to use.

AN

For more information about kriging, see the Chapter 4, Creating Grid Files.
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Chapter 6

Contour Maps

Introduction to Contour Maps

The Map | Contour Map | New 37.0
Contour M ap command creates a

contour map from a Surfer grid file

[.GRD], USGS Digital Elevation

Model ([.DEM], [.HDR], or 36.81
[.DDF]) or Digital Terrain

Elevation Data (DTED) [.DT*]. A

contour map is a two-dimensional 36.6-
representation of three-dimensional
data. The first two dimensions are
the XY coordinates, and the third
dimension (Z) is represented by
lines of equal value. The relative
spacing of the contour lines indicate
the relative slope of the surface. 36.20 0 55
The area between two contour lines ]
contains only grid nodes having Z
values within the limits defined by
the two enclosing contours. The >113.0
difference between two contour
lines is defined as the contour
interval.

Latitude

36.4+

Longitude

This contour map shows a portion of the Grand Canyon.

As an example, consider an island in a lake viewed from above. The island shoreline represents
the same elevation (the same Z value) around the entire island. Viewed from above, the shoreline
can be thought of as a contour line. If the level of the lake drops by two feet, the new shoreline
represents a new contour line. If the water continues to drop in two-foot intervals, additional
contours would be generated, each accurately expressing the shoreline at each elevation (each Z
level). A contour map created in this way would display contours at two-foot intervals, describing
the island's shoreline at different elevations. An excellent introduction to contour maps is given in
the free booklet, "Topographic Mapping," issued by the U.S. Geological Survey.
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Drawing Contours

When you create a contour map, the grid file is read into the plot window as an internal array of
XYZ grid nodes. The grid nodes consist of rows and columns of Z values. The rows contain grid
nodes with the same Y coordinate, and the columns contain grid nodes with the same X
coordinate. Grid file columns and rows are sometimes referred to as X grid lines and Y grid lines,
respectively. The intersection of a row and column is defined as a grid node. Grid files define the
XY location of each grid node over the extent of the map, and the interpolated Z value at each

node.

The grid limits define the extent of contour maps. Once a
grid file is created you cannot produce a contour map
larger than the extent of the grid file. However, you can
use the map properties Limits page to specify a subset of
the grid used to create the contour map. If a larger area is
needed, the original data file will need to be regridded to
contain the larger limits. This is done with the Grid |
Data command.

The elevation data contained in USGS DEM files are
regularly spaced, but the direction of the grid lines may
not exactly coincide with the grid edges. This is due to
the variable angle between the UTM coordinate system
(used in some DEM files) and true north. This results in
the potential for a regular, stair-stepped arrangement of
the grid nodes along the edges of the map that can
translate to blanked grid nodes along the edges of maps
produced in Surfer.

46 48 o 53
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/
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Y
48 v\../ 52 55
3

46 \. 51 53 ./.
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The path of a contour line (Z = 50)
through a grid is defined by interpol ating
between grid nodes. This example shows
the straight-line segments that define the
contour line. The dots are added to show

the ends of each line segment.

When Surfer creates a contour map, the contour lines are drawn as a series of straight-line
segments between adjacent grid lines. The point where a contour line intersects a grid line is
determined by interpolation between Z values at adjacent grid nodes.
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Contour Map Components

Contour maps consist of several different components, each of which can be customized to control
the appearance of the map. The components are described briefly here.

= Contour levels define which contour lines appear on the map, and the contour interval
between adjacent contour lines.

= Color fill between contours can consist of a gradually changing spectrum of colors, or color
fill can be independently defined for each contour level.

= Contour line properties include the color, style, and thickness of the contour lines. The
contour lines on a map can gradually change their color or thickness (or both) from the
highest to the lowest contour. Each level's contour line properties can also be independently
specified.

= Contour labels are numbers on a contour line that indicate the Z value of the contour line.

= Contour smoothness controls the roundness of the contour lines. Smoothness in a contour
map can be controlled by:

1. selecting the Smoothing option in the contour map properties dialog,
2. using the Grid | Spline Smooth command,

3. using the Grid | Filter command,

4. producing a denser grid file from your original data,

5

or changing the gridding method or gridding method parameters that control the gridding
process.

Some methods produce smoother grids than others, and some have smoothing parameters that
can be utilized during gridding.

= Hachures are tick marks along the contour lines that indicate upward or downward slopes.

= Map scale controls the size of the map and the number of map units per page unit.
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Map axes display tick marks and axis labels along the borders of the map. Axes show the X
and Y scaling in map units. You can include grid lines as extensions of the tick marks over
the extent of the map.

Map orientation is defined as the rotation, tilt, and field of view of the contour map.

Map limits are the XY extents of the contour map.

A background can be added to a map. The map background consists of a fill underneath the
map and a border around the map.

Creating a New Contour Map

To create a new contour map:

1.
2.
3.

E=A
Click Map | Contour Map | New Contour Map or click the button.
Select a grid file in the Open Grid dialog and click the Open button.

The contour map is created.

Editing Contour Map Properties

To change the features of the contour map, open the contour map properties dialog by:

200

double-clicking on the map in the plot window,

double-clicking on the map name in the Object M anager,
right-clicking the map and choosing Propertiesin the context menu,
or by clicking Edit | Properties when the contour map is selected.
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Contour Map Properties

The contour map properties dialog contains six pages: General, Levels View, Scale, Limits, and
Background. View, Scale, Limits, and Background are discussed in Chapter 14, Common Map
Properties.

General

The contour map properties General page contains the following options:

Input Grid File
The Input Grid File lists the current grid file used in the contour map.

The o button displays information about the file used to produce the contour map. The
information includes the grid size, the minimum and maximum XYZ values contained in the grid
file, and statistics. If the grid file is large, click OK in the message box that appears to create a
detailed grid report or click Cancel to create a shorter, less detailed grid report.

The E button displays the Open Grid dialog. This allows you to open a new file, or an
updated version of the file used to create the contour map. When the grid file is changed, the map
limits are reset but the contour levels are not recalculated. If the Z range for the new grid is
outside the old contour levels, no contour lines are redrawn until the contour levels are reset to
match the new grid.

Filled Contours

The Filled Contours group controls the display of color fill between the contour lines as well as
the display of the color scale bar. See the Color Fill section in this chapter for more information
on filled contours.

Smoothing

The Smoothing group allows you to smooth the contours displayed on the map. See the
Smoothing Contours section of this chapter for more information on smoothing.
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Blanked Regions

The Blanked Regions group allows you to choose fill and line color properties for areas containing
blanked nodes. Click on the Fill button to choose a fill pattern and fill color. Click the Line
button to outline the blanked area with a specific line style, color, and width.

Faults

If your grid file contains faulting information, you can set the fault line color, style, and thickness
of the fault line drawn on the contour map by clicking on the Fault Line Properties button.

General |

— Input Grid File
IE:HF‘rI:ngram FileghGolden Software’Surfer8yS amplestDEMOGRI ﬂ =

— Filled Contours Smoothing——— [~ Blanked Regionz

[ Fill Contours [ Smooth Contaurs Fill: Mane |
[Ealan Scal :
I ColerScale | | amount: [low =] | |Liner  Invise |

Fault Line Properties:

The General page in the contour map properties dialog allows you to control the grid
file, contour fill, smoothing, blanked area properties, and fault line properties.
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Levels

The L evelspage in the contour map properties dialog controls the display of contours, contour
labels, color fill, and hachures on the contour map. The contour level list shows the contour levels
to be displayed on the map. Contour level parameters can be set as a group or individually.

= To apply level parameters to all defined levels, click the Level, Line, Fill, Label, or Hach
buttons at the top of the contour level list. For example, to define the contour range and the
interval between contours, click the Level button and enter the values you would like to use.

= To set parameters for an individual contour level, double-click any of the elements in the list.

= The Load and Save buttons allow you to load and save level files [.LVL] containing contour
level settings.

= Use the Add and Delete buttons to add or delete specific contour levels.

) . Sngle-click the Line, Fill,
D?ﬁ It)lec"?z ;I(';?tor Label, or Hach buttonsto edit Drag the edge of a button
indiEinuduaJ levels, the properties of all Jevels. to resize a colurm.

/

Levelsl
y .
Mevd\ Line Fil \ | Labef | Hach | = Add
N I - Ma
2 [ Ma Delete |
a0 I - Mo
i3] N Mo Mo Laedl
40 Ma Ma 4'
45 D e Ma
50 B e N — s |
E5 [ Ho
B0 N Ho Mo
E5 ) . Mo
?x O Yﬁ P-:n -]
= | | ) -

\

Double-click the level Double-click on thewords Yes or
value to specify a new No to change the label and hachure
contour level value. featureslevel by level.
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Contour Levels

The Contour Levelsdialog is used to assign regularly spaced contour levels. For example,
assume the smallest Z value is defined as 50, the largest Z value is 100, and the interval between
contours or zones is 10. In this case, contour lines are drawn at Z levels of 50, 60, 70, 80, 90, and
100. If the range of grid Z values goes beyond the defined minimum and maximum contour
levels, the contours outside the levels are not drawn.
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When the contour range does not extend to the Z limitsin the grid file, the contour levels outside
the range are not drawn. In the contour map on the right, the maximum contour level is set below
the maximum Z value in the grid file, and as a result, the highest contour lines are not drawn.

Different contour intervals provide different amounts of detail to a contour map. In the examples
shown on the next page, two different contour intervals are used for the same grid file. The
contour interval for the map on the left is much larger than the interval used for the map on the
right. Consequently, the map on the right has more contour lines, and provides more detail about
the grid file than the map on the left.
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1.

MM

Different contour intervals show different amounts of
detail about the grid file used to produce the map.

To create contour levels at regular intervals:
. . . Contour Levels n H |
Open the map properties dialog using one

of the methods listed in the Editing Diata Limits: 24.9979534149 to 104254730225
Contour Map Properties section.
Click the Levelspage. — Contaur

Ilze Defaulks

To assign evenly spaced contour levels, Wi IE

click the Level button and the Contour

Levelsdialog is displayed. S ERTIN |1 05

Enter values for the Minimum and
Maximum contours, and the Interval value
that defines the spacing in Z units between
adjacent contour lines.

Interal: IE

Cancel

dil

Open the Contour Levelsdialog by clicking the
The Use Defaults button can be used to Level button in the map properties dialog.
calculate a reasonable set of parameters

based on the range of Z values within the grid.

Click the OK button and the contour level list is updated.
Click OK or Apply in the map properties dialog to redraw the map.
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To add, delete, or modify individual contour levels:
Open the map properties dialog using one of the methods listed in the Editing Contour Map

1.

206

Properties section.
Click the L evels page.

Click the Add button to add a contour level
midway between the selected level and the next
lower level. Adding levels creates irregularly
spaced contours.

Click the Delete button to remove the selected
level from the list.

To modify an existing level, double-click the
level value. Enter a new value for the contour
level in the Z Level dialog. Click OK and the
contour level list is updated.

£ Level

Enter a new walue:

ak. I Cancel |

The Z Level dialog is opened by double-
clicking on a level number on the Levels page.

When you are finished changing the contour levels, click OK or Apply and the map is

displayed with your changes.

Contour levels can be set to display
irregular intervals between contours.

Contour levels do not need
to be regularly spaced.
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Contour Lines

The contour line properties can be set using several methods. Uniform contour line properties are
used to assign a single line style to a set of contour levels. Gradational contour line properties can
be used to assign a series of gradational colors or line widths to the contour levels. For fine
tuning, each individual contour line property can be set by double-clicking the line sample in the
levels list.

Assigning Gradational Line Properties

Gradational line color and line widths can be assigned to contour lines.

To assign gradational line properties:

1.

AU

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click on the L evels page to edit the contour line properties.

On the L evelspage, click the Line button to display the Line dialog.

In the Line dialog, select Gradational.

Click the line Style button to assign the same style to all of the contour lines.

Click the Color button to assign a color spectrum to the contour lines. The gradational color
spectrum can be saved for use with other maps.

Line n m |
A
& Unifarm
%" Gradational Cancel |

Affected Levels
First: I'I 3:

C ; i | Set |1 5:
Skip: IEI 5:

Pir saicth; ID.DEI i 3: =P

M waidth: ID.DEI in 3:

Choose the gradational option in the Line dialog
to vary the color and width of contour lines.
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10.

To assign varying line thickness, enter numbers into the Min width and Max width boxes.
These line widths are applied to the minimum and maximum contour levels respectively. All
intermediate line widths are interpolated proportionally.

