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Welcome to ArcGIS Geostatistical Analyst 1
• Exploratory spatial data analysis

• Semivariogram modeling

• Surface prediction and error
modeling

• Threshold mapping

• Model validation and diagnostics

• Surface prediction using cokriging

• Tips on learning Geostatistical
Analyst

Welcome to the ESRI® ArcGIS® Geostatistical Analyst extension for
advanced surface modeling using deterministic and geostatistical methods.
Geostatistical Analyst extends ArcMap™ by adding an advanced toolbar
containing tools for exploratory spatial data analysis and a geostatistical
wizard to lead you through the process of creating a statistically valid
surface. New surfaces generated with Geostatistical Analyst can
subsequently be used in geographic information system (GIS) models and in
visualization using ArcGIS extensions such as ArcGIS Spatial Analyst and
ArcGIS 3D Analyst™.

Geostatistical Analyst is revolutionary because it bridges the gap between
geostatistics and GIS. For some time, geostatistical tools have been
available, but never integrated tightly within GIS modeling environments.
Integration is important because, for the first time, GIS professionals can
begin to quantify the quality of their surface models by measuring the
statistical error of predicted surfaces.

Surface fitting using Geostatistical Analyst involves three key steps
(demonstrated on the following pages):

• Exploratory spatial data analysis

• Structural analysis (calculation and modeling of the surface properties of
nearby locations)

• Surface prediction and assessment of results

The software contains a series of easy-to-use tools and wizards that guide
you through each of these steps. It also includes a number of unique tools
for statistical spatial data analysis.

ch01_Welcome.pmd 11/25/2003, 2:54 PM1
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Exploratory spatial data analysis
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A number of exploratory spatial data analysis tools are used to investigate the properties of ozone measurements taken
at monitoring stations in the Carpathian Mountains.
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Semivariogram modeling
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The two phases of geostatistical analysis of data are illustrated above. First, the semivariogram/covariance wizard was used to
fit a model to winter temperature data for the USA. This model was then used to create the temperature distribution map.
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Surface prediction and error modeling
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Here, Geostatistical Analyst has been used to produce a prediction map of radioceasium soil contamination levels in the country of
Belarus after the Chernobyl nuclear power plant accident.
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Threshold mapping
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Locations shown in dark orange and red indicate a probability greater than 62.5% that radioceasium contamination exceeds the upper
permissible level (critical threshold) in forest berries.
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Model validation and diagnostics
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The validation wizard is used to assess a model developed to predict organic matter for a farm in Illinois.
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Surface prediction using cokriging
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In this example, exploratory spatial data analysis tools are used to explore spatial correlation between
ozone (primary variable) and nitrogen dioxide (secondary variable) in California. Because the variables are
spatially correlated, cokriging can use the nitrogen dioxide data to improve predictions when mapping
ozone.
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Tips on learning Geostatistical
Analyst
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Finding answers to questions
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With Geostatistical Analyst, you can easily create a continuous surface,
or map, from measured sample points stored in a point-feature layer, raster
layer, or by using polygon centroids. The sample points may 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 mea-

sured at monitoring stations throughout the state.
The locations of the stations are shown here. The
concentration levels of ozone are known for
all of the stations, but we are also interested in
knowing the level for every location in California.
However, due to cost and practicality, monitoring
stations cannot be everywhere. Geostatistical
Analyst provides tools that make the best predic-
tions possible by examining the relationships
between all of the sample points and producing a
continuous surface of ozone concentration,
standard errors (uncertainty) of predictions, and
probabilities that critical values are exceeded.

Quick-start tutorial 2
• Exercise 1: Creating a surface

using default parameters

• Exercise 2: Exploring your data

• Exercise 3: Mapping ozone con-
centration

• Exercise 4: Comparing models

• Exercise 5: Mapping the probabil-
ity of ozone exceeding a critical
threshold

• Exercise 6: Producing the final
map

ch02_Tutorial.pmd 11/25/2003, 4:33 PM11



12 USING ARCGIS GEOSTATISTICAL ANALYST

�����
�
����,���������������	�������
���	����������������
���	�
��	���
��
�
��	����	�
��
�������	'�������
�
	��	�����
���������������	���������%
�������
�
���-�	�����	�.�
���

�����
�
	��	�
��/

������� ������	��
�

�
0������� &��������
�����%
�������


�
0� ���0��	 & ����������	
����	�*���+

�
0�����	 1��
���������
����%
�������
�������	

�
0����	�
�� 
�����	�
����
�����%
�������


����& �����
�
	���*�
0� ���0��	+������	���	�����2334
�
)����������������
���
�����������
��������� ������
�
��	�������������*���+��*������
	�������	�������
'��
�
����
�������������������������������'	�+�����������
���
�

�
	����������������������������	�	��������������
��
��
	��������������
'���������
����
����
�
�

5��������� ����������	
����	�*��
	�������	+����������
���������������������	�	���
��	�*�
�	+����������������
�
���	����� ������������
������������������
������������"�
��
���%
�������
��
	����������	
����������	���
�������
�������
���	���
����
���������
��������	�������	��
������
����������	
���	�������������
	������	�������
���
�	���
������������
	
����������	������	�������
����
�������������������
����
���������������
���������������	�
��
�����
����	���	���
��
��
��	��������
��������������	����������
��������	�	�����
�
�������������	������#"6
�����	�����)
�����������
�
�
7��������
�	�������������������	��������������	�
��	���
�
������	���
�������
���	��������
���
�	���
���	����
	
��������������	�
������������	�
��
��
���������
������.�

Introduction to the tutorial

�	��������#"6
�����	�
������'����������������	�
��	���
�
�
�
�����	��������������
����������
���
������
����
��
	���
���

�
�������	�����	���������
���
���
���	����	�����
�	���
��
������	'���
���	������������������
������������	�
�����	���
��)����������8�����	��	������
	��������
���
��������	����
�
'��������������	���
����������
��������
		�		���������
����
������
��
�������
��� ��������	������
�����
	�������)�������

5������	�������
�������������
������	���������������������
)����

���
������� �������	�
�����9�2:��������
�������������
��������������������
�;�������������
�����	������������	���
�����������7���������	���������	�
��	���
��
�
��	������������
��������
�����������
���	�������������������	�	�
��
���

���	�������
���	����������������������
���
	'	���
��
�����	�����
������������)�����������
�
�������	�����������	�
��	���
�

�
��	��
������������
�����������
�������
���������)�����
����
���
���������(����	�	�������	�����������	
���

Tutorial.p65 03/07/2001, 2:38 PM12



QUICK-START TUTORIAL 13

< #)����	��2��
'�	�������������
���		�����������	�
��	���
�
��
�
��	��
��������������������		�������
�����

	���
������� ������������
��������	�������������
	����
�	�������
���
�	���
����	�����������
�����
�
�����	�

< #)����	��:������	����������������������		�����)�������
������
�
���������������
�������	���
���������������	���
�������	���������
�
�
������������� �������	�

< #)����	��=����
��	�����	������	���
�����
�����	����	
������������	�
��
�����
����	���	���	�����������#)����	��:

����������	��������	���
����������
�������#)����	��2�
���	��)����	��
�	�����������	��������	������������
	��
�������	�������	�
��	���	�

< #)����	��>�	���	����������������
���������	���	�������
����	���
��	���
���������
�������#)����	�	�2�
���=���
�����������������������������	����������������������	���
������'������
���	�

< #)����	��?��
'�	����������������������		�����
���������
����
���������
��� �����)����	�
�������
������	���������	
���
���������������	���
���

< #)����	��4�	���	���������������	��������	���
��	����
���
�������#)����	�	�=�
���?��������
����	��
����	���

���
����������
�����

7�������������
���������	��������	�����������������������
������
���(�������������
��
�	���������������)����	�	����

��
���������������	���	
������������	���	�
������
����)���
��	��

Tutorial.p65 03/07/2001, 2:38 PM13



14 USING ARCGIS GEOSTATISTICAL ANALYST

�����
0���������
�����	�������	��
������
�	�
�����������
��	����������������	���������	�
����	��������	��������
���	
��
��������������
���������	�������
���������
������	��
����

Saving your map
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Exercise 1: Creating a surface using default parameters
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Starting ArcMap and enable Geostatistical Analyst
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ArcMap
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Creating a surface using the defaults
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Surface-fitting methodology
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Examining the distribution of your data

Histogram
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Exercise 2: Exploring your data
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Identifying global trends in your data
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North–South
trend line

East–West
trend line

East–West
axis

North–South
axis
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Understanding spatial autocorrelation and
directional influences
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Exercise 3: Mapping ozone concentration
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Semivariogram/Covariance modeling
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Directional semivariograms
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Searching neighborhood
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Cross-validation
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Exercise 4: Comparing models
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Exercise 5: Mapping the probability of ozone exceeding a critical threshold
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Extrapolating ozone values
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The principles of geostatistical analysis 3
• Understanding deterministic

methods

• Understanding geostatistical
methods

• Working through a problem

• Basic principles behind
geostatistical methods

• Modeling a semivariogram

• Predicting unknown values with
kriging

• The Geostatistical Analyst
extension

Geostatistical Analyst uses sample points taken at different locations in a
landscape and creates (interpolates) a continuous surface. The sample
points are measurements of some phenomenon such as radiation leaking
from a nuclear power plant, an oil spill, or elevation heights. Geostatistical
Analyst derives a surface using the values from the measured locations to
predict values for each location in the landscape.

Geostatistical Analyst provides two groups of interpolation techniques:
deterministic and geostatistical. All methods rely on the similarity of nearby
sample points to create the surface. Deterministic techniques use
mathematical functions for interpolation. Geostatistics relies on both
statistical and mathematical methods, which can be used to create surfaces
and assess the uncertainty of the predictions.

Geostatistical Analyst, in addition to providing various  interpolation
techniques, also provides many supporting tools. These tools allow you to
explore and gain a better understanding of the data so that you create the
best surfaces based on the available information.

This chapter will provide an overview of the theory behind deterministic and
geostatistical interpolation techniques. The first part of the chapter will
introduce you to the deterministic interpolation methods. You will then be
exposed to geostatistical methods through an example, and then you will
read about the principles, concepts, and assumptions that provide the
foundation for geostatistics.
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Understanding deterministic methods
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Analyzing the surface properties of nearby
locations
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Visualizing global polynomial interpolation
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Visualizing local polynomial interpolation
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Visualizing radial basis functions
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Geostatistical solutions
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Understanding geostatistical methods
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The kriging equations
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Locations Distance Cal. Distances Difference2 Semivariance
(1,5),(3,4) sqrt[(1-3)2 + (5-4)2] 2.236 25 12.5

(1,5),(1,3) sqrt[02 + 22] 2 25 12.5

(1,5),(4,5) sqrt[32 + 02] 3 0 0
(1,5),(5,1) sqrt[42 + 42] 5.657 225 112.5

(3,4),(1,3) sqrt[22 + 12] 2.236 0 0

(3,4),(4,5) sqrt[12 + 12] 1.414 25 12.5

(3,4),(5,1) sqrt[22 + 32] 3.606 100 50

(1,3),(4,5) sqrt[32 + 22] 3.606 25 12.5
(1,3),(5,1) sqrt[42 + 22] 4.472 100 50

(4,5),(5,1) sqrt[12 + 42] 4.123 225 112.5
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Calculating the empirical semivariogram
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Binning the Empirical Semivariogram
Lag Distance Pairs Distance Av. Distance Semivariance Average

1+-2 1.414, 2 1.707 12.5, 12.5 12.5
2+-3 2.236, 2.236, 3 2.491 12.5, 0, 0 4.167
3+-4 3.606, 3.606 3.606 50, 12.5 31.25
4+-5 4.472, 4.123 4.298 50, 112.5 81.25

