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Geostatistical Analyst Tutorial

Introduction to the ArcGIS Geostatistical Analyst
Tutorial

With ArcGIS Geostatistical Analyst, you can easily create a continuous surface, or map, from measured
sample points stored in a point feature layer or raster layer or by using polygon centroids. The sample points
can be measurements such as elevation; depth to the water table; or levels of pollution, as is the case in this
tutorial. When used in conjunction with ArcMap, Geostatistical Analyst provides a comprehensive set of tools
for creating surfaces that can be used to visualize, analyze, and understand spatial phenomena.

Tutorial scenario

The U.S. Environmental Protection Agency is responsible for monitoring atmospheric ozone concentration in
California. Ozone concentration is measured at monitoring stations throughout the state. The locations of
the stations are shown here. The concentration levels of ozone are known for all the stations, but the ozone
values for other (unmonitored) locations in California are also of interest. However, due to cost and
practicality, monitoring stations cannot be placed everywhere. Geostatistical Analyst provides tools that
make optimal predictions possible by examining the relationships between all the sample points and
producing a continuous surface of ozone concentration, standard errors (uncertainty) of predictions, and
probabilities that critical values are exceeded.
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The data required to complete the exercises is included on the tutorial data DVD. When you run the wizard
to install this data, check to install the Geostatistical Analyst data (the default installation path is
C:\ArcGIS\ArcTutor\Geostatistical Analyst). The following datasets (which are contained in a geodatabase
called ca_ozone.gdb) will be used in the tutorial:

Dataset Description
ca_outline Outline of California
03_Sep06_3pm Ozone point sample values (ppm)
ca_cities Major California cities
ca_hillshade A hillshade map of California

The ozone dataset (O3_Sep06_3pm) was provided courtesy of the California Air Resources Board and
represents the concentration of ozone measured on September 6, 2007 between 3:00 and 4:00 p.m. in parts
per million (ppm). The original data has been modified for the purpose of the tutorial and should not be
considered accurate data.

From the ozone point samples (measurements), you will produce two continuous surfaces (maps) predicting
the values of ozone concentration for every location in the state of California. The first map that you create
will simply use all the default options to introduce you to the process of creating a surface from your sample
points. The second map that you produce will allow you to incorporate more of the spatial relationships that
are discovered among the points. When creating this second map, you will use the exploratory spatial data
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analysis (ESDA) tools to examine your data. You will also be introduced to some of the geostatistical options
that you can use to create a surface, such as removing trends and modeling spatial autocorrelation. By
using the ESDA tools and working with the geostatistical parameters, you will be able to create a more
accurate surface. Many times, it is not the actual values of some critical health risk that are of concern but
rather whether the values are above some toxic level. If this is the case, immediate action must be taken.
The third surface you create will assess the probability that a critical ozone threshold value has been
exceeded. For this tutorial, the critical threshold will be if the value of ozone goes above 0.09 ppm
(California State's ambient air quality standard for hourly measurements); then the location should be closely
monitored. You will use Geostatistical Analyst to predict the probability that ozone values across California
complied with this standard on September 6, 2007 between 3:00 and 4:00 p.m.

This tutorial is divided into individual tasks that are designed to let you explore the capabilities of
Geostatistical Analyst at your own pace.

» Exercise 1 takes you through accessing Geostatistical Analyst and the process of creating a surface
of ozone concentration using default parameter values to introduce you to the steps involved in
creating an interpolation model.

« Exercise 2 guides you through the process of exploring your data before you create the surface to
spot outliers and recognize trends.

» Exercise 3 creates a second surface that incorporates more of the spatial relationships discovered in
exercise 2 and improves on the surface you created in exercise 1. This exercise also introduces you
to some of the basic concepts of geostatistics.

» Exercise 4 shows you how to compare the results of the two surfaces that you created in exercises
1 and 3 and how to decide which surface provides the better predictions of the unknown values.

» Exercise 5 takes you through the process of mapping the probability that ozone exceeded a critical
threshold, creating a third surface.

You will need a few hours of focused time to complete the tutorial. However, you can also perform the
exercises one at a time if you want. It is recommended that you save your results after each exercise.
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Exercise 1: Creating a surface using default
parameters

Complexity: Beginner Data Requirement: ArcGIS Tutorial Data Setup Data Path:
C:\ArcGIS\ArcTutor\Geostatistical Analyst Goal: The goal of this exercise is to introduce you to the process of
creating surfaces from sample data.

This exercise introduces you to the Geostatistical Analyst extension. It takes you through the process of
creating a model using default parameter values to generate a surface of ozone concentration.

Start ArcMap and enable Geostatistical Analyst
To begin, you will start ArcMap and enable the Geostatistical Analyst extension.

Steps:
1. Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.

2. Click Cancel on the ArcMap - Getting Started dialog box.
This dialog box may not open if you've previously opted not to show it.

3. On the main menu, click Customize > Extensions.
4. Check the Geostatistical Analyst check box.
5. Click Close.

Add the Geostatistical Analyst toolbar

Steps:

1.  On the main menu, click Customize > Toolbars > Geostatistical Analyst.
The Geostatistical Analyst toolbar is added to your ArcMap session.

The extension and toolbar only need to be enabled and added once; they will be active and
present the next time you one ArcMap.

Add data to your ArcMap session
You will add your data to ArcMap and alter its symbology.

Steps:
1. Click the Add Data button + on the Standard toolbar.

2. Navigate to the folder where you installed the tutorial data (the default installation path is
C:\ArcGIS\ArcTutor\Geostatistical Analyst).

Double click on the ca_ozone.gbd geodatabase to see its contents.
Hold down the CTRL key and choose the O3_Sep06_3pm and ca_outline datasets.
Click Add.

I T

Right-click the ca_outline layer legend (the box below the layer's name) in the table of contents
and click No Color, as shown in the following figure:

Copyright © 1995-2010 ESRI, Inc. All rights reserved.



Geostatistical Analyst Tutorial

= = Layers
= 03_Sepli_3pm
*
= ca_outline

i
s

Mo Calar

| HN |
g, L o™ o

:
1
o

7

O
y

Only the outline of California is displayed. This allows you to see the layers that you will create

in this tutorial underneath this layer.

7. Double click the O3_Sep06_3pm layer's name in the table of contents.
8. Inthe Layer Properties dialog, click the Symbology tab.
9. Inthe Show dialog box, click Quantities and then Graduated colors.
10. In the Fields dialog box, set the Value to OZONE.
11. Choose the White to Black color ramp so that the points will stand out against the color
surfaces you will create in this tutorial. The symbology dialog should look like this:
Layer Properties ’
General | Source | Selection Display| Symbology | Fields || Definition Guery | Labels | Joins & Relates TiITIB..’=
Show: -
F:;um Draw quantities using color to show values. Import... ;
Categories Fields Classification
Quantities Value: Matural Breaks (Jenks) A
Graduated col 1 :
szﬁat:d :;:;h Momalization: |none [v] Classes: m
Propartional symbols i
Charts Color Ramp: | _[v] )
Multiple Attributes Symbol | Range Label L
¢ 0.021000 - 0.037000 0.021000 - 0.037000 .'
0.037001 - 0.052000 0.037001 - 0.052000
0.052001 - 0.070000 0.052001 - 0.070000 (
0.070001 - 0.091000 0.070001 - 0.051000
0.091001 - 0.121000 0.091001 - 0.121000
il , oy . ' s e ol -k,
12. Click OK.

Note that the highest ozone values occurred in California's Central Valley, while the lowest
values occurred along the coast. Mapping the data is the first step in exploring it and
understanding more about the phenomenon you want to model.

Save your map document

It is recommended that you save your map throughout each exercise and at the end of each exercise.
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Steps:
1. On the main menu, click File > Save.

2. Browse to your working folder (for example, you could create the following folder to store your
work: C:\Geostatistical Analyst Tutorial).

3. Inthe File name text box, type Ozone Prediction Map.mxd.

4. Click Save.

You needed to provide a name for the map because this is the first time you have saved it. To
save the ArcMap document in the future, simply click Save.

Create a surface using the default options

Next you will create (interpolate) a surface of ozone concentration using the default Geostatistical Analyst
settings. You will use the ozone point dataset (O3_Sep06_3pm) as the input dataset and use ordinary
kriging to interpolate the ozone values at the locations where values are not known. You will click Next on
many of the dialog boxes to accept the defaults.

You do not need to concentrate on the details of the dialog boxes in this exercise because in later exercises
each dialog box will be revisited. The intent of this exercise is to introduce you to Geostatistical Wizard.

