
  
  
 
 
 

 

1 
 

 

 

 

 

PRACTICAL EXERCISES FOR THE COURSE OF  

ENVIRONMENTAL IMPACT ASSESMENT AND ENVIRONMENTAL 

MODELING (MTMKO7009)  

 

 

 

Dr. Tamás János professor 

 

University of Debrecen 

Faculty of Agricultural and Food Sciences, and Environmental Management 

 

 

 

A Debreceni Egyetem fejlesztése a felsőfokú oktatás minőségének és 
hozzáférhetőségének együttes javítása érdekében 
EFOP-3.4.3-16-2016-00021 



  
  
 
 
 

 

2 
 

  

Content 
 

Exercise 1 Data import of environmental monitoring ............................................................. 3 

1.1. Required knowledge - Working with Worksheet Data ......................................................... 3 
Exercise 2 Data transformation of environmental monitoring ............................................... 7 

2.1. Purpose of the exercise: ......................................................................................................... 7 
2.1. Required knowledge - Working with Worksheet Data ......................................................... 7 

Exercise 3 Data exploring of environmental monitoring ........................................................ 9 

3.1. Purpose of the exercise: Sampling strategy .......................................................................... 9 
Exercise 4 Convert different coordinate systems of environmental monitoring .................. 13 

4.1. Purpose of the exercise: Changing of Coordinate system .................................................. 13 
4.2. Required knowledge - Gridding ........................................................................................... 13 

Exercise 5. Gridding of DEM ................................................................................................. 15 

5.1. Purpose of the exercise: Digital Elevation Model .............................................................. 15 
5.2. Required knowledge - Gridding ........................................................................................... 15 

Exercise 6. Data Plotting ........................................................................................................ 16 

6.1. Purpose of the exercise: Hydrological Plots ....................................................................... 16 
6.1. Required knowledge – Visualization of water management data ...................................... 16 

Exercise 7. Border conditioning ............................................................................................. 21 

7.1. Purpose of the exercise: Hydrological Breaklines .............................................................. 21 
7.1. Required knowledge – Grid nodes editing of water management data.............................. 21 

References: .............................................................................................................................. 27 

 



  
  
 
 
 

 

3 
 

Exercise 1 Data import of environmental monitoring 
 

1. Purpose of the exercise: 

In this exercises you get competency to explore point sample data importing from different 

sources by Surfer (Golden Software) 15 version. After this exercise you will be capable to 

integrate a monitoring environment. 

 

1.1. Required knowledge - Working with Worksheet Data 

There are three ways to enter data into the worksheet in Surfer. Data are entered into the 

worksheet by using File | Open and opening a data file, by typing data directly into the worksheet, 

or by copying the data from another application and pasting it into the worksheet. Use the Data 

menu commands to sort the data, filter the data, view statistics, transform the data using 

mathematical functions, assign default columns for coordinate data, assign a coordinate system to 

the data, and project coordinates. 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. To see all files in the directory, choose All Files (*.*) from the Files of type list. Double-

click on a file to open it or single-click the file and then click the Open button. The All Files (*.*) 

option shows all of the file formats in the current directory, even if the file type is not appropriate 

for the action chosen. For example, a .GRD file may be displayed, even though a .GRD file cannot 

be imported into the worksheet. The following import point data formats are supported by Surfer: 

ACCDB Microsoft Access .ACCDB; BLN Golden Software Blanking .BLN; BNA Atlas 

Boundary .BNA; CSV Comma Separated Variables .CSV; DAT Data .DAT; DBF Database .DBF 

DXF AutoCAD Drawing Data .DXF; LAS LiDAR Data .LAS; MDB Microsoft Access 97-2003 

Database .MDB; SEG-P1 Data Exchange Format .SEG; P1 Data Exchange Format .SP1; SLK 

Sylk Spreadsheet .SLK; TXT Text Data .TXT; XLS Excel Spreadsheet .XLS; XLSX Excel 2007 

Spreadsheet .XLSX; XLSM Excel 2007 Spreadsheet .XLSM. 