5+ 5.657 5.657 112.5 112.5

 (1, 5) (3, 4) (1, 3) (4, 5) (5, 1)  
Γ Matrix (Gamma)      

(1, 5) 0 30.19 27.0 40.5 76.37 1 
(3, 4) 30.19 0 30.19 19.09 48.67 1 
(1, 3) 27.0 30.19 0 48.67 60.37 1 
(4, 5) 40.5 19.09 48.67 0 55.66 1 
(5, 1) 76.37 48.67 60.37 55.66 0 1 

 1 1 1 1 1 0 
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Fitting a model
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Inverse of  Γ Matrix (Gamma)    
-0.02575  0.00704  0.0151  0.00664 -0.00303  0.3424 
 0.00704 -0.04584  0.01085  0.02275  0.0052 -0.22768 
 0.0151  0.01085 -0.02646 -0.00471  0.00522  0.17869 
 0.00664  0.02275 -0.00471 -0.02902  0.00433  0.28471 
-0.00303  0.0052  0.00522  0.00433 -0.01173  0.42189 
 0.3424 -0.22768  0.17869  0.28471  0.42189 -41.701 

Point Distance g Vector for (1,4) 
(1,5) 1 13.5 
(3,4) 2 27.0 
(1,3) 1 13.5 
(4,5) 3.162 42.69 
(5,1) 5 67.5 

  1 

Weights Values Product 
0.46757 100 46.757  
0.09834 105 10.3257  
0.46982 105 49.3311  
-0.02113 100 -2.113  
-0.0146 115 -1.679  
-0.18281  102.6218 Kriging Predictor 
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G Vector Weights (λ) g Vector Times Weights
13.5 0.46757 6.312195 
27.0 0.09834 2.65518 
13.5 0.46982 6.34257 
42.69 -0.02113 -0.90204 
67.5 -0.0146 -0.9855 

1 -0.18281 -0.18281 

Kriging Variance 13.2396 
Kriging Std Error 3.6386 
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Random processes with dependence
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Prediction for random processes with
dependence
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Basic principles behind geostatistical methods
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Understanding stationarity
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Modeling a semivariogram
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Creating the empirical semivariogram
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Binning the empirical semivariogram
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Center of semivariogram surface 
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2
1

3
4

Bandwidth

Lag distance
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Empirical semivariograms for different directions
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Choosing the lag size
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Fitting a model to the empirical semivariogram
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Different types of semivariogram models
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Sill

Range

Nugget

Understanding a semivariogram—the range, sill,
and nugget
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The range and sill
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The nugget
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Accounting for directional influences—trend and
anisotropy
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Combining variogram models
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Point 
Number 

X-Coordinate Y-Coordinate Value 

1 1 3 105 
2 1 5 100 
3 1 6 95 
4 3 4 105 
5 3 6 105 
6 4 5 100 
7 5 1 115 
8 6 3 120 
9 6 6 110 
10 7 1 120 

Using the Geostatistical Analyst to fit a model to a
semivariogram
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Kriging
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Searching neighborhood
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Neighborhood 
Point Number 

Original Point 
Number 

x-coordinate y-coordinate Value 

1 1 1 3 105 
2 2 1 5 100 
3 4 3 4 105 
4 6 4 5 100 
5 7 5 1 115 
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Creating a prediction surface using neighborhood
searching
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Prediction
= 107.59

WeightsPoints to
be used

Coordinates of
test point
(x=2.75, y=2.75)

Search strategy:
circle with four
quadrants.
Radius = 3

Neighbors to
include = 5

One sector Eight sectors

Ellipse with four sectors
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i            1          2         3         4         5       6 
1 0.000 36.091 40.065 60.920 71.564 1.000 
2 36.091 0.000 40.065 52.221 81.855 1.000 
3 40.065 40.065 0.0000 25.881 60.920 1.000 
4 60.920 52.221 25.881 0.000 67.559 1.000 
5 71.564 81.855 60.920 67.559 0.000 1.000 
6 1.000 1.000 1.000 1.000 1.000 0.000 

i          1          2          3           4             5              6 
1 -0.0191 0.01005 0.00776 -0.0021 0.00336 0.2114 
2 0.01005 -0.0187 0.00472 0.00402 -0.0001 0.24891 
3 0.00776 0.00472 -0.0317 0.01619 0.00304 -0.1038 
4 -0.0021 0.00402 0.01619 -0.0214 0.00324 0.27739 
5 0.00336 -0.0001 0.00304 0.00324 -0.0095 0.36607 
6 0.2114 0.24891 -0.1038 0.27739 0.36607 -47.922 
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i λi Valuei

1 0.355 105 
2 -0.073 100 
3 0.529 105 
4 -0.022 100 
5 0.211 115 
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A guide to the Geostatistical Analyst extension
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Explore
 the data

Fit a
m odel

Perform
diagnostics

Compare
the m odels

Represent
the data

Add layers and display in ArcMap.

Investigate the statistical and spatial properties of
your data.

Choose a model to create a surface. The
Geostatistical Wizard is used in the definition and
refinement of an appropriate model.

Assess the quality of the output surface using
Cross-Validation and Validation tools. This will help
you understand how well the model predicts the
values at unmeasured locations.

More than one surface can be produced. The
surface can be compared using cross-validation
statistics.

Create subsets
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Processing data
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4
• What is Exploratory Spatial Data

Analysis?

• The Exploratory Spatial Data
Analysis tools

• Examining the distribution of the
data

• Looking for global and local
outliers

• Looking for global trends

• Examining spatial autocorrelation
and directional variation

• Understanding covariation among
multiple datasets

Exploratory Spatial Data Analysis allows you to examine your data in
different ways. Before creating a surface, ESDA enables you to gain a
deeper understanding of the phenomena you are investigating so that you
can make better decisions on issues relating to your data. The ESDA
environment is composed of a series of tools, each allowing a view into the
data. Each view can be manipulated and explored, allowing different
insights about the data. Each view is interconnected with all other views as
well as with ArcMap. That is, if a bar is selected in the histogram, the
points comprising the bar are also selected on the QQPlot (if opened), on
any other open ESDA view, and on the ArcMap map.

The ESDA environment is designed to explore, as its name implies.
However, there are certain tasks that are useful in most explorations.
Exploring the distribution of the data, looking for global and local outliers,
looking for global trends, examining spatial autocorrelation, and
understanding the covariation among multiple datasets are all useful tasks to
perform on your data. The ESDA tools can assist you with these tasks as
well as many others.

Exploratory Spatial Data Analysis

ch04_ESDA.pmd 11/25/2003, 3:02 PM81
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What is Exploratory Spatial Data Analysis?
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Exploratory Spatial Data Analysis

         Selection of Data Points
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Select by location Select using ESDA tool

Histogram tool

Selection tool

ArcMap data view

Voronoi mapping tool Voronoi mapping tool

Histogram tool

ArcMap data view
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Exploratory Spatial Data Analysis tools
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General QQPlotNormal QQPlot

Plot of the quantiles of the input
dataset versus quantiles of the
standard normal distribution

Input dataset Attribute to use

Transformation
to apply

Plot of the quantiles of
two datasets

Attributes to useInput datasets
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Trend analysis
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si

z(si)
tj

y(tj)

distance 

z y

))()()(( yyzz ji −− ts

Crosscovariance points
representing pairs of sample
locations between datasets

Crosscovariance
surface
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datasets
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attributes

The crosscovariance cloud
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Examining the distribution of the data

Value

0.0

0.1

0.2

0.3

0.4

P
ro

b
ab

ili
ty

 D
en

si
ty

D
en

si
ty

 

Value

0.0

0.1

0.2

0.3

P
ro

ba
b

ili
ty

 D
en

si
ty

D
en

si
ty

 

'������
�������
�����
�
5���
*���
��
���

���
��
������������	
�������	

�����*���

;�
*���:�����

�����><
5����
���
�
���*�*����	

�����	
��������
����
�����
����
����&

$�
����������<
8�������
��

���*�*����	
����
�����
��
����	<
������<
��

���������
�������
������
����
���

���
�����
����
�
������

�����*�����@

"�
5�

�������

��
'������
�<
�������
����
������
��
���
����������
��
�����������	@
����
����������
��8�����<
��
����<
����
���

���
������
����
����

�����*������
����
����
���
����
�����*����	@
.�
�����
�*�����
��
������
����
5���
���
������
��������<
��

���
�����
�����*����	@
���������������
���
*�
���

��
����
	���

���
�������	

�����*���

��

������	
���
����������
��
�8���
�����*����	
���
	���

���@

���
���������
��

F�����
CC+���
����5
���
���
��
�������
���������������
�����
���
���
/��='��
;����
���5�
��
��5��
��������������><
�����������<
��

�������
;���
'������
 <
B,����
����	�����
�����
5���
����������
��������A<
���
����

������>@
���
/��='��
��������������
��
D;�>
O
;U;�>��:
%>Q
�
���
�����@
7��
��
��������
5���
	��
5���

���
����
��������������<
�������
����
	���

���
��
�������

��
������
��
����
����������@
7��
�����

�	���
��

���<
���
��������
��
�����
������

��
���
����@
����
��<
��
	��
����
�����
������
��
����
��
	���
���
	
����<
���
�����*����	
��
����
�����
������
5���
*�
�������
����
���
�����*����	
��
�������
������
5����
���
������
���
������@
$�
����
����<
��
��
5���
���5�
����
��
	��
�����
����
���
�8����
����
��������������
��
���
��
	���

���<
��
5���
����
��
����
���
���������
����
��������
����������
	���
���
	
����<
��

��
�����
�����
���

���
������
�������	

�����*���

��
5���@
���
�8����
����
��������������
������
5���
�
O
V@
���
���
��������������<
5����
��
������	
�����
���

����
��
���
/��='��
���������������
5�����
O
-<
D;�>
O
��;U;�>>
���
U;�>
S
-<
��

B��A
��
���
�������
���������@
���
���
��������������
��
�����
���

5����
���

���
���
�
���������	
���5�


�����*�����
��

�����
���
����
���	
�����
������@
�����
�����
������
��	
*�
������)�

��
	���
���
	
����<
��

���
���
��������������
5���
����
��
����
���
���������
*�
����
��������
��

�������)�
	���

���@
"
���������	
���5�


�����*�����
�����
����
����&

���
�������
��������������
��
D;�>
O
�����;U;�>>
���
U;�>
*��5���
-
��

%@
���
�������
��������������
���
*�
���

���

���
����
��
�
����������
;��
����������>@
G����<
5���

���
��
�
����������<
���
��������
��
��������
����
-
��

%
��

�������
����
-@�@
���
�������
��������������
5���
����
��
����
���
���������
����
��������
����������
	���
���
	
����
��

�����
�����
���

���
������
�������	

�����*���

��
5���@

ESDA.p65 03/07/2001, 12:45 PM95



96 USING ARCGIS GEOSTATISTICAL ANALYST

D��
���
���
���
���������
��

F�����
CC+����
��
���
5���
���������������<
��
��	<
���
���
�

��
����
	���

���
����
�������	

�����*���
@
���
����
��������������
5���
�����	
�8����)�
���������
��
5���<
�������
��
������	
���
�����������	
����������@

Using the Histogram tool to examine distributions
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Understanding distributions with the QQPlot
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Examining the
distribution of
your data
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Examining the
distribution with the
Histogram tool

1. Click on the point feature
layer in the ArcMap table of
contents that you wish to
explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Histogram.