Steps:

1. Click the Geostatistical Analyst arrow on the Geostatistical Analyst toolbar and click
Geostatistical Wizard.

Geostatistical Analyst ~| Gr
Explore Data 3
_|@r Geostatistical Wizard... %‘_‘h
234 Subset Features,.,
G"“_] Tutarial
C"“_] Geostatistical Analyst Help

The Geostatistical Wizard dialog box appears.
2. Click Kriging/CoKriging in the Methods list box.
3. Click the Source Dataset arrow and click O3_Sep06_3pm.
4. Click the Data Field arrow and click the OZONE attribute.
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Geostatistical Wizard: Kriging / CoKriging 4.
Methods Input Data ’
= Deterministic methods E Dataset ¥

Inverse Distance Weighting Source Dataset 03_Sep0&_3pm ‘
Global Palynomial Interpolatior Data Field OZCME ‘
Local Polynomial Interpolation |5 pataset 2 :
Radial Basis Functions Source Dataset ’
= Geostatistical methods O Dataset 3 |
o1 twmlga:'cc :Igi:;gba R Source Dataset '
nterpolation w. rriers B Dataset4 r
Kernel Smoothing 5 Dataset |
Diffusion Kernel ouree Latass J

5. Click Next.
By default, Ordinary (kriging) and Prediction (map) are selected on the dialog box. Since the
method to map the ozone surface is selected, you could click Finish to create a surface using
the default parameters. However, steps 6 to 10 will expose you to other dialog boxes. In each
step of the wizard, the interior panels (windows) can be resized by dragging the dividers
between them.

Geostatistical wizard - Kriging step 2 of 5

Kriging Type El Dataset #1

Ordinary Transformation type Mone
Simple Order of trend remaval MNone
Universal
Indicator
Probability
Disjunctive

Output Type
Prediction
Quantile
Probability

Prediction Standard Error r

Note that there is a box on the bottom-right of the Geostatistical Wizard that shows a brief
description of the highlighted method or parameter. At this stage, the box shows the dataset
and field that will be used to create the surface.
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Dataset #1

Location :C:\arcgis\ArcTutor \Geostatistical Analystica_ozone.gdb
MName :03_Sepl6_3pm

Data field: OZONE

[ <Back || nNext> |[ Finish

|

] [ Cancel

6. Click Next.
The semivariogram/covariance model is displayed, allowing you to examine spatial
relationships between measured points. You can assume that things that are closer together
are more alike than things that are farther apart. The semivariogram allows you to explore this
assumption. The process of fitting a semivariogram model to capture the spatial relationships
in the data is known as variography.

Geostatistical wizard - Kriging step 3 of 5 - Semivariogram/Covariance Modeling B=%|
Semivarogram
Variable SV arogr am
w103
Optimize model [
1.41 = B Model Nugget
1734 Enable True
Calculate Nugget True
1.058
) Measurement Error 100 e
B Model #1
0.705 Type Stahle
. Parameter =
0529 iz Range =
0.353 Anisotropy False
Calculate Partial S True
0176
! | B Model 22
0 0.3 0.682 1.023 1.384 1.708 2046 2387 2‘-"23_ E Model #3
= Model * Binned < Averaged Distance (Meter). h 102 g Lag
Model : 0.000035689"Nugget+0,000554 85 Stable(184210.1 3771) Lag Size 22735.88
Mumber of Lags 12

ODGM‘IDEI El View Seltings

E 00011754 Show searc. . False
E 10.00084032 Show all fnes  False
S Shc points Brnedand . - | Gemeral <mare>
g 00070524 wdi ¥riging is an interpolator that can be exact or
3 i 0.00047076 smoothed depending on the measurement
E ermor model. It is very fiexible and alows you
o 00@23503 View Settings to investigate graphs of spatial auto- and
cross Knging uses mo...
I < Back |[ Next > H Finsh ] [ Cancel J
7. Click Next.

The crosshairs show a location that has no measured value. To predict a value at the
crosshairs, you can use the values at the measured locations. You know that the values of the
closest measured locations are most alike to the value of the unmeasured location that you are
trying to predict. The red points in the image below are going to be weighted (or influence the
unknown value) more than the green points since they are closer to the location you are
predicting. Using the surrounding points and the semivariogram/covariance model fitted
previously, you can predict values for the unmeasured location.
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8. Click Next.
The cross-validation diagram gives you an idea of how well the model predicts the values at
the unknown locations.
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-,

Geostatistical wizard - Kriging step 5 of 5 - Cross Validation - o&d
4 | Incuded | Measured | Predicted [#]|| pregicied 101
1 Yes 0,045 0.0486. ., 1.7
2 Yes 0.106 0.1073... '
3 Yes 0.04 0.0411... |=
4 ves 0,041 0.0393..., 1085 )
3 Tes 0.9 0.0958... | 093
6 | Yes 0.053 0.0447... :
7 Yes 0,031 0.0241..,
8 Yes 0.074 0.0681.., pes ;
10 Yes 0.066 0.0769... :
11 Yes 0.071 0.0707...
12 | Yes 0034 0.0433.. 056
13 Yes 0.103 0.1074... 0.46
14 Yes 0.07 0.0909... -
15 Yes 0.04 0.0557...
16 Yes 0,065 0,0667.., 033
17 Yes 0.041 0.0465... L i i
18| Yeu 0060 10058, 021 035 049 0633 0781 0824 1067 121
15 Yes 0.064 0.0631... ed 107
0 Yes 0,067 0.0691.. || . . easur
21 Yes 0,061 0.05%6... ", Predicted /_Emor ', Standardized Enor _ Nommal GQPlot
2 = ... [Regression function [0.852381312644975 = x +0.008902.., | &
24 Yes 0,046 0.0478.., Prediction Errors
25  Yes 0.101 0.0881... Samples 167 of 167
26 Yes 0,044 0.0459... Mean 0.0003964543 =
27 Yes 0.041 0.0383... Root-Mean-Square 0008523028
8 ves 0.055 0.0465... Moo Stadardiaed J—
29 Yes 0.031 0.0408.., 2an Standardize o1
0 Yes 0.053 0.0500.., [s]|| |Root-Mean-Square Standardized  1.055113
(%] m [> Average Standard Error 0.008602481 M
e ([ Fosn | [ concel ]

You will learn how to use the graph and understand the statistics in exercise 4.

9. Click Finish.

The Method Report dialog box summarizes information on the method (and its associated

parameters) that will be used to create the output surface.
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Method Report &

|-

Input datasets T
B Dataset 03_Sep06_Zpm
Location C:\arcgis\Arc Tutor\ Geostatistical
Analyst\ca_ozone.gdb
Type Feature Class
Data field 0ZONE
Records 167
B Method Kriging
Type Ordinary
Output type Prediction
E Dataset # 1
Trend type None
B searching neighborhood Standard
Type Standard

Neighbors to include 5 3
Inclede at least 2
Sector type Four and 45 degree
Angle 0
Major semiaxis 184205.54207886063
Minor semiaxis 184205.54207886063
E Variogram Semivariogram
Number of lags 12
Lag sze 22735.88177094771
Hugget 3.56885444430494 2e-005
Measurement emror % 100
ShiftON No
E Model type Stable
Parameter 1.9771484375
Range 184205.54207886063

Anisotropy No L

Partial sil 0.0005548482327241568 &

L )=

10. Click OK.
The predicted ozone map is added as the top layer in the table of contents.

11. Double-click the layer in the table of contents to open the Layer Properties dialog box.

12. Click the General tab and change the layer's name to Default Kriging and click OK.
Changing the layer's name will help you distinguish this layer from the one you will create in
exercise 4.
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13.

14.

15.
16.

17.

18.
19.

20.

@) Ozone Prediction Map.mxd - ArcMap - Arcinfo =<

File Edt View Bookmarks Insert Selection Geoprotessing Customize  Windows  Help
DRSS L B x o = b 100 RFAl=rls-lalk Ay
&! -'-i{,ﬂi'l"b-f. e O] Kk !E ""nﬁﬂl—|§ i Geostatistical Analyst »

[03_sepos_3pm].[020ME] |
Filled Contours

M 0,021 - 0.030418714

B 0.030419714 - 0.037399295

B 0037399296 - 0.04257085
0.04257065 - 0.045902737
0.046402737 - 0.051574291
0.051574291 - 0.05E553873
0.058553873 - 0.067973587

B 0067971537 - 0080686528

M 0.080585526 - 0.097344044

I 0.057844044 - 0.121

= [ 03_sep06_3pm

OZONE

o 0,021000 - 0.037000

@ 0,037001 - 0.052000

* 0.052001 - 0.070000

& 0.070001 - 0.091000

* 0.091001 - 0. 121000

= B ea_putine
=

[iomssgl| [Gorrag]

aB||an "( u [;
@ -241025.388 497962.309 Meters

Click the Save button [g on the Standard toolbar to save your work.

Notice that the interpolation continues into the ocean because the extent of the layer is the same
as the extent of the input data (O3_Sep06_3pm).

To restrict the prediction surface to within California, right-click the Default Kriging layer and
click Properties.

Click the Extent tab.

Click the Set the extent to arrow, click the rectangular extent of ca_outline, then click OK.
The interpolated area extends so that it covers all of California.

Right-click the Layers data frame in the table of contents, click Properties, then click the Data
Frame tab.

Click the Clip Options arrow, choose Clip to shape, then click the Specify Shape button.

On the Data Frame Clipping dialog box, click the Outline of Features button, click the Layer
arrow, then click ca_outline.

