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Sessions of note... 50

Tuesday 3
- ArcGIS for Geostatistical Analyst: An Introduction (Tues 8:30-9:45 SDCC Rrﬁv17B)

- Creating Surfaces from Various Data Sources (Tues 3:15-4:30 SDCC Rm09)
- Concepts and Applications of Kriging (Tues 3:15-4:30 SDCC Rm17B) .
- Empirical Bayesian Kriging and EBK Regression Prediction — Robust Kriging as GP Tools (Tu _.
Wednesday

- Choosing the Best Kriging Model for Your Data (Wed 11:30-12:15 SDCC ThO07)

- ArcGIS for Geostatistical Analyst: An Introduction (Wed 1:30-2:45 SDCC Rm

Thursday
- Geostatistics in Practice: Learning Kriging Through Examples (Thurs 8:30-C

- Surface Interpolation in ArcGIS (Thurs 10:30-11:15 SDCC Th07)
- Performing Polygon-to-Polygon Predictions using Areal Interpolation (Th

- Creating Surfaces from Various Data Sources (Thurs 3:15-4:30



What Is geostatistics?

- Is a class of statistics used to analyze and predict values associated wit g
- it incorporates the spatial coordinates of the data : !_,

- Has evolved to not only provide
- interpolated values, but also
- measures of uncertainty



ArcGIS for Geostatistical Analyst

Too expensive to measure everywhere, however, we want to know values everywhere.

EBKRP \Prediction 2219.260851

Prediction 2219.260851
Standard Error of Prediction 193.708528




What is a semivariogram?

Semivariogram(distance h) = 0.5 * average [ (value; — valuej)z]
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- Range = separation distance between pairs
- Sill = plateau the variogram reaches at the range
- Nugget = sampling error and short scale variability



Spatial autocorrelation
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Geostatistical Analyst — What Is it?

Provides a complete set of spatial analytical tools that range from techniques to e
processing evaluation of data and predictions uncertainties.
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- Geoprocessing tools
- Use within ArcMap / Pro / Server
- Modelbuilder
- Scripting



GP tool

Kernel Interpolation with Barriers

Eric Krause




Geostatistical Analyst — Geoprocessing tools

4 Geostatistical Analyst Tools

e E" Interpelation

., Diffusion Interpolation With Barriers
*. EBK Regression Prediction
“ Empirical Bayesian Kriging
*., Global Polynomial Interpolation
o
*.. Kemnel Interpolation With Barriers
*.. Local Polynomial Interpolation 4 & Sampling Network Design
“ Meving Window Kriging ., Create Spatially Balanced Points
*.. Radial Basis Functions -, Densify Sampling Network
4 E" Simulation “ E‘-I Unilities
., Extract Values To Table *\ Cross Validation
Gaussian Geostatistical Simulations A Meighborhood Selection 4 & Working with Geostatistical Layers
“ Semivariogram Sensitivity “., Areal Interpolation Layer To Polygons
.. Subset Features Calculate Z-value
Create Geostatistical Layer \
GA Layer To Contour |

GA Layer To Grid
GA Layer To Points
G4 Layer To Rasters

Get Model Parameter
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Set Model Parameter




Geostatistical Analyst — What is it?

Provides a complete set of spatial analytical tools that range from techniques to explore the original data to post-
processing evaluation of data and predictions uncertainties.

- Wizard

- I1s a dynamic set of pages that is designed to guide you through the process of constructing and
evaluating the performance of an interpolation model.