 

How can we edit the contents of a cell by making it the active cell? The active cell is positioned by 

clicking on a cell with the mouse, by using the ARROW keys, PAGE UP, PAGE DOWN, TAB, 
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HOME, END, and SHIFT+TAB. Press the F2 key or highlight the contents of the cell edit box to 

edit the contents of the cell. To enter new data and delete the old, position the active cell and begin 

typing. Edit mode is entered automatically and the old data is deleted. Pressing the ENTER, Up or 

Down ARROWS, TAB, SHIFT+TAB, PAGE UP, or PAGE DOWN keys causes the edit changes 

to be recorded permanently in the cell. After pressing F2 or highlighting the cell edit box use the 

HOME, END, BACKSPACE, DEL, and ARROW keys to edit the cell. Pressing ESC while 

editing a cell cancels the changes and restores the original 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 Home | Clipboard I Paste (CTRL+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 Home | Clipboard | Paste | Paste Special command determines the format in which the 

contents are pasted into the worksheet. 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. The File | Open command loads a data file 

into a new worksheet. If the worksheet already contains data, additional data can be imported 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 keyboard keys while selecting files in the Import Data dialog. 

The worksheet has several special input modes that tracks the mouse position: 

 Drag-Select Mode - for selecting cells with the mouse 

 Drag-Row-Height Mode - for adjusting row heights with the mouse 

 Drag-Column-Width Mode - for adjusting column widths with the mouse 

Pressing the ESC key before releasing the mouse button cancels the mouse-tracking mode. Cells 

may be selected to: 

 perform editing and clipboard functions, 

 perform a transform function, 
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 sort the selected cells, 

 compute statistics for selected cells, or to 

 set column properties for several columns via the column width, row height, and cell format 

commands. 

Your task to import a file in an ASCII text format with an unrecognized file extension. Choose the 

Delimiters used in the file (Tab, Comma, Semicolon, Space, or Other), and the Text Qualifiers 

used in the file (Double Quote or Single Quote). The Data Import Options dialog may appear 

when importing tabular data from delimited text files (i.e. .DAT, .CSV, .TXT). These file formats 

are assumed to have one record per line in which each record contains a fixed number of numeric 

data fields. 

 

 

1. Figure ASCII data formatting in worksheet 

 

Specify the format of the input fields in the Field Format group. The options are Delimited or 

Fixed Width. 
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 Choose Delimited (fields are separated by tabs or other characters) if the imported data uses 

delimiters (tab, semicolon, comma, space, other) to separate data fields. The Delimiters group 

is used to specify how the fields are separated if Delimited (fields are separated by tabs or other 

characters) is the selected Field Format. 

 Choose Fixed Width (each field is a fixed number of characters wide) if the imported data uses 

a fixed width to separate data fields. Specify the row number at which to start the data import in 

the Start import at row box. To change the first row to import, highlight the existing value and 

type a new value or click the r buttons to increase or decrease the value. For example, a value 

of one will start the data import at row one. A value of five will start the data import at row five 

and ignore the data in rows one through four. 

 Check the box next to Double Quote or Single Quote in the Text Qualifiers group if you need 

to indicate the correct qualifier to identify text values in the data file. Everything between the 

selected characters will be interpreted as a single value, and any delimiter characters between 

text qualifiers are ignored and treated as part of the textThe parsed data are shown in the 

Preview section. 

 The Encoding section allows the choice of Unicode data or ANSI data when importing or 

opening an ASCII data file. Unicode data is often referred to as international data. It would 

include character sets from Russia, Israel, China, Greece, Hungary, among others. After 

selecting Unicode, select the ANSI text translation [codepage] option that will read the data 

correctly. If the data does not appear correctly in the Preview window, the Encoding may be 

specified incorrectly. 

Click OK to proceed with the import process. Click Cancel to close the dialog without importing 

the data set. 
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Exercise 2 Data transformation of environmental monitoring 
 

2.1. Purpose of the exercise: 

In this exercises you get competency to explore point sample data transformation by Surfer 

(Golden Software) 15 version. After this exercise you will be capable to run basic data 

transformation modules. 

 

2.1. Required knowledge - Working with Worksheet Data 

 

Data transformation is an important task when we preparing owner data source. lick the Data | 

Data | Transform command to open the Transform dialog, where you can apply mathematical 

transformations to the columns, rows, or cells. Valid math operators include addition (+), 

subtraction (-), multiplication (*), and division (/) as well as a large library of built-in 

mathematical functions. Parentheses should be used to override precedence or for clarification. 

 

2. Figure Use the Transform dialog to apply math functions to DEM data.  
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Select the type of transform from the Transform with list. Column variables (e.g., C = A + B) 

applies the transform equation to the specified rows in the Transform equation column. Row 

variables (i.e., _3 = _1 + _2) applies the transform equation to the specified columns in the 

Transform equation row. Cell variables (i.e., C3 = A4 + B2) applies the transform equation only to 

the cell specified in the Transform equation: Type the formula into the Transform equation box. 