If the Skip box is set to a number other than zero in the Line dialog, the contour lines are not
all assigned the colors or widths set in the Line dialog.

Click OK in the Line dialog to return to the contour map properties dialog. The selected line
colors and widths are shown on the Levelspage. Be aware that some video cards and
monitors are not capable of generating smooth gradations from one color to another, so the
line spectrum might consist of ranges of one color, resulting in "color zones" rather than a
smooth line color spectrum.

Click OK or Apply in the contour map properties dialog and the contour map is drawn with
the properties set in the Line dialog.

208

You can assign the same line properties
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Assigning the Same Line Properties to all Contour Levels

To assign all contour levels the same line properties:

1.

A

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click on the L evelspage to edit the contour line properties.
On the Levelspage, click the Line button to display the Line dialog.
In the Line dialog, choose Uniform.

Click the Style and Color buttons to open the line style and color palettes. Select the style and
color to use for all of the contour lines. To eliminate the contour lines from the contour map,
set the line style to Invisible.

Enter a number into the Line width box to set the line width. A line width of 0.00 is one pixel
wide.

All of the levels are assigned the same line properties unless the number in the Skip box is set
to a number other than zero.

Click OK to return to the contour map properties dialog.

Click OK or Apply in the contour map properties dialog to create a contour map with the same
line properties for all contours on the map.

Setting Line Properties on a Frequency Basis

The Affected Levels settings are used to modify the contour levels on a frequency basis. These
settings can be found by clicking the Line button on the L evels page in the contour map properties
dialog. The First, Set, and Skip fields allow you to select which contour levels are modified.

The First field indicates the first contour level affected by the change. This number refers to
the contour level position in the list (starting with 1), not the actual contour value.

The St field indicates the number of levels to apply the changes.

The Skip field indicates the number of contour levels to skip when assigning the properties.

To use Affected Levels with lines:

1.

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Select the L evels page.
Click the Line button.

Set the first contour level to apply the properties to, the number of levels to be set, and the
number of levels to skip.

209



Chapter 6 - Contour Maps

You can set the Affected Levels as many times as you want before leaving the dialog. For
example, entering First=one, Set=one, Kip=four means apply the properties to the first contour
level, skip four levels, set the next level, and so on. Then, you can enter First=two, Set=four,
Skip=one. This applies the new properties starting at the second level. Four consecutive levels are
modified, one is skipped, four are modified, one is skipped, etc. This combination of Affected
Levelsapplies one set of properties to one group of levels and another set of properties to a second
group of levels. Combinations of settings for line properties are limitless.

First=1 First=2
Levels Set=1 Set=4

Kip=4 Sip=1

0 Yes No
10 No Yes
20 No Yes
30 No Yes
40 No Yes
50 Yes No
60 No Yes
70 No Yes
80 No Yes
90 No Yes
100 Yes No

You can set the frequency of the line
propertiesin the Affected Levels group.

Assigning Line Propertiesto Specific Contour Levels

To assign line properties to specific contour levels:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map

Properties section.

2. Click the Levels page.

Double-click the line sample for the contour line you want to modify.

The Line Properties dialog is displayed, allowing you to select the line style, color, and

width.

5. Click OK in the Line Properties dialog and repeat the procedure for all the contour lines you

want to change.

6. When you are done, click OK or Apply in the properties dialog and the map is drawn with the

new line properties.
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Index Contours

Index contours are lines of different colors, styles, or widths that appear at a regular frequency.
You can create index contours by setting selected levels properties, or use the Affected Levels
group in the Line dialog to automatically assign the index contours.

The Affected Levels group contains First, Set, and Skip fields. This group allows you to apply the
selected line properties to a repeating series of levels. For example, use the Affected Levels
options to create four blue contour lines, one red contour line, followed by four blue contour lines,
etc. The Affected Levels group exists in the Line, Fill, Labels and Hachures dialogs.

To create index contours:
1.
2.

Create a contour map.

Open the map properties dialog using one of the
methods listed in the Editing Contour Map
Properties section.

Click the Line button on the L evels page.

Set the index contour line properties in the
Affected Levels group in the Line dialog.

a. Click the line Color button and change the
color to red.

b. In the Affected Levels group, set First to one,
Set to one, and SKip to four. This means,
starting with the first contour level, set one
contour level to red, skip four contour levels,
and then set the fifth contour level to red, skip
four more levels, etc.

Create index contours through the Affected
c. Click OK to enter the new level properties. Levels group in the Line dialog.

Next, set the line style and color used on the

intermediate levels.

a. Click the Line button on the L evels page.

b. Click the line Color button and change the line color to blue.

c. In the Affected Levels group, set First to two, Set to four, and Skip to one. This means,
starting with the second contour level (the first level is a red index contour) change the
line color to blue for the next four contour levels, skip one contour level, set the next four
contour levels to blue, etc.

Click OK in the Line dialog to return to the contour map properties dialog. The first contour

level line appears as red, the next four are blue, followed by one red line, etc.

Click OK or Apply in the contour map properties dialog to draw the map with the index
contours.
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Color Fill

Surfer allows you to fill the areas between contour lines with color fill. The color fill can
gradationally change from the minimum to maximum contours, or specific fill properties can be
assigned to individual contour levels.

Gradational colors are assigned in the Color Spectrum dialog. For example, if the color red is
assigned to the minimum value, and the color blue to the maximum value, the resulting color
spectrum graduates from red to blue. You can also assign fill properties to individual contour
levels by double-clicking the fill sample on the L evels page in the contour map properties dialog.
There is no gradational change for fill patterns.

37.0

36.8

36.6

Latitude

36.4

36.2

36.0
113.0 112.8 112.6 112.4 112.2 112.0

Longitude
Thisisafilled contour map of a portion of the Grand Canyon.
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Assigning Color Fill Based on a Fill Spectrum

Gradational fill color can be assigned to contour levels through the contour map properties dialog.

1.

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section. Make sure the contour levels are set before proceeding with creating the
color fill because adding or deleting a level after assigning a color spectrum alters the
spectrum.

Click the Fill button on the L evelspage to display the Fill dialog.

Click the Fill Pattern button to display the pattern palette. The fill pattern is constant for all
levels.

Click the Foreground Color or Background Color buttons to open the Color Spectrum
dialog. The foreground color is used for the pattern. The background color is used for areas
behind the pattern. The Background Mode can be set to Opaque or Transparent with
Windows stock fills and vector fills. With bitmap fills, the background is always set to
Opaque.

Click OK in the Fill dialog to return to the contour map properties dialog. The new fill
properties are displayed on the L evels page.

Check the Fill Contours option on the General page.

Click OK or Apply and the contour map is drawn with colors filling the areas between the
contour lines.

I 1|

ripaer: | - |
Cancel |

Affected Levels

Background Color; -:Il First: I1 3:
Cet |1 E:

Background Mode; I Opaque ;I Skip: II:I E:

The Fill dialog is opened by clicking the Fill button on
the Levels page in the contour map properties dialog.
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Assigning Color Fill to Specific Contour Levels
To assign fill properties to specific contour levels:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click the L evelspage.
Double-click the fill sample for the contour level you want to modify.
Select the fill properties from the Fill Properties dialog.

vk we

Click OK in the Fill Propertiesdialog and repeat the procedure for all the contour levels you
want to change.

Check the Fill Contours option on the General page.

Click OK or Apply and the contour map is drawn with colors filling the areas between the
contour lines.

Setting Fill Propertieson a Frequency Basis

The Affected Levels settings are used to modify the contour levels on a frequency basis. These
settings can be found by clicking the Fill button on the L evels page in the contour map properties
dialog. The First, Set, and Skip fields allow you to specify which contour levels are modified.

= The First field indicates the first contour level affected by the change. The number refers to
the contour level position in the list (starting with 1) and not the actual contour value.

= The Set field indicates the number of levels to apply the changes.

= The Xip field indicates the number of contour levels to skip when assigning the specified
properties.

To use Affected Levels with fills:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Select the L evels page.
Click the Fill button.

Set the first contour level to apply the properties to, the number of levels to be set, and the
number of levels to skip.

. Set the fill properties.
6. Click OK.
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You can set the Affected Levels as many times as you want before leaving the dialog. For
example, entering First=one, Set=one, Kip=four means apply the properties to the first contour
level, skip four levels, set the next level, and so on. Then, you can enter First=two, Set=four,
Skip=one. This applies the new properties starting at the second level. Four consecutive levels are
modified, one is skipped, four are modified, one is skipped, etc. This combination of Affected
Levelsapplies one set of properties to one group of levels and another set of properties to a second
group of levels. Combinations of settings for fill properties are limitless.

A,

First=1 First=2
Levels Set = Set=4

Kip=4 Sip=1

0 Yes No
10 No Yes
20 No Yes
30 No Yes
40 No Yes
50 Yes No
60 No Yes
70 No Yes
80 No Yes
90 No Yes
100 Yes No

You can set the frequency of the fill
propertiesin the Affected Levels group.
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Creating a Filled Contour Map Containing Blanked Areas

When a filled contour map contains blanked areas, the blanked area has a default color assigned to
it. You can select the fill for the blanked areas as well as the line surrounding the blanked areas on
the Gener al page in the contour map properties dialog. Blanked areas are typically created with
the Grid | Blank command. Blanked areas can also be created due to insufficient data or missing
during the gridding process.

To assign fill and line properties to blanked areas:
1. Open the map properties dialog using one of the Elzrlezel fiacieis

methods listed in the Editing Contour Map Fill: Wl

Properties section.

Click the General page. Line: : Irwisble

In the Bl ankeq Regions group, click the Fill button You can set the line and fill properties for
to open the Fill Propertiesdialog. Choose the Fill the blanked areas on the General pagein
Pattern, Foreground color, Background color, and the contour map properties dialog.
Scale Factor (vector patterns only) for the blanked

areas.

Click OK in the Fill Properties dialog to return to the contour map properties dialog.

5. In the Blanked Regions group, click the Line button to open the Line Properties dialog.
Choose the line Syle, Color, and Width for the line surrounding blanked areas.

Click OK in the Line Properties dialog to return to the contour map properties dialog.

Click OK or Apply in the contour map properties dialog to create the map with the selected
line and fill for the blanked areas.

The fill and line properties for the blanked areas do not appear in the color scale bar.

BRI N
”"’Efifi?f :zz Y set the li d fill
R0 ‘Ou can e line and fi

”:3 8 propertiesfor blanked areason
s  the General pagein the contour
40 map propertiesdialog. This map
»  containsblanked areasin the
four corners of the map. The
blanked areas have a diagonal
cross pattern. The blanked fill
<0 pattern does not appear on the

color scale bar.

by

3
2
3
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Displaying a Filled Contour Map without Contour Lines

To create a filled contour map without contour lines set the contour line properties to Invisible. In
the Line dialog, the invisible line style is represented by the blank box in the style palette.

To eliminate lines from a contour map:

1.

A T

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click the L evels page.

Click the Line button.

In the Line dialog, click the line Style button and choose the Invisible line style from the list.
Click OK in the Line dialog to return to the contour map properties dialog.

Click OK or Apply in the contour map properties dialog, and the filled contour map is
displayed without contour lines.

Thisisthe samefilled contour map displayed with and without contour lines.
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Color Scale Bar

A color scale bar is a legend that shows the fill assigned to each contour
level on a filled contour map.

. 85
Adding a Color Scale Bar I

To add a color scale bar to a filled contour map: —75
L.

In the contour map properties dialog, specify the fill properties to use
for the contour levels. I %

Check the Fill Contoursand Color Scale options on the General page
to activate the color scale bar. L

Click OK or Apply to draw the contour map with a color scale bar. 45

=95

55

35

Editing a Color Scale Bar

To modify a color scale bar:

1. Double-click the scale bar to display the Color Scale Properties

218

25

Color scalebarsare
added through the

dialog. contour map

Indicate the level index number of the first label in the First label properties dialog.

box. The level index number represents the relative position of the contour level in the
ordered list (starting at one), and not the actual level value.

Choose the angle at which the labels are drawn in the Label Angle box.

Use the Label Frequency field to specify how often a label appears. A frequency of one
draws every label, two draws every other label, etc.

The Automatic check box sets the label frequency so labels do not overlap. If there are
too many labels to fit in the space next to the color scale bar, some labels are dropped to
make the labels legible.

Click the Font button to set the label text properties.

Click the Format button to choose the label numeric format (i.e. number of decimal
places).

The Line Properties button allows you to set the line properties for the color scale bar
border.

