Spatial Correlation

»
»

Spatial Statistics

Classical Stats

Spatial Stats

Obs. | Value

Obs. | Value X y
1 23 1 23 1 1
2 18 2 18 1 4
3 12 3 12 2 1
i Y, i Y, X; Y;
Spatial Statistics
Assumptions
Assumption | Classical Spatial
E(Y) Hy B
Var(Y;) o2,
Var(Y,,, - Yi) 2y(h)

Where h = the distance between Y;and Y,,;,
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Spatial Correlation

Spatial Statistics
Semivariance

Pairwise:

7(h)=1/2(y,+h _yi)Z

Average: )
7/(h) = (1/2I’))Z(y,+h _yi)2

Where:
v(h) = semivariance at distance h
n =the number of pairs h units apart
y, = the value of y at point i

Spatial Statistics

Semivariogram
Semivariance Ranesa
v(h) -
PaniaI’Sili
oy Sill
Co
Nugget Effect I
Cn
0 Distance h

Source: SAS Variogram Procedure Documentation.

Agronomy 526 / Spring 2022




Spatial Correlation

Spatial Statistics
Semivariance Calculation

Spatial Statistics
Isotropic and Anisotropic Variation

$180°
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Spatial Correlation

Spatial Statistics
Relationship to Covariance
c(0) v(h)
y(h)=C(0)-C(h)
C(h)=C(0)—y(h)
c(h)
h r
Spatial Statistics
Relationship to Correlation
1.0
087 plh)=C(h)/C(0)
E 0.6
< 04 y(h)=C(0)[1- p(h)]
0.2
0.0
h r
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Spatial Correlation

Spatial Statistics
Spatial Covariance Models

Exponential Model:

C(h) = c2e/r

Where:
C(h) = covariance
h = separation distance

h r=range

Spatial Statistics
Spatial Covariance Models

Gaussian Model:

C(h) = [c%exp(-h?/r?)]

Where:
C(h) = covariance
h = separation distance

h r = range
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Spatial Correlation

Spatial Statistics
Spatial Covariance Models

h
Spherical Model:

C(h) = o?[1-(3h/2r) + h3/2r3)], ifh<r
C(h)=0,ifh>r

Spatial Statistics
Spatial Covariance Models

Linear Model:

C(h)=oc?[1-hr], ifh<2/r

C(h)=0,ifh>2/r
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Spatial Correlation

Spatial Statistics
Example: Soil K

North# (m) Sampling Locations

400 1

300
2004'
100 4,

0 1 | . .
0 100 200 300
West# (m)

400

Spatial Statistics
Example: Spatial Distribution

264 1

198
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Spatial Correlation

Spatial Statistics
Example: Distribution of Pairwise Distances

Frequency Count

400

300
200
B
0

11.6 46.4 92.8 139.2 185.7 2321 2785 3249 3713 417.7 4641

Midpoint of Interval

Spatial Statistics
Example: SAS VARIOGRAM Procedure

proc variogram data=a outvar=b;
compute lagdistance=50 maxlag=5;
coordinates xc=west yc=north;
var k;

run;
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Spatial Correlation

Spatial Statistics
Example: Sample Semivariogram

Variogram

1700 |

1600 |

1500 |

1400 |

1300 |

1200 |

1100 |

50 70 90 110 130 150 170 190 210 230 250
lag distance

Spatial Statistics
Example: SAS KRIGE2D Procedure

proc krige2d data=a;
pred var=k r=60;
model scale=1600 range=50 form=gauss;
coord xc=west yc=north;
grid x=0 to 330 by 10 y=0 to 330 by 10;
run;

Agronomy 526 / Spring 2022



Spatial Correlation

Spatial Statistics

Example: Kriged K Concentrations

K
270 |

198 | “!{ \#\ /ﬂ\
bt aa\
126 ,? ||!N.§”¢! '; ..‘“lhsai.b»“-‘ii
N7 ‘. \‘-_“
AN

248 330

Spatial Correlation
Standard Error of a Mean Difference

S; = \/(52 —Cov){iiki}
nl n2
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Spatial Correlation

Spatial Statistics

Example: Wheat Variety Trial
Littell et al., 1996, p. 321ff.