Geostatistical Wizard - Kriging - Semivariogram/Covariance Modeling

Semivariogram ¢ | General Properties

1268
11
Number of Lags 1
0.951
Meodel Nugget
Nugg

Measurement Erre

Model #1
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Semivariogram map Model #3




Geostatistical Wizard

Kernel Interpolation with Barriers

Eric Krause
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ESDA

Exploratory Spatial Data Analysis =
- Where is the data located? =& -T\;) | _.
- What are the values at the data points? e | b
- How does the location of a point relate to its value? \ .
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Contents

B Con Exploratory Spatial Data Analysis (ESDA)
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Geostatistical Wizard - Kriging

What Is kriging? L

_ Prediction
) Quantile

- It is a geostatistical interpolation technique ) Probability

- that models the spatial correlation of point measurements e
® Prediction
_ Quantile
_) Probability
_) Prediction Standard Error

- to estimate values at unmeasured locations.
- Associates uncertainty with the predictions

Universal Kriging
) . .- _) Prediction
EBK Regression Prediction —
.. . . = = ) Probability
Empirical Bayesian Kriging B
- _) Prediction Standard Error
Indicator Kriging
_) Probability
_) Standard Error of Indicators
Probakility Kriging
_J) Probability

_! Standard Error of Indicators
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Disjunctive Kriging
_) Prediction
) Probability
_) Prediction Standard Error

Distance

_! Standard Error of Indicators




What is kriging?

Tuesday B
- Concepts and Applications of Kriging (Tues 3:15-4:30 SDCC Rm17B) ;\ 4 iy ‘ﬁ
- EBK and EBK Regression Prediction — Robust Kriging as GP Tools (Tues 5:30 *‘g“j_,; : \

Wednesday
- Choosing the Best Kriging Model for Your Data (Wed 11:30-12:15 SD

Thursday
- Geostatistics in Practice: Learning Kriging Through Examg

‘r

- Performing Polygon-to-Polygon Predictions using Arez
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Geostatistical Wizard - Empirical Bayesian Kriging
General Properties
Subset Size 100
Overlap Factor 1

Mumber of
Simulations

0 Surface
iUt Buriace
Type
Transformation
Semivaro
SEMvanogram
Type
Neighborhood Type . . .
Geostatistical Wizard

Meighbors

500

Mimimum

Density (10" Simulations at (-1980920, 156542) Neighbors Eric Krause
5 95 : : - : Sector Type ()1 Sector

L

1687 - Angle

1.125 : Radius 90085.7106446951

0.562 : i

0= Identify Result

0646 0809 0973 1136 1.3 1464
Dataset (107}
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Cumulative

Geostatistical Wizard - Kriging Geostatistical Wiz 1

Ordinary Kriging &| Dataset #1 Density | Cumulativ
O Prediction Transformaticn type |Normal Score - 0909

_' Quantile Decluster before - = Density (107)
O Probability transformation alse 4706
O Prediction Standard E
_) Prediction Standard Error Order of trend e . 1033 0818
Simple Kriging removal
® Prediction

2.164 0.727

3381

U 1967 0.636

1.77 0.545
. 1574 0.455
0.364
0273
0182

0.091

0
0.043 0.165 0287 0409 053 0.653 0774 0.896 1.018 1.14 1.262 1.38
0.143 /
0

001 0208 0407 0605 0803 1002 12
Dataset (102)

] Finish <Back || Net> | [ Finish

0043 0165 0287 0409 0531 0653 0774 0896 1018 114 1262 1384
Dataset (107)

More ESDA




Interpolation workflow

- ESDA
- Interpolate
- Goodness of fit



Why use ESRI’s Geostatistical Analyst?

- Search neighborhood
- Sectors
- Smooth

- Chordal distance

- Cross validation

- Error maps

- Interactive Variography
- Barriers

- Simulations



Search neighborhood - Smooth




Search neighborhood - Smooth

10.1 ' ' e <
12.5 * * 9.1

10.3

Unlike smoothing the output,
this method modifies the weights




Search neighborhood - Standard

2 per sector 8 closest




Chordal distances

Only for EBK and EBK Regression Prediction

- Automatically kicks in when data are in GCS
- The chordal distance between any two points is the straight-line distance that connects the two points.

- This line will go through the earth rather than along its surface.

Distance between LA and New York
Geodesic = 3,939.1 km
Chordal =3,877.0 km
Difference =62.1 km (1.5%)

Speed!