Click OK, then OK again.
The predicted surface is clipped so it does not display data beyond the borders of the state but
covers all areas within the state, as shown below.
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Q) 0zone Prediction Map.mxd - ArcMap - Arcinfo =] %)
Fle Edt View Bookmarks [nsert Seleclion Geoprocessing Customize Windaws Helbp
AN S B x Lo o | 1500025 w22 2
iRQAE Ol e (DN @ B RSS R ;i Geostatistical analyst +
8 X ~ =
I
g
ol
[03_sep0s_3pm]. [ozonE]] ?
Filed Contours 2

M 0,021 - 0.030418714 E |
B 0.030419714 - 0.037353295
B 0037399296 - 0.04257085
0.04257065 - 0.045902737
0.046402737 - 0.051574291
0.051574291 - 0.05E553873
0.058553873 - 0.067973587
B 0.067973537 - 0.0806E6528
I 0.080585526 - 0097544044
I 0.057844044 - 0.121
= [ 03_sep06_3pm
OZONE
0.021000 - 0.037000
0.037001 - 0.052000
0.052001 - 0.070000
0.070001 - 0.092000
* 0.091001 - 0. 121000
= B ea_putine
]

LR )

=
e e (g u [
-560114.403 #30718.525 Meters

21. Drag the O3_Sep06_3pm layer to the top of the table of contents.

Visually judge how well the Default Kriging layer represents the measured ozone values. In
general, do high ozone predictions occur in the same areas where high ozone concentrations
were measured? In exercises 3 and 4 you will learn how to quantitatively judge how well a model
performs and how to compare two models.

22. Right-click the Default Kriging layer in the table of contents and click Validation/Prediction.
This opens the GA Layer To Points geoprocessing tool with the Default Kriging layer specified
as the input geostatistical layer.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.
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= = Layers
= 03_Sep0s_3pm

OZONE

0.021000 - 0.037000
0.037001 - 0.052000
0.052001 - 0.070000
0.070001 - 0091000
0.091001 - 0,121000

2 Copy

* & @ O O

Pre:

03 X | Remove

Fille f,:) Foom To Layer

© [+]
[
Mooz B
Visible Scale Range »

M 0.03
0.03

D'D4|@ Validation  Prediction ... |
0.04
0.05 Change output to Prediction Standard Error

0.05 Data »

o.0s
B o.0a &4 Save AslayerFile...
M 0.03) 42| Method Properties. ..
= S—UUH |':1" Properties...
'\-\,\__"‘« P ﬁM*

23. Input geostatistical layer should be automatically set to Default Kriging. For Point
observation locations, navigate to the geodatabase that contains the data for this tutorial,
and click the ca_cities dataset. Leave the Field to validate on (optional) empty as we just
want to generate ozone predictions for the major cities, not validate the predicted values
against measured values. For Output statistics at point locations navigate to the folder you
created for the output and name the output file CA cities ozone.shp.

The GA Layer To Points geoprocessing tool dialog boxes should look like this:

&_ GA Layer To Points g@
Input geostatistical layer Output statistics at
| Defauit Kriging El ﬂ point locations
Point observation locations
| Crlarcgis\ArcTutor\Geostatistical Analyst\ca_ozone.gdb\ca_cities = @ The output feature class
Frekd to vakidate on foptional) . containing either the
v] predictions or the
Output statistics at point locations E;ig::t:::?r?fa::ft Ethe
C:\Geostatistical Analyst Tutorial\CA cities ozone.shp E
[ ok ]| cencel | [Envionments...]| <<Hidetielp | | ToolHelp |

24. Click OK to run the tool.
Background geoprocessing is enabled by default, so all you will see as the tool runs is its
progress on the ArcMap status bar (at the bottom of the ArcMap screen).

25. Once the tool has run, click the Add Data button #+ on the Standard toolbar.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.
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26. Navigate to the data, click CA_ozone_cities.shp, then click Add.
The point observations layer is added to your map.

27. Right-click the CA_cities_ozone layer and click Open Attribute Table.
Note that each city now has a predicted ozone value, as well as a standard error value (which
indicates the level of uncertainty associated with the ozone prediction for each city).

Fle Edt View Goskmarks [nsert Selection Geoprocessing  Customize  Windows  Help
O S Lk B L0 o b o 190000 4= El| ge| x?
R A B =TT Yo ; Geostatisical Analyst - G

Table Of Cantents 8 x -
Hocsld
= = lLayers
= [ CA_cities_szane
-

unu-a-_;@

= M 03_sepi6_3pm
OFONE
@ 0021000 - 0.037000
& 0.037001 - 0.052000
+ 0,052001 - 0.070000
+ 0.070001 - 0.091000

'ﬁqrmjg

o 8. BBy S x
FID | Shape | AREANAME | Included | | steEsror |-
Acion Yes 0.059412 0.003983 |~
Adelanta Yes 0.055742  0.003842
Agoura Hils | Ves 004514 0,003409
| Alameda [ves 0.031042| 0.002829
|lama [ves 0.043038 0.002581
| Amany Ves 0032895 0.002566
Anamera Yes 0.043182 0.002179
Also Viep e 004107 Q.003772
Alandra Park | Yes 0.035284 0002885
| Alpine [es 0.052331 | 0.004382
|Aagena [es 00BN BO0ZTEL
"o - |-|mwwmsam=d} = |,-v
B -325750.795 471568.435 Meters

28. Close the Table window.
29. Right-click the CA_ozone_cities layer and click Remove to remove the layer from the project.

30. Save the ArcMap document.

Surface-fitting methodology

You have now created a map of ozone concentration and completed exercise 1. While it is a simple task to
create a surface map using the default options that the Geostatistical Wizard provides, it is important to
follow a structured process such as the one shown below:
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Represent
the data.

Explore
the data.

Wy

model.

Perform

diagnostics.

Compare
models,

You will practice this structured process in the following exercises of the tutorial. In addition, in exercise 5, you
will create a surface showing the probability that ozone concentrations exceed a specified threshold. Note that

you have already performed the first step of this process, representing the data, in exercise 1. In exercise 2,
you will explore the data.

In this exercise, you were introduced to Geostatistical Wizard and to the process of creating an interpolation

model. The following exercises will refine this process by extracting as much pertinent information as possible
from the data to create a better model.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.
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Exercise 2: Exploring your data

Complexity: Beginner Data Requirement: ArcGIS Tutorial Data Setup Data Path:
C:\ArcGIS\ArcTutor\Geostatistical Analyst Goal: Use the ESDA tools to explore data and gather information to
build good interpolation models.

Before you start this exercise, you should have completed exercise 1.

In this exercise, you will explore your data. As the structured process shown at the end of exercise 1 suggests,
to make better decisions when creating a surface, you should first explore your dataset to gain a better
understanding of it. When exploring your data, look for obvious errors in the values that may drastically affect
the output prediction surface, examine how the data is distributed, look for global trends, directional influences,

and so forth.
Geostatistical Analyst provides many data exploration tools. In this exercise, you will explore your data in three
ways:

» Examine the distribution of your data.

+ ldentify the trends in your data, if any.

* Understand the spatial autocorrelation and directional influences.

Examine the distribution of your data using the Histogram tool

The interpolation methods that are used to generate a surface give the best results if the data is normally
distributed (a bell-shaped curve). If your data is skewed (lopsided), you might choose to transform the
data to make it normal. Thus, it is important to understand the distribution of your data before creating a
surface. The Histogram tool plots frequency histograms for the attributes in the dataset, enabling you to
examine the univariate (one-variable) distribution for each attribute in the dataset. Next, you will explore
the distribution of ozone for the O3_Sep06_3pm layer.

Steps:

1. If you closed your previous ArcMap session, start the program again and open Ozone

Prediction Map.mxd.

2. Click the ca_outline layer and drag it under the O3_Sep06_3pm layer in the table of contents.
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[ Table O Contents 7 x
PAl X AN
= & Layers
= 03_Sep06_3pm
OZONE
0.021000 - 0,037000
0,037001 -0,052000
0,052001 -0,070000
0,070001 - 0,091000
0,091001 - 0,121000
= ca_outline
O
= [ Default Kriging
Prediction Map
[03_Sep06_3pm]. [0ZONE]]
Filled Contours
0,021 -0,030419714
B 0.030419714 - 0.037399296
0,037399296 - 0,04257085
0,04257085 - 0,046402737
0,046402737 - 0.051574291
0,051574291 - 0,058553873
0.058553873 - 0,067973587
[ 0.067973587 - 0080686528
I 0.080686528 - 0097344044
I 0.097344044 - 0. 121

* & & O O

3. Click the O3_Sep06_3pm layer to select it.

4. On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Explore Data >

Histogram.
| Geostatistical Analyst 'L@r ;
| Explore Data 3 || Histogram P
| Geostatistical Wizard... Normal QQPlot &
3% Subset Features... Trend Analysis
@ Tutorial Voranoi Map

Semivariogram/Covariance Cloud

@ Geostatiztical Analyst Help

General QQPlot

EEEEE&EEB

Crosscovariance Cloud

5. On the Histogram dialog box, click the Attribute arrow and click OZONE.
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The x-axis values have been rescaled by a factor of 10 to make them easier to read. You
might want to resize and move the Histogram dialog box so that you can also see the map, as
shown below.
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& D.0ZI00 - 0037000

& 00301 - 00500
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The distribution of the ozone values is depicted in the histogram with the range of values split
into 10 classes. The frequency of data within each class is represented by the height of each
bar. Generally, the important features of a distribution are its central value, spread, and
symmetry. As a quick check, if the mean and the median are approximately the same value,
you have one piece of evidence that the data may be normally distributed.

