GMS 10.5 Tutorial

Geostatistics T 2D
Learn the various 2D interpolation methods available in GMS

c Difference (2)

Objectives

Learn to create scatter point sets from scratch and how to import scatter sets from a file. Investige
various 2D interpolation methods available in GMS, including lirieserse distance weighted (IDW), ¢
kriging.

Prerequisite Tutorials Requird Components Time
i1 None 1 Grid Module 1 30 45 minutes
1 Geostatistics
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1 Introduction

Two-dimensional geostatistics (interpolation) can be performed in GMS usi@ipthe

Scatter Pointnodule.The module is used totarpolate from sets of 2D scatter points to

any of the other object types (meshes, grids, TISeYyeral interpolatioschemes are

supported, including krigingseostatistics are useful for setting up input data for analysis

codes or for site characteriiat.

The tools for manipulating scatter point sets and the interpolation schemes supported in

GMS aredemonstrated and discussedhis tutorial. This includeshow to ceate a scatter

point set from scratgthow to mport scatter points from a fjlereaing a bounding grid

interpolaing the scatter points using various interpolation methadd usinghe data

calculator to compare interpolatiorige interpolation schemes presented in this tutorial

are defined inhelnterpolationsectionof theGMS Onine Help

1.1  Getting Started
Do the following toget started
1. If necessary, launch GMS.
2. If GMS is already running, select thée | New command to ensure that the
program settings are restored to their default state.
2 Creating a Scatter Point Set

Interpolaton in GMS is performed using scatter poiltiset of 2D scatter points is
defined by a set ofy coordinatesA group of scatter points is called a scatter point set.
Each scatter point set may also have a dataset associated Réttasgets are scalar o
vector valued one value at each scatter point.
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The scatter points represent tlemigpetric objects while the datts represent the data
values at the point3.he dataets may represent anythimevation, heat measurements,
concentration of a chemigadtc. The dataets can be interpolated to a TIN, mesh, or grid.

TheCreate Scatter Points. * tool is used to create 2z atter point sets in GMS hysing
the followingsteps

1. Right-click on an empty space the Project Exploreand selecNew |2D Scatter
Point Set

A n s git (1)0 scatter set will appear.

2. UsingtheCreate Scatter Points. * tool, create a numbef new scatter points by
clicking several times in the Graphics Window

When credhg each point, ®I1S automatically assigns a dag&h value at the pointhe
settingscanbe changd so that GMSjives a promptor the dataet values.

3. SelectScatter Point$ Scatter PointSetting® to bring up théPreferences
di alog. Notice that #@AScatt.er setso is sc¢

4. Inthe2D scattersection turn onConfirm dataset valueand clickOK to close the
Preferenceslialog

5. Click anywhere in the Grdgics Window to create a new scatter point and bring up
the Scatter Point Datset Valuedialog

This dialogwill appeareach time a new scatter point is created to allow the value to be
verified or changed

6. Click OK to exit theScatter Point Dtaset Valuedialog.

TheCreate Scatter Pointstool only entes steady state datavhich could also be imported
from a file To create a scatter point set with transient datayst bemportedfrom a
file.

3 Importing a Scatter Point Set

Scatter point sets can be innpal from an existing file using tfieextimport Wizard

dialog This dialogallows imporing data into GMS from text files that are in columnar
format. The fileto beimported herevas generated as &xcelspreadsheet and exported
from Excelas tabdelimited text.The file contains scatter points which represent locations
where the concentration of a contaminant has been estimated using a soil gag kervey.
goal is to generate a map of the contaminant plume.

3.1 Openthe File

1. Click Newl_|to reset GMSand selecNo when prompted to save changes.
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3.2

Click Openl3 to bring up theédpendialog
SelectfiText Files (*.txt,*.csvd from theFiles of typedrop-down

Browse to theyeos2dd i r e ct or yplumedad.txds.e |l ect 0

a > w0

Click Opento close theDpendialogand bring up th&tep 1 of Dage of theText
Import Wizarddialog

Import Wizard

The first step of th&extImport Wizarddialog specifies how the data is delineated and
where in the file the data should begin. For this file, the first row contains column
headings. The first column damns the point labels, the second column contains the X
values of the points, the third column contains the Y values, and the fourth column

contains the dataset values for the points.

