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Geostatistics — Exploratory Spatial Data Analysis

EDA x ESDA

Exploratory Data Analysis x Exploratory Spatial Data Analysis

From Isaaks and Srivastava
e Earth Science data contains spatial position.

e Spatial Description means incorporate data location in our data
descriptions.

Spatial Features of the data set:
Location of extreme values,
Overall trend and

Degree of continuity
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Spatial Description — Visual tools
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Spatial Description — Visual tools — Data Posting — Example

Post-plot of Pb values, Swiss Jura; colours

Soil samples, Swiss Jura
Blue/Purplefellow colour ramp

Soil samples, Swiss Jura
CyaniMagenta colour ramp

PB [mg kg-1)

P (mg kg-1)
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File Edit View Image Thematic DTM Cadastral Metwork Analysis Bxecute -

Tools Help

Spatial Description — Visual tools B8z 1 Ao o v e =] @] 8[#[E>
» Gray Scale Maps

- Intervals of the data values are
distributed in n gray levels from black to
white (8 bits = 28 = 256 levels)

- Better to see distributions, local
differences and trends

- Can be associated with labels

_1 T pts_originais_rec

| I 551 914307 ~ 695.170166
I 555170166 ~ 698 426025
I 552 426025 ~ 701 681885
Il 701 681885 ~ 704937744
I 702 537724 ~ 708.193604
I 7oz 193604 ~ 711 449463
Bl 1 429463 ~ 714 705322
I 14 705322 ~ 717.961182
B 17561182~ 721 217041
I 721 217041 ~ 724.472500

I 724 472500 ~ 727728760
I 727 725750 ~ 730.984619
I 730534519 ~ 734240479
P I 72 220479 ~ 737496338
dzis I 37 496338 ~ 740752197
- I 720752197 ~ 744.008057
T | ! 744.008057 ~ 747.263916 =
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EDA/ESDA - Univariate Spatial Description

Spatial Description — Visual tools — Gray Scale Map — Example

Gray Scale + Data Posting

+

The Dirichlet map shows the areas
of influence of each sample.

It can be obtained by applying the
nearest neighbour interpolation

- Qutliers and heterogeneity and homogeneity
of the data can be observed in this maps

- Highlights of maximum and minimum values

- Highlights of local differences: low value
surrounded by big values and vice-versa.

Q2
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Geostatistics — ESDA

Spatial Description — Visual tools

e Contour Maps (Isolines)

- Lines representing constant z values
- Reveal overall trends

- Closeness of the contour lines means steep
gradient (high slope value)

- GIS’s contains algorithms to automatically
create contour lines from regular samples

- Can be
associated with
gray scale maps

B P g—
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Spatial Description — Visual tools

V<15 ppen (] v 30 ppm [1 V<45 ppm
o V= 15 pp M V=30 ppm W V= 45 ppm

e Indicator Maps

- Map with only two values (classes),
black and white colors, for example.

- Records where the data values are o "
. [] ¥< 60 ppm | V< 75 ppe ] V<90 ppm
below and above a certain z cutoff value.  gwepmm 9 V=75 pren N V290 ppm

- A series of indicator maps is often
very informative, providing a detailed
spatial description. Show local maximum,
minimum, transitions and trends.

[ v<105 ppm [ V<120 ppm ] v<135 ppm
W V2105 ppm B V2120 ppm W V=135 ppm
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Spatial Description — Visual tools Mean
- - - - 92.3 99.3 Ba.6 103.1 +
e Moving Windows Statistics 171 260 308 257
Standard
. . . . . 91.1 102.6 98.3 106.7 ..
- Map with summary statistics within w2 ade 177 ds Variation
moving windows (rectangular areas) B3 983 9e3 1083
9.1 10.3 17.4 26.5
- The region is divided into several local 859 93 900 1033
neighborhoods (areas) of equal size B

- Summary statistics are taken from the
samples located inside each area

Local Mean

TdeFi o ESR1TP Qg G157

17.845

- It Is necessary to have enough data
inside areas to get reliable statistics

- The areas can be overlapped

-36.638

- Used to investigate anomalies both in n

Bl

average value and variability "

HEERN

- Can show relationships between local
mean and local variability, for example

-81.221

123.127 -86.278 49 428

=
=
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Spatial Description — Visual tools

e Proportional Effects

- A scatter plot of the local means versus
the local standard deviations calculated
by moving windows

-The graphic shows the relationship
between the summary statistics

-The correlation coefficient can be
calculated from the summaries

-If the correlation coefficient is far
from zero (closer to 1) this is called
proportional effect,

- For estimations, constant means
and variability are more favorable.
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ESDA

Spatial
Continuity
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Spatial Continuity — Visual tools

e ScatterPlots x h-ScatterPlots

Scatter Plot ;X V; (h=0) h-Scatter Plot Vi X V; (h=0)
63 912 ]
900 Pt

50 o

40 875
. ¥ N 850
& 4 <
E 10 . dﬁ: :1 & § 825 -
% 0 o & e N o%gs% o . o o ozoowogo g& ? 200
® ® 00 ° o 5 © 2y £ 775
g 20 2 s
& 30 750