The ozone data histogram indicates that the data is unimodal (one hump) and skewed right.
The right tail of the distribution indicates the presence of a relatively small number of sample
points with large ozone concentration values. It seems that the data is not close to a normal
distribution.

6. Select the two histogram bars with ozone values larger than 0.10 ppm (recall that the values
have been rescaled by a factor of 10) by clicking and dragging the pointer over them.
The sample points within this range are selected on the map. Note that most of these sample
points are located in California's Central Valley.

==
| @ Oz0ne Prodiction Map.mxd - Archlap - Arclnfo s LoE
Fie Edt WView Sookmarks Jreert Selecton  Genprocassng  Clstomin: Wndows  Hep
HSr=1 K1 B o o lb o v wle |G R Fe | 42
HORE L VTR AL ETIT - =TT W Al ) | Gecstasstical Analyst - e
chczfc:rncnnls | x . o
Hacsla Freguency - ff Count 1 167 Skemmess 070426
5 & Layers a3 “4'-; SO0 Kertoss  : 28330
_—— oax 1-st Quartile : 004335
2 03 el Y Memn | 00058973 | Median =056
QIOHE ! St Dew. 1 0.021153 | 3-rd Queartibe : 00725 |
& 0025000 - 0.037000
& 00F 52000

* 00

000
+ 00TI00L - 0.09000
* 009008 - 0.125000
h_suthe

Previcion Map
[03_Sepit_Jor], [D20ME] |
Filed Contours
W 0.021 - 00304197 34
00304197 £

B21 531 .41 051 61 071 0.8 080 18

258 Rt
172 I -
- —I_’_’ |
|
.81 041 181 110 1.
Dsta 10

To: hck or drag over bers to select el to Lapoust

) |[ Bars: 0 e [ Samiics
= Transfarmation
Trorsformators | hors w
“ Dats Source:
Layer: Atrbute:
| O3 _Sepde _3pm w| OZOME -
Ho e (g »

.M.l"buo‘ﬁsulu\:ssdnchd'é HI5615 150541 Meters

7. Click the Clear Selected Features button on the Tools toolbar to clear the selected points on
the map and histogram.

8. Click the Close button located in the upper corner of the Histogram dialog box.

Create a normal QQ plot

The quantile-quantile (QQ) plot is used to compare the distribution of the data to a standard normal
distribution, providing another measure of the normality of the data. The closer the points are to the straight
(45 degree) line in the graph, the closer the sample data follows a normal distribution.

Steps:
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1. On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Explore Data > Normal

QQPlot.
H Geostatistical Analyst <@ r
| Explore Data ] | m| Histogram
@z Geostatistical Wizard. .. | Normal QQFlot N
434 Subset Features,.. @ Trend Analysis e
@ Tutorial Edl Voronoi Map
@ Geostatistical Analyst Help Semivariogram/Covariance Cloud
General QQPlot
@) Crosscovariance Cloud

2. Click the Attribute arrow and click OZONE.
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»
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A general QQ plot is a graph on which the quantiles from two distributions are plotted versus
each other. For two identical distributions, the QQ plot will be a straight line. Therefore, it is
possible to check the normality of the ozone data by plotting the quantiles of that data versus
the quantiles of a standard normal distribution. From the normal QQ plot above, you can see
that the plot is not very close to being a straight line. The main departure from this line occurs
at low values of ozone concentration (selected and shown in green in the image above, which
have been selected by clicking and dragging the pointer over them).

If the data does not exhibit a normal distribution in either the histogram or normal QQ plot, it
may be necessary to transform the data to make it conform to a normal distribution before
using certain kriging interpolation techniques.

3. Click the Close button located in the upper corner of the Normal QQPIlot dialog box.
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Identify global trends in your data

If a trend exists in your data, it is a nonrandom (deterministic) component of a surface that can be
represented by a mathematical formula. For instance, a gently sloping hillside can be represented by a
plane. A valley would be represented by a more complex formula (a second-order polynomial) that creates a
U shape. This formula may produce the representation of the surface you want. However, many times the
formula produces a surface that is too smooth to accurately depict the phenomenon because no hillside is a
perfect plane nor is any valley a perfect U shape. Local variation can be added to the surface by modeling
the trend using one of these smooth functions, removing it from the data and continuing your analysis by
modeling the residuals, which is what remains after the trend is removed. When modeling the residuals, you
will be analyzing the short-range (local) variation in the surface. The Trend Analysis tool enables you to
identify the presence/absence of trends in the input dataset and identify which order of polynomial fits the

trend best.
Steps:
1. On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Explore Data > Trend
Analysis.
Geostatistical Analyst ~|
=| Explore Data 3 | M| Histogram

| Geostatistical Wizard... Mormal QQPlot

43| Subset Features... |@ Trend Analysis [ | l

@ Tutorial Voronoi Map

@ Geostatistical Analyst Help Semivariogram/Cavariance Cloud
General QOPlot

]

Crosscovarigpce Cloud
'\"-.1."’""’5 1.-—-. H R

2. Click the Attribute arrow and click OZONE.
Each vertical stick in the trend analysis plot represents the location and value (height) of each
ozone measurement. The data points are projected onto the perpendicular planes, an
east—west and a north—south plane. A best-fit line (a polynomial) is drawn through the
projected points, showing trends in specific directions. If the line were flat, this would indicate
that there is no trend. However, if you look at the light green line in the image below, you can
see it starts out with low values, increases as it moves toward the center of the x-axis, then
decreases. Similarly, the blue line is increasing as it moves north and decreases starting from
the center of the state. This demonstrates that the data seems to exhibit a strong trend from
the center of the data domain in all directions.
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Location:  0°
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Vertical:-11,5°

Perspective: 4 FHEE ¢+
Tips Click or drag over points to select Add to Layout
=~ Graph Options
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¥Z Plane: g = E]
= Data Source
Layer: Attribute:
03_Sep05_3pm |se] |ozone v

3. Click the Rotate Locations scroll bar and scroll left until the rotation angle is 90 degrees.

Rotate: Locations VI 1 Y3
Perspective: 4 LFHEN +

ek -t AR . pgapae .y A \"‘ il g

You can see that while you rotate the points, the trends always exhibit upside-down U shapes.
Also, the trend does not seem to be stronger (a more pronounced U shape) for any particular
rotation angle, reaffirming the observation above that there is a strong trend from the center of
the data domain in all directions. Because the trend is U shaped, a second-order polynomial is
a good choice to use as a global trend model. This trend is possibly caused by the fact that the
pollution is low at the coast, but farther inland there are large human populations that taper off
again at the mountains. You will remove these trends in exercise 4.
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4. Click the Close button located in the upper corner of the Trend Analysis dialog box.

Explore spatial autocorrelation and directional influences

Steps:

1. On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Explore Data >
Semivariogram/Covariance Cloud.

Geostatistical Analyst 'L@r

| Explore Data 4 | M| Histogram

Qy | Geostatistical Wizard. .. MNormal QQPlot

34| Subset Features... @y Trend Analysis

@ Tutorial Voronoi Map

@ Geostatistical Analyst Help | Semivariogram/Covariance Cloud [

General QQPlot

R — - @ i;gﬁgfwri e Io_ud
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2. Click the Attribute arrow and click OZONE.
The semivariogram/covariance cloud allows you to examine the spatial autocorrelation
between the measured sample points. It is generally assumed that things that are close to one
another are more alike. The semivariogram/covariance cloud lets you examine this
relationship. To do so, a semivariogram value, which is the difference squared between the
values of each pair of locations, is plotted on the y-axis relative to the distance separating each
pair of measurements, which is plotted on the x-axis.

Each red dot in the semivariogram/covariance cloud represents a pair of locations. Since
locations that are close to each other should be more alike. In the semivariogram plot the
locations that are closest (on the far left on the x-axis) should have small semivariogram
values (low values on the y-axis). As the distance between the pairs of locations increases
(moving right on the x-axis), the semivariogram values should also increase (move up on the
y-axis). However, a certain distance is reached where the cloud flattens out, indicating that the
values of the pairs of points separated by more than this distance are no longer correlated.

Looking at the semivariogram, if it appears that some data locations that are close together
(near zero on the x-axis) have a higher semivariogram value (high on the y-axis) than you
would expect, you should investigate these pairs of locations to see if there is a possibility that
the data is inaccurate.

Semivariogram /Covariance Cloud % =J

Semivariogram | Covariance

0.25 038 051 064
Distance, h-10°®

Tip: Click or drag over pairs to select Add to Layout

~ Semivariogram/Covariance Surface

0-0008592 []show search direction
0T0007548
’ Y 00005103
. 0.0004658
' 1 00003215
0000175 Lag Size: 101720
A_ JM Number of Lags: 10 (=]
= Data Source
Layer: Attribute:
03_Sepds_3pm v |ozone M
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3. Click the Select Features by Rectangle button on the Tools toolbar, then click and drag the
pointer over some points with large semivariogram (y-axis) values in the Semivariogram/
Covariance Cloud dialog box to select them. (Use the diagram on the left as a guide. It is not
important to select exactly the same points as those shown in the diagram below.)
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= [ GalSeon s
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© 0021000 -0,03700
& 007010052000
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+ 00510010, 125000
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The pairs of sample locations that are selected in the semivariogram are highlighted on the
map, and lines link the locations, indicating the pairing. As it might be expected from the
default kriging prediction map, the lines with high semivariogram values for a particular

distance between the points in a pair are those that correspond to the largest gradient in the
ozone values.