Once the changes are made, click OK or Apply to redraw the color scale bar.
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Color S5cale Properties n |

First label: 1 - Eant...

Label Angle: 1] =

di

Format. ..
Label Frequency: (1 =

¥ &utomatic

Line Properties:

LJ

k. | Canicel | Apply I

The Color Scale Properties dialog controls the display of the color scale bar.

Color Scale Bar Visibility
The color scale bar can be toggled on and off through the Object M anager.

Removing a Color Scale Bar

A color scale bar can be removed by clicking on the color scale bar and pressing the DELETE key
on your keyboard. Alternatively, you can uncheck the Color Scale check box in the map
properties dialog.
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Labels

Contour labels indicate the value of the contour line. Labels are regularly spaced along the
contour line subject to curvature restrictions. Contour labels can use any text properties and
numeric format, but all contour labels in a given map must use the same properties.

Contour labels are controlled from the contour map properties dialog. In the Label column on the
L evelspage, the labeled contour levels are indicated by the word Yes. To change the display of
contour labels for a particular level, double-click the words Yes or NO in the list.

b __________________BE]

— Label Spacing

_EIK
Curve Tolerance: 1.015 |

Cancel
Label to Label Distance: IE.DEI in 3:
Label to Edge Diztance: IEI.EEI in 3:

[T Oriert Labels Uphil

Set: |1 = Font... |

Farmat... |

|
=
o
o
i
=t
=
o
=
o
w

The Labelsdialog is opened by clicking on the Label button
on the Levels page in the contour map properties dialog.

Displaying Contour Labelsat a Regular Interval
To display contour labels:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

2. Click the Levels page.

Click the Label button to display the Labels dialog. Use the First, Set, and Skip boxes to
control the labeled level frequency. These values correspond to the relative numeric position
(starting at one) in the Levelslist, and not the actual Z values.

= The Label Spacing group controls the placement of contour labels along the individual
contour lines.

= The Affected Levels group controls which levels are labeled.
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= The Orient Labels Uphill check box displays the labels so they are always oriented
uphill. Ifthis box is checked, the "tops" of the labels point uphill. If this option is

unchecked, the labels always are oriented right side up on the page.

= The Font button displays the Text Properties dialog. Choose the face, point size, style,

and color to use for the contour labels in this dialog.

= The Format button displays the Label Format dialog. This dialog allows you to specify

the numeric format to use for the contour labels (i.e. number of decimal places).
4. Click OK and the Label list on the L evels page indicates the labeled contour levels.
5. Click OK or Apply and the map is drawn with labels on the specified contour levels.

Assigning L abelsto Specific Contour Levels

Labels can be assigned to any contour level by double-clicking on the words No and Yes in Label

list on the L evels page.

Setting L abel Propertieson a Frequency Basis

The Affected Levels settings are used to modify the contour levels on a
frequency basis. These settings can be found by clicking the Label
button on the L evels page in the contour map properties dialog. The
First, Set, and Skip fields allow you to specify which contour levels are
modified.

= The First field indicates the first contour level affected by the
change. The number refers to the contour level position in the list
(starting with 1) and not the actual contour value.

= The Set field indicates the number of levels to apply the changes.

= The Skip field indicates the number of contour levels to skip when
assigning the specified properties.

To use Affected Levels with labels:

1. Open the map properties dialog using one of the methods listed in
the Editing Contour Map Properties section.

2. Select the Levels page.
Click on the Label button.

First =1
Levels Set=1

Skip =4
6000 Yes
6100 No
6200 No
6300 No
6400 No
6500 Yes
6600 No
6700 No
6800 No
6900 No
7000 Yes

Set the First contour level affected by the setting, the Set number indicating the number of
levels to set with the specified properties, and the Skip number indicating the number of levels

to skip assigning the specified properties.
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Labels can only have one set of Affected Levels. If the Affected Levels are set a second time, they
override the changes made by the first.

39.660: 39.66

- 39.654

39.650

- 39.65+

39.640

~ 39.644

39.635+

~  39.634

39.630+ - 39.634

39.625 : ‘ : { ‘ { 39.63 : ‘
-105.23 -105.23 -105.22 -105.22 -105.21 -105.21 -105.20 -105.23 -105.23 -105.22

Contour labels can be placed on contour linesat any interval. In these examples,
Skip is set to four for the map on the left, and one for the map on the right.

39.660 ‘\‘—J‘ ‘ 39.66 ‘\‘—J‘ ‘
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640 = .64 L

39.640 , %, 39.6 9

400
7400 —7.40E+003
39.635+ - 39.63 =
7®
39.6307:> = 39.637} 7.4, -
39.625 T T T 63 T T T T T T

9.
T T f
-105.23 -105.23 -105.22 -105.22 -105.21 -105.21 -105.20 -105.23 -105.23 -105.22 -105.22 -105.21 -105.21 -105.20

Contour |abels can use different numeric formats. The map on the
left uses the fixed format with zero decimal digits, and the map on
the right uses the exponential format with two decimal digits.
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L abel Spacing
Contour labels are automatically placed on a straight —
section of the contour line. Three parameters control />,00 §
the spacing of the labels: Curve Tolerance, Label to ' ® N L
. . % N \
Label Distance, and Label to Edge Distance. These 3
parameters are set in the L abels dialog accessed 7400 %’oo S §
through the L evels page in the contour map properties 7 o,\_/ / k B
dialog. K. 2
2 - g
7 ’é \7400 )’00 [
Curve Tolerance 0T, \> )
. . L o
Curve Tolerance specifies the maximum amount of \ \ T f

contour curvature allowed when placing labels on Increasing the Curve Tolerance allows |abels
contour lines. Curve tolerance is calculated by to bedrawn on highly curved contours.
dividing the actual distance along the contour line by

the straight-line distance between the end points of the contour label. Highly curved lines might
not be labeled automatically. You can increase the curve tolerance value to allow labels on highly
curved contour lines, although contour labels might be hard to read. The default Curve Tolerance
value of 1.015 should be acceptable in most cases.

39.660 L 39.66 ‘j
\—J 6500

39.655- @ 5200 m 39657y, @Ceﬁm/ L
39.650 M—\/\ - 39.65 L @pg—\%\m;;@oa L
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7400 %tb 7100— q’ﬂg q‘%

74oo/w (— 7400 )

39.635+ - 39.63+ -
2® , (1"@

> > 790 7100
39.630 - 39.63+ -
24 %%
/ o
39.625 T T

T T f T 39.63
-105.23 -105.23 -105.22 -105.22 -105.21 -105.21 -105.20

T T T 1 T T
-105.23 -105.23 -105.22 -105.22 -105.21 -105.21 -105.20

Using a small Label to Label Distance and a small Label to Edge
Distance can greatly increase the number of contour labels on a map.

L abel to Label Distance

Label to Label Distance specifies the minimum distance (in inches or centimeters) between labels
along the contour line. Surfer searches for the next suitable location for a label after moving the
minimum distance specified by the Label to Label Distance. The next label is not drawn until a
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segment of the necessary length, within the curve tolerance limits, is found. As the Label to Label
Distance is increased, fewer labels are drawn on the contours.

Label to Edge Distance

Label to Edge Distance specifies the minimum distance (in inches or centimeters) from the label
to the edge of the map. This feature controls label placement so labels do not overwrite the map
borders or axes.

Removing All Labels
To avoid displaying contour labels on the map:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click the L evelspage.

Click the Label button.

In the L abels dialog, change the Set value to zero.

Click OK in the L abels dialog to return to the contour map properties dialog.

A T

Click OK or Apply in the contour map properties dialog to remove all labels.

Editing L abel Positions

Contour labels can be interactively moved, added, and deleted.

Entering Edit Mode
To enter contour label edit mode,

1. Select a contour map by clicking on it in the plot window or by clicking on it in the Object
Manager.

2. Select the Map | Contour Map | Edit L abels command.

Alternatively, you can right-click on the selected map and choose Edit Contour L abels from the
pop-up menu. When this command is activated, each contour label is displayed with a rectangular
outline.

Moving Labels

To move a label, select it with the mouse or keyboard and drag it to a new location. To drag with
the mouse, hold down the left mouse button and move the cursor to a new location. To drag with
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the keyboard, position the cursor on top of the label, hold down the SPACEBAR, and press the
ARROW keys.

Moving Off Screen

If you are zoomed in on the contours, use the scroll bars to move to off window locations.

Canceling M ovement

To cancel label movement and to return the label to its original position, press the ESC key before
releasing the left mouse button or SPACEBAR.

Deleting Labels
To delete a label, select it and press the DELETE key.

Adding New Labels

To add a contour label, hold down the CTRL key and click with the mouse on a contour. A label
is not added if the contour is too small or too curved for a
label to fit. e

Y

Undo "ul )
Click on Edit | Undo to undo a label position, deleting a ey L
label, or adding a label. I'ﬁll: |

\ .
Ending Edit M ode Vol |g ]
To leave contour label edit mode, press the ESC key or "] ) I-I T é
choose the Edit L abels command again. I'Ej Lo J

LS T T T

) ) When Map | Contour Map | Edit Labels
Losing Label Edits is selected, each contour label is
surrounded by a blue box. Add a contour

If you make any changes to the contour map through the label by holding down the control key

contour map properties dialog, changes to the contour and clicking on the location to add the
labels are deleted. Surfer displays a warning message that label. The plus symbol next to the cursor
the custom labels will be lost in this case. indicates add label mode.
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Hachures

Hachures are small tick marks placed along contour lines to indicate the direction of slope. In
Surfer, hachures can point either up slope or down slope. Hachure display is controlled from
within the L evels page in the contour map properties dialog.

Setting Hachures on a Regular Interval

To place hachures on a contour map at a regular interval:

1.

Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

To display hachures on regular intervals, click the Hach button to open the Hachur es dialog.

Use the Length box to control [T . 7 [ x] |
the length of the hachures.

Hachure length can be greater Hachures Affected Levels

than zero, and up to one inch. 05 First: [1 B

The Direction box controls Direction: Im set [0 -
whether hachures point in an = - -
upward or downward Skip: IEI 3:

direction. For example, to ¥ Hachure Closed Contours Only
point hachures towards

contours of lower value, ak. I Cancel |

choose the Downhill option.

The Hachure Closed Open the Hachures dialog by clicking the Hach button
Contours Only check box on the Levels page in the contour map properties dialog.
ensures that only closed

contour lines use hachures. If a contour line intersects the border of the map, hachures
are not displayed on that contour line. If the Direction is set to Uphill, only peaks are
hachured. If the Direction is set to Downhill, only depressions are hachured.

The Affected Levels group controls which levels are hachured. For more information on
the use of First, Set, and Skip see Setting Hachures on a Frequency Basis.

Make the desired changes and click OK to return to the L evels page in the contour map
properties dialog. The Hach list is updated to indicate the hachured contour levels. Click OK
or Apply and the map is drawn with hachures on the specified contour levels.

As an example, consider a map displaying contour lines every ten feet from 50 to 100. Within the
Hachures dialog, if you specify 1 (corresponding to the first contour line in the levels list) as the
First hachured contour line, and a Skip value of one, then hachures appear on the contour lines at
50, 70, and 90 (every second contour line on the map).
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These are two examples showing different hachuring parameters. The map on the left displays hachures
on the uphill side of contours on closed contours only. The map on the right displays hachures on both
open and closed contours, and the hachures are placed on the downhill side of the contours.

Setting Hachures on Specific Levels

In the Hach column on the L evels page, the hachured contour levels are indicated by the word
Yes. Contours not hachured are indicated with the word No. To control the display of hachures
for a particular level, double-click the words Yes or No in the list.

Setting Hachures on a Frequency Basis

The Affected Levels settings are used to modify the contour levels on a frequency basis. These
settings can be found by clicking the Hach button on the L evels page in the contour map
properties dialog. The First, Set, and Skip fields allow you to specify which contour levels are
modified.

= The First field indicates the first contour level affected by the change. The number refers to
the contour level position in the list (starting with 1) and not the actual contour value.

= The St field indicates the number of levels to apply the changes.

= The ip field indicates the number of contour levels to skip when assigning the specified
properties.
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To use Affected Levels with hachures:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

2. Select the Levelspage.
Click on the Hach button.

Set the First contour level affected by the setting, the Set number indicating the number of
levels to set with the specified properties, and the Skip number indicating the number of levels
to skip assigning the specified properties.

Hachures can only have one set of Affected Levels. If the Affected Levelsare set a second time,
they override the changes made by the first.

Removing All Hachures
To avoid displaying hachures on the map:

1. Open the map properties dialog using one of the methods listed in the Editing Contour Map
Properties section.

Click the Levelspage.