1. Below theFile import optionssection, turron Heading rowoption (redarrow,
Figurel) and clickNext to go to theStep 2 of 2age of th& ext Import Wizard

dialog

S

Text Import Wizard - Step 1 of 2

File import options
Set the column delimiters:

@ Delimited Space || Tab Semicolon
Comma Cther: Text qualiier: | -

Ficed Width
/| Treat consecutive delimiters as one | Skip leading delimiters

Start import at row: 1

File preview

S

(=

[
L
"
[
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=

Figure 1  Text Import Wizard with Heading row selected
This pageof the Text Import Wizardallows specifiing the meaning ahe data in the file.
2. Selectfi2D Scatter Pointsfrom theGMSdata typedrop-down

The data associated with 2D scatter points is now displayed Filéhareviewsection.
The next step is ttell GMS whateach column in the file meanEhisis doneby selecting
the correct data typasing the droglownsin the Typerow (the first row)of the
spreadsheet for each column in the fllee options in thérop-downschange depending
onthe selecte@MS data typeSincetheuse ofa heading rowvas specifiedn the first
step, GMS looked at the headings and automatically found and mapped the X and Y
columns by selecting the X and Y selection inTlgperow of the spreadsheet.
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3. Sel éabed i r dryperowhdeopdownin the first column.
4. Sel ®atased i f r dyperowhdopdownin thefourth column.

The dataset in this file represents concentrations of a contaminatioTdegtaoption
near the top of the dialog can be used to specify a key value in thsdido indicate a
lack of information.

For example, if no measur ement9 Wac Mb:a kteme a't
datavalue in theTextimport Wizardwould tell GMS to ignore these points when doing

the interpolation later. The key valugrcbe any value that would not normally be
encountered in the dataset. In this case, t

The dialog should now appear ag-igure2.

5. Click Finish to close thél'ext Import Wizardlialog. A s¢ of points should appear
on the screen.

Text Import Wizard - Step 2 of 2 B
GMS data type:
2D scatter points - | |F||ter Options...
Mo dataflag |-555.0 Name: plumedat
File preview
L ] ] J -
Tive [N - [ B <Dt 7]
Header |id x ¥ [ .
1 75 16 0 1
2 £0 32 0
3 -34 50 0
4 -34 27 0
3 -2 40 0
6 16 38 0
7 -25 14 4364 -
First 20 lines displayed.
Help | < Back |[ Finish ] | Cancel

Figure 2 Text Import Wizard dialog, Step 2

3.3 Changing the Display Options

Change the appearance of the scatter points usiigish&ay Optiondialog:
1. Click Display Options&3 to bring up theDisplay Optiongdialog
2. Selectfi2D Scatter Datafrom the list on the left.
3. On the2D Scatter Point &tab, turn orScatter point symbshndContours
4. Click OK to exit theDisplay Optiondialog.

Each of the points should now be displagsa coloredsquargFigure3). The color of
the symbol represents the relative concelatnatf the contaminant at the poikit/hen
displaying colored symbols, it is useful to also display a color legend.
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Figure 3

5.

6.

9.

Scatter points with contour colors
Click Display Options& to bring up theéDisplay Optiongdialog

SeIE:ZtD iScatter Datao from the

On the2D Scatter Point Saab, click theOptionsé buttonto the right
of Contoursto bring up thédataset Contour Optioris 2D Scatter
Points- ¢ dialog

At the bottom left turn onLegendand clickOK to close thdataset
Contour Options 2D Scatter Points c dialog

Click OK to exit theDisplay Optiondialog.

Notice that the concentrations vary from 0.0 to about 1@ figure taight).

Creating a Bounding Grid
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The goalof this tutorial is to generate a series of contour plots illustrating the pltise.
first necessary toreate a grid that bounds the scatter point™as allows interpolaing
the concentrations from the scatter points to the grid ndthesgridis then contoured.

1. Right-click onfial plumedad and selecBounding 2D Gridé to bring up the

Create Finite Differencé&rid dialog

Thex andy dimensions ofhis grid are already define@he default values shown in the
dialog cause the grid to extend beyond the scatter points by 10% on each side.

2.
3.