The diagram below shows pairs with typical semivariogram values for approximately the same
distances between the pairs of points.
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Most of the lines are roughly parallel to the coast lines. We see that there are directional
influences affecting the data. The reasons for these directional influences may be known by
local environmental scientists, and they can be statistically quantified without knowing the
sources for high air pollution. These directional influences will affect the accuracy of the
surface you create in the next exercise. However, once you know if one exists, Geostatistical
Analyst provides tools to account for it in the surface-creation process. To explore for a
directional influence in the semivariogram cloud, you can use the Search Direction tools.

Check Show search direction.

Click and move the directional pointer to any angle.

- == Semivariogram [Covariance Surface

010007543
ooseros
0.0004859
0.0003245
7y

0
0000326

-

w 0-0005!

The direction the pointer is facing determines which pairs of data locations are plotted on the
semivariogram. For example, if the pointer is facing an east—west direction, only the pairs of
data locations that are east or west of one another will be plotted on the semivariogram. This
enables you to eliminate pairs you are not interested in and to explore the directional

influences on the data.
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6. Click and drag the Select Features by Rectangle tool along the pairs with the highest
semivariogram values to select them on the plot and in the map. (Use the following diagram as
a guide. It is not important to select the exact points in the diagram or to use the same search

direction.)
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Notice that the majority of the linked locations (representing pairs of points on the map)
correspond to one of the sample points from the central California region. This is because the
values of ozone in this area are higher than anywhere else in California.

7. Click the Close button in the upper corner of the dialog box.

8. Click the Clear Selected Features button on the Tools toolbar to clear the selected points on
the map.

In this exercise you learned

The ozone data is unimodal but is not very close to a normal distribution as seen in the histogram.

The normal QQ plot also shows that the data is not normally distributed, since the points in the plot do
not form a straight line. A data transformation may be necessary.

Using the Trend Analysis tool, you saw that the data exhibited a trend and, once refined, identified that
the trend would be best fit by a second-order polynomial.

The semivariogram/covariance cloud illustrated that the unusually high semivariogram values are
largely represented by the lines perpendicular to the coast. The analysis using this tool indicates that
the interpolation model should account for anisotropy.

The semivariogram surface indicates there is spatial autocorrelation in the data. Knowing that there
are no outlier (or erroneous) sample points in the dataset, you can proceed with confidence to the
surface interpolation. You will be able to create a more accurate surface than the one you created in
exercise 1 using default options and parameter values because you now know that there is trend and
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anisotropy in the data and you can adjust for it in the interpolation. Also, a data transformation may
improve the prediction model.

In exercise 3 you will use what you have learnt about the ozone data to create a better interpolation model
than the one created in exercise 1 which was based on default parameter values.
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Exercise 3: Mapping ozone concentration

Complexity: Beginner Data Requirement: ArcGIS Tutorial Data Setup Data Path:
C:\ArcGIS\ArcTutor\Geostatistical Analyst Goal: Create a more refined model using ordinary kriging, trend
removal, and adjustments for anisotropy in the data.

Before you start this exercise, you should have completed exercise 2.

In exercise 1, you used the default parameters to map ozone concentration. However, you did not examine the
statistical properties of the sample data. For example, from exploring the data in exercise 2, it appeared that
the data exhibited a trend and a directional influence. These can be incorporated into the interpolation model.

In this exercise, you will
» Improve on the map of ozone concentration created in exercise 1.
+ Be introduced to some basic geostatistical concepts.

You will again use the ordinary kriging interpolation method, but this time incorporate trend and anisotropy in
your model to create better predictions. Ordinary kriging is the simplest geostatistical model because the
number of assumptions behind it is the lowest.

Steps:

1. If you closed your previous ArcMap session, start the program again and open Ozone
Prediction Map.mxd.

2. Make sure that none of the points representing ozone measurements are selected. If some are,
clear the selection by clicking the Clear Selected Features button on the Tools toolbar.

3. On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Geostatistical Wizard.
4. Click Kriging/Cokriging in the Methods list box.
5. Click the Input data drop-down arrow and click 03 Sep06_3pm.
6. Click the Attribute drop-down arrow and click the 0ZONE attribute.
Geostatistical Wizard: Kriging / CoKriging '
Methods Imput Data
= Deterministic methods =N
Inverse Distance Weighting Source Dataset 03_Sep0s_3pm
Global Polynomial Interpolatior Data Field OZONE o
Local Polynomial Interpolation |5 pataset 2 E
Radial Basis Functions Source Dataset
= Gm;?tisr?érm-ﬂhds O Dataset3 y
iging / CoKriging
8 = B Source Dataset
= Interpolation W-Itll barriers i t
Kernel Smoothing
Diffusion Kernel Source Dataset ;
RPN ot SN S T L S
7. Click Next.

By default, Ordinary Kriging type and Prediction output type are selected.
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From the exploration of your data in exercise 2, you discovered a global trend. After refinement
with the Trend Analysis tool, you determined that a second-order polynomial seemed
reasonable. This trend can be represented by a mathematical formula and removed from the

data.

Once the trend is removed, the statistical analysis will be performed on the residuals or the short-
range variation component of the surface. The trend will automatically be added back before the
final surface is created so that the predictions produce meaningful results.

8. Click the Order of trend removal drop-down arrow and click Second.

Kriging Type
Ordinary
Simple
Universal
Indicator
Probability
Disjunctive

E Dataset #1
Transformation type

MNong

| Order of trend remaval

Second

Mone
Constant
First

A second-order polynomial will be fitted because a U-shaped curve was detected in the Trend
Analysis dialog box in exercise 2.

9. Click Next.
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= E General Properties
Exploratory Trend 5... 0

| Kemel Function |éxponcnnd -

Optmize Model B/

X 74163.26
Y -53422.66
Kernel Function

Allows a selection of the kermel used to fit the
surface.

[ <Back || mext> ][ Fmsh | [ canes

By default, Geostatistical Analyst maps the global trend in the dataset. The surface indicates the
most rapid change in the southwest—northeast direction and a more gradual change in the
northwest—southeast direction (causing the ellipse shape).

Trends should only be removed if there is justification for doing so. The southwest—northeast
trend in air quality can be attributed to an ozone buildup between the mountains and the coast.
The elevation and prevailing wind direction are contributing factors to the relatively low values in
the mountains and at the coast. The high concentration of humans also leads to high levels of
pollution between the mountains and coast. Hence, you can justifiably remove these trends.

10. Click Next on the Detrending dialog box.

Semivariogram/Covariance modeling

Using the semivariogram/covariance cloud tool in exercise 2, you explored the overall spatial autocorrelation
of the measured points. To do so, you examined semivariogram values, which showed the difference
squared of the ozone measurements taken at pairs of sampling locations separated by different distances.
The goal of semivariogram/covariance modeling is to determine the best fit for a model that will pass
through the points in the semivariogram (shown by the blue line in the diagram below). The semivariogram
is a graphic representation used to provide a picture of the spatial correlation in the dataset.

The Semivariogram/Covariance Modeling dialog box allows you to fit models to the spatial relationships in
the dataset. Geostatistical Analyst first determines good lag sizes for grouping semivariogram values. The
lag size is the size of a distance class into which pairs of locations are grouped to reduce the large number
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of possible combinations. In exercise 2, the semivariogram/covariance cloud showed one red point for every
pair of points in the dataset. Our goal now is to fit a curve through those points. To have a clearer picture of
the semivariogram values, the empirical semivariogram values (red points) are grouped according to the
separation distance they are associated with. The points are split into bins (or lags), and the lag size
determines how wide each interval (bin) will be. This process is known as binning.

As a result of the binning, notice that there are fewer points in this semivariogram than in the semivariogram
cloud you saw in exercise 2. The Semivariogram/Covariance Modeling dialog box displays the
semivariogram values as a surface (map on the bottom left of the dialog box) and as a scatterplot relating
semivariogram values to separation distance. By default, optimal parameter values are calculated for an
omnidirectional (all directions) stable semivariogram model. There are several other types of semivariogram
models that could be used, depending on how well they fit the data. Parameter values for the
omnidirectional stable semivariogram model are the nugget, range, partial sill, and shape. You will notice
that at smaller distances, the semivariogram model (blue line) rises sharply, then levels off. The range is the
distance where it levels off. This flattening out of the semivariogram indicates that there is little
autocorrelation in attribute (ozone) values beyond the range.

The fitting algorithm actually uses variable lag sizes, which allow the spatial autocorrelation in ozone
concentrations to be captured quite well, especially at short distances (which are the most important for
interpolation). Semivariogram values for these lag sizes can be exported by selecting Save geometrical
values as table in the Export > Variography section of the dialog box and visualized using Excel, for
example.