Click the Hach button.

In the Hachur es dialog, change the Set value to zero.

Click OK in the Hachures dialog to return to the contour map properties dialog.

A T i

Click OK or Apply in the contour map properties dialog to remove all labels.
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Smoothing Contours

Contour smoothness controls the roundness of the contour
lines. Smoothness in a contour map can be controlled in
several ways:

1. Produce a denser grid file from the original data. Asa
rule, contour maps made from high-density grids are
visibly smoother than contour maps made from low-
density grid files. For example, a 10 X 10 grid file (10
rows and 10 columns) results in more angular contours
than a 50 X 50 grid file.

2. Using the Grid | Spline Smooth command to insert
additional rows and columns into the grid file.

3. Check the Smooth Contours option in the contour map
properties dialog. If smoothing is enabled in the contour
map properties dialog, contour lines may cross. The
Smooth Contours option in the contour map properties
dialog applies a constrained spline algorithm to
interpolate additional contour vertices.

4. Change the gridding method or gridding method
parameters. Some methods produce smoother grids than
others, and some have smoothing parameters that can be
utilized during gridding. See Chapter 4, Creating Grid
Files for more information on gridding.

If you create a new grid file, click the E button to replace
the old grid in the contour map.

2 3 4 5 6 7
Thisisa 10 by 10 grid.

A6
ﬂ@@
VNI )

1.2 3 4 5 6 7 8
Thisisa 10 by 10 grid with high
smoothing.
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Export Contours

To retain the Z information for contour lines for use in other mapping programs, use the Map |
Contour Map | Export Contourscommand. Export Contours exports the selected contour map
as an ASCII AutoCAD DXF file. The contours are saved as elevated polylines. The polylines are
clipped to the map limits and scaled to the current map scale. No axes, labels, contour fills, line
properties (width, style, and color), etc. are exported. The contours are not affected by 2D page
transformations or rotations. The coordinates in the AutoCAD DXF file are saved with 64-bit
floating-point precision.

To export 3D contour lines:
1. Create a contour map.

2. Select the contour map by clicking on the map name in the Object Manger. It does not
matter if the contour map is overlaid on other maps as long as the contour map is selected.

3. Click on Map | Contour Map | Export Contoursto display the Save Asdialog. Enter the
name of the file and click Save. The file is exported with a [.DXF] extension.

If you wish to export the contours as part of a complete map, choose one of the export options in
File | Export.
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Introduction to Base M aps

Base maps display geographic and political
information such as roads, streams, lakes, or state
and county boundaries. Base maps can be
combined with any other map type in Surfer.

The Map | Base M ap command creates base maps
from existing boundary files. You can use the base
map dialog to set the base map line, fill, symbol,
and font properties. With bitmaps you can also
reassign the base map coordinates.

Boundary maps show objects at precise XY
locations on a map. Boundary maps contain point
locations, polygons, polylines, text, and bitmaps.
The base map limits for boundary maps are defined
by the XY limits of the objects in the imported
boundary file.
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Base Maps

Thisisa contour map of the western United States

with a base map overlay of state outlines.
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Base Map File Types

Base map file types currently supported by Surfer include:

= Golden Software Boundary [.GSB]
= Atlas Boundary [.BNA]

= USGS Digital Line Graph [.DLG],
[.LGO], [.LGS]

=  AutoCAD DXF Drawing [.DXF]

= Golden Software PlotCall [.PLT]

= Golden Software Blanking [.BLN]

= Windows Clipboard (Picture) [.CLP]
= Windows Metafile (Picture) [.[WMF]
= Enhanced Metafile [.EMF]

= ESRI Shapefile [.SHP]

=  ESRI Arclnfo Export Format [.E00]

= Maplnfo Interchange Format [.MIF]

CreatingaBase Map

To load a base map file:

Windows Bitmap [.BMP]

JPEG Compressed Bitmap [.JPG]
Portable Network Graphics Bitmap [.PNG]
Tagged Image [.TIF]

Targa (TrueVision) [.TGA]

PCX (ZSoft/Paintbrush) [ .PCX]

DCX (Multi-page PCX) [.DCX]
CompuServe Bitmap [.GIF]
WordPerfect Bitmap [.WPG]

PICT (MaclIntosh) Bitmap [.PCT]

SDTS Topological Vector Profile [.DDF]
Golden Software Interchange [.GSI]

Choose the Map | Base M ap command or click the E button.

2. The Import File dialog is displayed with a list of files in all the format types that can be
imported. Select a boundary file in the list and click Open.

3. An import options dialog for the file type is displayed. Make any changes to the format-

specific import options if necessary.

4. Choose OK and the base map is imported into the current plot window.
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Editing Base Map Properties

To change the features of a base map, open the base map properties dialog by:
= double-clicking on the map in the plot window,

= double-clicking on the map name in the Object M anager,

= right-clicking the map and choosing Properties in the context menu,

= or by clicking Edit | Properties when the map is selected.

The features that can be edited on a base map vary depending on the base map file type.
Generally, you can edit the coordinates of bitmaps and the lines, symbols, fill, and text properties
in a vector file.

Base Map Properties

Line and fill properties can be applied to all the 41
polygons on the map, but all polygons must use . )7
0,

the same properties. For example, choosing a

red fill for the polygons on the base map causes 407 I B
all polygons on the selected map to be red. X

You cannot select individual polygons on the
map and assign unique fill or line properties to 397 -
them. For polylines, assigned line properties
are the same for all polylines. This is the same
as the line properties assigned to the lines
defining the polygons on the base map. If the
base map displays point locations (represented
by symbols), the same symbol properties are
assigned to all the point locations.

38+

377 T T T T T T
-109 -108 -107 -106 -105 -104 -103

A base map can contain polygons, polylines,
and points. In this map, the polygons are state

Boundaries that comprise the objects in a base and county boundaries and the points arecities.

map cannot be modified. For example, if a base map contains a polygon, you cannot select the
polygon and change the shape of the polygon. Similarly, individual point symbols on a base map
cannot be moved or deleted.

The base map properties dialog contains five pages: Base Map, View, Scale, Limits, and
Background. View, Scale, Limits, and Background are discussed in Chapter 14, Common Map
Properties.
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Base Map

The Base M ap page in the base map properties dialog contains options for setting vector map
properties and bitmap coordinates.

The base map properties Base M ap page contains the following options:
= The Input Filelists the current file used in the base map.

= The buttons in the Properties group can be used to set vector file line, fill, font, and symbol
properties. If a button is grayed out, there are no objects of that type in the base map. For
example, some programs export polygons as polylines. If this is the case, the Fill button is
grayed out.

= The Image Coordinates group provides a way to set the corner coordinates for bitmaps.

Baze Map |

— Inpuit File
II::"uF'rl:ngram Filez"Golden SoftwaretSurfer8yS ampleshCa. G5B

— Properties————— = Image Coardinates

Lire... shdirn Im

Fil.. waw: [11471293373
Eant... o i Im
Syl ufid Im

Since the Line and Fill buttons are activated, the base
map isa vector map containing lines and polygons.

i
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Changing Line, Fill, Font, or Symbol Propertiesin a Base Map

Properties can be assigned to base map polylines, polygons, text, or symbols if the base map
consists of a vector file. Any assigned properties are applied to all the objects of similar type in
the base map. See Appendix C, File Formats for more information on file formats.

To change the properties of objects in a base map:

1.

Open the map properties dialog using one of the methods listed in the Editing Base Map

Properties section.

In the Base M ap page, click the
button for the type of property you
want to change. If the button is
grayed out, the base map does not
contain any objects of that type.
For example, if the base map does
not contain any polygons, the Fill
button is grayed out.

Specify the properties you want to
assign to the objects in the base
map.

Click OK or Apply in the property
dialog (Line Properties, Fill
Properties, Text Properties, or
Symbol Properties).

Click OK in the base map
properties dialog, and the base map
is redrawn. The new properties are
applied to all the polyline, polygon,
text, or symbols in the base map.

This example shows two overlaid base maps. One base map has
thicker lines, assigned through the base map properties dialog.
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Assigning Coordinatesto a Bitmap File

You can redefine bitmap coordinates imported using the M ap | Base Map command (not File |
Import). By default, bitmap files are assigned a coordinate system that corresponds to the rows
and columns in the bitmap. Under most circumstances, these coordinates do not match the
coordinate systems used on other types of maps. In this case, redefine the coordinates for the
bitmap. After the bitmap coordinates are redefined, the bitmap base maps can be used as overlays
with other types of maps. The image coordinate options are grayed unless the base map consists
of a single bitmap.

To change the bitmap coordinates:
1. Usethe Map | Base Map command to import the bitmap.

2. Open the map properties dialog using one of the methods listed in the Editing Base Map
Properties section.

3. In the Image Coordinates group, type the xMin, xMax, yMin, and yMax values to apply to the
bitmap image.

Baze Map |

— Input File

IE:"\F'ngram FilezhGolden SoftwarehSurferdsS amplezhzamplek. tif

— Properties———— — Image Coordinates

Lire... xMim; ID—

Fil. aaw: [717
Fant... yhdin: Il:l—
Syrnbal. . yhd am: IEMEI—

When a bitmap is used as a base map, you can assign new
coordinates to the file though the base map properties dialog.

L

4. Click OK or Apply and the bitmap is redrawn using the new coordinates.
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Placing Boundarieson Other M aps

Base maps can be used to place boundary features on any type of map. When you want to place
boundary lines on a map, create the base map, select all maps, and then use the Map | Overlay
Maps command to combine the maps. The maps must use the same coordinate system or they
will not overlay correctly.

Coordinates

Base map file coordinate systems must use the same units and be reasonably close to each other to
avoid the extreme scaling of one map or the other. Surfer merges the coordinate systems of the
individual maps. For example, consider a contour map based on latitude/longitude coordinates.
To overlay a base map on the contour map, the base map must also use latitude/longitude
coordinates in the same general range as the contour map.

Limitsand Scale

When overlaying maps, the composite map limits are based on the greatest extent determined from
all the overlays included in the composite map. For example, you may have a base map that
covers a much greater extent than the contour map on which you want to display boundary
information. When you overlay these maps, the limits are based on the overlay with greater
extent, and the other overlays might be quite small within the limits of the composite map. When
this occurs, you can clip the limits of the map to the smaller overlay limits using the map
properties Limitspage. The scale can then be changed using the map properties Scale page.

To place a boundary on a map:

1. Create a map, such as a contour or wireframe. The grid file should use limits that cover the
same general XY extent as the base map.

2. Choose the Map | Base Map command, or click the E button.

Select the file containing the boundaries you want to include on the map. Click Open and an
import options dialog appears.

4. Select import options for the map and click OK. The base map is drawn.

Select the maps. If there are the only maps in the plot window, click Edit | Select All to
select both maps.

Choose the Map | Overlay Maps command to create a single composite map.

To clip the map to specific limits, open the map properties and select the Limits page. If
necessary, set the map scale on the Scale page.

8. Click OK or Apply to redraw the map.
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Masking Portions of aMap

To mask areas of a map, you can overlay a base
map or filled shape on the map. The base map
must contain polygons that can be filled with
patterns or colors that obscure the underlying
map.

To overlay a masking base map:
1. Create a map of your grid file or data file.

2. Choose the Map | Base Map command and
select a vector base map. The base map must
contain polygons (areas), so do not check the
Areas to Curves option during base map
import.

3. Click Edit | Select All.

Select the M ap | Overlay M aps command.
The map and base map are combined into a
single composite map.

5. Right-click on the base map in the Object This map contains two base rréps on‘top of a
Manager and then select Order Overlay | contour map. Afill pattern is added to the
Moveto Front from the pop-up menu. The boundaries on the base maps. The boundaries

base map moves to the top of the list. (Open obscure the underlying contours,

the Object Manager with View | Object

Manager or by clicking the E button.)

While the base map is still selected, click the Edit | Properties command.

Click the Fill button on the Base M ap page and specify the fill properties to apply to the base
map.