In the X-Dimensionsection, entefic00 for theNumber of cells

In the Y-Dimensionsecton, enterri400 for theNumber of cells
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4. Click OK to close theCreate Finite Difference Gridialog
5. Frame & the project

A grid shoutl appear on the screen that encompassigghe scatter point s¢Figure4).

L.

Figure 4  The grid encompassing the scatter points

4 Selecting an Interpolation Scheme

Several interpolation schemage supported in GMS becawesach has different strengths

in differentsituations.Typically, the best approach is to try several schemes and then

determine which scheme is giving the most reasonable reSiiS. has been structured in
such a way thamnultiple schemes can be tested quickly and easily.

4.1 Linear Interpolation

Do the following totry simple linear interpolation

1. Selectinterpolation| Interpolation Optionsé to bring up the&D Interpolation
Optionsdialog

2. Inthelnterpolation methodection, skecttheLinear option.
3. Click OK to close theD Interpolation Optionglialog
To interpolate to the gridio the following

4. Selectinterpolation |Interpolate Y 2D Grid to bringupthd nt er pol at e Y
Objectdialog

5. Click OK to acept the defautand clos¢hel nt er po| adiadog Y Obj ect
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A series of contour lines will appear within the grfidgure5).
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Figure 5  Contour lines after linear interpolation
Viewing the Results

Thecontoursshow thatheconcentrations have been interpolated to the grid.

1. Switch toOblique View &

Notice that the grithas been deformed to match the cont¢bigure6). Color shading the
entire surface can provide an even more effective display of the grid.
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Figure 6  Oblique view
2. Click Display Options& to bring up theéDisplay Optiongdialog

3. Selectﬂ 2D Grid Dat® from the list on the left.
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4. On the2D Gridtab, in the lower section, turn ddontoursandclick Options... to
bring up theDataset Contour Optionis 2D Gridi c_lineardialog.

In theContour methodsection,selectfiColor Fillo from the dropdown
ClicktheCo | or Roattorpté bring up th€olor Optionsdialog.
In thePalette previeveection, click thdReversebutton.

Click OK to close theColor Optionsdialog.

© ©o N o v

Click OK to close théataset Contour Options 2D GridT c_lineardialog
10. Click OK to exit theDisplay Optiondialog

The2D gridshouldappear similar t&-igure?.
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Figure 7 Linear interpolation with color fill

The auter part of the grid still has a concentration value equal tq asrimdicated by the

flat, dark blue contour coloringVhen linear interpolation is performed, the scatter points

are triangulated to form a temporary TINplane equation is computed feach triangle

in the TIN and the coefficients of the plane equation are used to interpolate to points inside
the triangle.

Therefore, linear interpolation cannot be performed for grid nodes outside the convex hull
of the TIN (the boundary of the TINAs a result, these nodes are assigned a value of
zero.A value of zero is appropriabe this casesince the concentrations of the scatter

points on the perimeter of the scatter point set are zero.

Viewing the Elliptical Control Function

The scatter points @ve generated from an elliptical control functidhis showshow the
different interpolation schemes compare to the original control fundmriew the
original control function:
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1. Rightclick on il gridoin theProject Exploreand selectmport Datase t &
bring up theDataset Filenamelialog

2. Selecth Al |  F i flom theFi(e$ of Typedrop-down
3. Browse to thgjeos2ddirectoy and selecfie | | | ps.e2g. dat o

4. Click Opento import the dataset and close D&taset Filenamelialog

5. Select thefiz:l control_functiom dataset in theProject Exploreto make it active.

TheGraphics Window should appear similarRigure8.
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Figure 8 Interpolation scheme with original control function

4.2  Simple IDW Interpolation

The next schem try is a simple form of inverse distance weight€\y) interpolation.