Geostatistical wizard - Kriging step 4 of 6 - sTgivmogrm*cWariance Modeling - okd

Semivariogam B General
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w o
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1044 1566
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0.0016116
001243
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<more

Kriging is an interpolator that can be exact or
smoothed depending on the measurement
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to investigate graphs of spatial auto- and
cross-correlation. Kriging uses statistical mo, ..

< Back ”

Mext > ]I Finish
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By removing the trend, the semivariogram will model the spatial autocorrelation among data points without
having to consider the trend in the data. The trend will be automatically added back to the calculations
before the final surface is produced.

The color scale, which represents the calculated semivariogram value, provides a direct link between the
empirical semivariogram values on the graph and those on the semivariogram surface. The value of each
cell in the semivariogram surface is color coded, with lower values shown in blue and green and higher
values shown in orange and red. The average value for each cell of the semivariogram surface is plotted on
the semivariogram graph and depicted as a red point. The average value for each lag (which encompasses
many cells) is plotted on the semivariogram graph as well, and is depicted as a blue cross. The x-axis on the
semivariogram graph is the distance from the center of the cell to the center of the semivariogram surface.
For the ozone data, the semivariogram starts low at short distances (ozone values measured at locations
that are close together are similar) and increases as distance increases (ozone values get more dissimilar
the farther apart they were measured). Notice from the semivariogram surface that dissimilarity in ozone
values increases more rapidly in the west—east direction than in the south—north direction. Earlier, you
removed a coarse-scale trend. Now it appears that there is still a directional component to the
autocorrelation, so you will incorporate that into the next model.

Directional semivariograms

A directional influence will affect the points of the semivariogram and the model that will be fit. In certain
directions, things that are closer to each other may be more alike than in other directions. Geostatistical
Analyst can account for directional influences, or anisotropy in the semivariogram model. Anisotropy can be
caused by wind, runoff, a geological structure, or a wide variety of other processes. The directional influence
can be statistically quantified and accounted for when making your map.

You can explore the dissimilarity in data points for a certain direction with the Search Direction tool. This
allows you to examine directional influences on the semivariogram chart. It does not affect the output
surface. The following steps show how to achieve this.

Steps:

1. Type a new Lag size value of 15000. Reducing the lag size means that you are zooming in to
model the details of the local spatial data variation.

2. Change the Show search direction option from False to True.
Note the reduction in the number of semivariogram values. Only those points in the direction of
the search are shown in the graph.
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Geostatistical wizard - Kriging step 4 of 6 - Semivariogram/Covariance Modeling =%
Semivanagram 2 General
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¥ 10 Optimize madel il
4 467 B Model Nugget
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3. Click and hold the mouse pointer on the center blue line of the Search Direction tool.
Change the search direction by dragging the center line. As you change the direction of the
search, note how the semivariogram graph changes. Only the semivariogram surface values
within the direction of the search are plotted on the semivariogram graph above.

To actually account for the directional influences on the semivariogram model for the surface
calculations, you must calculate the anisotropical semivariogram or covariance model.

4. Change the Anisotropy option from False to True.
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Geostatistical wizard - Kriging step 4 of 6 - Semivariogram/Covariance Modeling =%
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The blue ellipse on the semivariogram surface indicates the range of the semivariogram in
different directions. In this case, the major axis lies approximately in the NNW-SSE direction.
Anisotropy will now be incorporated into the model to adjust for the directional influence of
autocorrelation in the output surface.

5. Change the search direction angle under View Settings from 0 to 61 . 35 to make the directional
pointer coincide with the minor axis of the anisotropical ellipse.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.



Geostatistical Analyst Tutorial

Geostatistical wizard - Kriging step 4 of 6 - Semivariogram/Covariance Modeling -o&d
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Note that the shape of the semivariogram curve increases more rapidly to its sill value. The x-
and y-coordinates are in meters, so the range in this direction is approximately 110 kilometers.

6. Change the search direction angle under View Settings from 61.35to 151. 35 to make the
directional pointer coincide with the major axis of the anisotropical ellipse.
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Geostatistical wizard - Kriging step 4 of 6 - Semivariogram/Covariance Modeling =] <
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The semivariogram model increases more gradually, then flattens out. The range in this direction
is about 180 kilometers. The plateau that the semivariogram models reach in both steps 13 and
14 is the same and is known as the sill. The range is the distance at which the semivariogram
model reaches its limiting value (the sill). Beyond the range, the dissimilarity between points
becomes constant with increased lag distance. Points separated by distances larger than the
range are spatially uncorrelated with each other.

The nugget represents measurement error and/or microscale variation (variation at spatial scales
too fine to detect). It is possible to estimate the measurement error if you have multiple
observations per location, or you can decompose the nugget into measurement error and
microscale variation using the Error Measurement control.

7. Click Next.
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Geostatistical wizard - Kriging step 5 of 6 - Searching Neighborhood (=]
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Now you have a fitted model to describe the spatial autocorrelation, taking into account the trend
and directional influences in the data. This information, along with the configuration and
measurements of locations around the prediction location, is used to make a prediction. But how
should measured values be used to make the predictions?

Searching neighborhood

It is common practice to limit the data used by defining a circle (or ellipse) to enclose the points that are
used to predict a value at an unmeasured location. Additionally, to avoid bias in a particular direction, the
circle (or ellipse) can be divided into sectors from which an equal number of points are selected. By using
the Searching Neighborhood dialog box, you can specify the number of points (a maximum of 200), the
radius (or major/minor axis), and the number of sectors of the circle (or ellipse) to be used for prediction.

The points selected in the data view window indicate the weights that will be associated with each measured
value to predict a value for the location marked by the crosshair. In this example, five measured values
(shown in red) have weights of more than 10 percent. The larger the weight, the more impact that value will
have on the prediction for the location at the crosshair.

Steps:

1. Click on the surface preview to select a prediction location (where the crosshairs are located).
Note the change in the selection of data locations (together with their associated weights) that
will be used for calculating the value at the prediction location.

2. For the purpose of this exercise, under Predicted Value, type 66000 for X and -220000 for Y.
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3. Change the Copy from Variogram to False and type 90 in the Angle text box.
Notice how the shape of the search ellipse changes.

sostatistical wizard

- = Dataset #0 [03_Sep0&_3pm ... @
¢ Q00 e« BE "% o ()
Neighborhood type  Standard
Copy from Varogram  False
Maximum neighbors 5

Sector type &) 4 Sectors wit
[angle [s0 -]
Major semiaxs 180000

1

Angle
This is the orientation of the major semiaxis (in
degrees from North).

[<s.c|;[mes-::>]|v=.rr.d-.][r.m:e.i._]_E

However, to account for the directional influences, change the Copy from Variogram control back
to True.

4. Click Next.
The Cross Validation dialog box will appear.
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p
Geostatistical wizard - Kriging step 6 of 6 - Cross Validation =] <
Induded Measured | Predicted  Error  |# | mragieead 101
1 Yes 0.045 0.0481... 0.00319 171
2 Yes 0.106 0,1083... 0.00334
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0 Yes 0.067 0.0703... 0.00339
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Before you actually create the surface, you will use the Cross Validation dialog box to perform
diagnostics on the parameters to determine how good your model will be.

Cross-validation

The objective of cross-validation is to help you make an informed decision about which model provides the
most accurate predictions. It gives you an idea of how well the model predicts the unknown values. Cross-
validation sequentially omits a point in the dataset, predicts a value for that point's location value using the
rest of the data, then compares the measured and predicted values (the difference between the measured
and predicted value is known as a prediction error). The statistics calculated on the prediction errors serve
as diagnostics that indicate whether the model is reasonable for decision making and map production.

To judge if a model provides accurate predictions, verify that
» The predictions are unbiased, indicated by a mean prediction error close to 0.

* The standard errors are accurate, indicated by a root-mean-square standardized prediction error
close to 1.

» The predictions do not deviate much from the measured values, indicated by root-mean-square
error and average standard error that are as small as possible.

The Cross Validation dialog box also allows you to display scatterplots that show the error, standardized
error, and QQ plot for each data point.

Steps:
1. Click the Normal QQPIlot tab to display the QQ plot.
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From the QQPIlot tab, you can see that some values fall slightly above the line and some slightly
below the line, but most points fall very close to the straight dashed line, indicating that prediction
errors are close to being normally distributed.

2. To select the location for a particular point, click the row that relates to the point of interest in the
table. The selected point is shown in green on the QQ plot.