8. Click OK or Apply to redraw the boundaries that mask the underlying map.

If exact masking boundaries are not required, you can use one of the drawing tools such as the
polygon, rectangle, or ellipse tools to draw objects on top of a map. If fill is added to these types
of objects, you can mask portions of a map without creating a boundary file. Be aware that
drawing objects cannot be overlaid on map objects. This means that resizing or scaling the map
does not resize the drawing object with it.
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Digitize
The M ap | Digitize command activates the display of map coordinates on the status bar, and

allows you to write map coordinates to a data file. As you move the pointer across the selected
map, the XY map coordinates for the current mouse position are shown in the status bar. Click the

left mouse button, and the digitize editor window is displayed. The coordinates for the clicked

point are written to the editor window. Each time the map is clicked, a small, temporary red
symbol is drawn on the map, and the map coordinates for the current mouse position are written to
the digitize editor window. In this way, you can digitize boundaries from maps and easily create
boundary files from the digitized information. To use the Digitize command, you must select a
horizontal (Tilt = 90) planar map.

To use the Digitize command:

1.

Create a map in the plot window and select the
map. You can select an overlay, although the
overlay cannot contain a wireframe or surface,
or be tilted at an angle other than 90 degrees.

Choose the M ap | Digitize command and the
cursor becomes a cross hair cursor.

As you move the cross hair cursor within the
plot window, the map coordinates for the
position are displayed in the status bar.

Click the left mouse button in the plot window
to write the current coordinates to the digitize
editor window. Continue adding points in this
manner.

When you are finished using the Digitize

Eile Edit
-121.973032421, 38.1083854689
-120.755585128, 37.2068972672
-118.920415045, 35.3395317895
-118.405280155, 33.4077738075

-118.437475549, 32.924834312 -
il s

i

The digitize editor window displays the
map coordinates as you click on the
map. You can save the coordinatesto a
file using the File | Save command.

command, click on any button or command, or press the ESC key. You are prompted to save
the data as a Golden Software Blanking file [. BLN] or a Golden Software Data file [. DAT].
Select Yesto save the data, No to discard the data, or Cancel to return to the map and remain

in the digitize mode.
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Creating a Blanking File with the Digitize Command

One of the uses of the Map | Digitize command is to create a Golden Software Blanking file
[.BLN]. When creating a blanking file in this manner the header information is added to the file
automatically. The file automatically blanks inside the polygon. If you wish to blank outside the
polygon, edit the file in an ASCII editor or the Surfer worksheet to change the blanking value
from 1 (blank inside) to 0 (blank outside). See Appendix C, File Formats for details on the

blanking file format.

To create a blanking file with the Digitize command:

1. Create a map in the plot window, and then select it. This
can be a composite map, although the composite map
cannot contain a wireframe or surface, or be tilted at any
angle other than 90 degrees.

2. Choose the Map | Digitize command and the pointer
becomes a cross hair.

3. Click the left mouse button in the plot window to write
the current coordinates to the digitize editor window.

4. If you wish to create multiple polylines, click the digitize
editor window and manually insert a blank line between
the coordinates that make up each polyline. Each group
of contiguous coordinates will form a separate polyline
in the blanking file.

5. When you are finished defining the polyline(s) or
polygon(s), select the File | Save As command in the
digitize editor window, and save the file using a [.BLN]

File Edit
3.0076785, 4.5699665 ﬂ
3.3455625, 3.753413

6.1612635, 4.8233795%
6.2175765, 3.7815695
h.4854955, 2.6271335

-,

il H

Two polylines are defined in this
window. Thefirst polyline has two
vertices and the second has three.

extension. Press ESC or choose any button to exit digitize mode.
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Post Maps

Introduction to Post M aps

Post maps indicate XY locations
with symbols and labels. Posting
data points on a map can be useful
for determining the distribution and
density of your data, as well as
placing data or text information at
specific locations on the map. You
can change the symbol type, size,
color, and angle for the data points.
An associated data value or text
string may be placed next to the
posted point. The size, angle,
color, and typeface for the label can
also be specified.

39.80 ! ! ! ! ! !

A
1707.47
39.784

A
1661.56

39.76

Latitude

39.724

2

39.70 T T T T } 1
-105.24 -105.22 -105.20 -105.18 -105.16 -105.14

Post maps can be used to show the
spatial distribution of the original Longitude

da.ta when they are overlaid on a Thisisan example of a post map overlaid on afilled contour map.
grid-based map (such as a contour

map). This is often an excellent means of presenting a qualitative measure for the accuracy of the

contour lines on the map.

The limits of a post map are based on the limits of the X and Y coordinates contained within the
associated data file. These limits can be changed if necessary. See Chapter 14, Common Map
Properties for more information on limits.

Classed post maps are a type of post map. Post maps display a fixed or proportionally sized
symbol at each data location. Classed post maps indicate XY locations with symbols and labels
and require Z values in addition to the XY coordinates. Classed post maps group the data into
discrete classes (bins). The data points are displayed using the symbol assigned to the class.
Classed post maps can also include a legend.
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Post maps can stand alone to display the distribution of data points, or can be combined with other maps.

Post Map and Classed Post Map Components

Post maps and classed post maps consist of several different components, each of which can be
customized to control the appearance of the map. The components are described briefly here.

=  Symbols indicate XY locations.

= Symbol properties include color, size, and angle (post map only). In a post map, gradationally
sized symbols indicate data values. In a classed post map, a group of the same type of symbol
indicates a range of data values.

= Labels can be added to symbols.
= Map scale controls the size of the map and the number of map units per page unit.

= Map axes display tick marks and axis labels along the borders of the map. Axes show the X
and Y scaling in map units. You can include grid lines as extensions of the tick marks over
the extent of the map.

= Map orientation is defined as the rotation, tilt, and field of view of the map.
= Map limits are the XY extents of the map.

= A background can be added to a map. The map background consists of a fill underneath the
map and a border around the map.
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Data Files Used for Posting

Data files used to produce post maps contain the X and Y coordinates used to locate points on the
map. They can also provide additional information used to place labels on the map, define the
symbols to use, the symbol size, and the angle at which each symbol is drawn. The first row of
the data file may optionally contain the title for each column. These titles are used by the dialogs
to associate a descriptive name with each column letter. Following the titles are the actual data,
organized as one point (record) per row. Columns within the data file contain various properties
for the datum point such as its X coordinate, Y coordinate, Z value, etc. Incomplete or blank
records are not plotted on the map.

Data files used for post maps and classed post maps can contain slightly different information.
Both types of files must contain XY coordinates used to locate the points on the map. In addition,
data files for classed post maps must contain a column with data values used to determine the class
for each point.

XY Coordinatesin the Data File

The X and Y coordinates define the symbol location and the extents of the post map. In the
sample file shown below, the X coordinate is in the Easting column (Column A), and the Y
coordinate is in the Northing column (Column B). These coordinates can be in any columns in the
data file, but Surfer assumes X is in Column A and Y is in Column B by default.

A B c D E F
1 |Easting | Morthing | Depth | Well Mame |[Symbal Angle | Symbol Number
2 | 14326 | F7A3 576 TC-3 a0 104
3 | 14375 | 7EEO 439 TC-7 30 104
4 | 14426 | 7E7R a03 W5 30 110
b | 14537 | 7283 577 TC-13 45 104
b | 13498 | 7444 539 W9 50 110
{17521 7366 A TC-8 35 104

A data file used to create a post map can contain several columns of data.
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Z Valuesin the Data File

Z values are the data values, such as elevation or concentration, associated with each XY location.
Typically, this is the same column used when creating a grid file. Z values can be used to
proportionally scale the posted symbols. You can define the minimum and maximum symbol
size, and all points are scaled in proportion to these sizes. See the Scaled Symbols section on page
256 for more information.

For classed post maps, the Z value is used to determine which class or bin will contain the data.
Classes are based on specified data ranges, and each class is assigned a unique symbol.

A common application for post maps and classed post maps is as overlays on contour maps. The
Z values used to scale the posted symbols in a post map, or to define the classes in a class post
map, may be the same Z values used to generate the contour map, though this is not required. For
example, the posted symbols could be used to indicate rock type, while the contours show ore
grade.

Data Labesin the Data File

Data labels are text strings or numbers associated with each point on a post map. Labels may be
the original data values for the data points, or may be other identifying text such as well names or
sample numbers. Labels can use math text instructions to define custom character formatting. See
Appendix B, Math Text Instructions for more information.

Symbol Specificationsin the Data File

Post map data files can contain a column defining which symbol set and symbol index to use for
each posted point. This information can be specified in one of three ways:

SymbolSet:Index | This form allows both the symbol set and the symbol index to be specified.
Symbol Set specifies the face name of the desired symbol set. The colon
character must appear between the symbol set and the index. If the specified
face name is invalid, the default symbol set specified in the post map
properties dialog is used instead.

Index If a single integer is specified, it is interpreted as a symbol index into the
current symbol set. The current symbol set is the last specified symbol set
or the default symbol set specified in the post map properties dialog.

<Empty> If the cell is empty, the last specified symbol set and default symbol index is
used.
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The symbol index is the symbol or glyph

number as it appears in the Symbol _"" |_B I. c —= E - |
Properties dialog. This is the 0-based offset ; Eagnng f ?_NH e 18 Evﬂ"L[‘ i’;:liil Linge:
of the symbol within the symbol set. 1 F13 1.5 T R
However, if the current symbol set is not 1 45| | Al Al 67
Default Symbols, then 32 must be added to 5 : & ] E :ﬁ F‘f:“::f:’"""-' 4 :
. . = 4 1 SR AT O 5
the index value obtained from the Symbol 7 'Kl X 70 Diefmul Symiicls: 14

Propertiesdialog. This makes the symbol
index the same as its ASCII code. You can Thisis a sample data file containing the symbol
use the Window’s Character Map utility to setand theindex for symbols on a post map.
determine the ASCII code for font symbols.

Symbol Angle Valuesfrom the Data File

The angle (in degrees) for the posted symbol can be specified in the data file for non-classed post
maps. Positive angles rotate the symbols in a counterclockwise direction. On classed post maps,
all symbols are drawn at the same orientation, which is specified within the classed post map
properties dialog.

Creating a New Post Map or Classed Post Map

To create a post map:

1. Choose the Map | Post Map | New Post Map command, or click the button.
2. Select a data file in the Open dialog and then click the Open button.
3. The post map is created using the post map dialog default settings.

39.80

3970 @ ' ° ' @ b
079 @ ® [ L
39.78+ . F
39.78 F [ J
. [ .
L] 39.771 L
39774 ° . s [ [ )
76+ L
30.76-| e ©® L 3 o ©
3 . 3 L4 °
2 39754 e Foo2 75 PY .’
g ® . . g [
39.74+ = 39.74+ L
) o
39.73 . F 073 @ L
L4 [ J
3972 [ ) [ ] r 3972 ) ® I
39.714 . . I 30.714 . L
39.70 " " . . . . 105,24 10522 10520 10518 10516 10514
-105.24 -105.22 -105.20 -105.18 -105.16 -105.14 "
. Longitude
Longitude

Post maps can contain symbols of all the same size, or scaled proportionally based on data val ues from the worksheet.
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To create a classed post map:

1. Choose the Map | Post Map | New Classed Post Map command or click the button.

2. Select a data file in the Open dialog and then click the Open button.
3. The classed post map is created using the classed post map dialog default settings.

Latitude

T T T T
-105.24 -105.22 -105.20 -105.18 -105.16 -105.14
Longitude

Classed post maps automatically display
different symbols for different classes of data.

If the map does not have any symbols in it, then the map was not created with columns containing
numerical data. Ifthis is the case, open the map properties and adjust the X Coord and Y Coord

columns.
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Editing Post Map or Classed Post Map Properties

To change the features of a post map or classed post map, open the map properties dialog by:
= double-clicking on the map in the plot window,

= double-clicking on the map name in the Object M anager,

= right-clicking the map and choosing Propertiesin the context menu,

= or by clicking Edit | Properties when the map is selected.

Post Map and Classed Post Map Properties

The post map properties dialog contains six pages: General, Labels, View, Scale, Limits, and
Background. The classed post map dialog contains seven pages: General, Labels, Classes,
View, Scale, Limits, and Background. View, Scale, Limits, and Background are discussed in
Chapter 14, Common Map Properties.

General - Post Map N

The post map properties Gener al page contains 5075 4

the following options: " -
39.77- - T -
39.76+ Pl

Data Flle § 39.75+ d ) -

The Data Filename group displays the current 5 | A b

']
4

file used in the post map. Click the E button BT\

to display the Open dialog. This allows a new s072] 4 .

or updated data file to be specified for the post ol “

map N '10‘5 24 '10‘5.22 '10% 20 710‘5,18 rlOé,lG 710“’:.14

Longitude

A post using angle values read from the data
Worksheet Columns fi Ig. Thriga;lowsgyou%o post symbolsat any angle.
The Worksheet Columns group specifies the
columns to be used from the data file. Set X Coord and Y Coord to the columns containing the X
and Y coordinates respectively. If an empty cell is encountered in either of these columns, the

corresponding point is excluded from the map.
Use the Symbol list to choose an optional data column containing symbol information.