Tip

The QQPlot
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Exploring the distribution
through the QQPlot

1. Click on the point feature
layer in the ArcMap table of
contents that you wish to
explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Normal
QQPlot.
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Looking for global and local outliers

Looking for outliers through the histogram
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Identifying outliers through the semivariogram/
covariance cloud

$�
	��
����
�
���*��
�������
5���
��
��������	
����
�����
��
	���

������<
���
��������
��
������
5���
����
�������
5���
����
����
������
��
���
�������������
����
<
��
������
���

�������@
����
���
*�
����
��
���
�������������
����

��
���
�����
*���5@
F�����
����
�����
���
�5�
����
������
��
������
��
���
�������������@
$�
	��
*����
������
��
���
�����
������<
��

����������

��
���
�����
*���5<
	��
���
���
��
���
"�����
���5
����
���
��
�����
����
������
����
����
��������
5���
�
������
��������N���
���*��
�������@
����<
���
�����
�������
��
������
���
*���
������

*	
���
��
���
���������
�������
5���
���
������
�������<
��

���
��5��
�������
��
��������

��
���
��������
�����

ESDA.p65 03/07/2001, 12:45 PM99



100 USING ARCGIS GEOSTATISTICAL ANALYST

���
����
��
���
���������@
.���
	��
����
��
���
���������<
5����
��
����
��
���
�����
*���5<
	��
���
���
���
����
�����
��
���
�����
����
��
���
���������<
�����
�
�����	���
���
���*��
�������@
����
�����
5��
���*�*�	
������

����������	
��

�����

*�
������

��
��������
@

.���
�����
��
�
�����
�������<
���
�����
5���
���
*�
���
��
���
�����
��
���
������

�����*�����
*��
5���
*�
�������
��������
��
���
�������
���
������@
$�
���
�����
*���5<
	��
���
���
����
�
�����
��
�����
��
���������
����
���
�����
��������
����
�
����
�������������
�����
;���	
���
��
���
���
����
��
�����:����<
��
�������
����
���	
���
�����
��������<
��

����
��
����	:����<
��
�������
����
���
�������������
������
���
����>@
.���
�����
������
���
*�����
<
	��
���
���
����
���
��
�����
������
���
�������
��
�
������
��������@
.���
	��
����
��
���
���������<
	��
���
���
����
���

�����*�����
��
������
��

����
�����
��
��
������
�����
����
��
�������@
���
��������
����
��
��
8�������
��
����������

��
���
��5��
����
��
���
���������
��

��
�������
5���

������
�������
���
������
;���
���
����������

������
��
���
���������>@
����
��������
��	
*�
�
�����
�������@
7������
�������������
����
*�
��
�@

Looking for outliers through Voronoi mapping
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Identifying global
and local outliers
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Identifying global outliers
using the Histogram tool

1. Click on the point or polygon
feature layer in the ArcMap
table of contents that you
wish to explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Histogram.

See Also
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Looking for global
outliers through the
Semivariogram/
Covariance Cloud

1. Click on the point or polygon
feature layer in the ArcMap
table of contents that you
wish to explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Semivari-
ogram/Covariance Cloud.
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Finding local outliers
using Voronoi map

1. Click on the point or polygon
feature layer in the ArcMap
table of contents that you
wish to explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Voronoi Map.

��
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Looking for global trends
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Examining the global trend through trend analysis
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Looking for
global trends
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Identifying global trends
with the Trend Analysis
tool

1. Click on the point or polygon
feature layer in the ArcMap
table of contents that you
wish to explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Trend
Analysis.
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See Also
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Examining spatial autocorrelation and directional variation

/	
���������
	���

���<
	��
5���
����
�
*�����
��
������
���
��
���
�������
���������������
�����
���
�������

������@
����
��
������
���
���
*�
���

��
����
*�����

��������
5���
��������
��
���
���
�������
���
������@

Spatial autocorrelation

D��
���
�������
���
�������
���������������
����
��
�������
��
	���

���
*	
���������
���

��������
�����
��
������
���������@
/	
���������
���

�������
*��5���
�5�
���������
��

����
��������
����
���

���������
�8����

*��5���
���
������
��
���
���������<
�
�������������
����

��
������
@
G�
���
�:����
��
���

�������
*��5���
���
���������<
��

��
���
	:����
��
���

���������
��
�����
������
�8����
@
����

��
��
���
�������������
����������
�
����
��
���������<
���
���
��
���
���
���������
��
���
���@

$�

���
��
��������	

����
���<
�����
��
������
����
���
�����
��������
;��
���
���
����
��
�����:����>
�����

����
����

���������
;*�
��5
��
����	:����>@
"�
������
*�����
�������
�5�	
����
����
�����
;������
�����
��
�����:����><
��
�������<
���

���������
�8����

�����

*�
�������
;������
��
��
����	:����>@
G����
�����
��
�
�������

�������
*�	��

5����
���
�8����


���������
������
���@
+����
��
���������
*�	��

����

�������
���
�����
���

��
*�
�����������
@

"
���
�������
����������
���
��������������
�����
�
��
����
��	
�5�
���������
����
���
�
�������

�������
��


��������
����
����
�����
�����

����
�
�������

���������
�8����
@
����
������������
��
�����

�����������	
;���
'������
�<
B���
����������
��
��������������
����	���A<
��

'������
 <
B,����
����	�����
�����
5���
����������
��������A>@

�������
���������������
��	

����

���	
��
���

�������
*��5���
�5�
���������<
5����
��
�����

�������	@
4�5����<
��
��
�����*��
����
���
����
���������������
�����
��	
�����
��

��������

��������
5���
�����
�����

��������

���������@
"������
5�	
��
�����
��
����
��
����
������
���
����
�����
���
������

��������
��

����

���������
����
��
�����

���������@
����

����������
���������
��
����
��
��������������
��

�����������
��

��
�����

���������	@

$�
��
���������
��
�������
���
���������	
��
����
��
	��

�����

����������

����������
��
���
���������������<
	��
���
�������
���
����
��
���
�������������
��
����������
��
���@
����<
��
����<
���
��
������
��
���
��������������
���
������
�����
@

Exploring spatial structure through the
Semivariogram/Covariance Cloud tool
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Looking for directional influences with the
Semivariogram/Covariance Cloud tool
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Examining
spatial structure
and directional
variation
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Understanding spatial
structure

1. Click on the point or polygon
feature layer in the ArcMap
table of contents that you
wish to explore.

2. Click on the Geostatistical
Analyst toolbar, click Explore
Data, then click Semivari-
ogram/Covariance Cloud.
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Exploring covariation among multiple datasets
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Understanding covariation among multiple datasets
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Exploring the correlation between two datasets

Data pairing for the Los Angeles area with high cross-correlation between ozone and nitrogen dioxide
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Understanding
spatial
covariation
among multiple
datasets
�������������	
���������
�����
���� ���

����������� �����
���	���� �	�� ����
��
�

��������� ����������������������
�
� 
��������������
�� ����������
��������������� ���
��� ��� ���
���

����������� ������ �
� 
������
����������������
�

�������
��� ����� ������ �
���
������

����� ��� ���������
���� �	�
����
��
�� ��� ���
������ ����
���

����������� �����
�� ���
���� ����
�������	����� ���
�
������� ��� ���� ����� ����� ���
���
���

����������� �����
� �����
���� �
������� ��������
� ���	�����
��
�������� ����
� ��� ����� 
����

�������������	���� ��� �����
���
������� 
���� �
� ����
��������
�������� ����� �����
�� ����������
������ ��� 
����������� ����� �����

Understanding spatial
covariation using the
Crosscovariance Cloud

1. Right-click on the point
feature layer in the ArcMap
table of contents identifying
the first layer in the
crosscovariance analysis
and click Properties.

2. Click on Selection.

3. Click on the symbol radio
button.

4. Click on the symbol.

5. Choose a color and size for
the selection.

Repeat steps 1–5 for the
second layer to be used in
the crosscovariance analysis,
but choose different selection
sizes and colors.

6. Highlight the layers in the
ArcMap table of contents by
holding down the Ctrl key
while left-clicking on the two
layers.

7. Click on Geostatistical
Analyst, click Explore Data,
and click Crosscovariance
Cloud. �

��

�

�

�
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112 USING ARCGIS GEOSTATISTICAL ANALYST

8. Click on the appropriate
attribute for each layer in the
Attribute dropdown list.

9. Input the Lag Size and
Number of Lags.

10. Check Search Direction.

11. Click on the center blue line
in the Covariance Surface
and spin the search direction
until it points to the angle
where you believe there is a
shift; in this example it is
270 degress (given in the
angle direction box).

12. Brush some points in the
covariance cloud by holding
down the left mouse button
and dragging it over some of
the points. Examine where,
on the ArcMap map, the
pairs of points are that were
brushed.
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113

Deterministic methods for spatial interpolation 5
• How Inverse Distance Weighted

interpolation works

• Creating a surface using Inverse
Distance Weighted interpolation

• How global polynomial
interpolation works

• Creating a map using global
polynomial interpolation

• How local polynomial
interpolation works

• Creating a surface using local
polynomial interpolation

• How radial basis functions
interpolation works

• Creating a surface using radial
basis functions interpolation

There are two main groupings of interpolation techniques: deterministic and
geostatistical. Deterministic interpolation techniques create surfaces from
measured points, based on either the extent of similarity (e.g., Inverse
Distance Weighted) or the degree of smoothing (e.g., radial basis functions).
Geostatistical interpolation techniques (e.g., kriging) utilize the statistical
properties of the measured points. The geostatistical techniques quantify the
spatial autocorrelation among measured points and account for the spatial
configuration of the sample points around the prediction location.
Geostatistical techniques will be discussed in Chapter 6, ‘Creating a surface
with geostatistical techniques’.

Deterministic interpolation techniques can be divided into two groups: global
and local. Global techniques calculate predictions using the entire dataset.
Local techniques calculate predictions from the measured points within
neighborhoods, which are smaller spatial areas within the larger study area.
Geostatistical Analyst provides the global polynomial as a global interpolator
and the Inverse Distance Weighted, local polynomial, and radial basis
functions as local interpolators.

A deterministic interpolation can either force the resulting surface to pass
through the data values or not. An interpolation technique that predicts a
value identical to the measured value at a sampled location is known as an
exact interpolator. An inexact interpolator predicts a value that is different
from the measured value. The latter can be used to avoid sharp peaks or
troughs in the output surface. Inverse Distance Weighted and radial basis
functions are exact interpolators, while global and local polynomial are
inexact.
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How Inverse Distance Weighted interpolation works
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The sample
points

The Inverse
Distance Weighted

fitted surface
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Creating a map
using IDW
'�+��������� 	��	� 	��� �������
������������ ������ �
���
 ����	�
���'	�"
������		�����
���
��� 

��	�� ���� � ����
���	����	��� 	��
���
�	� 	��� ����
���� ��� 	���� ���� �
	� ����	�����
���� ��

�	��	� 
�����	���� ���
	��� ������� ������
��

�
�
�������	�
��#� 	��� 

"��

�����	��� ,�-#� ���� 	��� ����
	�
�

�� �����(��
	���&#� ,���

�����
���� 
�� ��
�	�	��	����
��������-!� ���	
�� ���
�������	��

Creating a prediction
map

1. Click on the point layer on
which to perform IDW in the
ArcMap table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
menu and click the attribute
on which to perform IDW in
the Choose Input Data and
Method dialog box.

4. Click the Inverse Distance
Weighting method.

5. Click Next.

6. Specify the desired param-
eters in the IDW Set Param-
eters dialog box and click
Next.

7. Examine the results on the
Cross Validation dialog box
and click Finish.

8. Click on the Output Layer
Information dialog box and
click OK.
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Tip

Using a database file
instead of a point layer
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Creating a prediction
map using validation

1. Click on the point layer on
which to perform IDW in the
ArcMap table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
menu and specify the field on
which to perfom IDW in the
Choose Input Data and
Method dialog box.

4. Check Validation.

5. Pick a point layer file in the
Input Data dropdown menu
or browse for the desired
layer.

6. Click the Attribute dropdown
menu and specify the field on
which to validate the IDW
interpolation within the
Choose Input Data and
Method dialog box.