Geostatisical wizard - Empirical Bayesian Kriging step 1 of 2 - Method Properties
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Chordal distances
Only for EBK and EBK Regression Prediction




Cross validation / Validation

Geostatistical Wizard - Kriging - Cross validation
Predicted | Error | Standardized Error | Mormal QQ Plot

Measured (10°)
3,199

0.945
0.494
0.043 A 0832 1227 1621 2016

* Value = Reference Line == Regression Line

Regression function: 1.04431 * x + -34.8993

Chstribution

Count

Average CRPS

Inside 90 Percent Interval
Inside 95 Percent Interval
Mean
Root-Mean-Square
Mean Standardized

Source  Measured

Summary | Table

Predicted Error
428.299387, 461

Root-Mean-5quare Standardized

Average 5tandard Error

Fredicted (107)

Standard Erre Standardized Error

0.20628448013536!
-0.5634920195854¢
0.02365219199304°
0.6605510666 ;
0.27060809598049,
-0.5254686

0.666407367062
-0.11986261310
0.82282172462]
0.43706107387348!
-0.12885026477378
0.713608609361293!
-0.1043699577111F

Mormal Valus




Output surfaces

Prediction

Standard error of prediction

Probability that rainfall exceeds 900mm




Interactive Wizard

Geostatistical Wizard - Kriging Geostatistical Wizard - Kriging - Semivariogram/Covanance Modeling

Ordinary Kriging Semivarioaram : | General Properties

() Prediction

: Geostatistical Wizard - Kriging  ©~nrehina Maiahharhond

() Quantile - . .. . .

O Probability —r Geostatistical Wizard - Kriging - Cross validation
(O Prediction Standard Error *

Simple Kriging Normal QQ Plot Distribution Summary | Table

; predicton Predicted Error Standardized Error
) Quantile Count 500
() Probability

(O Prediction Standard Error Measzured (1 0 ] Mean -0.0000209613292888017
Universal Kriging =k 1534 Root-Mean-Square 0.00694827852241249

- Prediction 0 Mean Standardized 0.0116926992502132

() Quantile 1416 o )

O Probability - Model * . # Root-Mean-Square 1.68736122980455

(O Prediction Standard Error . 1208 Standardized

Model : 0.0
Average Standard Error 000406606084 250082

Indicator Knging

O Probability Semivario 118
(O Standard Error of Indicators 1.062
Prabability Kriging ’

) Probability 0045
(O Standard Error of Indicators

Disjunctive Kriging 0827
O Prediction
O Probability - o . R
() Prediction Standard Error ; Cross validation is a “leave one out” method that allows
O Standard Error of Indicators 0.591 you to determine how well your interpolation model fits

! your data. Cross validation works by removing a single
0473 065 0827 1004 118 1357 1534 point from the dataset and using all remaining points to '
\'l
I
|

0.709 4 Cross validation

Predicted (10°7") predict to the location of the point that was removed. The
* Value = Reference Line = Regression Line predicted value is then compared to the measured value,
and many statistics are generated to determine the
accuracy of the prediction.

Regression function: 0.956568 * x + 0.00451803

< Back




Interactive Wizard

Lovanance

Lag Size 6.12340010014143

Mumber of Lags 1.
ugget Enable

Nugget 0.187500071494]




Barriers



Gaussian Geostatistical Simulations

Create multiple versions (realizations) of a surface to perform risk analysis.

- Any realization might be the “real” thing!













Where Is GA used?

- Anyone who needs to statistically explore data and create surfaces for a num ber
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benefit from this statistical software package. g

- Some of the various fields that use ArcGIS Geostatistical Analyst include:,‘,
- agriculture, .
- geology,

- meteorology,

- hydrology,

- archaeology,

- forestry,

- oceanography,

- fishery,

- health care, and

- environmental studies.
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Tips & Tricks

- Use Mask when creating a raster
- 8700 pixels inside (55,000 outside) Japan (6

Empirical Bay

Parameters | E

Input features

pts il . L

- Empirical Bayesian Kriging

alue field -7
Environments

Qutput geostatistical layer

Output Coordinate System

Qutput raster

= Geographic Transformations

Default

* Additional Model Parametq
Search Meighborhood Para

* Output Parameters .
nt locations.