The Angle list allows you to identify an optional column containing the angle, in degrees, by
which to rotate each symbol. Positive values rotate the symbol counterclockwise and negative
values rotate the symbol clockwise. If an empty cell is encountered, the Default Angle is used for
that point.
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Default Symbol

The Default Symbol button is used to specify the symbol set and symbol (unless overridden by
values in the Symbol column). Click the button displaying the current symbol to open the Symbol
Propertiesdialog. From here, you can change the symbol set, symbol index, and symbol color.
To eliminate the display of symbols, select one of the blank symbol positions in the symbol
palette.

The Default Angle specifies the angle to apply to all the symbols on the map (unless overridden by
values in the Angle column). Positive angles, in degrees, rotate the symbol in a counterclockwise
fashion. Negative angle values, in degrees, rotate the symbol clockwise.

Use the Frequency setting to control how often data points are posted. A frequency of 1 posts
every point. A frequency of 2 posts every other point, etc. This is often used to thin the number
of displayed data points to avoid overwriting each other.

Symbol Size

The Symbol Sze group allows you to specify the symbol size in two ways: fixed or proportional.
Fixed Sze uses the same size symbols throughout the map. The Proportional option sizes all
symbols proportionally, based on scaling information in the Proportional Scaling dialog. See the
Scaled Symbol section on page 256 for more information on the Proportional Scaling dialog.

General |
— Data Filename — Default Symbol
IE:"aData"\Surfer 8 Files\E xperiment [=> Default Angle:
|U 32
—workzheet Caolumng Frequency:

# Coord: IEDIumn A Easting 1 -

' Coard: IEDIumn B: Marthing

=

;I —Symbal Size—————
Symbol: IN':'”E || | & Fised Size: m
Angle: IN':'”E j " Propottional  Sealing... |

You can use the General page to change the data file, set the
worksheet columns used in the plot, and set symbol properties.
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General - Classed Post Map

The classed post map properties General page contains the following options:

DataFile

The Data Filename General |

group displays the — D ata Filename

current file used in II::"-.Data"xSurfer 8 FilesE sperimentsaymbol-fromels. dat =
the classed post map.

Click the g button —Wiorksheet Calumng —
to display the Open Symbal Angle: ID E
dialog. This allows a # Coord: IEDIumn & Easting

new or updated data
P Y Coord: IEDIumn B: Morthing ;I

Symbol Freq: 1

file to be specified ™ Show Legend

for the classed post £ W alue: IEDIumn C. Depth

map.

\C/:V(?I’ ksheet You can use the General page to change the data file, set the
olumns worksheet columns used in the plot, and to create a legend.

The Worksheet

Columns group specifies the columns to be used from the data file. Set X Coord and Y Coord to
the columns containing the X and Y coordinates respectively. Set the Z Value to the column
containing the values that will be used to determine the classes. If an empty cell is encountered in
any of these columns, the corresponding point is excluded from the map.

Symbol Angle

The Symbol Angle specifies the angle, in degrees, to apply to all the symbols on the map. Positive
angles rotate the symbol in a counterclockwise fashion and negative angle values rotate the
symbol clockwise.

Symbol Frequency

Use the Symbol Freq setting to control how often data points are posted. A frequency of 1 posts
all data. A frequency of 2 posts every other point, etc. This is often used to thin the number of
displayed data points to avoid overwriting each other.

Legend

Check the Show Legend option to display a legend that relates the symbols in the map to each
class.
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Labds

When posting data points on a map, you can
associate text from the worksheet with each
posted symbol. The position, font, and 3975
numeric format can also be specified. Both
post maps and classed post maps use the same
L abels page.

39.80

39.76-

Latitude

Worksheet Label Column

Select the worksheet column containing the
values or text you wish to label the posted
points with in the Worksheet Column for

39.72+

Labds 1iSt' Labe]s m?’y be the Original data T —10‘5 24 710%.22 —10%.20 —10‘5 18 710‘5.16 710%.14
values for the data points, or may be other Longitude

identifying text such as well names or sample The label position and angle can be changed on
numbers. Labels can use math text themap. In this example, the labels are rotated
instructions to define custom character and positioned to the right of the data points.
formatting.

Position Relative to Symbol

The Position Relative to Symbol group controls the offset of the label from the symbol center.

You can select Center, Left, Right, Above, Below, or User Defined positions. User Defined allows
you to specify the exact offset (in page units) in the X Offset and Y Offset boxes. The posted labels
are all placed in the same position relative to the associated symbol. Positive values shift the label
position to the right and upward.

Labe Angle

The Angle box specifies the angle (in degrees) at which to draw the labels. Positive angles rotate
the symbols counterclockwise.

Label Plane

The Plane list specifies the coordinate plane that contains the label. If X-Y Planeis selected,
labels are oriented parallel to the XY plane of the map. As the map is tilted in 3D, the labels tilt as
well. This can make it hard to read the labels at shallow tilt angles since they are viewed on edge.
In this case, it may be better to orient the labels in the plane of the Screen. Screen-oriented labels
are always displayed perpendicular to the viewer’s line of sight, no matter how the map is tilted or
rotated.
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Font

You can specify text properties for the
label by clicking on the Font button.

Format

Click the Format button to display the
Label Format dialog. The numeric
format is applied to all numbers read
from the specified label column.

3D Label Lines

3D Label Lines are used when the post 3D Label Lines can be used when you tilt a map to any angle
<. other than 90 degrees. On thismap, 3D Label Lines are
map or classed post map is tilted to any

) used to post points on a tilted filled contour map.
angle other than 90 degrees. In this case,
the 3D label lines define the distance above the map that the points are posted. This option has no
effect when the post map is tilted at 90 degrees. The Length box specifies how long the label lines
are and how far above the surface the labels are drawn.

3D label lines are not drawn on post maps overlaid on surfaces.

You can click the Properties button to display the Line Propertiesdialog. This dialog is used to
specify the properties for the 3D Label Lines.

Labelz

—Wwiorksheet Column for Labels | apgle: m Font_ |
Column O wWell Name
Calurin O Il M arm Plane. [o7 Flars =

Farmat... |

— Position Relative to Spmbol— 30 Label Lines

I.-i'-.bcwe ﬂ Length: IEI.EIEI i 3:
% Offset: [0.007n =] Froperties:
it [ffzet: IEI.EIEI i 3:

The Labels page is used to select the worksheet column
containing labels and to set the label properties.
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Classes

The classed post map Classes page allows you to define the classes used to group the data values.
Each class is represented by a unique symbol in the classed post map.

The Number of classes value is used to specify how many classes or groupings there will be on the
map. When you change the Number of classes value, the class list box is automatically updated to

reflect the change.

The Binning Method specifies the method used to calculate the limits of the classes:

= Equal Number assigns the class ranges such that approximately equal numbers of points are
included in each class. In this case, the interval of each class is usually different.

= Equal Intervals assigns the class ranges so the interval between the >= Minimum value and
the <Maximum value is equal for each class. In this case, different numbers of points might

be assigned to each class.

= User Defined allows you to set the >=Minimum value and the <Maximum value for each
class. This allows you to specify your own ranges for the classes. Ranges defined in this way
do not have to be contiguous. To change the >=Minimum or <Maximum value, you can
double-click the values in the class list.

Mumber of clazses:

Clazzes |

5 -

Binning kethod: IEquaI Number j

»=kdirirmnLim < b axirnLim | 4 | # | S_I,Iml:u:ull Size |
433 A 16.7 1 0.200n
501 a03 167 1 0.200n
A03 A7E 16.7 1 0.200n
AvE a7y 167 1 0.200n
BYT B33 333 2 Fi 0.2010n
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The class list box displays summary statistics and allows you to specify the properties for each
class.

= The >= Minimum list specifies the lower limit for each class of data. You can double-click
the number for any of the classes and change the

value in the Class Limit dialog. Class Limit B E

= The <Maximum list specifies the upper limit for each

class of data. You can double-click the number for Ertter a new value: |59q
any of the classes and change the value in the Class

Limit dialog.
18108 k. I Cancel |

= The % column indicates the percentage of data points
in the particular class. This value cannot be edited

and is for informational purposes only. To change a bin limit, double-click

.. . . on thelimit value to open the Class

=  The # column indicates the number of points included Limit dialog. Enter the new value
in each class. This value cannot be edited and is for into the Class Limit dialog.

informational purposes only.

= The Symbol column displays the symbol used for each class. To change a symbol or symbol
property used for a particular class, double-click the symbol, and then make changes in the
Symbol Propertiesdialog.

= The Sze column specifies the size of the symbol. To change the size of a symbol for a
particular class, double-click the Sze value in the list, and change the value in the Symbol
Properties dialog.

Updating the Data File

A copy of the data file is created and embedded within the post map at the time the post map is
created. This means any subsequent changes made to the data file are not reflected in the post
map. To incorporate changes made to a data file into its associated post map, the data file must be
reassigned to the map.

To update a post or classed post map:
1. Select the map to be updated.

2. Open the map properties using one of the methods listed in the Editing Post Map or Classed
Post Map Properties section.

3. On the General page, click on the g button in the Data Filename group.
4. Select the data file with the incorporated changes and click the Open button.
5. Click OK or Apply to redraw the map with the updated data.
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Classed Post Map Legends

Legends can be displayed for classed post maps.

Classed Post Map Legend
o Lo s
(0}
Check the Show Legend option in the General page of the [] 490 to 511
classed post map properties dialog to display a legend that
@ 511 to 533

relates the symbols in the map to each class.
Y P /\ 533 to 616.1

Edit Legend Propertleﬁ A classed postrraplegenql shows the
To change the legend properties, double-click the legend. symbolsand th?a{s:zoqated data
The Legend Properties dialog is displayed. ranges on a classed post map.

L egend Properties Dialog
Double-click on the legend to open the L egend Properties dialog.

Frame

You can use the Frame group to set the properties to use for the border around the legend. The
Type list specifies the type of border to use for the legend. You can select None, Square, or
Rounded for the frame type. The Margin specifies the distance between the frame and the text or
symbols within the legend. You can type a margin value or click the up and down arrows to
specify the Margin distance. The Line button displays the Line Properties dialog. From there,
you can specify the line properties to use for the legend frame. The Fill button displays the Fill
Propertiesdialog. The fill properties to use for the background of the legend frame may be
specified here.

Title

The Title group allows you to create a title to use on the legend. You can type a title into the box.
The title may include math text instructions. To add new lines in the title, use CTRL+ENTER.
Click the Font button to set the title font properties.

Class

The Class group is used to specify how the different classes are represented in the legend. This
controls the type of information placed in the legend, and how the information is formatted.
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Legend Properties n m |

— Frame — Sumbol Size

TEDEZISquare vI Lire: —l 0 [l )
b argin: IEI.'IEI in 3: Fil: Mane | " Same az Plat

i ™ Custom:
— Title Iﬁ
= 020 :
I -1 Eoarit... | -
— Clazz
Template: I'xs_l,lm Mower to \upper Fant... | Format. .. |

[T Beverze Onder

k. Canicel | Apply I

You can open the Legend Properties dialog by double clicking on the legend.

Template

The Template box allows you to customize the format of the legend items. The template is
applied to each class. Normal text and math text instructions can be included within the template
in addition to the following special template directives:

\sym places the class symbol in the legend

\lower | places the lower class limit in the legend

\upper | places the upper class limit in the legend

\tab places a tab in the class text, tab stops are defined at every 0.25 inches starting at the
frame edge

For example, the template text:

/\ >=0.54 < 74.66
\sym >= \lower \tab < \upper \tab <> >=74.66 <90.78

yields the legend text shown in the example at the right. Any number of directives can be
included in any order.
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Click the Font button in the Class group to display the Text Propertiesdialog. From here, you
can specify the text properties to use for the class text. Use the Format button to display the
Label Format dialog. This dialog allows you to set the numeric format used by numbers in the in
the \lower and \upper directives.

The Reverse Order check box reverses the order of the class list display. When the Reverse Order
check box is activated, the class with the largest values is at the top of the list. When not
activated, the class with the smallest values is at the top of the list.

Symbol Size

The Symbol Sze group allows you to specify the size of the legend symbols. Selecting Based on
Font causes the symbols to be drawn using the size specified in the Class group. Selecting Same
as Plot draws the symbols the same size as they appear on the map. Selecting Custom allows a
size to be entered for the legend symbols in the box below the Custom option.