Geostatistical wizard - Kriging step 6 of & - Crass Validation ==
Induded Measured | Predicted | Eror A e o ied Error
1 Yes 0045  0.0%L. 0.00313 102 .
2 Yes 0.106  0.1083.. 0.00334 ,
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4 Yes 004 0.0%8.. -5.204 : Pl
5 Yes 0.09 0.0063... 000632 || __ Kl
5 Yes 0,053 0.041L... s f‘
7 Yes 0031 0.0%67. A .
8 Yes 0074  0.0884.. -0.0055 083
2 Yes 0.056 0.0364., |
0 Yes 0.066  0.075L. 0.00912 || 0388

1 Yes 0.071 0.0708... 0.000L

12 Yes 0.034 0,0414...  0.00748 -0.258 .
13 Yes 0.103 0.1065...  0.00357

14 Yes .07 0.0909... 0.01190 0912

15 Yes [N ] 0,0626.,,  0.01363 -

16 Yes 0.065 0.0675...  0.00256 1569 f'
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21 Yes 0.061 0.0588... -0.0021 -2748 -2061 -1374 -0BET 1] 0687 1374 2061 2748
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13 Yes 0.041 0.0390... 0.00190% Root#Mean-Square Standardized 1.004728

£ > Average Standard Error 0.008202563 w

< Back Firish Cancel

3. Optionally, click the Export Result Table button to save a point feature class for further analysis
of the results.

4. Click Finish.
The Method Report dialog box provides a summary of the model that will be used to create a
surface.
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Method Report

-

Input datasets I
B Dataset 03_Sepd6_Zpm
Location Charcgs\ArcTutor\Geostatstical
Anzlyst\ca_ozone.gdb
Type Feature Class
Data field OZOHE
Records 167
B Method Kriging
Type Ordinary
Output type Pradiction
El Dataset # 1
Trend type Second
B Trend removal Local Palynomial Interpolation
Power 2
Dutput type Pradicton
Exploratory trend surface analysis L]
B Searching neighborhood Standard
Type Standard
Neighbors to indude 5
Include at least 2
Sactor type Four and 45 degree
Angle 151.34765625
Major sermiaxis 180000
Minor semiaxis 133038.68675976514
B Variogram SemianogrEm
Humber of bgs 12
Lag size 15000
Hugget 2.9540791873246624e-005
Measurement amor % 100
ShiftON No
Bl Model type Stable
Parameter 1.6431640625
Range 180000
Anisotropy Yes
Minor ranga 133058.68675976514
Direction 151.34765625

Partial sil 0.00020587 582658609208 "

[ ]

5. Click OK.

The predicted ozone map will appear as the top layer in ArcMap. By default, the layer assumes
the name of the interpolation method used to produce the surface (for instance, Kriging).

6. Click the layer name and change the name to Trend Removed.

7. To extend the prediction surface so that it covers all of California, right-click the Trend
Removed layer, click Properties, then click the Extent tab. Under Set the extent to, specify the
rectangular extent of ca_outline and click OK.

8. Drag the O3_Sep06_3pm layer to the top of the table of contents so that you can see the points
on top of the interpolated surface.

9. Right-click the Trend Removed layer that you created and click Change output to Prediction
Standard Error.
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The prediction standard errors quantify the uncertainty for each location in the surface that you
created. A simple rule of thumb is that 95 percent of the time, the true ozone value will be inside
the interval formed by the predicted value * 2 times the prediction standard error, assuming that
the data is normally distributed. Notice in the prediction standard error surface that locations near

sample points generally have lower error.

10. Right-click the Trend Removed layer that you created and click Change output to Prediction

to get back to the ozone prediction map.
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11. Click Save on the Standard toolbar.

The surface you created in exercise 1 simply used the defaults of the Geostatistical Wizard, with no
consideration of trends in the surface, of using smaller lag sizes, or of using an anisotropic semivariogram
model. The prediction surface you created in this exercise took into consideration the global trends in the data
and adjusted for the local directional influence (anisotropy) in the semivariogram.

In exercise 4, you will compare the two models to see which one provides a better prediction of unknown
values.
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Exercise 4: Comparing models

Complexity: Beginner Data Requirement: ArcGIS Tutorial Data Setup Data Path:
C:\ArcGIS\ArcTutor\Geostatistical Analyst Goal: Compare two interpolation models to see which one performs
best.

Before you start this exercise, you should have completed exercise 1 and exercise 3.

Using the Geostatistical Analyst, you can compare the predictions displayed in two or more mapped surfaces.
This allows you to make an informed decision as to which model provides more accurate predictions of ozone
concentration based on cross-validation statistics.

In this exercise, you will be comparing the Trend Removed layer created in exercise 3 with the Default Kriging
layer you created in exercise 1.
Steps:

1. If you closed your previous ArcMap session, start the program again and open Ozone
Prediction Map.mxd.

2. Right-click the Trend Removed layer and select Compare.

T o
= Trend Remg 1
Co
Predicti @ i i
[03_Sep X | Remove 3
Filled Cg 34 Zoom To Layer -
M0.021-0 o '
0.03041 Visible Scale Range [
0.0373%  Compare... . e
0.042570 4B validation J’Predicﬁo:\‘...
0.04540
0.051574 Change output to Prediction Standard Error (
0.05855 Data O
0.06797.
B 0.03063¢ | Save AsLayer File... {
B 009784 &2 Method Properties... ;
= ca_outline Properties S

&N
D T
Loagenay e e g

The Cross Validation Comparison dialog box will appear and automatically compare the Trend
Removed model to the Default Kriging model (as it is the only other model in the table of
contents).
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Cross Validation Comparison

Compare: Trend Remaoved

Predicted 101

121

0151 0328 0504 0681 0857 1034 121
Measured 10
" Predicted . Eror  Standardized Eror - Normal QGPlot

To: Default Kriging ﬂ
Predicted 10
1.21
1085
0.3
0.835
on
0.585

0.46
*

021 0377 0543 071 0877 1043 121
Measured 107

", Predicted { Emor ), Standardized Emor ., Nomal GQFlat

Root-Mean-Square Stan... 1.004728
Average Standard Eror 0.008202963

[ Regression function 0.879433277425284 * x +0.00...| | [Regression funcion 0.852351312544975 * x + 0.00... |
Prediction Errors Prediction Errors
Samples 167 of 167 Samples 167 of 157
Mean 0.0000704725% Mean 0.0003964543
Root-Mean-Square 0.008077141 Root-Mean-Square 0.008623028
Mean Standardized 0.0008200269 Mean Standardized 0.0167857%

Root-Mean-Square Stan... 1.065113
Average Standard Eror 0.008602481

Choose the best one considering that

» The predictions should be unbiased, indicated by a mean prediction error as close to 0

as possible.

» The standard errors are accurate, indicated by a root-mean-square standardized

prediction error close to 1.

» The predictions do not deviate much from the measured values, indicated by root-mean-
square error and average standard error that are as small as possible.

You can also use the Predicted, Error, Standardized Error, and Normal QQPIot tabs to see

3. Compare the cross-validation statistics for both models.

graphical representations of the performance of each model.

Based on these criteria, the Trend Removed model performs better than Default Kriging.

4. Close the Cross Validation Comparison dialog box.

5. Right-click the Default Kriging layer and click Remove.
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= I |Default Kriging [T
Prediction @ Copy
[03_Sepl6 | ¥ Remove

7
.‘,.-“./ 4

Filled Cont{ -

B0.021-0.0 4 Zoom Tolayer
M 0.0304197 Visible Scale Range

0.03739925 Compare...

0.04257085

0.04640273 Q) Validation / Prediction ...

0.05157429 Change output to Prediction Stand.i

0.05855383%

0.06797358 | D@ -
I 0.08068654 K:) Save As Layer File. .. t

4 u

I 00578440 g5 | Method Properties. .. ?

[< ] I " Properties...

\

6. Click Save on the Standard toolbar.

You have now identified the best of two prediction surfaces, but you might want to create other types of
surfaces to support your analysis of the phenomenon and any decision you may need to make based on the
interpolated values.

In exercise 5, you will use indicator kriging to calculate the probability that a critical ozone threshold value was
exceeded and generate a final map showing all the surfaces you have created in this tutorial.
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Exercise 5: Mapping the probability of ozone
exceeding a critical threshold

Complexity: Beginner Data Requirement: ArcGIS Tutorial Data Setup Data Path:
C:\ArcGIS\ArcTutor\Geostatistical Analyst Goal: Create a map of the probability that ozone concentration
exceeded a specific threshold during the one-hour period when the samples were taken.

In exercises 1 and 3, you used ordinary kriging to map ozone concentration in California using different
parameters.

In the decision-making process, care must be taken in using a map of predicted ozone for identifying unsafe
areas because it is necessary to understand the uncertainty of the predictions. For example, suppose the
critical threshold ozone value is 0.09 ppm for a one-hour period and you want to determine if any locations
exceed this value. For a specific location, the predicted value may be 0.1 ppm, but due to the uncertainty
associated with that prediction, the true ozone value may lie between 0.07 and 0.12 ppm. To aid the decision-
making process, you can use Geostatistical Analyst to map the probability that ozone values exceed the
threshold.

While Geostatistical Analyst provides a number of methods that can perform this task, for this exercise you will
use the simplest available model, indicator kriging. This technique does not require the dataset to conform to a
particular distribution. The data values are transformed to a series of Os and 1s according to whether the
values of the data are below or above a threshold. If a threshold of 0.09 ppm is used, any value below this
threshold will be assigned a value of 0, whereas the values above the threshold will be assigned a value of 1.
Indicator kriging then uses a semivariogram model that is calculated from the 0—1 dataset.

Steps:

1. If you closed your previous ArcMap session, start the program again and open the Ozone

Prediction Map.mxd.

On the Geostatistical Analyst toolbar, click Geostatistical Analyst > Geostatistical Wizard.
Click Kriging/Cokriging in the Methods list box.

Click the Input data drop-down arrow and click O3_Sep06_3pm.

Click the Attribute drop-down arrow and click the OZONE attribute.