7. Click the Inverse Distance
Weighting method.

8. Click Next.

9. Specify the desired param-
eters in the IDW Set Param-
eters dialog box and click
Next.

10. Examine the results on the
Cross Validation and
Validation dialog boxes and
click Finish.

11. Click on the Output Layer
Information dialog box and
click OK.

Tip

Creating training and test
datasets
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Using validation
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How global polynomial interpolation works
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When to use global polynomial interpolation
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Creating a map
using global
polynomial inter-
polation
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Creating a prediction
map

1. Click on the point layer on
which to perform Global
Polynomial Interpolation in
the ArcMap table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
menu and click the attribute
on which to perform Global
Polynomial Interpolation in
the Choose Input Data and
Method dialog box.

4. Click the Global Polynomial
Interpolation method and
click Next.

5. Specify the desired order of
polynomial in the Global
Polynomial Interpolation Set
Parameters dialog box and
click Next.

6. Examine the results on the
Cross Validation dialog box
and click Finish.

7. On the Output Layer Informa-
tion dialog box click OK.
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How local polynomial interpolation works
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When to use local interpolation
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Creating a map
using local
polynomial
interpolation
/
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Creating a prediction
map

1. Click on the point layer on
which to perform Local
Polynomial Interpolation in
the ArcMap table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
menu and click the attribute
on which to perform Local
Polynomial Interpolation in
the Choose Input Data and
Method dialog box.

4. Click the Local Polynomial
Interpolation method.

5. Click Next.

6. Specify the desired param-
eters in the LP Interpolation
Set Parameters dialog box
and click Next.

7. Examine the results on the
Cross Validation dialog box
and click Finish.

8. On the Output Layer Informa-
tion dialog box, click OK.
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How radial basis functions work
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Creating a map
using RBFs
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Creating a prediction
map using RBFs

1. Click on the point layer on
which to perform Radial
Basis Functions in the
ArcMap table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
menu and click the attribute
on which to perfom Radial
Basis Functions in the
Choose Input Data and
Method dialog box.

4. Click the Radial Basis
Functions method.

5. Click Next.

6. Click on the Kernel Functions
dropdown menu and click the
desired Radial Basis
Function in the RBF Interpo-
lation Set Parameters dialog
box.

7. Specify the desired param-
eters in the RBF Set Param-
eters dialog box and click
Next.

8. Examine the results on the
Cross Validation dialog box
and click Finish.

9. On the Output Layer Informa-
tion dialog box, click OK.
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IN THIS CHAPTER

Creating a surface with geostatistical techniques 6
• What are geostatistical interpola-

tion techniques?

• Understanding kriging models

• Understanding output surfaces

• Creating a map using defaults

• Understanding transformations
and trends

• Understanding and mapping with:

• Ordinary kriging

• Simple kriging

• Universal kriging

• Indicator kriging

• Probability kriging

• Disjunctive kriging

• Cokriging

In the previous chapter, you learned about deterministic techniques for
interpolation. Deterministic techniques used the existing configuration of the
sample points to create a surface (Inverse Distance Weighted) or fit a
mathematical function to the measured points (global and local polynomial
and radial basis functions). In this chapter, you will get an overview of the
different geostatistical interpolation techniques. As their name implies,
geostatistical techniques create surfaces incorporating the statistical
properties of the measured data. Because geostatistics is based on statistics,
these techniques produce not only prediction surfaces but also error or
uncertainty surfaces, giving you an indication of how good the predictions
are.

Many methods are associated with geostatistics, but they are all in the kriging
family. Ordinary, simple, universal, probability, indicator, and disjunctive
kriging along with their counterparts in cokriging are available in
Geostatistical Analyst. Not only do these kriging methods create prediction
and error surfaces, but they can also produce probability and quantile output
maps depending on your needs.

Kriging is divided into two distinct tasks: quantifying the spatial structure of
the data and producing a prediction. Quantifying the structure, known as
variography, is where you fit a spatial-dependence model to your data. To
make a prediction for an unknown value for a specific location, kriging will
use the fitted model from variography, the spatial data configuration, and the
values of the measured sample points around the prediction location.
Geostatistical Analyst provides many tools to help you determine which
parameters to use, but it also provides reliable defaults that you can use to
make a surface quickly.
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What are geostatistical interpolation techniques?
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Understanding output surface types
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Kriging and 
Cokriging 

Predictions Prediction 
Standard 
Errors  

Quantile 
Maps 

Probability 
Maps 

Standard 
Errors of 
Indicators 

Ordinary √ √ √ * √ * 
Universal √ √ √ * √ * 
Simple √ √ √ * √ * 
Indicator √ √
Probability √ √
Disjunctive √ + √ + √ + √ +
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Creating a
kriging map using
defaults
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Using the defaults

1. Click the point layer on which
you wish to perform kriging in
the ArcMap table of contents.

2. Start the Geostatistical
Wizard.

3. Click the Attribute dropdown
menu, and click the attribute
on which you wish to perform
kriging.

4. Click the Kriging method.

5. Click Next.

6. On all subsequent dialog
boxes, click Next.

7. On the Cross Validation
dialog box, click Finish.

8. On the Output Layer Informa-
tion dialog box, click OK.

�

Tip

Using the Finish button
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Understanding transformations and trends

Kriging 
type 

BAL NST Trend 

OK yes (1st if TR) no TR (2nd if BAL) 
SK yes yes no 
UK yes (1st if T) no T (2nd if BAL) 
IK no no no 
PK* no no no 
DK yes (1st if TR) yes (2nd 

if TR) 
TR (1st if NST, 
2nd if BAL) 

Kriging 
type 

BAL NST Trend 

OK yes (1st if TR) no TR (2nd if BAL) 
SK yes yes no
UK yes (1st if T) no T (2nd if BAL) 
IK no no no
PK yes (1st if TR) no TR (2nd if BAL) 
DK yes (1st if TR) yes (2nd 

if TR) 
TR (1st if NST, 
2nd if BAL) 
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Understanding ordinary kriging
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Creating a map
using ordinary
kriging
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Creating a prediction
map

1. Click the point layer on which
you wish to perform Ordinary
Kriging in the ArcMap table of
contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute dropdown
list, and click the attribute on
which you wish to perform
ordinary kriging.

4. Click the Kriging method.

5. Click Next.

6. Click Prediction under
Ordinary Kriging.

7. Click Next.

8. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

9. Specify the desired param-
eters in the Searching
Neighborhood dialog box and
click Next.

10. Examine the results on the
Cross Validation dialog box
and click Finish.

11. On the Output Layer Infor-
mation dialog box, click OK.

Tip

Using a database file
instead of a point layer
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Important parameters
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Creating a prediction
standard error map

1. Right-click on the prediction
surface in the ArcMap table of
contents that was created
using Ordinary Kriging and
click Create Prediction
Standard Error Map. �

��

��Creating a prediction map
using validation

1. Click the point layer on which
you wish to perform ordinary
kriging in the ArcMap table of
contents.

2. Start Geostatistical Analyst.

3. Click the Attribute dropdown
list and specify the field on
which you wish to perform
ordinary kriging.

4. Click the Kriging method.

5. Check Validation and specify
the validation dataset and
attribute.

6. Click Next.

7. Follow steps 6 through 10 in
‘Creating a prediction map’ on
the previous page and
examine the results on the
Validation dialog box and
then click Finish.

Tip

Creating training and test
datasets
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Tip

Using validation
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Creating a prediction
map while applying a
transformation

1. Click the point layer on which
you wish to perform ordinary
kriging in the ArcMap table of
contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
ordinary kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under
Ordinary Kriging and click
Prediction.

7. Click the desired transforma-
tion from the Transformation
dropdown menu.

8. Click Next.

9. Follow steps 9 through 12 in
‘Creating a prediction map
using detrending’ on the
following page.

Tip

Utilizing ESDA for
determining model
parameters
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Creating a prediction
map using detrending

1. Click the point layer on which
you wish to perform ordinary
kriging in the ArcMap table of
contents.

2. Start Geostatistical Analyst.

3. Click the Attribute dropdown
list and select the attribute on
which you wish to perform
ordinary kriging.

4. Click the Kriging method.

5. Click Next.

6. Click Prediction under
Ordinary Kriging.

7. Click the Order of Trend
Removal dropdown menu and
choose an option.

8. Click Next.

9. Specify the desired param-
eters in the Detrending dialog
box and click Next.

10. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

11. Specify the desired param-
eters in the Searching
Neighborhood dialog box
and click Next.

12. Examine the results on the
Cross Validation dialog box
and click Finish.

13. On the Output Layer Informa-
tion dialog box, click OK.

��

�

�

��

Tip

Detrending
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Understanding simple kriging
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Creating a prediction
map

1. Click the point layer on which
you wish to perform simple
kriging in the ArcMap table of
contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
simple kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under Simple
Kriging and click Prediction.

7. Specify the Mean Value.

8. Click Next.

9. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

10. Specify the desired param-
eters in the Searching
Neighborhood dialog box
and click Next.

11. Examine the results on the
Cross Validation dialog box
and click Finish.

12. On the Output Layer Informa-
tion dialog box, click OK.

Creating a map
using simple
kriging
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Creating a quantile map

1. Follow the steps in ‘Creating
a prediction map’ on the
previous page, except click
Quantile Map in step 6,
rather than Prediction.

2. Click the Quantile up and
down arrow buttons to
specify the quantile level.

3. Follow steps 7 through 12 in
‘Creating a prediction map’
on the previous page.
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Tip

Checking for bivariate
distribution
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Creating a probability
map

1. Follow the steps in ‘Creating
a prediction map’ on the
previous page, except click
Probability Map in step 6,
rather than Prediction.

2. Type a value in the Threshold
input or click the Set... button
and set the threshold on the
Primary Threshold selection
dialog box.

3. Click either the Exceed or
NOT Exceed radio buttons.

4. Click Next.

5. Follow steps 7 through 12 in
‘Creating a prediction map’
on the previous page.
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Tip

Using validation
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Creating a prediction
standard error map

1. Right-click on the prediction
surface in the ArcMap table
of contents that was created
using simple kriging and
click Create Prediction
Standard Error Map.

Tip

Creating training and test
datasets
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Creating a prediction
map while applying a
transformation

1. Click the point layer on which
you wish to perform simple
kriging in the ArcMap table of
contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
simple kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under simple
kriging and click Prediction.

7. Click the desired transforma-
tion from the Transformation
dropdown menu.

8. Click Next.

9. Follow steps 9 through 12 in
‘Creating a prediction map’,
earlier in the chapter.
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Exploratory Spatial Data
Analysis tools
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Creating a prediction
map while applying a
transformation with
declustering

1. Click the point layer on which
you wish to perform simple
kriging in the ArcMap table of
contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
simple kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under Simple
Kriging and click Prediction.

7. Click Normal Score under the
Transformation dropdown
menu.

8. Check Declustering before
Transform.

9. Click Next.

10. Specify the desired param-
eters in the Declustering
dialog box and click Next.

11. Specify the desired param-
eters in the Normal Score
Transformation dialog box
and click Next.

12. Follow steps 9 through 12 in
‘Creating a prediction map’,
earlier in the chapter.
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Using declustering
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Examining the bivariate
distribution when
creating a prediction map

1. Click the point layer on which
you wish to perform simple
kriging in the ArcMap table of
contents.

2. Start Geostatistical Analyst.

3. Click the Attribute field on
which you wish to perform
simple kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under Simple
Kriging and click Prediction.