Formulas consist of a destination column, row, or cell on the left side of the equation and a 

mathematical manipulation on the right side of the equation. Use the column label letters, row 

numbers, or cell locations on both sides of the equation. Click the down arrow to use previously 

entered equations. For columns, a sample equation may be C = A + B. For rows, a sample 

equation is _4=_1+_2. For cells, a sample equation would look like C2=A1+B1-C1. 

If the transform method is by column, the range functions (sum, avg, std, rowmin and rowmax) 

take column indices only, i.e., sum(A...C). If transform method is by variable rows, the range 

functions take row indices only, i.e., sum(_1..._3). If transform method is by variable cells, the 

range functions are not supported. The last ten functions are stored in the Transform equation 

field. After ten functions are included in the list, the oldest function is replaced when a new 

function is added. The Transform equations are stored between sessions. To use a stored function, 

click the * in the Transform equation box and select a function from the list. Note that the First 

row and Last row or First col and Last col values are not saved with the stored Transform 

equations. When calculating transformations on columns, enter the First row and the Last row to 

limit the calculation to the specified rows. When calculating transformations on rows, enter the 

First col and Last col to limit the calculation to the specified columns. When calculating 

transformations on cells, the First row, Last row, First col, and Last col options are not available. 

By default, these are set to the first row and last row (or first column and last column) with text or 

numbers entered into a cell for the entire worksheet. 

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. 

 Click the Data | Data | Transform command to open the Transform dialog. You do not need to 

highlight any columns before selecting Transform. 

 In the Transform equation box, type "D = " without the quotes. 
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 Click the Functions button. 

 Double-click on the function name COS(X) in the Function name group. Alternatively, you 

could select a Function name and click the Insert button. 

 COS(X) is automatically placed in the equation as "D = COS(X)" without the quotes. 

 Replace the X in the function with the column letter containing the data to be transformed 

(column C). The equation will be "D = COS(C)" without the quotes. 

 Change the First row and Last row if you wish. 

 Make sure that Empty cells and Text cells are set to Blank the result to only calculate values 

with numbers. 

 Click OK to create a new data column with column C's data transformed with the cosine. 

 

Exercise 3 Data exploring of environmental monitoring 
 

3.1. Purpose of the exercise: Sampling strategy 

In this exercises you get competency to evaluate and optimize point sample data sources by Surfer 

(Golden Software) 15 version. After this exercise, you will be capable to run the adequate spatial 

statistical solutions. 

 

3.1. Required knowledge - Descriptive Statistics 

 

 

Statistical analysis can be run with this way: the Data | Data | Statistics command calculates 

statistical values for a group of selected numeric cells (see Selecting Cells). Select an entire 

column or a continuous group of cells in a column to use the Statistics command. 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 ignored in statistics 

calculations. Use the Data | Data | Statistics command in the worksheet to open the Statistics 

dialog. 
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3. Figure Click in the box adjacent to the statistics name to compute 

the statistics for the selected columns 

 

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

data: First input row reports the first row number in the selection. If the Labels in first row option 

is checked, the First input row is the second row in the selection. Last input row reports the last 

row number containing data in the column. Number of values indicates the number of numeric 

cells in the column. Number of missing values indicates the number of non-numeric cells in the 

selection. If columns are selected by clicking the column letters, the number of missing values 

includes blank values up to the last used row in the worksheet, which may be different than 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 is the sum of all numeric cells in the column. 

Minimum indicates the minimum value in the column. Maximum indicates the maximum value in 

the column. Range indicates the range of the numeric values in the column (Maximum - 

Minimum). Mean is the arithmetic average of the data values. It is the sum of the data values 

divided by the number of data values. Median is the middle value among the data values. Half of 

the data values are larger than the median and half are smaller than the median. When there are an 

even number of data values the median is the average of the two middle values.  



  
  
 
 
 

 

11 
 

Mean Deviation (MD) 

 

Sample Mean Deviation (MD) 

 

 

The population variance (2) 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. 

 

Mode is the value that appears most often in a data set. If the data set contains multiple modes, the 

modes will be displayed separated by a comma. #N/A will be displayed if no mode exists for the 

data set, i.e. there is an equal number of each data value. 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. 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. Standard error of the mean, 95% confidence interval for the mean, 

99% confidence interval for the mean. 

Skew (y1) is 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 0. For small data sets this measure is 

unreliable. 
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4. Figure Skew equation and graphical shapes of different histograms 

 

Kurtosis (y2) is a measure of how sharp the data peak is. 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 0 indicates a peaked distribution and a value less than 0 

indicates a flat distribution. Without a very large sample size, the use of this coefficient is of 

questionable value. 