RCBD Model:
Yijk=H+ Bi+Tj+8ij
Assuming independence

Alternative Model:
Yijk =u+ Tj + g
Assuming spatial correlation

Spatial Statistics
Example: Wheat Variety Trial

RCBD Analysis:

proc mixed data=wheat;
class rep name;
model y=name;
random rep;

run;

Spatial Analysis:
proc mixed data=wheat noprofile;
class name;
model y=name;
parms (61.6) (18.1) / noiter;
repeated / subject=intercept type=sp (sph) (lat 1lng);

run;

Example from Littell et al., 1996, p. 321ff.
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Spatial Correlation

Spatial Statistics

Example: Wheat Variety Trial

RCBD Analysis:
Type 3 Tests of Fixed Effects
Num Den
Effect DF DF F Value Pr > F
name 55 165 0.88 0.7119
Estimates
Standard
Label Estimate Error DF t Value Pr > |t]
arap v brul 3.3625 4.9791 165 0.68 0.5004
arap v buck 3.8750 4.9791 165 0.78 0.4375
arap v ks83 5.3125 4.9791 165 1.07 0.2875
brul v ks83 1.9500 4.9791 165 0.39 0.6958
Example from Littell et al., 1996, p. 321ff.
Spatial Statistics
Example: Wheat Variety Trial
Spatial Analysis:
Type 3 Tests of Fixed Effects
Num Den
Effect DF DF F Value Pr > F
name 55 168 6.09 0.0001
Estimates
Standard
Label Estimate Error DF t Value Pr > |t]
arap v brul 1.6278 1.9005 168 0.86 0.3929
arap v buck -9.1324 1.9748 168 -4.62 0.0001
arap v ks83 0.4385 1.9233 168 0.23 0.8199
brul v ks83 -1.1894 1.9197 168 -0.62 0.5364

Example from Littell et al., 1996, p. 321ff.
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Spatial Correlation

Spatially Balanced Designs
Average Distance

Randomized Complete Block Design
Blocks 1, 2, 3, 4
Treatments A, B,C, D

Block Treatment
> S m
1 C A B D d=1
<>
2 B D C A d=2
3 A B D C d=3
4 D B C A

Example from Gbur and Christman, Spatial statistics in agricultural research workshop.
CSSA Annual Meeting, 2006.

Spatially Balanced Designs
Average Distance

Distance between plots

Contrast Block Mean
1 2 3 4

A vs B 1 3 1 2 1.75
A vs C 1 1 3 1 1.50
A vs D 2 2 2 3 2.25
B vs C 2 2 2 1 1.75
B vs D 1 1 1 1 1.00
Cvs D 3 1 1 2 1.75
Mean 1.67
cv 24.50
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Spatial Correlation

Spatially Balanced Designs
Average Distance

Block Treatment
1 A B D
2 D C A
3 B D C
4 B> A C A->B

Spatially Balanced Designs
Average Distance

Distance between plots

Contrast

Block

Mean

VS
VS
VS
VS
VS
VS

O m™mwW> > >
OO0 w

WR NNR R,

P R NN ER WIN

R R NN WRW

N W KR R R NP

1.75
1.50
1.75
1.75
1.50
1.75

Mean
cv

1.67
7.75
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Spatial Correlation

Spatially Balanced Designs

Nearest Neighbor Approach

Block Treatment
1 C A B D
2 B D C A
3 A B D C
4 D B C A

Spatially Balanced Designs

Nearest Neighbor Approach

Neighbors and Distance between plots

Contrast Neighbors

Block

Mean

VS
VS
VS
VS
VS
VS

O mwm@>>> >

OO 0O0O0Ow

N PP OWN

WERP NNP R

P R, NN WN

P P NNWRW

NP P W NP>

1.75
1.50
2.25
1.75
1.00
1.75

Mean
cv

1.67
24.50
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Spatial Correlation

Spatially Balanced Designs

Nearest Neighbor Approach

Block Treatment

1 | “¢c [#a BB |PD
2 |88 |Pp [“aA |Ac
3 |“a |Bp |Pc |C8
4 |[P°p [Bc |“B |%aA

* 12 neighbor pairs: r(t—1)
* 6 treatment pairs: t(t—1)/2

Spatially Balanced Designs
Spatially-Balanced Complete Block Design (SBCB)

Neighbors and Distance between plots

Contrast Neighbors Block Mean

VS
VS
VS
VS
VS
VS

O mwm@>>> >

OO 0O0O0Ow

1.75
1.50
1.75
1.75
1.50
1.75

NNNNNN
WERP NNP R
N P WR P NN
P NP RPN Ww
P NP WN R[S

Mean
cv

1.67
7.75
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