1. SelectfE 2D Scatter Datiin the Project Exploreto make it active

2. Selectinterpolation| Interpolation Options to bring up theD Interpolation
Optionsdialog

3. Inthelnterpolation methodection slectinverse distance weighted

4. Click Optionsé to bring up theD IDW Interpolation Optionglialog

5. IntheNodal functionsection, seled€onstanf{ Shepar dds met hod)

6. Click OK to exit the2D IDW Interpolation Optionslialog.

7. Click OK to exit the2D Interpolation Optionglialog.

8. Selectinterpolation |Interpolate Y 2D Grid to bringupthd nt er pol at e Y
Objectdialog.
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9. Click OK to accept the defaults and closettha t er po| adiadog Y Obj ect

TheGraphics Window should appear similarRigure?.
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Figure 9 Inverse distance weighted (IDW) interpolation

The IDW schemés a simple moving weighted averages schéfodnterpolate a value at

a point, a weighted average of the nearby scatter points isTusedeights are an inverse
function of distanceThe clser a scatter point is to the interpolation point, the greater the
weight given to the scatter point.

IDW Interpolation with Gradient Planes

One of the problems with simplBW interpolation is that the interpolated datt always
tends toward the mean tfe dataet in the voids between scatter poidts.a result, local
minima or maxima in the voids in the scatter point set are not properly inféored.
overcome this problem, a nodal function can be computed at each scatter point.

A nodal function is alpne or quadratic function that is forced to pass through the scatter
point and approximate the nearby scatter points in a least squared/#esisehe

interpolation is performed, rather thaongputing an average of the de¢avalues at the

scatter pointocations, an average is computed of the nodal functions of the nearby scatter
point evaluated at the interpolation poifihis approach allows local trends to be inferred
and often results in a more accurate interpolation.

This is demonstrated througtetfollowing steps:
1. Se | EE2D Sdatter Data therProject Exploreto make it active

2. Selectinterpolation| Interpolation Optionsé to bring up theD Interpolation
Optionsdialog

3. Inthelnterpolation methodection click Optionsé to bring up theD IDW
Interpolation Optionglialog
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In theNodal functionsection select thé&radient planeoption
Click OK to exit the2D IDW Interpolation Optionslialog.
Click OK to exit the2D Interpolation Optionslialog.

N o A

Selectinterpolation |Interpolate Y 2D Grid to bringupthd nt er pol at e Y
Objectdialog.

8. Click OK to accept the defaults and closettha t er po | adiadog.Y Obj ect

The Graphics Window should appear similaFigure10.
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Figure 10 IDW interpolation with gradient planar nodal functions
Using the Horizontal Anisotropy Option

The interpolation can be stretched in a horizontal direction by using the horizontal
anisotropy option in conjunction with a specified azim@he reason fousing thisoption
might beif it is known thata contaminant plume is elongated in a particular direction due
to groundwater flow.

Do the following b change the horizontal anisotropy:
1. Switch toPlan View (.
2. Se | eE2D Sdatter Data therProgct Explorerto make it active

3. Selectinterpolation| Interpolation Optionsé to bring up theD Interpolation
Optionsdialog

4. IntheAnisotropys ect i on, e nldoeizontafiaBisot®opy f or t he
5. Enter A9 Q@zinuth f or t he

6. Click OK to close theD Interpolation Optionsdialog

Page 12 of 19 © Aguaveo 2020



GMS Tutorials Geostatistics i 2D

7. Selectinterpolation |Interpolate Y 2D Grid to bringupthd nt er pol at e Y
Objectdialog

8. Enterfic_idw_grad_h#for thelnterpolateddataset name.
9. ClickOK toclosethé nt er pol adisdog Y Obj ect

As can be seen Figurell, the data has been stretched horizbntHldesired,
experiment with different values for the horizontal anisotropy.

Figure 11  Horizontal anisotropy
IDW Interpolation with Quadratic Nodal Functions

The nodal functions used IBW interpolation can also be quadratic functions which are
constrained to pass through the scatter point and approximate the neighboring scatter
points in a leassquares fashioflhe averaging or blending of the quadrdticctions

during the interpolation stage often results in a very smooth surface.

1. Switch toOblique View &.

2. Selectinterpolation | Interpolation Optionsé to bring up theéD Interpolation
Optionsdialog

3. Inthelnterpolationmethodsection click theOptionsé buttonto bring up the
2D IDW Interpolation Optionslialog

In theNodal functionsection slect theQuadraticoption
Click OK to exit the2D IDW Interpolation Optionslialog.

Click OK to exit the2D Interpolation Optionglialog.

N o A

Selectinterpolation |Interpolate Y 2D Grid to bringupthd nt er pol at e Y
Objectdialog.
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