Click Next.

Click Indicator Kriging; notice that Probability Map is selected as the output type.

© N o o M 0D

Make sure that the Threshold is set to Exceed, then set the Primary Threshold Value to 0.09.
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Geostatistical wizard - Kriging step 2 of 5 bl
o e | B Dataset #1 '
Ordinary Transformation type Mong =
Simple Order of trend remaoval None ’
Universal -
B Primary Threshold B
Probability Threshold Exceed »
Disjunctive Threshold Value 0.09
B Cutoffs
Mumber of Cutoffs i}
Output Type |
Probability
Standard Error of Indicators

LN PTG S

9. Click Next.
10. Change the Lag size to 15000.

11. Change Anisotropy to True to account for the directional nature of the data.
The blue lines show the estimated semivariogram models in different directions.

Geostatistical wizard - Kriging step 3 of 5 - Semivariogram/Covariance Modeling - \ogd
Semivasogram B General
1 Variable Semivariogram
¥10 Optimize model &
27 B Hedel Nugget
Enable True
24 +
. Caloulate Mugget True
21 CR— .
© . L B Medel 21
13 - O W T
L1 - * ype Stable
: Parameter B
Major Range =]
- ——
Minor Range 1 =
Direction B
Calodate Partial 5il | True
E Model #2
. E Model #3
] 02 04 0E D2 1 12 14 16 12 |E Lag
= Model *» Binned < Averaged Distance (Meter), h 1075 | Lag Size 15000
Model : 0.035845 Nugget+0.06 3245 Stable(180000.136550,126.4.2) Mumber of Lags 2
B View Settings
E’ Show seanch directi.. False
E Show all lines False
g Show points Binned and Aversged - | Anisatropy <mare>
-2 H Expont The samivariogram and covarlance
3 may change nat only with di bt with
E dir a5 well. This is called anisotropy.
w View Settings

[ <mack [ mestz [ Fmsh | [ cowa |

12. Click Next on the Semivariogram/Covariance Modeling dialog box.

13. Click Next on the Searching Neighborhood dialog box.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.



Geostatistical Analyst Tutorial

14.

15.
16.

The blue line represents the threshold value (0.09 ppm). Points to the left of the blue line have an
indicator-transform value of 0, whereas points to the right have an indicator-transform value of 1.

Click to select a row in the table with an indicator value of 0. The selected point will be shown in
green on the scatterplot, to the left of the blue threshold line.

In the case of the selected row in the figure below, the prediction is exactly the same as the
indicator value.

Geostatistical wizard - Kriging step 5 of 5 - Cross Validation =1
Incduded | Measured | Indicator | Indicater Predicion  # | | |pdi-ater Pragiction

1 Yes 0,045 o o 5

2 Yes 1 0. 774009560680, .,

3 Yes ] o 08 o

2 Yes 0 ]

5 Yes i) 0. 930788465417... 08 1

& fYes ] ] o *t

7 fes 0 ] 07

] Yes 0 0

] fes ] o 06

0 ves 0 0.027063992010. .,

11 Yes i] i] 05 : L2 d .

12 fes 0 ] P

13 fYes 1 0.787923370375... 04 = Frws

14 Yes 0 0. 487872662791, CC FE

15 fes 0 0,020 277545986, .. 03 el

16 Yes 0 0, 1246346 16464, ., < .

17 Yes 0 o 02 .

18 Yes ] o .

18 Yes 0 0 0.1 saleg e ile ]

0 Yes 0 1] o Y I

21 Yes o ] e g i
e - 021 0353 04% 0638 0781 0524 067 2

22 (1] o ] Y

23 | Yes 0 0 Messured -10

24 Yes ] 0 Indicator Prediction

25 ves 1 0,39261369244. - -

%  Yes o " Regresson function -~

27 Yes ] ] Prediction Errors

3\ Yes o o Samples 167 of 167

2§ Yes 0 ! Jaan 0.004116336

0 | Yes g L Root-Mean-5 0.2328558

31 Yes 0 0 Lol eal quare .

32 | Yes 0 Y Mean Standardized 0.01103726

33 Yeg o 0 i Root-Mean-Square Standa... 1.030025

< b4 Average Standard Error 0.2305685 ~

< Back Firish Cancel

The Measured and Indicator columns display the actual and transformed values for each sample
location. The indicator prediction values can be interpreted as the probability of exceeding the
threshold. The indicator prediction values are calculated using the semivariogram modeled from
the binary (0,1) data, created based on indicator transformations of your original data. Cross-
validation sequentially omits a point and calculates indicator prediction values for each. For
example, the highest measured value is 0.121. If this location had not actually been measured,
the indicator kriging model shows about a 78 percent chance that the ozone value at that
location was above the 0.09 ppm threshold.

Click Finish on the Cross Validation dialog box.

Click OK on the Method Report dialog box.

The probability map will appear as the top layer in ArcMap. The map displays the indicator
prediction values, interpreted as the probability that the threshold value of 0.09 ppm was
exceeded between 3 and 4 p.m. on September 6, 2007.
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17.
18.

19.
20.
21.
22.
23.
24.

Q) 0zane Prediction Map.mxd - ArcMap - Arcinfo L =) x|
ﬁﬂtmmmtmmmwnm»nﬂﬁ

iﬁiﬁ =:Ex|ﬂﬂ-|¢- 19,286,042 = x?
anual = | I§- —Jl i RN ReAY , 2N R : Geostatistical Analyst -

EEREY AN
= = Layers -
= [ Hriging
Probabilty Map
[03_Sep0s_3pm].[020ME]]
Filed Contours
0 - 0.001752499
I 0,001752459 - 0.004944585
I 10.004944585 - 001075880z
0.010758802 - 0.02134909% =
0.021343083 - 0040633753
0.040638753 - 0075773858
0.075773855 -0.139770601
I 0, 139770601 - 0. 256337317
I 0. 256337317 - 0, 468657474
I 0. 458657474 - 0855387501
= B 03_5ep05_3om
020N
& 10,021000 - 0,037000
© 1,037001 - 0052000
¢ 0.052001 - 0.070000
* 10,070001 -0,091000
® 10,091001 - 0, 121000
= M Trend Removed
Prediction Map
[03_Sep0s_3pm]. [0ZONE] | (v ™
4| m Y [ M=l [(_' m ,]

-150620, 702 473141.583 Meters

»
gl

BoeE o ﬂ

It is clear from the map that in central California, the probability that ozone concentrations
exceed the threshold of 0.09 ppm is likely.

Change the layer's name to Indicator Kriging

Drag the Indicator Kriging layer to reposition it between the O3 _Sep0 3pm and Trend
Removed layers.

Right-click the Indicator Kriging layer and click Properties.

Click the Extent tab and set the extent to specify the rectangular extent of ca_outline.
Click Apply.

Click the Symbology tab.

Uncheck the Filled Contours option and check the Contours option.

Click Contours so that the symbology for contours (lines) appears. Choose a green to blue color
ramp.
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Layer Properties
| General | Source || Display | Extent | Symbology 3
Show:
[ Hilshade Color Ramp:
Contours
[ crid % Symbel | Range
[ Filled Contours — ,00175
0.0045

25. Click the Classify button. In the Classification dialog box, change Method to Equal Interval and
Classes to 5.

Classification
Histogram B Classification
2 Method Equal Irtervals
Count 10 [Clsses |5 H
9.18 19 T H Custorn Min and ... False
345 i :r El Graph Properties
i | Bars B
751 i i El Breaks
6676 i
5.842
5,007 H
4173 Stalistics
3338 i
2504 i
1,669 i
0835 i
S j 3 ]
0 1222 2444 2666 4883 611 7332 8554
Value 101
[ ok [ cees |

26. Click OK, then click OK again.
You should now have green and blue contours on top of the ozone predictions. The map now
shows areas of high and low predicted ozone values and areas of high probability that the ozone
concentrations exceeded the California State Air Quality Standard for one-hour measurements.

Copyright © 1995-2010 ESRI, Inc. All rights reserved.



Geostatistical Analyst Tutorial
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QZONE

o 0,021000 - 0037000

@ 0.037001 - 0.052000

& 0.052001 - 0.070000

*

*

0.070001 - 0.091000
0.091001 - 0. 121000
=M
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2 @ Trend Remaved
Frediction Map
[03_SepDs_3pm). [OZONE]] -
Filed Cantours
0,021 - 0.030419714
I 0.030419714 - 0.03739929€
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27. As a final touch to the map, you can add the ca_hillshade dataset to the project (from
C:\ArcGIS\ArcTutor\Geostatistical Analyst). It should be added to the bottom of the table of
contents and depicted using a white to black color ramp.

28. Right-click the Trend Removed layer, click Properties, then click the Display tab.

29. Set the Transparency to 30% and click OK.
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30. Click Save on the Standard toolbar to save your map.

In this tutorial, you have been introduced to the Geostatistical Wizard, data exploration using the ESDA tools,
ordinary kriging (using default parameter values and more refined options) to predict ozone values across
California, and indicator kriging to map the probability that ozone concentrations exceeded a critical threshold
value. Many other interpolation methods are offered in the Geostatistical Wizard, and several are also offered
in geoprocessing tools that can be used in ModelBuilder.
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