Parallel Processing Factor

Catalog = Geoprocessing

Catalog

Y5 times)

Harbin




Tips & Tricks

- Subset of the data
- SubsetFeatures GP tool

BOTSWANA

- Selection

Geoprocessing

e Subset Features

Parameters | Ervironments
Input features
global 10000pts
Output training feature class
training
Output test feature class
test
Size of training feature subset
Subset size units
PERCENTAGE_OF_INPUT

Catalog = Geoprocessing




Conclusions

https://geonet.esri.com/

GeoNet

The Esri Community




Please Take Our Survey on the Esri Events App!

Download the Esri Select the session Scroll down to Complete Answers

Events app and find you attended find the survey and Select “Submit”
your event

L Verizon ¥ 1:41PM 92% N . Verizon ¥ 1:41 PM 92% . LS Verizon = 1:42 PM 92% .

o 1:40 PM 92% .

= i T isti i
Multi-Event Picker = My Favorites 4 M 4 ArcGlIS for Geostatistical A... [1]

UPCOMING EVENTS Schedule ArcGIS for Geostatistical Analyst: An
Introduction

- Technical Workshops (454)

TUE JULY 11
Esri € M SDCC-Room 17 B
User Conference ArcGIS for Geostatistical Analyst: An Performing Analysis (103)
July 10-14, 2017 Introduction
San Diego, CA Add Reminder

30 P TIME

Esri Education '

GIS Conference
July 8-11,2017
Marriott Marquis & Marina
San Diego, CA

Creating Surfaces from Various Data

Sources Jul 11, 8:30 AM - 9:45 AM

e
Esri Imaging
& Mapping Forum

July 8-11,2017
Manchester Grand Hyatt Hotel
San Diego, CA

Choosing the Best Kriging Model for
Your Data
on will present the features of the

stical Analyst extension and will focus on
how to use the available tools and techniques to
analyze and interpolate spatial data. Performing a
valid statistical analysis is a several step proces
which includes data exploration, cho g a model,
building and validating the model, and interpreting
the results. Data exploration can be done with the

ArcGIS for Geostatistical Analyst: An
Introduction

Esri National Security

and Public Safety Summit
rJH.ly8-11,2917







Find “optimal”

iterationsList = [30
subsetSizelist = [10
overlapList = [1,3,5
semivariogram List =

try:
for iterations i

script

, 100, 500, 1000]

0, 200, 500]

1
[['"POWER','NONE'], ['LINEAR','NONE'], ['THIH__PLPL.TE__SPLINE','NONE']jr
[ " EXPONENTIAL DETRENDED' , 'EMPIRICAL'], ['EXPONENTIAL', 'EMPIRICATL'],
['H_BESSEL DEEEENDED','EMPIRICHL'], ['H_BESSEL','EMPIRIGAL'],

[ WHITTLE', 'EMPIRICAL'], ['WHITTLE DETRENDED',6 'EMPIRICAL']]

n iterationsList:

for i in range (0, len(semivariogram List)):
for subsetSize in subsetSizelist:

for

except:
print ('Tool exe

overlap in overlapList:

svg = semivariogram List[i] [0]

transf=semivariogram List[i] [1]

tl = time.time ()

result = arcpy.EmpiricalBayesianKriging ga(inFC, inField, outLyr, outRas, cellsize,
- transf, subsetSize, overlap, iterations,

sn, 'PREDICTIOMN', '', '',  ''  svqg)

t2 = time.time ()

tebk = t2-t1

v = arcpy.CrossValidation ga(outLyr)

rmseValue = cov.rootMeanSquare

rmsStd = cv.rootMeanSquareStandardized

toWriteList = [rmseValue, rmsStd, svg, transf, tebk, subsetSize, owverlap, iterations]

ontFile . writerow(toWriteList)

arcpy.Delete management (outLyr)

cution FATILED')

print (arcpy.GetMessages())