7. Check Examine Bivariate
Distribution.

8. Specify Mean Value and the
number of Quantiles to
check.

9. Click Next.

10. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

11. Explore the Semivariogram/
Covariance Modeling
(Examine Bivariate Distribu-
tion) dialog box and click
Next.

12. Follow steps 10 through 12
in ‘Creating a prediction
map’, earlier in the chapter.

Tip

Bivariate distribution
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Understanding universal kriging

��������	
�������
���
���
���
����	�

�������������
�����

����������
��
����
�������������
�
�������
���
�����	��
��
���
��		�����
���
���
�����
���
���
����
����
����
���

���
���
��������
�������
���������
���
��������
����
��
�����
��
���
��	��
����	���

 
������!�����
��	������	
��
���
�����"���
	���
������
	���"
���
��
��������
#�
��

�
������
���
������!�����
��	������	
����
���
�������	
�����
��

������
���
�������������
�����
���
���
���
��
��
�������
$��
����
��
�		�����
��
%�
&������
�		��
���
�
�������	�����
��
���
����	��
����
���
������
������������

$��
���
��
�����
	����
'
��
	���
�
��	������	
����������
����
���
�����
����������
��
����
#�
�����
����
��
����

�������	
�������
���
(�

���
�����
����������
����
���
������	
�����������
��
���
���	�������
������	���
)�������
�������
��
���
����
���
������
����
���
������������
��

����	
����
��
��
�
�������	�����
 �����
���
������
����
��������
�������*
�����
��
��
���
��
������
��
���
������
��������������
�����
��
���
����
�	����

��������	
�������
���

��
������
��������������
��
�����������
������
���
���
�����������	
�����
��


��
��
�������
�
�������	������+
��
���

��
����������������
��
�����
������
���
	�
��
�������+
���
��
���
�		��
���
����
������
������
,��
&������
-�
.�����
���	�����	
���	�
����
����������
�
������/�
���
����
�����	��

GeoStatistics.p65 3/21/01, 8:16 AM150



CREATING A SURFACE WITH GEOSTATISTICAL TECHNIQUES 151

Creating a map
using universal
kriging
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Creating a prediction
map

1. Click the point layer on which
you wish to perform universal
kriging in the ArcMap table of
contents.

2. Start Geostatistical Analyst.

3. Click the Attribute field on
which you wish to perform
universal kriging.

4. Click the Kriging method and
click Next.

5. Under Universal Kriging,
expand the list and click
Prediction.

6. Click the Order of Trend
dropdown menu and click the
desired order.

7. Click Next.

8. Specify the desired param-
eters in the Detrending
dialog box and click Next.

9. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

10. Specify the desired param-
eters in the Searching
Neighborhood dialog box
and click Next.

11. Examine the results on the
Cross Validation dialog box
and click Finish.

12. On the Output Layer Infor-
mation dialog box, click OK.

�

�

�

�

�

See Also

"�������	�������������	������
	���
�����	���
����	��������

�		����	���������	��
�����	��
����+��������8��+�������
(����������������������#����
��9
������������
�$�
�����������9

	�������	������

�%�����	���
�������
�$��
�������	��� ���!
���
�����	�����	���
������������	���

������
��

GeoStatistics.p65 03/07/2001, 2:47 PM151



152 USING ARCGIS GEOSTATISTICAL ANALYST

Creating a prediction
standard error map

1. Right-click on the prediction
surface in the ArcMap table of
contents that was created
using universal kriging and
click Create Prediction
Standard Error Map.

Tip

Utilizing ESDA for
determining
transformations
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Understanding thresholds
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Understanding indicator kriging
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Creating a map
using indicator
kriging
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Creating a probability
map

1. Click the point layer on which
you wish to perform indicator
kriging in the ArcMap table of
contents. Start the Geostatis-
tical Analyst.

2. Click the Attribute field on
which you wish to perform
indicator kriging.

3. Click the Kriging method.

4. Click Next.

5. Expand the list under
Indicator Kriging and click
Probability Map.

6. Type the Threshold value or
click the Set... button and set
the threshold on the Primary
Threshold selection dialog
box.

7. Click either the Exceed or
NOT Exceed radio buttons.

8. Click Next.

9. Set additional cutoffs on the
Additional Cutoffs selection
dialog box.

10. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling and
Searching Neighborhood
dialog boxes and click Next
in each dialog box.

11. Examine the results on the
Cross Validation dialog box
and click Finish.

12. On the Output Layer Infor-
mation dialog box, click OK.
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Tip

Important parameters
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Understanding probability kriging
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Creating a map
using probability
kriging
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Creating a probability
map

1. Click the point layer on which
you wish to perform probabil-
ity kriging in the ArcMap
table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
probability kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under
Probability Kriging and click
Probability Map.

7. Type in the Threshold value
or click the Set... button and
set the threshold on the
Primary Threshold selection
dialog box.

8. Click either the Exceed or
NOT Exceed radio buttons.

9. Click Next.

10. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling and
Searching Neighborhood
dialog boxes and click Next
in each dialog box. �

Tip
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12. Examine the results on the
Cross Validation dialog box
and click Finish.

13. On the Output Layer Infor-
mation dialog box, click OK.
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Understanding disjunctive kriging
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Creating a map
using disjunctive
kriging
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Creating a prediction
map

1. Click the point layer on which
you wish to perform disjunc-
tive kriging in the ArcMap
table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
disjunctive kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under
Disjunctive Kriging and click
Prediction. Specify Mean
Value. Optionally, specify
Normal Score Transformation
(NST) and click Next.

7. If an NST was indicated,
specify the desired param-
eters in the NST dialog box
and click Next.

8. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

9. Specify the desired param-
eters in the Searching
Neighborhood dialog box and
click Next.

10. Examine the results on the
Cross Validation dialog box
and click Finish.

11. On the Output Layer Infor-
mation dialog box, click OK.

Tip

Using a database file
instead of a point layer
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Creating a probability
map

1. Follow the steps in ‘Creating
a prediction map’ on the
previous page, except click
on Probability Map in step 6
rather than Prediction.

2. Type in the Threshold value
or click the Set... button and
set the threshold on the
Primary Threshold selection
dialog box.

3. Click either the Exceed or
NOT Exceed radio buttons.

4. Specify Mean Value and
Normal Score Transformation.
Click Next.

5. Follow steps 7 through 11 in
‘Creating a prediction map’
earlier in the chapter.

See Also
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Creating a prediction
standard error map

1. Right-click on the prediction
surface in the ArcMap table of
contents that was created
using disjunctive kriging and
click Create Prediction
Standard Error Map.
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Tip

A prediction standard error
map
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Creating a standard error
of indicators map

1. Follow the steps for ‘Creating
a probability map’ previously
in this chapter, except click
Standard Error of Indicators
in step 6 rather than Predic-
tion. �
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Creating a prediction
map with declustering

1. Click the point layer on which
you wish to perform disjunc-
tive kriging in the ArcMap
table of contents.

2. Start the Geostatistical
Analyst.

3. Click the Attribute field on
which you wish to perform
disjunctive kriging.

4. Click the Kriging method.

5. Click Next.

6. Expand the list under
Disjunctive Kriging and click
Prediction.

7. Click Normal Score under the
Transformation dropdown
menu.

8. Check Declustering before
Transform.

9. Click Next.

10. Specify the desired param-
eters in the Declustering
dialog box and click Next.

11. Specify the desired param-
eters in the Normal Score
Transformation dialog box
and click Next.

12. Follow steps 8 through 11 in
‘Creating a prediction map’,
previously in this chapter.

Tip

Using declustering
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Examining the bivariate
distribution when
creating a prediction map

1. Click the point layer on which
you wish to perform disjunc-
tive kriging in the ArcMap
table of contents.

2. Click the Geostatistical
Analyst toolbar and click
Geostatistical Wizard.

3. Click the Attribute field on
which you wish to perform
disjunctive kriging.

4. Click the Kriging method.
Click Next.

5. Expand the list under
Disjunctive Kriging and click
Prediction.

6. Check Examine Bivariate
Distribution and specify
Mean Value or NST.

7. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

8. Explore the Semivariogram/
Covariance Modeling dialog
box (Examine Bivariate
Distribution) and click Next.

9. Follow steps 9 through 11 in
‘Creating a prediction map’,
previously in this chapter.

See Also
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Creating a map
using cokriging
���� ����	
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Creating a prediction
map

1. Click the point layers on
which you wish to perform
cokriging in the ArcMap table
of contents.

2. Click the Geostatistical
Analyst toolbar and click
Geostatistical Wizard.

3. Click the CoKriging method.

4. Click the Attribute field on
which you wish to perform
cokriging for all datasets
(switch between dataset tabs
to specify the parameters).

5. Click Next.

6. Click the desired cokriging
method and output layer type
in the Geostatistical Methods
list. Click Next.

7. Specify the parameters in the
Detrending dialog box if the
Order of Trend Removal was
specified for all datasets.
Click Next.

8. Specify the parameters in the
Semivariogram/Covariance
Modeling dialog box for all
datasets. Click Next.

9. Specify the desired param-
eters in the Searching
Neighborhood dialog box for
all datasests and click Next.

10. Examine the results on the
Cross Validation dialog box
and click Finish.

11. On the Output Layer Informa-
tion dialog box, click OK.

See Also
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IN THIS CHAPTER

167

Using analytical tools when generating surfaces 7
• Investigating spatial structure:

variography

• Determining the neighborhood
search size

• Performing cross-validation to
assess parameter selections

• Assessing decision protocol using
validation

• Comparing one model with
another

• Modeling distributions and deter-
mining transformations

• Checking for the bivariate normal
distribution

• Implementing declustering to
adjust for preferential sampling

• Removing trends from the data

There are many steps that you go through when creating a surface. In each
of these steps, you specify a number of parameters. Geostatistical Analyst
provides a series of dialog boxes containing analytical tools to assist you in
determining the values for the parameters. Some of these dialog boxes and
tools are applicable to almost all interpolation methods such as specifying
the search neighborhood, cross-validation, and validation. Others are
specific to the geostatistical methods (kriging and cokriging), such as
modeling semivariograms, transformations, detrending, declustering, and
checking for bivariate normal distributions.

Within each dialog box, there are a series of tasks that can be accomplished
using the tools. In this chapter, the concepts for the most frequently
performed tasks are discussed and the steps identified. Depending on your
data, none, some, or all of the tasks and their parameters might be explored.
As with all parameters, Geostatistical Analyst provides reliable defaults,
some of which have been calculated specifically for your data. However,
you may have additional insight into your data from prior knowledge of the
phenomena under study or that you gained through the exploratory tools
provided with Geostatistical Analyst, which you can use to refine the
parameters to create an even more accurate surface.
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Investigating spatial structure: variography

Semivariograms and covariance functions
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Understanding measurement error

�����
��
���
�������
�����
�N��
����	<
������<
��

���������N
����5
���
���
��
�����������
�����
��
���@
�����������
�����
������
5���
��
��
�����*��
��
����
�������
�*����������
��
���
����
��������<
��

���	

�����@
7��
�������<
	��
�����
�������
�
������
����
���
�����

��
���
��

����

���
�
����
������
����
�������
��*�������
��
*�
�������
@
D��
��	
5���
��

�
����
��
���
����������
����
��������
���
�������
���
����
���������@
"�
�������
�������<
	��
��	
���

��*�������
��
�
����
������
��

��������
��*���������
���
����	���@
�����
��	
*�
�����
�����
5���
���
���������
��
����������
�������	
��

��������
@
$�
����
����<
	��
��	
5���
��
�����	
�����
���
���5�
�����������
���������
����
	���
��
��@
���
�����������
�����
��
��
��<

�;�>
O
�;�>
M
�;�>
M
�;�><

5������;�>
��
�����������
�����
��

�;�>
��

�;�>
���
���
����
��
���
���
�������
��
���
��
'������
�@
$�
����
��
��<
���
������
������
��
�������

��
���
��������
����;�>
;�����

����������
���������>
����
���
��������
��
�;�>
;�����

�����������
�����>@
$�
���
!�������������
"���	��<
	��
���
������	
�
����������
��
���
��������

������
������
��
����������
���������
��

�����������
���������<
��
	��
���
����
!�������������
"���	��
��������
�����������
�����
���
	��
��
	��
����
��������
������������
���
��������<
��
	��
���
�����
�
�����
���
�����������
���������@
���

������
��
�*����
��
;)���>
�����������
���������@
.���
�����
��
��
�����������
�����<
�������
��
��
�����
������������<
�������
����
��
�
���
������
��
��
�
��
�
��������
5����

���
���
*���
��������
<
����
���
���
����

�����
��
���
����
��
���
�������

�����@
4�5����<
5���
�����������
������
�����<
�����
��
���
������
���
�������

�����<
�;�

�
>
M�;�

�
><
5����

���
���
����
���

�����������
�����
����@
"�
���������
5����

���
���
*���

AnalyticalTools.p65 03/07/2001, 2:49 PM169



170 USING ARCGIS GEOSTATISTICAL ANALYST

��������
<
���
�������

�����
��
���
���
����
��
���
�������

�����@
���
������
��
��������
�����������
�����
��
���
��
����
	���
�����
���
���
*�
��������
��

����
�������
����
��

������
����
���
�����
�������
�������@
����
��
����������

5���
��
�������
��
���
�������
*���5E
�����
���:
����������
�������
��

������
�������
���
���5�
5���
�����
���
���	
�5�

���
���������
;��
%
��

�>
5���
������
:%
��

%
���
�
��
��
5������
�����������
���������
��

���
5����
���
������
������
��
���
�����������
���������@

Anisotropy: Directional semivariograms and
covariances functions
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Theoretical model 

Empirical 
values 

Z1(s1) Z1(s2) Z1(s3)

Z2(s1) Z2(s2) Z2(s3)

Z1(s4)

Z2(s4)

Z1(s1) Z1(s2) Z1(s3)

Z2(s1) Z2(s2) Z2(s3)

Z1(s4)

Z2(s4)

C12(s2,s3) C21(s2,s3)

Using the empirical data to estimate theoretical
models
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Empirical values 

Theoretical model 

Highest cross-
covariance is shifted 
to the west. 
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The Semivariogram/Covariance Modeling dialog box

Empirical
semivariogram

surface

Semivariogram
value

Omnidirectional
model

Available
semivariogram

models

Associated
parameter
values

Semivariogram
cloud

Lag distance
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Modeling
semivariograms
and covariance
functions
6
������� ���� ���
������ ���
�
 �������� ����	�
��� ��	� �
���� ���
����� 
�� �
 �������� 	

�
�����	��������
��� ��� 	
� ��	� 	��
���	��
���������
"�����!�	
�	��
���� ���
�����������
����"���
	���� ��� ����� ��� �
��� 
������
	�
���

��
�
����
�������	�
������	
�
��
����	�
������
�����	�����������#
�����#� ���� �����	� ���� 	��
��

�	��	� ������	����	���� 
�� 	��
�
�����'�� 	������������������	
���
�� ����
�����	�#�������������
���	����
���
�����

Selecting a model

1. On the Semivariogram/
Covariance Modeling dialog
box, click on the desired
semivariogram model.

You will notice that the yellow
line modeling in the
Semivariogram dialog box
will change to reflect the
model that is selected.
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Tip

Selecting the model
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Exploring for directional
autocorrelation

1. Check Show Search Direc-
tion.

2. Click the up or down arrows
of the Angle Direction to
explore for the desired
directional angle.

Alternatively, in the
semivariogram map, click
and hold the middle blue line
and drag to the desired
direction.

3. Click the up or down arrows
of the Angle Tolerance to
adjust the angle of tolerance.

Alternatively, in the semivari-
ogram map, click and hold
either of the red directional
indicator lines and drag to
the desired angle.

4. Click the up or down arrows
of the Bandwidth.

Alternatively, in the
semivariogram map, click
and hold either of the purple
lines located on the bound-
ing square. Drag to the
desired width.

Tip

Autocorrelation in your
data
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This is a graphical
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Modeling anisotropy

1. Check Anisotropy on the
Semivariogram/Covariance
Modeling dialog box.

Notice the single yellow line
becomes many lines when
anisotropy is checked.

Tip

Calculating the optimal
parameters
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Altering the anisotropy
parameters

1. Check Anisotropy on the
Semivariogram/Covariance
Modeling dialog box.

Note: The Minor Range and
Direction check boxes
become active.

2. To change the major range,
click the pencil icon above
the Major Range input
(which makes the input box
active) and type in the
desired range.

3. To change the minor range,
click the pencil icon above
the Minor Range input
(which makes the input box
active) and type in the
desired range. �

�
�

�
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�

Tip

Checking the
semivariogram after
anisotropy is checked
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Checking the anisotropy
check box
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4. To change the angle direc-
tion, click the pencil icon
above the Direction input
(which makes the input box
active) and type in the
desired angle.
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Changing the lag size
and number of lags

1. On the Semivariogram/
Covariance Modeling dialog
box, type the desired Lag
Size.

2. Click the up or down arrows
or type in the desired value
in order to change the
Number of Lags.

Tip

Choosing a lag size
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Tip

Calculating the optimal
parameters
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Changing the partial sill
and nugget

1. On the Semivariogram/
Covariance Modeling dialog
box, click on the pencil
above the Partial Sill input
(which makes the input box
active) and type in the
desired value.

2. Check the Nugget check box,
click on the pencil icon
above the Nugget input
(which makes the input box
active), and type in the
desired value.
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Handling measurement
error

1. Check the Error Modeling
check box.

2. Move the scroll bar to
determine the percentages of
MicroStructure and Measure-
ment Error for the nugget.

Alternatively, type the
percentages or values into
the input boxes.

Tip

Zero measurement error
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Determining the neighborhood search size
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Semivariogram
envelope

Check Anisotropy to show
semivariogram envelope

(i.e., semivariogram curves
for all directions).

Use the Search Direction tool to
determine the location of the

range in a particular direction.
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Ellipse with four sectors
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If not enough points are
available within the search
neighborhood, the software
selects the nearest available
points (this yellow point
belongs to the upper-right
sector).

Only two points are available
in this sector.
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The Searching Neighborhood dialog box

Click to preview
the surface.

Number of points used
to predict a value at a

test location.

The minimum number of points
to be used (they may lie outside

the search ellipse).

Geometry and
number of sectors
used in the search.

Crosshairs
define the test

location.

Points used and
associated

weights.

Prediction for
test location.
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Determining the
neighborhood
search size
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Changing the number of
points to include in a
neighborhood

1. On the Searching Neighbor-
hood dialog box, click the
Neighbors to Include up and
down arrows.

Alternatively, type in the
desired value.

2. To set a minimum of points to
include in the neighborhood,
check the Include at Least
check box and click the up
and down arrows until the
desired value is reached.

Alternatively, type the value
in the input field.

Tip

Assessing a neighborhood
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Altering the shape of the
neighborhood

1. On the Searching Neighbor-
hood dialog box, click the
desired ellipse icon to
change the default neighbor-
hood shape type.

2. Check the Shape check box.

The controls in the shape
frame will become active.

3. Click the Angle up or down
arrows or type in the desired
angle to alter the angle of the
ellipse.

4. Type the desired value in the
Major and Minor Semiaxis
input fields to alter the shape
of the ellipse.

In the display window of the
dialog box, the ellipse will
reflect the changes.

Tip

Weight values
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Determining the
prediction for a specific
location

1. The number of neighbors
used for prediction and the
prediction are displayed
below the input fields (in the
bottom right of the dialog
box). To initiate a new
prediction location, click the
desired location in the
display area of the dialog
box.

2. Alternatively, enter the
location in the X and Y input
fields.

The prediction and number of
neighbors are updated
immediately with the new
location.
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Tip

The predicted value
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Altering the map view

1. On the Searching Neighbor-
hood dialog box, to zoom in
on the map display, click the
Zoom In button, then drag a
box around the area of the
map on which the zoom will
occur.

2. To zoom out on the map
display, click the Zoom Out
button.

3. To pan around in the map
display, click the Pan button
and move the mouse into the
map display, hold down the
left mouse button, and move
the cursor.

The map will move in
coordination with the cursor.

4. To display the map using the
full extent, click the Full
Extent button.

5. To preview the output
surface, click the Preview
type dropdown menu and
click Surface. To return to the
previous view, click Neigh-
bors.
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Performing cross-validation and validation
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And so on for all points
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The Cross Validation and Validation dialog box

Line of best fit 1:1 Line

Results from
cross-validation
or validation

Summary
statistics

Cross-validation
scatter plot

Save to a file
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Performing cross-
validation to as-
sess parameter
selections
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Examining the predicted
fit

1. On the Cross Validation
dialog box, select either the
Predicted, Error, Standard-
ized Error, or QQPlot tab
according to the desired
method in which you want to
view the results.

Selecting a particular
point

1. On the Cross Validation
dialog box, in the table at the
bottom right, click on the row
representing the point of
interest.

When a row is selected, the
point is highlighted in the
chart above.

Tip

Selecting points
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Tip

Viewing all rows and
columns
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Saving the cross-
validation statistics to a
file

1. Click Save Cross Validation.

2. Navigate to the location to
save the dataset.

3. Type the name of the dataset.

4. Click the type of dataset.

5. Click Save.

Tip

Viewing a saved table
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Assessing
decision protocol
using validation
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Creating the subsets to
use for validation

1. Add the dataset that you wish
to subset to ArcMap.

2. Click Create Subsets.

3. Click the dropdown arrow
and click on the dataset that
you wish to subset.

4. Click Next.

5. Optionally, change the
location and/or name for the
output geodatabase file.

6. Optionally, change the
default subset names.

7. Click and drag the slider to
the required position.

8. Click Finish.

Tip

Dividing the training and
test data
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Performing validation

1. Click the Add Data button
and navigate to the test and
training datasets (created
following the steps on the
previous page). Click Add.

2. Start the Geostatistical
Analyst Wizard.

3. Click the Input Data
dropdown arrow and click
the training layer (created by
subsetting the original
dataset on the previous
page).

4. Click the Attribute dropdown
arrow and click the attribute
you want to use in the
interpolation.

5. Check the Validation check
box.

6. Click the Input Data
dropdown arrow and click
the test dataset (created by
subsetting the original
dataset on the previous
page).

7. Click the Attribute dropdown
arrow and click the same
attribute you chose for the
training dataset.

8. Click the Method you wish to
use.

9. Click Next on this and all
subsequent dialog boxes
until you reach the Validation
dialog box.

10. Optionally, click to save the
validation table to a data-
base.

Tip

Opening a saved table
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Viewing all rows and
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Comparing one model with another
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Concerns when comparing methods and models
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The Cross Validation Comparison dialog box

Fitted line
for layer 1

Summary
statistics for

layer 1

Cross-
validation

scatter plot for
layer 1

Summary
statistics for
layer 2

Fitted line
for layer 2

Cross-validation
scatter plot for

layer 2

1:1 line for
layer 1

1:1 line for
layer 2
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Comparing
one model with
another
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Performing comparison

1. Right-click one of the layers
in the ArcMap table of
contents you wish to com-
pare and click on Compare.

2. Click the second layer in the
comparison in the To
dropdown menu.

3. Click the various tabs to see
the different results of the
comparison.

4. Click Close to close the
Cross Validation Comparison
dialog box.

See Also
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Modeling distributions and determining transformations

Box–Cox, arcsine, and log transformations
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Normal score transformation
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The Normal Score Transformation distribution dialog box

Choose number of
Gaussian kernels

Empirical
Cumulative
Distribution
function

Fitted
Cumulative
Distribution
function
(red line)

Number of
histogram bars

Approximation method:
Direct (default), linear,
Gaussian kernels

Fitted probability density
(for Gaussian kernels only)

Histogram of data
representing probability
density

Dataset
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Comparing normal score transformation to other
transformations
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Using
transformations
(log, Box–Cox,
and arcsine)
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Using transformations

1. On the Geostatistical Method
Selection dialog box, click
the desired transformation in
the Transformation dropdown
menu.