5
40 725
50
70
&3 683 &&T‘
675 700 725 750 775 800 825 850 875 900 912 G867 700 710 720 730 740 750 760 770 780 790 800 810 820 B30 B40 850 BGO B70 B0 BI0 900 912
pts_originais pts_originais

ScatterPlots — Graphs for 2 different variables Vector h

h-ScatterPlots — Graphs for the same variable with
information separated by distance and direction defined by a
vector h
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Spatial Continuity — Visual tools

Vector h

h-scatterplots

It is a scatterplot (i.e. two variables plotted against
each other), with these two axes:

e X-axis The attribute value at a point

e Y-axis The attribute value at a second point, A
at some defined distance (and possibly
direction, to be discussed as anisotropy, O
below), from the first point. o

pairs) separated by the defined distance are shown

All pairs of points (for short usually called point- DX o
on the scatterplot. z(uth)
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Visual tools

e h-ScatterPlots

- Show the relationship of values of one
variable separated by a certain distance
h and in a particular direction

- The separation between two points is
described by a vector h (h)

- The shape of the cloud of points on an
h-scatterplot tells us how continuous the
data values separated by the vector h

- For similar data values (closer ones)
the pairs will plot close to the line x=y

- For values less similar the cloud of
points became fatter and more diffuse.
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Spatial Continuity — Visual tools

h-Scatter Plot
Interpreting the h-scatterplot z
e If there is no relation beween the - e
values at the separation, the h- o N ol P R
scatterplot will be a diffuse cloud £ - |
(fat CIOUd) With a IOW CorrEIation ws.’al - Ir U- I I;z:;m I -f:m- o Iubl o ‘um. - Iu:i:.l - .UbU- o Iu.sb‘ - -mn-t.;z
coefficient. pr_orginas
' h-Scatter Plot B 7
e If there is a strong relation NN RN RREPZdRNn
beween the values at the gofl L
separation, the h-scatterplot will be ST T T T CREEEREEEEEEE
_ _ _ f ol L] Jact L
a close to the 1:1 line with a high Lt
correlation coefficient. (thin cloud) € RPZCERREEENERE R EEREE

pts_originais
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Spatial Continuity — Visual tools Sequence of h-ScatterPlots .

Applied geostatistics — Lecturs 2 a7
h-scatterplots for the Jura soil samples, Pb; 50m bins to 300m

v ey g e 1 45

......
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- - - - - i
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Spatial Continuity — Measures and Visual tools
Indices of Spatial Continuity

e Covariance Functions 150[
- Show the relationship between the covariance 200 —-\
coefficient of an h-scatterplot and |h]| c ™
5150 |-
1 n
Cij(h): h Z(Zi_mi)'(zj_mj) 10 -
N(h) . = “
- Usually we plot separate graphs of the | . |
correlation function versus the magnitude of h 0 0 : > 3 :
for various direction bl

- The covariance graph shows that the
covariance coefficient steadily decreases with

) ) _ _ IR aokS Mh) is the number of pairs
increasing distance || in a specific direction

located at the distance and
direction of h
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools
Indices of Spatial Continuity

e Correlation Functions (Correlograms)
- Show the relationship between the correlation 8
coefficient of an h-scatterplot and |hl| S o6k
n 04
1 )Z:(Zi_mi>'(2j_mj) i
i, j)h; ~h
h)= ALl 02
'0‘1( ) N(h) 0,0,
0 I | |
- Usually we plot separate graphs of the 0 1 2 3 4
correlation function versus the magnitude of h bl
for various direction
- As the covariance coefficient, the correlation Mh) is the number of pairs
coefficient decreases with increasing distance located at the distance and

in a specific direction direction of h



ISEGI * NOVA Master of Science in Geoespatial Technologies

Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools
Indices of Spatial Continuity

e Semivariogram Functions

- Show the relationship between the semivariogram
coefficient of an h-scatterplot and |h|

- The semivariogram coefficient, also known as the
moment of inertia, is calculated by:
1L ‘
()= S(z-7))
/s 2N(h) g ' o
- Usually we plot separate graphs of the

semivariogram functions versus the magnitude of h
for various directions.

- Unlike the correlogram, the semivariogram
increases as the cloud gets fatter. This coefficient
decreases with increasing distance in a specific
direction

175 ~

140 |-

ﬁilus-
K| /

35 -

0 | 1 L
0 1 2 3 4

Mh) is the number of pairs
located at the distance and
direction of h

N

|—
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools

e Semivariogram surfaces — Isotropic behavior

e Plot of semivariogram coefficients for various directions and
distances

e Isotropic — same behavior for all directions

N
N
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools

e Semivariogram surfaces — Isotropic behavior
e Plot semivariogram coefficients for various directions and distances
e Anisotropic — show different behaviors for different directions

e It is possible to determine the maximum and minimum
perpendicular directions of variations (ellipse shaped)