 

 

5. Figure Kurtosis equation and graphical shapes of different histograms 

 

Kolmogorov-Smirnov goodness of fit for normal distribution, Critical value of K-S statistic at 

90%/at 95%/ at 99% significance levels. 

The Kolmogorov-Smirnov statistic is the largest difference between an expected cumulative 

probability distribution and an observed frequency distribution. The expected distribution used 

here is the normal probability distribution with mean and variance equal to the mean and variance 

of the sample data. The observed frequency distribution is a stepped function that increases by 1/n 

with each step, where n is the number of values in the data set. 
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The Data range to include contains options to limit the values where the statistics are calculated. 

Available options are Use all values, Use values inside the range, Use values outside the range, 

and Use all values except. When the Data range to include is set to Use values inside the range, 

the Minimum >= and Maximum <= options are available. Type in the data values that bracket the 

range of values where the statistics should be calculated. For instance, if the Minimum >= is set to 

115 and the Maximum <= is set to 165, only data points between (and including) 115 and 165 are 

used for calculating the statistics. The Statistics Results dialog is displayed when the Show in a 

window option is selected in the Results section of the Statistics dialog. Click Copy to copy the 

results to the clipboard. The results can be pasted in another program. If you wish to paste the 

results into a Surfer worksheet, close the Statistics Results dialog first 

 

Exercise 4 Convert different coordinate systems of environmental monitoring 
 

4.1. Purpose of the exercise: Changing of Coordinate system 

Based on exercise you can convert different coordinate systems to hydrGIS application. In this 

exercises we use Surfer (Golden Software 15 ver.) software. Based on this exercise you can 

modify different systems to integrate a unique IT environment. 

 

4.2. Required knowledge - Gridding 

 

Based on the most common application of Surfer, you should be to create a grid-based map from 

an XYZ data file.  

If you use different coordinate system yours regulary task to convert different coordinate system 

into common datum. A coordinate system is method of defining how a file's point locations 

display on a map. Different types of coordinate systems exist that control how the coordinates are 

shown on the map. In Surfer, a map can be unreferenced in local coordinates, referenced to a 

geographic latitude and longitude coordinate system, or referenced to a known projection and 

datum. Each data set, grid, map layer, and the map frame can have an associated coordinate 

system. All coordinate systems for individual layers are converted “on the fly” to the map's target 

coordinate system. This allows maps with different coordinate systems to be easily combined in 

Surfer. 
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A local coordinate system (eg. Hungarian local coordinate system - HD72) generally is considered 

unreferenced. A local system has a location that begins numbering at an arbitrary location and 

increments numbers from this location. This is frequently referred to as a Cartesian coordinate 

system. The distance units can be specified for an unreferenced local system in the Assign 

Coordinate System dialog. A Geographic coordinate system uses a spherical surface to define 

locations on the earth. Geographic coordinate systems are commonly called unprojected lat/long. 

Surfer has several predefined geographic coordinate systems available. Each system has a 

different datum. The same latitude and longitude value will plot in different locations depending 

on the datum. A Projected coordinate system consists of a projection and a datum. Each projection 

distorts some portion of the map, based on the ellipsoid and datum specified. Coordinates can be 

lat/long, meters, feet, or other units. Different projections cause different types of distortion. It is 

recommended that you do not use projected coordinate systems if you do not need to convert 

between coordinate systems or if all your data are in the same coordinate system. We remarks here 

that the Surfer does not require a map projection be defined. Maps can be created from 

unreferenced data, grid, and map layers. As long as all map layers have the same X and Y ranges, 

coordinate systems do not need to be specified. If you do not specify a source coordinate system 

for each map layer, it is highly recommended that you do not change the target coordinate system. 

Changes to the target coordinate system for the map can cause the unreferenced map layers to 

appear incorrectly or to not appear. 

In Surfer, data, grids, map layers, and maps can have an associated coordinate system. All 

coordinate systems defined by the data, grids, and map layers are converted "on the fly" to the 

map's target coordinate system. This allows maps with different coordinate systems to be easily 

combined in Surfer.  

Your task to create a maps in your country specific coordinate system based on next steps: 

 Create the map by clicking on the appropriate Home | New Map command. 

 Click on the map layer to select it. 

 In the Properties window, click on the Coordinate System tab. 