2. Click Next.

3. Follow the dialog boxes to
create a surface.

Tip

When you can transform
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Using the normal
score
transformation
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Modeling distributions

1. Click the Simple or Disjunc-
tive Kriging interpolation
method to use for the
distribution.

2. On the Geostatistical Method
Selection dialog box, click
Normal Score in the Transfor-
mation dropdown list.

3. Click Next.

4. Alternatively, click Cumula-
tive Distribution to switch the
display of the graph.

5. Alternatively, type the number
of bars you wish to display in
the chart.

6. Click the Dataset Selection
dropdown arrow to switch
between datasets (only for
cokriging where you have
two or more datasets).
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Checking for the bivariate normal distribution
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The Examine Bivariate Distribution dialog box

Fitted covariance
function to
empirical

covariance on
indicators (yellow

line)

Empirical
covariance on

indicators

Theoretical
curve of

indicator
covariance,

assuming data
comes from

bivariate normal
distribution
(green line)
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Checking for
bivariate
distribution
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Checking for bivariate
distribution

1. Click the Add Data button on
the ArcMap toolbar and add
the layer you wish to check
for bivariate distribution.

2. Start the Geostatistical
Wizard.

3. Click either Kriging or
Cokriging.

4. Click Next on the Choose
Input Data and Method
dialog box.

5. Click the Simple or Disjunc-
tive Kriging/Cokriging
method to use.

6. Check Examine Bivariate
Distribution and select
Normal Score Transformation.

7. Choose the Dataset combi-
nation you wish to use
(cokriging only).

8. Type the number of quantiles
to check.

9. Click Next.

10. Click the Approximation
Method in the dropdown
menu, set the parameters,
and click either Probability
Density or Cumulative
Distribution radio buttons on
the Normal Score Transfor-

Tip

Methods that enable the
bivariate distribution to be
checked
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11. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

12. Explore the bivariate
distribution on the Examine
Bivariate Distribution dialog
box. Click Next.
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Implementing declustering to adjust for preferential sampling
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The Declustering dialog box

Grid
displaying
cell size

Ratio of cell
“height” to

“width”

Set cell
size

Color legend corresponding
to the size of the polygons

Plot of weighted
mean versus

grid size

Orientation of the grid
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Declustering to
adjust for
preferential
sampling
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Performing cell
declustering

1. Click Kriging or Cokriging on
the Choose Input Data and
Method dialog box.

2. Click either Probability,
Disjunctive, or Simple
Kriging or Cokriging meth-
ods.

3. Click the Normal Score
transformation in the Trans-
formation dropdown menu.

4. Check Declustering before
Transform.

5. Click Next.

6. Click the Dataset Selection
dropdown arrow and click
the dataset you wish to
display (cokriging only).

7. Specify the desired param-
eters.

8. Click the tabs to switch
between the Cell Size,
Anisotropy, and Angle charts.

9. Change cell size, anisotropy,
shift, and angle to find the
extremum in the graph.

10. Alternatively, click the
Declustering Method
dropdown arrow and click
Polgonal to switch to a
polygon declustering
display.

11. Click Next. �

Tip

Using declustering
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12. Click the Approximation
Method in the dropdown
menu, set the parameters,
and click either Probability
Density or Cumulative
distribution radio buttons on
the Normal Score Transfor-
mation dialog box. Click
Next.

13. Specify the desired param-
eters in the Semivariogram/
Covariance Modeling dialog
box and click Next.

14. Specify the desired param-
eters in the Searching
Neighborhood dialog box
and click Next.

15. Examine the results on the
Cross Validation dialog box
and click Finish.

16. On the Output Layer Informa-
tion dialog box, click OK.
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Removing trends from the data
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The Detrending dialog box (Standard option)

The dataset
being detrended

Controls for the
trend display

The neighborhood
search size

The power of
the polynomial

Map legend

Searching
Neighborhood

settings

The estimated
trend display
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Removing global
and local trends
from the data:
detrending
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Using the slider to
estimate the trend

1. On the Geostatistical Method
Selection dialog box, click
either Ordinary Kriging,
Universal Kriging, or Disjunc-
tive Kriging and the desired
output surface type in the
Geostatistical Method tree
view.

2. Click the dropdown arrow on
the Order of Trend Removal
and click the order for the
trend.

3. Click Next.

Note: If the order of trend is
anything but None, then the
Detrending dialog box will
follow when clicking Next.

4. On the Detrending dialog
box, by moving the slider
between the two extremes,
you define the window size
for fitting the polynomial from
Global to Local.

Alternatively, to set the
neighborhood parameters
click Advanced Options>>.

5. Click Next.

Tip

The order of your trends
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Displaying and managing geostatistical layers 8
• What is a geostatistical layer?

• Adding layers

• Working with layers in a map

• Managing layers

• Viewing geostatistical layers in
ArcCatalog

• Representing a geostatistical layer

• Changing the symbology of a
geostatistical layer

• Data classification

• Setting the scales at which a
geostatistical layer will be
displayed

• Predicting values for locations
outside the area of interest

• Saving and exporting geostatisti-
cal layers

ArcMap and Geostatistical Analyst provide a wide variety of tools with
which to display and manage your data. With the display tools, you can
create fine cartographic output and explore or analyze your data to gain
greater insights in order to make more effective decisions. Exploration is
particularly important when using Geostatistical Analyst because through
these insights you are able to build better models and create more accurate
surfaces.

Even though the management tools may not directly aid in the creation of
surfaces with Geostatistical Analyst, these tools are indispensable for
organizing and ordering the map session as well as your own thinking.

Many of the display and management tools that are applicable to any
ArcMap layer are also applicable to a geostatistical layer. In this chapter, we
will only discuss the general layer tools that are most often used when
working with Geostatistical Analyst and the tools that are specific to a
geostatistical layer. Please refer to Using ArcMap for additional tools that
can be applied to all layer types, including geostatistical layers.
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Filled contours

What is a geostatistical layer?
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Contours

Grid

Hillshade

Combination of contours, filled contours, and hillshade
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Adding layers
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Adding layers

1. Click the Add Data button on
the ArcMap Standard toolbar.

2. Click the Look in dropdown
arrow and navigate to the
folder that contains the layer.

3. Click the layer.

4. Click Add.
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Adding a group layer

1. Right-click on Layers in the
ArcMap table of contents and
click New Group Layer.

2. Right-click the resulting New
Group Layer in the table of
contents and click Properties.

3. Click the General tab.

4. Optionally, name the group
layer.

5. Optionally, check the Visible
check box to make the Group
Layer visible.

6. Optionally, set the Scale
Range.

7. Click the Group tab.

8. Click Add and navigate to a
dataset you wish to add.

9. Click Add.

10. Continue adding the desired
datasets to the group by
repeating steps 8 and 9.

11. Click OK.

Tip

Revealing hidden layers
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Working with
layers in a map
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Turning the display of a
layer on or off

1. Check the check box to the
left of the layer name to turn
the layer on or off.

�

Zooming and panning a
layer

1. Click View in the ArcMap
menu bar, click Toolbars, and
check Tools.

2. Various tools, accessed
through icons on the Tools
toolbar, can be used to
explore the map.

Moving a layer to change
its drawing order

1. In the table of contents, click
and drag the layer up or
down to the desired position.

A black line indicates where
the layer will be placed.

2. Release the mouse pointer to
drop the layer into the new
position.
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See Also
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Managing layers
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Changing the name of a
layer

1. Click the layer in the table of
contents to select it.

2. Click again on the name.

This will highlight the name
and enable it to be changed.

3. Type the new name.

Copying a layer

1. Right-click the layer you want
to copy and click Copy.

2. Right-click the Layers data
frame.

3. Click Paste Layer(s).

Removing a layer

1. Right-click the layer you want
to remove and click Remove.
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Viewing
geostatistical
layers in
ArcCatalog
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Starting ArcCatalog and
enabling Geostatistical
Analyst

1. Click the Start button on the
Windows taskbar.

2. Point to Programs.

3. Point to ArcGIS.

4. Point to ArcCatalog.

The ArcCatalog window
appears. Now, click the Tools
menu, click Extensions, and
check Geostatistical Analyst.
Click Close.
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Tip

Metadata
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Accessing ArcCatalog
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Previewing data

1. Start ArcCatalog.

2. Navigate to the desired
geostatistical layer in the
table of contents.

3. Click the Preview tab.
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Viewing layer metadata

1. Start ArcCatalog.

2. Navigate to the desired
geostatistical layer in the
table of contents.

3. Click the Metadata tab.

4. Click the Description tab to
retrieve a general description
of the layer.

5. Click the Spatial tab to
explore the spatial character-
istics of the layer such as its
bounding coordinates.

6. Click the Attributes tab to
examine other information
about the layer.

7. Input or change any meta-
data information.

See Also
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Representing a
geostatistical
layer
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Displaying a
geostatistical layer as
filled contours

1. Right-click the desired
geostatistical layer in the
ArcMap table of contents and
click Properties.

2. Click the Symbology tab.

3. Click Filled Contours in the
Show list and check the
accompanying check box.

4. Set the desired parameters.

5. Click OK.

Displaying a
geostatistical layer as a
grid

1. Right-click the desired
geostatistical layer in the
ArcMap table of contents and
click Properties.

2. Click the Symbology tab.

3. Click Grid in the Show list
and check the accompanying
check box.

4. Set the desired parameters.

5. Click OK.
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Viewing multiple datasets
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Displaying the
geostatistical layer as a
hillshade

1. Click the desired geostatisti-
cal layer in the ArcMap table
of contents and click Proper-
ties.

2. Click the Symbology tab.

3. Click Hillshade in the Show
list and check the accompa-
nying check box.

4. Set the desired parameters.

5. Click OK.

Tip

Shortcut to the layer
properties
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The Hillshade Z factor
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Viewing combinations of
representations together
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Displaying the
geostatistical layer as
contours

1. Click the desired geostatisti-
cal layer in the ArcMap table
of contents and click Proper-
ties.

2. Click the Symbology tab.

3. Click Contours in the Show
list and check the accompa-
nying check box.

4. Set the desired parameters.

5. Click OK.
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Changing the
symbology of a
geostatistical
layer
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Changing the color
scheme

1. Right-click the geostatistical
layer and click Properties.

2. Click the Symbology tab.

3. Click on either Contours,
Grid, or Filled Contours for
the layer from the Show list.

4. Click the Color Ramp
dropdown arrow and click a
color scheme.

5. Click OK.

Tip

Zooming
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Changing the color
interactively

1. Right-click a symbol from the
legend of a geostatistical
layer.

2. Click a color for the symbol.

All values in the display
represented with this symbol
will be displayed in the
chosen color.
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Data classification
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Why set your class ranges manually?
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Using a standard classification scheme
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Equal interval
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Smart quantiles
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Classifying data
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Setting a predefined
classification method

1. In the table of contents, right-
click the geostatistical layer
you want to classify and click
Properties.

2. Click the Symbology tab.

3. Click Classify.

4. Click the Method dropdown
arrow and click a classifica-
tion method.

5. Click the up/down arrows on
the Classes input box to set
the desired number of
classes.

6. Click OK on the Classification
dialog box.

7. Click OK on the Layer
Properties dialog box.
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Manually altering the
class breaks

1. In the table of contents, right-
click the geostatistical layer
you want to classify manually
and click Properties.

2. Click the Symbology tab.

3. Click Classify.

4. Click the Method dropdown
arrow and click Manual.

5. Click the up/down arrow of
the Classes input box until
the desired number of
classes is reached.

6. Click and drag the class
breaks to the desired posi-
tion.

7. Alternatively, type in specific
class breaks.

8. Alternatively, check the
Custom Min & Max check
box, then type specific
minimum and maximum
values to include in the
classification.