N
(@
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Spatial Continuity — Measures and Visual tools

e Unidirectional Semivariograms — represent variability in one direction

Features
* Sill: maximum semi-variance v(h) 1
represents variability in the absence

of spatial dependence =L

e Range: separation between point-
pairs at which the sill is reached Contribution (C)
distance at which there is no

evidence of spatial dependence
Nugget

Effect (Cp)

e Nugget: semi-variance as the
separation approaches zero -~ -ttt
represents variability at a point that e >
can’'t be explained by spatial
structure. Measures errors and scale
factors. >
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Spatial Continuity — Measures and Visual tools

Indices of Spatial Continuity

e Experimental Semivariograms

e Estimated from the Sample Set using

approximations for h

F 3

=emivariance

8.7 r

=
on

=
I

=
[2x)

8.2 -

a.1r

1
+543 398

+589 +432
el +477 i
+533+574 +4g7t4ld
+547
+457
+419
+299
+57
768 488 £am g88 1660 12%@ 14Ea 15;9
distance
N(h)
h)= —=— 2
y(h) = 2. [z(u) - z(u; + h)]
2N(h) =4

!
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Spatial Continuity — Measures and Visual tools

 Experimental Semivariograms
How to construct ? (interactive)

» Define a specific direction as well the
angular tolerance and the bandwidth

e Define the lag distance as well the lag
tolerance

e For each lag x

e find the pair of points for vector h
and tolerances

» calculate the semivariogram value
y related to the lag x

e plot the point (x, J) in the curve

=emivariance

8.7 r

=
[

=
on

=
I

=
[2x)

=
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=
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+57

+299

+964
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+547
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+389

1
+543 398

+452

+477 i
+4g7t4ld

=

286

y(h) =

466

2N(h) <

1
(=151

1
pe15E]

16

distance

N(h)

1 1 1 1
[51] 1208 146G 1&0E

Z [ z(u) — z(u, + h)]?

N
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Spatial Continuity — Measures and Visual tools

e Modeled Semivariograms — Mathematical Models (functions)
representing the Experimental Semivariograms

T T
B.7 +543+558

+589 452 How good is the fitting?

+477

=
(4]

pa57 a1

How to measure the
fitting error? Error RMS,
Akaike Index,....

We have to find the best
fit for the variogram
(lowest fitting error)

SEmivariance
o= =
£ on

=
[au]

=
[~

a.1 F

Ih_zinz  +
A, H335398 Hugudr + B.58181 Sph(892.598)
1 1 1 1 1

1 1 1
5} 268 483 251t 268 1866 1268 1466 1EEE
distance

N
Yy
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Spatial Continuity — Measures and Visual tools

EXPONENTIAL
e Semivariogram Models and formulas 0 Ia=0
A —
(h) —— Modelo Exponencial 1) {CG+CJ[1—E=P(—3 %]] =0
—— Modelo Esférico
Modelo Gaussiano SPHERIC
o . =0
L3y 1/miy3]
106,16, [3(a) 3(a) |-omise
C +L} . |>a
GAUSSIAN
0 In=0
o=y | )2 |
_ > CotCy| V- (—;J | =0
0 a h
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Spatial Continuity — Measures and Visual tools

e Omnidirectional Semivariogram — Isotropic behavior

y(h),
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools

e Directional Semivariograms — Anisotropic behavior

Different curves for two
v(h) ¢ perpendicular directions

-l

—— 30° Smaller Continuity

120° Greater Continuity

50
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Geostatistics — Exploratory Spatial Data Analysis

Spatial Continuity — Measures and Visual tools

e h-CrossScattergrams, ..., CrossVariograms ?

- To be continued....
e Modeling Variograms
e Isotropics — Single and Nested Models

e Anisotropics

- To be continued....

(@)
=
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ESDA — Summary and Conclusions

Summary and Conclusions

e« ESDA provides a set of robust tools for exploring spatial data, which
do not require a knowledge of advanced statistics for their use.

e GIS are currently only poorly equipped with many of these tools,
despite containing the basic functionality to allow them to be
implemented.

e The experimental and modeled variograms are the most important
tools to represent the variability of an attribute in space. The modeled
variograms are the bases to predictions and simulations performed by
geostatistics procedures.

(N
N
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Exercises

1. Try to create Experimental and Modeled Omnidirectional
SemiVariograms for the sample sets (pts_originais and
pts_semtendencias) of the Canchim area.

2. Report the problems you have found on creating the experimental
semivariograms and modeling them.

3. Run the Lab2 to be available soon in the geostatistics course area of
ISEGI online.
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Geostatistics — Motivation

END of Presentation



	Master of Science in Geospatial TechnologiesGeostatisticsExploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Exploratory Spatial Data Analysis ESDA
	Geostatistics – ESDA
	Geostatistics – ESDA
	Geostatistics – ESDA
	EDA/ESDA – Univariate Spatial Description
	Geostatistics – ESDA
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Exploratory Spatial Data Analysis ESDA
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics – Exploratory Spatial Data Analysis
	ESDA – Summary and Conclusions
	Geostatistics – Exploratory Spatial Data Analysis
	Geostatistics –  Motivation