 If the Coordinate system is not correct, click the Set button next to Coordinate System. The 

Assign Coordinate System dialog opens. This is the initial coordinate system for the map 

layer, i.e. the coordinate system for the source data. Select the correct coordinate system in the 

dialog. When finished making changes, click OK. 
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 To change the target coordinate system for the map, click on the Map object in the Contents 

window. In the Properties window, click on the Coordinate System tab. This is the coordinate 

system in which you want the map to display. 

 Click on the Change button next to Coordinate System to set the desired target coordinate 

system. When finished, click OK. 

 All of the map layers are converted on the fly to the target coordinate system. The entire map 

is now displayed in the desired coordinate system. 

 

Exercise 5. Gridding of DEM 
 

5.1. Purpose of the exercise: Digital Elevation Model 

Based on exercise you can build continuous grid to hydrGIS application. Gridding is the process 

of taking irregularly spaced (eg. surveying) XYZ data and generating a regularly spaced grid of Z 

values at each grid node by interpolating or extrapolating the data values. This grid can be apply in 

different hydrological purposes. In this exercises we use Surfer (Golden Software 15 ver.) 

software.  

 

5.2. Required knowledge - Gridding 

 

The Grid Data command uses an XYZ data file to produce a grid file. The grid file, is then used by 

most of the Home | New Map commands to produce maps. Post maps and base maps do not use 

grid 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. Data files may contain information in addition to the X, Y, and Z values. For example, 

when posting data with the Home | New Map | Post command, additional columns can be used to 

specify the symbol, the rotation angle, the symbol color, labels, etc. The following is an example 

of such a data file. Columns A, B, and C contain the X, Y, and Z 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. 
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You have to apply the next general steps to progress from an XYZ data set to a finished grid-based 

map: 

 Create an XYZ data file. This file can be created in a Surfer worksheet window or outside of 

Surfer (using an ASCII text editor or Microsoft Excel, for example). 

 To display the data points, click the Home | New Map | Post command. 

 Create a grid file .GRD from the XYZ data file using the Home | Grid Data | Grid Data 

command. The expected result is the gridding interpolated a Z value at the intersection of each 

row and column in the grid file. This fills the holes in the data. Here the rows and columns are 

represented by grid lines. 

 To create a map, select the map type from the Home | New Map commands. Select the grid file 

from step two. Grid-based maps include contour, 3D surface, 3D wireframe, colour relief, 

shaded relief, vector, watershed, viewshed, and grid values maps. 

 Click on the map to display the map properties in the Properties window where you can 

customize the map to fit your needs. 

 Click the File | Save command to save the project as a Surfer .SRF file which contains all the 

information needed to recreate the map. 

 

Exercise 6. Data Plotting 
 

6.1. Purpose of the exercise: Hydrological Plots 

Based on exercise you can built different plots. Surfer User Interface contains four document 

window types: the plot document, worksheet document, 3D view, and grid editor. Maps are 

created and displayed in the plot document and 3D view. The worksheet document displays, edits, 

transforms, and saves data in a tabular format. The grid editor displays and edits Z values for the 

grid with various editing tools. In this exercises we use Surfer (Golden Software 15 ver.) software.  

 

6.1. Required knowledge – Visualization of water management data 
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Several different map types can be created, modified, and displayed with Surfer. These map types 

include base, contour, post, classed post, 3D surface, 3D wireframe, colour relief, shaded relief, 

grid values, watershed, 1-grid vector, and 2-grid vector maps.  

Surfer Grid Files open in the grid node editor. These include *.adf, *.am, *.col, *.an1, *.an2, 

*.asc, *.aig, *.agr, *.grd, *.asi, *.fld, *.bil, *.bip, *.bsq, *.dic, *.dcm, *.ddf, *.dem, *.dos, *.dat, 

*.dt?, *.ers,*.flt, *.?10g, *.grd, *.gxf, *.hdf, *.hdr, *.img, *.rst, *.info, *.lat,*.vtk, *.raw, *.bin, 

*.stk, *.tif, *.tiff, 

Image Files open in the grid node editor. These include *.an1, *.an2, *.bmp, *.dic, *.dcm, *.ecw, 

*.gif, *.jpg, *.jpeg, *.png, *.pnm, *.ppm, *.pgm, *.pbm, *.rgb, *.rgba, *.bw, *.sid, *.ras, *.sun, 

*.tga, *.tif, *.tiff, *.vtx, *.x, *.ximg. 

When a worksheet file is saved, the file format can be specified by typing the appropriate 

extension on the file name. If the needed file is an ASCII DAT file, type a file name such as 

MYDATA.DAT. The ".DAT" extension tells the worksheet to save the file as an ASCII DAT file. 