9. Click OK on the Classification
dialog box.

10. Click OK on the Symbology
tab.
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Setting the scales
at which a
geostatistical
layer will be
displayed
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Setting the scale range

1. Right-click the geostatistical
layer and click Properties.

2. Click the General tab.

3. Click Don’t show layer when
zoomed.

4. Set the scale range by
inputting the out beyond and
in beyond entries.

5. Click OK.
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Predicting values
for locations
outside the area
of interest
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Extrapolating values

1. Right-click the geostatistical
layer that you want to
extrapolate values for in the
ArcMap table of contents and
click Properties.

2. Click the Extent tab.

3. Click a custom extent entered
below in the Set the extent to
dropdown list.

4. Type the new values into the
Visible Extent.

Alternatively, use the extent
of any other available layer.

5. Click OK.
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Saving and
exporting
geostatistical
layers
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Saving a map
composition

1. Click the File menu and click
Save As.

2. Navigate to the directory in
which you want to save the
map.

3. Change the map name if
desired.

4. Click Save.

Tip

Distributing a
geostatistical layer
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Saving individual layers

1. Right-click the geostatistical
layer you wish to save in the
ArcMap table of contents and
click Save As Layer File.

2. Navigate to the directory in
which you want to save the
layer.

3. Change the layer name if
desired.

4. Click Save.
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Exporting a geostatistical
layer to a raster

1. Right-click the geostatistical
layer in the ArcMap table of
contents, click Data, and click
Export to Raster.

2. Set the desired properties for
the resulting raster such as
the number of rows and
columns, cell size, number of
predictions in each cell
(Block Interpolations), and
the name and location for the
raster.

3. Click OK.

Exporting a geostatistical
layer to a vector format

1. Right-click the geostatistical
layer in the ArcMap table of
contents, click Data, and click
Export to Vector.

2. Specify the output format
(e.g., shapefile, personal
geodatabase, or SDE
database).

3. Select Contours or Filled
Contours from the Export
dropdown menu.

4. Click OK.
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Additional geostatistical analysis tools 9
• Changing the parameters of a

geostatistical layer: method
properties

• Predicting values for specified
locations

• Performing validation on a
geostatistical layer created from a
subset

• Stratifying your data for better
predictions

There are many supporting tools in ArcMap and Geostatistical Analyst to
assist in geostatistical analysis. You can change the parameters in a model,
retrieve predictions for specific locations, perform validation from subsets,
spatially divide your data, interpolate each division, and then combine the
results. This chapter is not an exhaustive list of tools that will help with
geostatistical analysis. Instead, it discusses some of the more commonly
used tools that will aid in your analysis. But you should be aware that
because Geostatistical Analyst is integrated into ArcMap, there are
countless functions that you can and will use in your analysis. The more
familiar you become with ArcMap and the supporting Geostatistical Analyst
extensions, the more tools you will find that meet your specific need to
create even more accurate surfaces.
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Changing the
parameters of a
geostatistical
layer: method
properties
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Using method properties

1. Right-click the geostatistical
layer in the ArcMap table of
contents and click Method
Properties.

The options available
depend on the technique
used to create the original
surface. Follow these steps
when the prediction surface
is created by a kriging
method.

2. Click on the desired kriging
method.

3. Click Next on the Geostatisti-
cal Method Selection dialog
box.

4. Optionally, change any of the
model parameters and click
Next on the Semivariance/
Covariance Modeling dialog
box.

5. Optionally, define a new
search neighborhood and
click Next on the Searching
Neighborhood dialog.

6. Assess the cross-validation
results. Has the output
improved? If not, repeat steps
2 to 5. If yes, Click Finish on
the Cross Validation dialog
box.

7. Click OK on the Output Layer
Information dialog box.
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Understanding method
properties
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Predicting values
for specified
locations
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Using map tips

1. Create a geostatistical layer
using any of the methods
discussed in Chapters 5 or 6.

2. Right-click the geostatistical
layer and click Properties.

3. Click the Display tab.

4. Check Show MapTips.

5. Click OK.

6. Place the cursor over a point
of interest on the layer.

The value at that location is
displayed.

Tip

Selecting points using the
attribute table
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Predicting at specific
locations from a point
layer

1. Right-click in the ArcMap
table of contents the
geostatistical layer that was
created using observed data
and click Prediction.

2. Click the Input Data
dropdown arrow and click
the layer containing the
locations for which you want
to obtain predictions.

3. Identify the directory to store
the output dataset in by
clicking the browse button
next to Specify output
shapefile or feature class.

4. Browse or type the directory
and name for the output file.

5. Click Save and OK.

6. Add the prediction file to the
ArcMap table of contents
when prompted.

7. Right-click the prediction
layer and click Open Attribute
Table to display the results.

The predicted values at the
specified locations will be
displayed in the table.
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Other ways to view the
results
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Performing
validation on a
geostatistical
layer created
from a subset
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Creating subsets

1. Click the Geostatistical
Analyst toolbar and click
Create Subsets.

2. Click the Input Layer
dropdown arrow and click
the layer to be divided.

3. Click Next.

4. Click and drag the slider bar
to an appropriate location to
select the relative percent-
ages of training and test
data.

By default, the output dataset
is named according to the
following convention: “input
filedataset”+“_sets.mdb”, for
example,
inputpoints_sets.mdb, where
inputpoints is the name of the
input dataset containing the
points.

5. Click Finish.

The training and test
datasets form two tables in
the personal geodatabase.

Tip

Dividing the dataset
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Performing validation
using subsets

1. Click the Add Data icon on
the Standard toolbar in
ArcMap. Navigate to the
folder in which the subset
data was saved (if it is not in
the ArcMap table of con-
tents).

2. Click both the training and
test layers (click one layer,
then hold down the Shift key
and click the other).

3. Click Add.

4. Click the Geostatistical
Analyst toolbar and click
Geostatistical Wizard.

5. Click the Input Data
dropdown menu and click the
training dataset.

6. Click an appropriate method.

7. Click Next and follow the
dialog boxes to create a
surface.

8. Right-click the newly created
geostatistical layer and click
Validation....

9. Click the test dataset in the
Input Data dropdown menu.

10. Click the same attribute in
the Attribute dropdown menu
that the surface was created
in.

11. Type a name and location
for saving the output
(validation) dataset.

12. Click OK. �
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Performing validation from
the Geostatistical Wizard
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Viewing the summary
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13. When queried, add the
validation layer to the
ArcMap table of contents.

14. Right-click the new layer
and click Open Attribute
Table.

The results of the validation
are displayed for assess-
ment.

Tip

The resulting output files
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Appendix A
• Deterministic methods

• Inverse distance weighted
interpolation

• Global polynomial interpolation

• Local polynomial interpolation

• Radial basis function interpola-
tion

• Geostatistical methods

• Declustering dialog box

• Distribution modeling dialog box

• Semivariogram/Covariance
dialog box

• Bivariate distribution dialog box

• Kriging formulas

• Cross Validation dialog box

There are many formulas and unique implementation concepts underlying
Geostatistical Analyst. The formulas and technical concepts are presented
here in this appendix. It is assumed that you have some training in
mathematics or geostatistics before reading this appendix.

Following the appendix are references from commonly used textbooks and
journal articles for the mathematical details of the methods used in
Geostatistical Analyst. In some cases, when the details are not easily found
in textbooks, we give greater detail.
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Deterministic methods

Inverse distance weighted interpolation
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Geometric anisotropy
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Declustering dialog box

Cell declustering
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Polygonal method

"�
��������
�����

��
��
����5
���
5������
��

����

��
���
��)�
��
���	����
����
�������

����
�����@
���
���	����
���
����������

*	
���
���
���
�����*��
������
����
���
������
��
�
������
�����
����
��	
�����
������
�����@
����<
����
������
�����
���
�
���	���
��
���������@
$�
�����������<
�����
���
�����

?������

�������
��

��������
���	����@
7��
������������<
���
$�����
��

����������
;%(#(<
�@
��#><
��

!��������
;%((#<
�@
 (>@
$�
!�������������
"���	��<
���
�����
*���
��	
��
�
������
������
����
���
��������
;��������
>
���������
����
��������
���
��
���
���������@
���
���������
��
�����

*	
������
���
�������
�:
����
�����
��

	:����
�����
����





















<
5����
�
��
���
����
��
���
���������
��

F
��
���
���*��
��

�������@
���
��������
�:����
�����
��

	:����
�����
���
����5���
��
�
�
*��
�������@
���
�����
*���
��	
���
�����
���*��
������
��
���
5������
���
�
��
������@

Geostatistical methods

Z(s(1)) Z(s(2)) Z(s(3)) Z(s(4))

Cumulative probability 
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3/4 
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Distribution modeling dialog box

Normal-score transformation
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Semivariogram/Covariance dialog box

Variogram definitions
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Covariance definitions
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Estimating the variogram
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Estimating the covariance
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Binning the variogram and covariance estimates into
lag classes
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h y-direction

h x-direction

Lag bins

Lag vector
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Semivariogram and covariance models

Relationship between semivariograms and covariance
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Linear combinations of models
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Nugget effect
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J-Bessel
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Kriging formulas
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Simple kriging
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Probability and quantile maps
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Predicting a new value for cross-validation
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Lognormal linear kriging
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Probability kriging
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Cokriging
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Cross-validation summaries
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IN THIS APPENDIX

275

Appendix B
This appendix provides an overview of the methods that are available with
the Geostatistical Analyst. The following chart describes the
characteristics of each method, summarizes its advandages and
disadvantages, and shows the type of output it creates. By comparing the
differences between these methods you can determine which ones you
should use in your application.

• A comparison of the Geostatistical
Analyst methods
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Method Deterministic/ Output Computing Exact Advantages Disadvantages Assumptions2

Stochastic Surface Time/ Interpolator
Types Modeling

Time1

Inverse Deterministic Prediction Fast/Fast Yes Few parameter No assessment of
Distance decisions prediction errors;
Weighted produces “bulls eyes”

around data locations None

Global
polynomial Deterministic Prediction Fast/Fast No Few parameter No assessment of

decisions prediction errors;
may be too smooth;
edge points have large
influence None

Local Deterministic Prediction Moderately
polynomial Fast/Moderate No More parameter No assessment of

decisions prediction errors;
may be too automatic None

Radial Deterministic Prediction Moderately Yes Flexible and No assessment of None
basis Fast/Moderate automatic with prediction errors;
functions some parameter may be too automatic

decisions

Kriging Stochastic Prediction; Moderately Yes without Very flexible; Need to make Data comes from a
Prediction Fast/Slower measurement allows assessment many decisions on stationary stochastic
Standard error; of spatial transformations, process, and some
Errors; No with autocorrelation; trends, models, methods require that
Probability; measurement can obtain parameters, and the data comes from a
Quantile error prediction standard neighborhoods normal distribution

errors; many
parameter decisions

Cokriging Stochastic Prediction; Moderate/ Yes without Very flexible; Need to make Data comes from a
Prediction Slowest measurement can use information many decisions on stationary stochastic
Standard error; in multiple datasets; transformations, process, and some
Errors; No with allows assessment trends, models, methods require that
Probability; measurement of spatial cross- parameters, and the data comes from
Quantile error correlation; neighborhoods a normal distribution

many parameter
decisions

1. Computing time is computer-processing time to create a surface. Modeling time includes user-processing time to make decisions on model parameters and search neighborhoods.
2. We assume that all methods are predicting a smooth surface from noisy data.

A comparison of the Geostatistical Analyst methods
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local polynomial interpolation
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radial basis functions
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spherical model
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