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Spatial Weight Matrix

A spatial weights matrix is an nௗ×ௗn positive symmetric matrix W with element wij at location i, j for n locations. The

values of wij or the weights for each pair of locations are assigned by some preset rules which define the spatial

relations among locations and, therefore, determine the spatial autocorrelation statistics. By convention, wiiௗௗ=ௗௗ0 for

the diagonal elements (Zhou X and Lin H, 2008)

 Contiguity (neighborhood)

• Contiguity reflects the relative location of one spatial unit to other regions in space. Neighbourhoodships of spatial

units are usually established from a map.

 Distance

• The location in space represented by latitude and longitude is one source of information. This information allows to

calculate distance between points in space. In regional science points in space may represent centers or cities of

regions.



Spatial weight matrix

1. Spatial Contiguity Matrix

The spatial contiguity matrix W* is a binary n x n matrix which elements of
the matrix w*ij are 0 or 1. The element w*ij is equal to one if the regions i and
j are neighbors and 0 otherwise.
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                             (2.4) 

In a regular grid, the contiguity matrix can be distinguished in three
different types with the game of chess analogy, i.e Rook contiguity,
bishop contiguity, and queen contiguity



Types Form
Rock contiguity
A spatial unit is a neigbhour of another unit if both
areas share a common edge (side). Unit B1, B2, B3 and
B4 are neighbor of unit A

Bishop contiguity
A spatial unit is a neighbor of another unit if both areas
share a common vertex. Unit C1, C2, C3 and C4 are
neighbor of unit A

Queen contiguity:
A spatial unit is a neighbor of another unit if both areas
share a common edge or vertex. Unit B1, B2, B3, B4, C1,
C2, C3, and C4 are neighbor of unit A
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Spatial weight matrix
Standardized Weight Matrix

Row-standardization
For ease of interpretation, the weight matrix is often standardized such that
the element of a row sum to one. The elements of a row-standardized weights
matrix thus equal to:

Standardized contiguity matrix for the irregular grid:
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Spatial weight matrix
2. Distance-based spatial weight matrix

It is assumed that spatial interaction will decline increasing distance due to
increasing geographical impediments. Nearer regions have a greater potential
influence.

1. Power function

Where
: power parameter
=1: inverse distance
=2: quadratic inverse distance (gravity model of spatial interaction)
For spatial units outside a critical distance cut-off dmax the weights may be set equal to 0.
The distance dij are usually measured between the centers of the region. Using the latitude
And longitude coordinates the shortest distance between two centers are given by the great
circle distance.

𝑖𝑗
∗

𝑖𝑗
−𝛼  

 
𝑑 = 𝑟 ∗ 𝑎𝑟𝑐𝑜𝑠[𝑠𝑖𝑛(𝑙𝑎𝑡1) ∗ 𝑠𝑖𝑛(𝑙𝑎𝑡2) + 𝑐𝑜𝑠(𝑙𝑎𝑡1) ∗ 𝑐𝑜𝑠(𝑙𝑎𝑡2) ∗ 𝑐𝑜𝑠(𝑙𝑎𝑡2 − 𝑙𝑎𝑡1)] 

radios of the earth: r = 6387.7 kilometers
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2. Negative exponential function

𝑤𝑖𝑗
∗ = 𝑒−𝛽𝑑𝑖𝑗                                                                         (2.7)

−𝛽𝑑ത  

𝑑𝛾 =
ln (1 − 𝛾)

𝛽
;    0 < 𝛾 < 1                                                      (2.9) 

: average distance between immediate neighboring regions over the whole 
cross-section. 

 : transformed distance decay parameter

It is assumed that spatial interaction such as commuting, migration or interregional trade is
exposed to the frictional effects of geographical distance. With increasing distance from
region i these geographical impediments gain in strength, so that the decline of spatial effects
become more and more pronounced.
Distance corresponding to a decrease of spatial effects of 100%



The Spatial Econometrics taxonomy

Figure 5.1 The relationships between different spatial dependence models for cross-section 
data (source Halleck Vega and Elhorst 2012)