Scaled Symbols

The Symbol Sze group in the General page of the post map properties dialog allows you to
specify the symbol size in two ways: fixed or proportional. Fixed Sze uses the same size symbols
throughout the map. Click the Fixed Size option button and set the size in page units.

Proportional Scaling n m |

Scaling kethod

Wwiorkzheet Column ) -
Containing Height: IE-::Iumn L. Depth —I |i|
¥ Usze Data Limits Cancel |

Symbol Height = II:I.'IEIin 3: at Data Y alue |4EEI
Symbol Height = IEI.25 in 3: at Data Yalue IEEEI

The Proportional Scaling dialog is opened by clicking on the Scaling
button on the General page in the post map properties dialog.

The Proportional option sizes all symbols proportionally, based on scaling information in the
Proportional Scaling dialog. By default, the scaling is based on the data in the third-used
column. This column usually contains the Z values. If you want to scale your symbols based on
data in a different column, click the Scaling button to display the Proportional Scaling dialog.
You can select the symbol scaling column in the Worksheet Column Containing Height list.

256



Chapter 8 - Post Maps

For proportional scaling, Surfer uses two Symbol Height / Data Value pairs to define the scaling
equations. These pairs define the symbol size at two different data values, usually the minimum
and maximum values in the height column. All values in between are scaled proportionally.
Assume the first symbol height is defined as H; and is associated with the minimum Z value in the
data file (Z,). Similarly, the maximum symbol height is defined as H, and is associated with the
maximum Z value in the data file (Z,). Then H,, is the symbol height for a symbol with the
proportional value Z,,.

If Scaling Method is set to Linear, a standard linear interpolation is used:
Ho =z, -2)/(2, ~2)))*(H, = H, ] +H,

If Scaling Method is set to Square Root, the equation used is:

Hy :[\/(Zn -2,)/(z, _ZI)X(HZ _Hl)] +H,
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Square root scaling is commonly used with solid symbols to offset the fact that the area increases
as a function of the symbol height squared. Square root scaling is essentially making the area of

the symbol proportional to the Z value, rather than making the size of the symbol proportional to
the Z value.

e
= 2
=) Square Root
£ Proportiona
© Hygql s _
2 ™ Linear |
> Proportional:
N HnLi ”””””””””””” 1
Hy [
Z; Zy Z,

Proportional Value

This graph shows the height versus Z val ue relationship for linear
proportional symbols and square root proportional symbols.

Enter the values you wish to use for Hy, H,, Z;, and Z, into the Symbol Height and Data Value
fields respectively. Check the Use Data Limits option to use the minimum and maximum data
values in the specified height column for Z;, and Z,.
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Image Maps

Introduction to Image Maps

Image maps represent grid files as raster (bitmap) images. Ina
raster image, each pixel over the mapped area is independently
assigned a color. Image maps represent different Z-values with
color.

The color schemes for image maps can be saved in color spectrum
files [.CLR]. With such a file, the colors defined for one image
map can be used with any other image map. Since the color
anchor points are stored as a percentage of the grid data range, a
single color spectrum file can be used for multiple maps, even if
the associated grid files cover significantly different data ranges.
Surfer ships with a wide variety of predefined [.CLR] files in the
SAMPLES directory.

Thisisan image map of Mt. S.

USGS Elevation Files Helens after the 1980 eruption. The
. . . L. . image map represents different
The elevation data contained in USGS digital elevation model files  geyationswith different colors.

are regularly spaced, but the direction of the grid lines may not

exactly coincide with the grid edges. This is due to the variable angle between the UTM
coordinate system (used in some DEM files) and true north. This results in the potential for a
regular, stair-stepped arrangement of the grid nodes along the edges of the map that can translate
to blanked grid nodes along the edges of maps produced in Surfer. If the DEM file contains
three-second arc coordinates, the coordinates are automatically converted to latitude/longitude
coordinates in Surfer.
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Image Map Components

Image maps consist of several different components, each of which can be customized to control
the appearance of the map. The components are described briefly here.

= Color indicates Z information and is controlled through color spectrum files [.CLR].
= Color scale bars can be added to show the relation between color and Z values.
= Map scale controls the size of the map and the number of map units per page unit.

= Map axes display tick marks and axis labels along the borders of the map. Axes show the X
and Y scaling in map units. You can include grid lines as extensions of the tick marks over
the extent of the map.

= Map orientation is defined as the rotation, tilt, and field of view of the map.
= Map limits are the XY extents of the map.

= A background can be added to a map. The map background consists of a fill underneath the
map and a border around the map. Typically, only the background line color is visible on
image maps.

Creating a New I mage Map

To create an image map:

1. Click Map | Image Map or click the button.
2. Select a grid file in the Open Grid dialog and click the Open button.

3. The map is created.
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Editing Image Map Properties

To change the features of the image map, open the image map properties dialog by:
= double-clicking on the map in the plot window,

= double-clicking on the map name in the Object M anager,

= right-clicking the map and choosing Propertiesin the context menu,

= or by clicking Edit | Properties when the image map is selected.

Image Map Properties

The image map properties dialog contains five pages: General, View, Scale, Limits, and
Background. View, Scale, Limits, and Background are discussed in Chapter 14, Common Map
Properties.

General
The image map properties General page contains the following options:

Input Grid
The Input Grid group indicates the path and file name for the grid file used for the map.

Click the o button to display information about the grid file used to produce the image map.
This shows the number of rows and columns in the grid, the minimum and maximum X, Y, and Z
values in the grid file, and statistics. If the grid file is large, click OK in the message box that
appears to create a detailed grid report or click Cancel to create a shorter, less detailed grid report.

Click the E button to change the grid file. The Open Grid dialog is displayed, where a
different grid file can be selected.
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Inter polate Pixels

The Interpolate Pixels check box activates color smoothing on the map. When activated,
Interpolate Pixels uses bilinear interpolation to calculate colors on the map. Bilinear interpolation
makes the color gradations smoother, but it can slightly slow the on-screen drawing of the image
map.

When a dense grid (a grid with relatively large numbers of rows and columns) is used, little
difference is seen between the final image maps whether the Interpolate Pixels option is selected
or not. For dense grids, therefore, on-screen drawing time can be reduced when the Interpolate
Pixels check box is off.

These are two image maps of the same grid file. The Interpolate Pixels option
has been selected for the map on theleft. This option has not been selected
for the map on theright, and the grid cells are quite evident.

When a coarse grid (a grid with relatively few rows and columns) is used and the Interpolate
Pixels option is not selected, all pixels within a single grid square are assigned the same color
(nearest neighbor interpolation). This creates a grid-square map, and can result in an image map
with a very blocky appearance. For coarse grids, therefore, a smoother appearance results when
the Interpolate Pixels check box is activated.

262



Chapter 9 - Image Maps

Dither Bitmap

The Dither Bitmap check box is used to enable dithering on displays limited to 256 colors.
Dithering provides a smoother image when there are a limited number of colors available.
Dithering can lengthen redraw time. This option is grayed if your monitor is capable of displaying
more than 256 colors.

General |

|nput Grid
(IE:HF‘ngram FileghGolden SoftwaretSurfer84S ampleshHELEMS 2. ﬂ =

¥ Interpolate Pikels Colors Mizzing Data——

I Diter Bfmap [1T TN HEN-

¥ Show Color Scale

Theimage map properties General page controls
the image map color and color scale bar.

Color Scale Bar

The Show Color Scale option permits the display of a color scale bar adjacent to the map. The
color scale bar indicates the colors assigned to the Z levels on the map, and the associated Z level
values are displayed as labels on the color scale bar. When the Show Color Scale check box is
selected, the color scale bar is displayed.

Colors

The Colors group shows the spectrum of colors used to draw the map. To change the colors, click
on the Colorsbutton to open the Color Spectrum dialog. See Chapter 16, Adding Color to Maps
for more information on the Color Spectrum dialog.

Missing Data

The Missing Data group shows the color drawn for blank regions of the grid. To select a different
color, click on the arrow button to the right of the sample and choose a color from the palette.
Click the Custom button at the bottom of the color palette to define new colors.
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Image Map Overlays

Image maps can be created independently of other maps, or they can be
combined with other maps. Image maps cannot be overlaid on wireframes,
but image maps can be overlaid on surfaces and other map types.

Color ScaleBars

A color scale bar is a legend that shows the colors used in an image map.

Adding a Color Scale Bar

To add a color scale bar to an image map:

1. Open the map properties dialog using one of the methods listed in the
Editing Image Map Properties section of this chapter.

Specify the colors to use in the map on the General page.
Check the Show Color Scale box to activate the color scale bar.
4. Click OK or Apply to draw the map with a color scale bar.

Color Scale Bar Visibility

The color scale bar can be toggled on and off through the Object M anager.

- % Color Scale
o @b Map

: Right Axis
Left Axis
Top Axis
Bottom Axis

Remove the check mark from the Color
Scale box in the Object Manager to
make the color scale bar invisible.

Removing a Color Scale Bar

1060
1050
1040
1030
1020
1010
1000
990
980
970
960
950
940
930
920
910
900
890
880
870

Color scalebarsare
added through the
image map
properties dialog.

A color scale bar can be removed by clicking on the scale bar and pressing the DELETE key on
your keyboard. Alternatively, you can uncheck the Show Color Scale check box in the map

properties dialog.
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Editing a Color Scale Bar

To modify the color scale bar:

1. Double-click the color scale bar to display the Color Scale Properties dialog.
= Set the first label value in the Minimum box.
= Set the last label value in the Maximum box.
= Define the spacing between labels in the Interval box.

= Choose the angle at which the labels are drawn in the Angle box. Positive angles rotate
the labels in a counterclockwise direction.

= The Automatic Scaling check box sets the label frequency so labels do not overlap. If
there are too many labels to fit into the space next to the color scale bar, some labels are
dropped to make the labels legible.

= Click the Font button to set the label text properties.

= Click the Format button to choose the label numeric format (i.e. number of decimal
places).

= The Line Properties button allows you to specify the line properties for the color scale
bar border.

2. Once the changes are made, click OK or Apply to redraw the color scale bar.

Color Scale Properties n |

3eneral I

— Label

M itirnarn: I?I:IEI— E'j;tl

M apirnuim: IEEEIEI Format...

Interwal: (00

Angle: IU 5:
Line Properties

¥ Automatic Sealing |

k. Cancel |

The Color Scale Properties dialog controls the display of the color scale bar.
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Shaded Relief Maps

Introduction to Shaded Relief Maps

Shaded relief maps are raster (bitmap) maps based on grid
files. These maps use colors to indicate the local orientation
of the surface relative to a user-defined light source direction.
Surfer determines the orientation of each grid cell and
calculates reflectance of a point light source on the grid
surface. The light source can be thought of as the sun
shining on a topographic surface. Portions of the surface that
face away from the light source reflect less light toward the
viewer, and thus appear darker.

Reflectance

The colors on a shaded relief map are based on the
reflectance from the grid surface. Reflectance values range
from zero to one. A reflectance value of zero means that no
light is reflected toward the viewer. A reflectance value of
one means that all incident light is reflected toward the
viewer.

Colors

Lima

fJ
7 Ve Vi 2 r
ﬁ%&ﬂr
i 4o

Thisis a shaded relief map of Mt. S.
Helens after the 1980 eruption. The
shaded relief map represents different
intensities of reflected light with
different shades of gray; the light
sourceis located to the northwest.

Because colors are assigned to entire grid cells, sparse grids (grids with relatively few rows and
columns) are poor candidates for shaded relief maps. Shaded relief maps based on grids with too

few cells look blocky or fuzzy.

You can assign colors to represent the various reflectance values. Colors between the assigned
values are automatically blended to make a smooth gradation. Blanked regions on shaded relief

maps are shown as a separate color.

Any color scheme chosen for a shaded relief map may be used with any other shaded relief map,
even if the associated grid files result in significantly different orientations of the surface relative
to the light source. Color schemes can be saved in color spectrum files [.CLR]. Surfer ships with

a wide variety of [.CLR] files in the SAMPLES directory.
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USGS Elevation Files

The elevation data contained in USGS digital elevation model files are regularly spaced, but the
direction of the grid lines may not exactly coincide with the grid edges. This is due to the variable
angle between the UTM coordinate system (used in some DEM files) and true north. This results
in the potential for a regular, stair-stepped arrangement of the grid nodes along the edges of the
map that can translate to blanked grid nodes along the edges of maps produced in Surfer. If the
DEM file contains three-second arc coordinates, the coordinates are automatically converted to
latitude/longitude coordinates in Surfer.