A file can be saved in an Excel format from Surfer, but only one worksheet can be saved. Surfer 

does not allow for saving multiple worksheets in a single Excel document. If a multi-worksheet 

Excel document is opened and saved as an .XLS file from Surfer, be aware that only the single 

worksheet will be saved in the document. If the existing file is overwritten all the unused 

worksheets will be lost. In this case, a warning message is issued. 

 

Laboratory procedure: In the Surfer software environment you have to produce the following 

different map types. 

 Base maps display boundaries on a map and can contain polygons, polylines, points, text, 

images, or metafiles. Base maps can be overlaid with other map layers to provide details 

such as roads, buildings, streams, city locations, areas of no data, and so on. Base maps can 

be produced from vector files, images, and data files. Individual base map objects can be 

edited, moved, reshaped, or deleted. Symbology can be added to a base map to 

communicate statistical information about the map features. Empty base maps can be 

created and used for drawing objects on other maps. Raster (image) and vector base maps 

can be downloaded from online WMS, OSM, and WFS mapping servers. 

 Contour maps are two-dimensional representations of three-dimensional data. Contours 

define lines of equal Z values across the map extents. The shape of the surface is shown by 
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the contour lines. Contour maps can display the contour lines and colors or patterns 

between the contour lines. Contours can be linearly or logarithmically spaced, or a custom 

spacing can be set between each set of lines. 

 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. Each location can have 

multiple labels. Classed post maps allow you to specify classes and change symbol 

properties for each class. Classes can be saved and loaded for future maps. 

 3D surface maps are colour three-dimensional representations of a grid file. The colours, 

lighting, overlays, and mesh can be altered on a surface. Multiple 3D surface maps can be 

layered to create a block diagram. 

 3D wireframe maps are three-dimensional representations of a grid file. Wireframes are 

created by connecting Z values along lines of constant X and Y. 

 Colour relief maps are raster images based on grid files. Colour relief maps assign colours 

based on Z values from a grid file. NoData regions on the colour relief map are shown as a 

separate colour or as a transparent fill. Pixels can be interpolated to create a smooth image. 

Hill shading can be applied to the colour relief map to enhance its depth and appearance. 

 Shaded relief maps are raster images based on grid files. Shaded relief maps assign colours 

based on slope orientation relative to a light source. 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. 

 Grid Values Maps show symbols and labels at grid node locations across the map. The 

density of the labels and symbols is controlled in the X and Y directions independently. 

Symbol colour can vary by value across a colour map, and symbols and labels can be 

displayed for only a specific range of values. Grid lines can be added to the map. 

 Watershed maps display the direction that water flows across the grid. The watershed map 

breaks the grid into drainage basins and streams. Colours can be assigned to the basins and 

line properties can be associated with the streams. In addition, depressions can be removed 

by filling the depression. 

 Vector Map 1-grid and 2-grid vector maps display direction and magnitude data using 

individually oriented arrows. At any grid node on the map, the arrow points in the 

downhill direction of the steepest descent and the arrow length is proportional to the slope 
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magnitude. Vector maps can be created using 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). 

 Point cloud maps display LAS/LAZ data as points at XY locations. LAS/LAZ data can be 

combined from multiple files and filtered with various criteria when creating a point cloud 

map. Colour is assigned to the points by elevation, intensity, return number, or 

classification. Surfer includes commands for modifying, classifying, and exporting points 

in a point cloud layer. A grid can be created from the point cloud layer. Point cloud layers 

are displayed in the 3D View as three-dimensional points. 

 Viewshed layers highlight the regions of a map that are visible (or invisible) from a 

transmitter location. The transmitter, receiver, and obstruction height above the surface can 

be specified. The viewshed analysis radius and angle can also be specified. Viewsheds can 

be added to any 2D grid based map. A viewshed can also be added to a 3D surface map 

that is displayed with no tilt (90 degrees) and in the orthographic view. 

 

A map layer is a single map type contained in a larger map object. The map layer may be a 

contour layer, a post layer, a base layer, or any other layer type that Surfer can create. The larger 

map object contains all of the individual map layers and axes used to create the entire map. Map 

layers can be created as separate maps or added to a single map object. 

It is possible to combine several maps created from related data to create one map object with 

multiple map layers. You can add any combination and number of contour, base, post, colour 

relief, shaded relief, vector, watershed, viewshed, or 3D surface layers to a single map. However, 

a map can contain only one 3D wireframe layer. 

