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Qutline

® Concepts

® Contiguity Weights

® Distance-Based Weights

® Characteristics of Weights

® Spatially Lagged Variables



Concepts
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Spatial Autocorrelation

® Match
® value similarity

® |ocational similarity

® How to Specify Locational Similarity




Why Spatial Weights

® |dentification Problem
® spatial covariance Covlyi;, yi]
® total number of interactions is N(N-1)/2
® only N observations in a cross-section
® |ncidental Parameter Problem

® number of parameters increases with
sample size, O(N?)




Solution

® Impose Structure on the Problem
® set some interactions to zero
® only “neighbors” interact directly

® constrain the number of neighbors

® Assume a Single Parameter

® spatial autocorrelation coefficient
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6 Polygon Layout
Neighbor as Having Common Boundary

Copyright © 2004-2006 by Luc Anselin, All Rights Reserved




Neighbor Structure as a Graph
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Spatial Weights Matrix

® N by N positive matrix W
® clements are wi;
® wij nonzero for i,j neighbors, wj = 0 not
® wii = 0 no self-neighbors
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Binary Contiguity

® Weights are 0 or |
® for i, neighbors, wij = |
® Example, using common boundary




Types of Spatial Weights

® Geographic Weights
® contiguity
® distance
® general weights
® graph-based weights
® Socio-Economic Weights




Contiguity VWeights
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Contiguity

® Common Boundary

® boundary of non-zero length
® What is a Non-zero Boundary
® ThreeViews

® rook
® bishop

® queen
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Regular Grid Contiguity




Rook Contiguity

Neighbors for 5: 2,4,6,8
Common Border
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Bishop Contiguity

Neighbors for 5: 1, 3,7,9
Common Vertex
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Queen Contiguity

8 Neighbors for 5
Both Border and Vertex




ights
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Irregular Unit Contiguity

Rook Contiguity: common border only
Queen Contiguity: border and vertices - 039 and 067




Contiguity for Points

Thiessen Polygons Contiguity Weights




Contiguity Gotchas

® Contiguity Derived from GIS
® checking boundary file for common arcs
and/or points
® Regular Grid Polygons
® |ack of precision can cause misalighment
® artificial neighbors
® Street Centerline
® different conventions can cause islands




Misalighed Grid Cells

misaligned properly aligned




Street Centerline Islands
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Distance-Based Weights




Distance Metrics

® For Projected Points

® planar coordinates

® Euclidean Distance

sidiis eyl

® as the crow flies




Distance Metrics (2)

® Manhattan Block Distance

& dii st by il
® right angles only
® Minkowski Metric
e diz (oo Rl i R P

® general distance metric




Great Circle Distance

® For Unprojected Points (on a sphere)
® |at-lon, but note: lat is y and lon is x

® distance on a sphere (spheroid)

® Arc Distance
® d; = R.arccos[sin(yi).sin(y;)
+cos(Xi).cos(x;j).cos(xi-x;)]
® R = radius of earth 6378 km or 3963 mi




Distance-Based Weights

® Distance Cut-Off

® critical distance 0
® wi = | for dij < 0, wjj = 0 otherwise
® avoid islands — maxi(min; d;)
® K-Nearest Neighbors
® no islands, always k neighbors
® problems with ties
® weights are asymmetric




Threshold

Nearest Neighbor
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Distance Matrix Distance Weights

symmetric

22.4  28.
11.2 141 224

150 18.0
10.0

critical distance threshold ® = | 1.2 (radius around D)
C is an island -- no neighbors
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Distance Matrix Distance Weights
min neighbor distance

symmetric

critical distance threshold 0 = 14.1
max of nearest neighbor distances
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K-Nearest Neighbors Distance Weights
k=3
asymmetric

wij = | for 3 nearest neighbors
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Characteristics of

VWWeights




Connectivity

® Measures of Overall Connectedness
® % non-zero weights: sparseness
® distribution/average number of links
® average weight
® | ocation-Specific Measures
® most/least connected observations

® unconnected observations = islands
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Spatial Weights
Characteristics in R

> summary.nb(col.gal.nb)

Neighbour list object:

Mumber of regions: 49

Mumber of nonzero links: Z23@
Percentage nonzero weights: 9.57934/
Average number of links: 4.693878
Link number distribution:

Z 3 4 5 6 7 & 916

/713 4 9 6 1 1 1
/ least connected regions:
1085 1608 1845 1847 1049 1048 1015 with 2 links
1 most connected region:
1817 with 1@ Links
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Connectivity Histogram

= Connectivity of sidr1.GAL D@@
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Island Connectivity

Connectivity
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Spatially Lagged

Variables




Spatial Lag

® Weighted Average of Neighbors
® yiL = Wiyl T wip.y2 T ... T WiNLYN
AT A A AR
® most Wijj are Zero, only non-zero count
® Spatial Lag is a Smoother

® Wy has smaller variance than y




Spatial Lag Example

Average Neighbor Land Values
1/4x50200 + 1/4x45000 + 1/4x34200 + 1/4x64600




= Table : SIDS

MAME ATE_MAME TE_| CNTY _FIPS
Catawba MNorth Carolina

Iredel| MNorth Carolina

Alexander MNorth Carolina

Caldwell MNorth Carolina
Wilkes MNorth Carolina

Alexander County and its First Order Neighbors
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132790934 1.227684

241 19871

1.1ge524 | 96.024006 | 89.126260 | 1.19.336

16622100 21181420 256192600 247238180 0715943
1271456 1.8/9192 0 63272791 09,087 310

Spatial Lag for SIDR74
Computed as Average of 4 Neighbors
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