Shaded Relief Map Components

Shaded relief maps consist of several different components, each of which can be customized to
control the appearance of the map. The components are described briefly here.

= Color is controlled through color spectrum files [.CLR].
= Light source settings can be changed to any direction on the map.
= Map scale controls the size of the map and the number of map units per page unit.

= Map axes display tick marks and axis labels along the borders of the map. Axes show the X
and Y scaling in map units. You can include grid lines as extensions of the tick marks over
the extent of the map.

= Map orientation is defined as the rotation, tilt, and field of view of the map.
= Map limits are the XY extents of the map.

= A background can be added to a map. The map background consists of a fill underneath the
map and a border around the map. Typically, only the background line color is visible on
shaded relief maps.
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Creating a New Shaded Relief Map

To create a new shaded relief map:

1. Click Map | Shaded Relief Map or click the button.
2. Select a grid file in the Open Grid dialog and click the Open button.
3. The map is created.

Editing Shaded Relief Map Properties

To change the features of the shaded relief map, open the shaded relief map properties dialog by:
= double-clicking on the map in the plot window,

= double-clicking on the map name in the Object M anager,

= right-clicking the map and choosing Propertiesin the context menu,

= or by clicking Edit | Properties when the shaded relief map is selected.

Shaded Relief Map Properties

The shaded relief map properties dialog contains five pages: General, View, Scale, Limits, and
Background. View, Scale, Limits, and Background are discussed in Chapter 14, Common Map
Properties.

General
The shaded relief map Gener al page contains the following options:

Input Grid File
The Input Grid File group indicates the path and file name for the grid file used for the map.

You can click the o button to display information about the grid file used to produce the
shaded relief map. This shows the number of rows and columns in the grid, the minimum and
maximum X, Y, and Z values in the grid file, and statistics. If the grid file is large, click OK in the
message box that appears to create a detailed grid report or click Cancel to create a shorter, less
detailed grid report.

Click the H button to change the grid file. The Open Grid dialog is displayed, where a
different grid file can be selected.
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Light Position Angles

The Light Position Angles group permits you to specify the orientation of the light source. The
light source can be thought of as the sun shining on a topographic surface. The graphic image
shows the relative position of the light source.

The Horizontal box defines the direction for the light source in the horizontal plane. Zero degrees
corresponds to the light source shining from due east. Positive angles rotate the light source
counterclockwise. For example, a specified horizontal angle of 90 degrees places the light source
due north of the unrotated surface. The default horizontal angle is set at 135 degrees, or NW.

The Vertical box rotates the light source in the vertical plane. A vertical angle of zero degrees
places the light source at the horizon. An angle of 90 degrees places the light source directly
overhead. You can also specify negative angles, where the light source originates from under the
surface. The default vertical angle is 45 degrees. As the vertical angle approaches zero, shadows
lengthen and the overall display shifts to the colors at the left end of the color spectrum.

General

— Inputk Grid File
C:%Frogram FileshGolden SoftwaresSurfer@hS amples\HELEMS2.G ﬂ =

— Light Position Angles— — Relief Parameters——— — Colors

HUTiZU”ta|1|135 5: Gradient b ethod: E[I:-
Wertical |_52 E IEentraIDifference ;I =

Shading Method: -~ Missing Data—
a- ILamI:uertian R eflection ;I -v
" £ Scale Factor: IEI.EI'I 447311

The shaded relief map General page controls the map color and lighting.

™| Dither Eitmap
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Relief Parameters
The Gradient Method controls the smoothness of the shaded relief map.

= The Central Difference method averages the slope and orientation of the surface across three
adjacent grid nodes. This results in a smoother shaded relief surface. Because a node on
either side is required, edge cells are blanked. Blanked cells are assigned the Missing Data
color.

= The Midpoint Difference method computes the gradient at the center of each grid cell. This
method provides less smoothing, but does not blank the grid cells at the edge of the map.

The Shading Method specifies the algorithm used to compute the reflected light at each grid cell.
The Shading Method determines how the colors are distributed in relation to the slopes and slope
directions (aspect) over the extent of the map. There are four shading methods available for
shaded relief maps.

= Smpleis the fastest of the shading methods, but produces a rather crude image. With Smple,
the Horizontal (azimuth) and Vertical (zenith) values are fixed at 135 and 45 degrees,
respectively, and cannot be changed.

= Peucker’s Approximation uses a piecewise linear approximation. This method gives
somewhat better results than the Smple method, but redrawing the map takes slightly longer.
With Peucker’s Approximation, the Horizontal (azimuth) and Vertical (zenith) values are
fixed at 135 and 45 degrees, respectively, and cannot be changed.

= Lambertian Reflection assumes an ideal surface that reflects all the light that strikes it and the
surface appears equally bright from all viewing directions. The Light Position Angles
Horizontal and Vertical box values can be specified with this option.

= The Lommel-Seeliger Law method is based on an analysis of light scattering from a surface.
This method is a compromise between an ideal diffuser and a real surface. With some
surfaces, this may actually give better results than the Lambertian Reflection method. The
Light Position Angles Horizontal and Vertical box values can be specified with this option.

The Z Scale Factor box allows you to specify the Z scale to use for the surface. As you increase
the Z Scale Factor, the surface becomes more exaggerated vertically. Increasing the factor
enhances the shading effect, and can be useful for bringing out more detail, especially on
relatively flat surfaces. The default Z Scale Factor scales the Z coordinates to 1/10th the XY
diagonal of the input grid.

Colors

The Colors group shows the spectrum of colors used to draw the map. To change the colors, click
on the Colorsbutton to open the Color Spectrum dialog. Refer to Chapter 16, Adding Color to
Maps for more information on the Color Spectrum dialog.
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Missing Data
The Missing Data group button displays the color drawn for blank regions of the grid. To select a

different color, click the button and choose a color from the palette. You may click the Custom
button at the bottom of the color palette to define new colors not available on the palette.

Dither Bitmap

The Dither Bitmap check box is used to enable dithering on displays limited to 256 colors.
Dithering provides a smoother image when there are a limited number of colors available.
Dithering can lengthen redraw time. This option is grayed if your monitor is capable of displaying
more than 256 colors.

Shaded Relief Map Overlays

Shaded relief maps can be created independently of other maps, or they can be combined with
other maps. Shaded relief maps cannot be overlaid on wireframes, but they can be overlaid on
surfaces and other map types.

Reference

Many of the parameters for the shaded relief map are technical in origin, and a detailed
development is beyond the scope of this documentation. For a complete presentation of the
underlying theory and mathematics, see Horn (1982).

Horn, B.K. (1982), Hill Shading and the Reflectance Map, Geo-Processing, v. 2, p. 65-146.
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Introduction to Vector Maps

Vector Maps

A vector map shows direction and magnitude of data at points on a map. You can create vector
maps from information in one grid in Surfer, or you can use two grids to generate a vector map.

1-Grid Vector Maps

Vector map information, direction and magnitude, can
be derived from one grid. The arrow symbol points in
the "downhill" direction and the length of the arrow
depends on the magnitude, or steepness, of the slope. A
vector is drawn at each grid node unless some nodes are
skipped by changing the Frequency setting on the
Symbol page in the vector map properties dialog.

For example, consider a grid containing elevation
information. If water were poured over the surface, the
direction arrows would point in the direction water
flows - from high elevation to low elevation. Magnitude
is indicated by arrow length. In the water flow example,
the steeper slopes would have longer arrows.

2-Grid Vector Maps

Two-grid vector maps use two separate grid files to
determine the vector direction and magnitude. The
grids can contain Cartesian or polar data. With

Reference Vectors

-1
—92

Thisisa one-grid vector map overlaid
on a contour map. The vectors point
downhill and the longest vectors
indicate the steepest slopes.

Cartesian data, one grid consists of X component data and the other grid consists vf Y component
data. With polar data, one grid consists of angle information and the other grid contains length

information.
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Vector Map Components

274

An arrow represents a vector's direction and magnitude at a grid node.

The arrowhead points in the downhill direction.

The length of the arrow represents the steepness or magnitude of the slope.

You can use color to represent magnitude.

A color scale bar can show a variable from another grid.

Color scale bars and vector legends show length and magnitude information for the map.

Map scale controls the size of the map and the number of map units per page unit.

Map axes display tick marks and axis labels along the borders of the map. Axes show the X
and Y scaling in map units. You can include grid lines as extensions of the tick marks over
the extent of the map.

Map orientation is defined as the rotation, tilt, and field of view of the map.

Map limits are the XY extents of the map.

A background can be added to a map. The map background consists of a fill underneath the
map and a border around the map.
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Two-Grid Vector Map Data

The two components of a vector map, magnitude and direction, can also be created from two
grids. You can use either Cartesian or polar data with two-grid vector maps. Both grids must
have the same grid line geometry. See Chapter 4, Creating Grid Files for more information on
grid line geometry.

Cartesian Data

Vector maps created with Cartesian data requires that one grid contain X component data and the
other grid contain Y component data. The data from the two grids are combined to produce vector
direction and magnitude.

X Component Y Component

bt

— — — — T T T 4
— —> —> —> T T i t
—> —> —> —> T T I t

The maps above show two grid files. The left map displays an X component grid and the right
map shows a Y component grid. These maps both show X and Y components in positive space,
though the components can be in either negative or positive space. The direction and magnitude
of the resulting vectors are determined from the two grids as shown in the following example.
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Example

The lower right corner's X component is 3.5 and the Y component is 3.5. To simplify the math,
the origin of both is zero. The direction of the resulting vector is found by adding the two vectors
together:

4 |
A C
T A
3
| A =(al, a2) = (0, 3.5)
2
| B =(bl, b2) = (3.5, 0)
] C = (al+b1), (a2+b2) = (0+3.5), (3.5+0) = 3.5, 3.5
0 > B
0 1 2 3 4

The vector direction is determined by adding the X component and Y component vectors together.

The magnitude of the vector is:

C=(C,,C,) =(3.53.5)
c|=,/c2 +c?
|c| =+/3.52 +3.52

IC| =245
IC|=4.95
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The two grid vector components, shown on page 275, are added together to produce the map
shown below.

Reference Vectors

B
0.71 3.50 4.95

vy

Thisisthe resulting vector map fromthe X component and Y component grids shown previoudly.

Polar Data

Vector maps created with polar data require that one grid contains angle (direction) data and the
other contains length (magnitude) data.

Negative Data and Polar Grids

Magnitude values cannot be negative. If you have chosen a
gridding technique that displays trends in the data, such as kriging,
you may end up with negative values in your grid even if the
original data are all positive. Regridding the magnitude data and
decreasing the grid spacing is one way to make the grid honor the
data better. If you regrid the magnitude data you must also regrid
the angle data using the same grid line geometry. If you do not
want to change the grid line geometry of the grids, or if decreasing
the grid lines does not eliminate the negative data, then you can use
Grid | Math to set all negative values equal to zero. Please see
Chapter 18, Grid Operations, for more information on eliminating
negative grid values with Grid | Math. Or, use a gridding method
that does not trend the data such as triangulation with linear
interpolation or natural neighbor.
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Angle Grid Length Grid
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The example grids above show the angle grid on the left and the length grid on the right. These
two grids are combined to result in a vector map shown below:

NN N N NN

E

L

L I
MM M M M M W w
A A A A A A X X
T

Thisisatwo-grid vector map created with
polar data (angle grid and length grid).
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Creating a New Vector Map

To create a 1-grid vector map:

1.
2.
3.

Click Map | Vector Map | New 1-Grid Vector Map or click the button.
Select a grid file in the Open Grid dialog and click the Open button.

The map is created.

To create a 2-grid vector map:

1.
2.

Click Map | Vector Map | New 2-Grid Vector Map.

Select a grid file in the Open Grid dialog. You are prompted to choose a grid file two times
when creating a 2-grid vector map. The first grid file is the X component grid file or angle
component grid file, and the second grid file is the Y component grid file or the length
component grid file. The difference between the two files depends on the type of data you are
mapping (Cartesian or polar).

The map is created.

Editing Vector Map Properties

To change the features of a vector map, open the vector map properties dialog by:

double-clicking on the map in the plot window,

double-clicking on the map name in the Object M anager,
right-clicking the map and choosing Propertiesin the context menu,
or by clicking Edit | Properties when the vector map is selected.
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Vector Map Properties

The vector map properties dialog contains seven pages: Data, Symbol, Scaling, View, Scale,
Limits, and Background. The Data page differs depending on whether you ar