There are multiple ways to overlay map layers in Surfer. If you have multiple maps and wish to 

move only one layer, you can drag a map layer from one map object to another map object in the 

Contents window. Student should be done the next steps: 

 If you wish to combine all the layers from multiple maps, you can select all of the maps 

and use the Map Tools | Map Tools | Overlay Maps command. This moves all of the map 

layers to a single map object. If you have already created a map and need to add map 

layers to it, you can select the map and use one of the Home | Add to Map | Layer 

commands to add a map layer to the existing map. 
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 When you use map layers, the layers use a single set of X, Y, and Z axes and the maps are 

positioned according to the map object coordinate system. If two or more maps use the 

same limits, they will overlay on top of one another. If maps cover adjacent areas, adding a 

map layer places them in the correct position relative to one another and creates a single 

set of axes that span the entire range. Layered maps become a single object and are moved 

and scaled as a single entity. Consider a contour map and a base map that displays the 

outline of a lake on the contour map. The limits of the base map are the X, Y extents of the 

lake and are not the same as the contour map limits. If you create both the base map and 

the contour map in a single plot window as separate maps by using the Home | New Map 

commands for both maps, they do not overlay correctly because the maps have different 

scaling. In addition, each map uses a different set of X, Y axes. 

 The two maps can be overlaid to correctly position the lake on the contour map by 

dragging the base map layer to the other map object that has the contour layer. The result 

will be a map object with a base map layer and contour map layer.  

 Alternatively, if you create the contour map and then added a base map layer with the 

Home | Add to Map | Layer | Base command, the two maps are automatically scaled and 

combined into a single map using a single set of axes. The water body is correctly 

positioned on the contour map. When you layer a contour, post, or base map on a 3D 

wireframe, the maps are draped over the wireframe. The wireframe is drawn in the usual 

fashion but the base, vector, or contour maps are "molded" over the top of the wireframe 

lines. Hidden lines are not removed from maps layered on wireframes. For example, 

contour lines are not hidden when the contour map lies over a wireframe. 

 When you layer maps on top of 3D surface maps, hidden lines are removed and the maps 

are "molded" on the surface. Surface maps and images, vector files, and even other surface 

maps can be overlaid onto a single map object. The Overlays page in the surface properties 

dialog contains options for handling colour in these cases. 

 If a map layer is added to a map frame and the map layer exceeds the current map limits, a 

Surfer warning message will be displayed allowing you to adjust the map limits to include 

all layers. Select Yes to adjust the map to include all layers. Select No to leave the current 

map limits. To edit individual layers in a multi-layer map, select the map layer (i.e. 

Contours) in the plot window or Contents window and use the Properties window to edit 
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the properties. Make the desired changes in the map layer properties, and the map layer is 

redrawn with the specified changes. 

After adding map layers, it is possible to hide one or more of the layers. To temporarily hide a 

map layer, uncheck the visibility box next to the map layer name (i.e. Contours) in the Contents 

window. The map is redrawn without the selected overlay. To make the overlay visible again, 

recheck the visibility box. Note that if a surface is made invisible, the overlays are also made 

invisible. Select the map layer and use the Break Apart Layer command to remove a map layer 

from a map object. Alternatively, right-click on the map layer and select Break Apart Layer. 

To delete a map layer from a map frame, select the map layer in the Contents window and press 

the DEL key on the keyboard. Alternatively, you can select the map layer and use the Home | 

Clipboard | Delete command, or right-click the map layer and select Delete. 

 

Exercise 7. Border conditioning  
 

7.1. Purpose of the exercise: Hydrological Breaklines 

Based on exercise you can apply different border condition in grid surface. Grid nodes of search 

rules define the number of points included in interpolating a grid node value. In this exercises we 

use Surfer (Golden Software 15 ver.) software.  

 

7.1. Required knowledge – Grid nodes editing of water management data 

 

Based on the most common application of Surfer, you should be to create a grid-based map from 

an XYZ data file. The Grid Data command uses an XYZ data file to produce a grid file. The grid 

file, is then used by most of the Home | New Map commands to produce maps. Post maps and 

base maps do not use grid 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. Data files may contain information in addition to the X, 

Y, and Z values. For example, when posting data with the Home | New Map | Post command, 

additional columns can be used to specify the symbol, the rotation angle, the symbol colour, 
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labels, etc. The following is an example of such a data file. Columns A, B, and C contain the X, Y, 

and Z 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. 

 

You have to apply the general steps to progress from an XYZ data set to a finished grid-based 

map: 

 Create an XYZ data file. This file can be created in a Surfer worksheet window or outside of 

Surfer (using an ASCII text editor or Microsoft Excel, for example). 

 To display the data points, click the Home | New Map | Post command. 

 Create a grid file .GRD from the XYZ data file using the Home | Grid Data | Grid Data 

command. The expected result is the gridding interpolated a Z value at the intersection of each 

row and column in the grid file. This fills the holes in the data. Here the rows and columns are 

represented by grid lines. 

 To create a map, select the map type from the Home | New Map commands. Select the grid file 

from step two. Grid-based maps include contour, 3D surface, 3D wireframe, colour relief, 

shaded relief, vector, watershed, viewshed, and grid values maps. 

 Click on the map to display the map properties in the Properties window where you can 

customize the map to fit your needs. 

 Click the File | Save command to save the project as a Surfer .SRF file which contains all the 

information needed to recreate the map. 

 

 

Grid nodes of 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 

neighbourhood in which to look for data, and the Search Rules specify the number of points to 

actually consider within the neighbourhood. 

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 NoData value is assigned at the grid node. NoData values 

indicate that insufficient data existed to satisfy the search criteria at that particular location. Grid 
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nodes assigned the NoData value truncate contour lines on contour maps, and produce low flat 

regions on wireframes. To access the Search page, if available with the gridding method, click the 

Advanced Options button in the Grid Data dialog. 

 

6. Figure Research option in anisotropic environment 
 

The Number of sectors to 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. 

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. The Radius 1 and Radius 2 

values are the length that is searched in the direction indicated by the Angle. The default values 

are calculated by taking half the distance of the diagonal. 

 

 

7. Figure The search ellipse angle is the angle between the positive X axis and the ellipse axis associated 
with Radius 1. 
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Some gridding methods have a Range 1 and Range 2 value instead of Radius 1 and Radius 2. In 

these gridding methods, the Range 1 and Range 2 values perform a similar function to Radius 1 

and Radius 2. The default value is calculated similar to the method used for Radius 1 and Radius 

2. Angle is 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. 

For an example when data sets use fundamentally different units in the X and Y directions, 

consider plotting a flood profile along a river. The X coordinates are locations, measured in 

kilometers 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 necessary to apply anisotropy as well. 

 

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 calculating the grid node value, it carries relatively 

little weight compared to data points close to the grid node. 

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, 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 50 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. 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 
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settings. Anisotropy is also useful when data sets use fundamentally different units in the X and Y 

dimensions. 

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. Up to 32 sectors can be specified. 

Kriging and Radial Basis Function gridding methods construct an internal matrix based on the 

number of search points (such as ). 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 10,000. If you have more than 

10,000 points the No Search (use all of the data) option is disabled. 

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 Golden Software Blanking 

.BLN 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, select the map and use the Home | Add to 

Map | Layer | Base. If the grid file used to create a contour map contains a fault, the contour 

properties General page has a Fault Line section, so you do not need to use a base map to show 

faults on contour maps. 
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8. Figure These 3 maps are modelled without and with a fault a breadline 
 

To reach the Breaklines and Faults page, click the Advanced Options button in the Grid Data 

dialog, then click the Breaklines and Faults tab. The Breaklines and Faults page contains two 

fields for entering the file names of the faults and breaklines to use when gridding. If faults are not 

available with the selected gridding method, only breaklines are available. The page is then named 

Breaklines. 

 Click the button next to File Containing Breaklines to select the blanking file .BLN containing 

the breaklines. In the Open dialog, specify the blanking file and click Open. The blanking file 

will be displayed in the File Containing Breaklines. The number of traces and the number of 

total vertices are displayed under the file name. Click the Clear button to delete the file name to 

exclude the breaklines from the gridding process. Breaklines must contain 3 columns: X, Y, 

and Z. If the Z column is missing, the .BLN file cannot be used as a breakline. 

 Click the button next to File Containing Fault Traces to select the blanking file .BLN 

containing the fault traces. In the Open dialog, specify the blanking file and click Open. The 

blanking file will be displayed in the File Containing Fault Traces. The number of traces and 

the number of total vertices are displayed under the file name. Click the Clear button to delete 

the file name to exclude the fault traces from the gridding process. 

Faults are used to show discontinuity when gridding, similar to breaklines. A fault is a two 

dimensional boundary 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 will grid the data on the side of the 

polygon where the data are located. 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 
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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 

You can create a blanking file to define a fault in the Surfer worksheet or any text editor. Enter a 

header containing the number of vertices in the breakline, followed by the X, Y coordinates of 

each vertex, one per line. 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. The only grid file format 

that retains fault information is the Surfer GRD grid file. If you use another grid file format, the 

faulting information is lost. If the grid is modified, the fault is removed. 
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