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Development of a new spatial auto-correlation method for precisely testing the
"First Law of Geography"

Okabe, Atsuyuki
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This study proposes a precise method for using Moran’ s I index, one of the most
frequently used methods for testing spatial autocorrelation. In the related literature, most studies
assume that Moran’ s I index is normally distributed if the number of zones is around one hundred. This
study shows that even for that large number, the normality is not satisfied; consequently, empirical
studies using Moran’ s | index with such a number of zones are likely to lead false conclusions. To avoid
these false conclusions, this study carried out a huge number of Monte Carlo simulations, and obtained
the numerical table of the critical values for Moran’ s | index. Using this table, researchers can
perform a precise statistical test for spatial autocorrelation.
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Normal distribu- | Log-normal distri- | Log-normal distri-
tion MO0, 1) bution LZN( 0, 1) | bution ZN(0, 0.5)
Mean 0.00 1.65 1.13
Variance 1.00 4.67 0.36
Skewness 0.00 6.18 1.75
Kurtosis 3.00 113.94 8.90
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5x5 7x7 | 10x10 | 20x20 | 30x30 | 40x40 | 50x50
Max 02024 | 01483 | 01039 | 00516 | 00339 | 00253 | 00202
Upper Mean 01927 | 01439 | 01018 | 00504 | 00334 | 00249 | 0.0199
% SD. 00057 | 00016 | 0.0006 | 0.0002 | 00002 | 0.0001 | 00001
Theoretical | 01668 | 01299 | 0.0947 | 00486 | 00326 | 00245 | 00196
Mean 02227 | -0.1570 | -0.1076 | -0.0518 | -0.0340 | -0.0253 | -0.0201
Lower Min 02271 | -0.1595 | -0.1092 | 0.0525 | -0.0343 | -0.0256 | -0.0204
5% SD. 00026 | 00009 | 00004 | 0.0002 | 0.0001 | 0.0001 | 0.0001
Theoretical | -0.2501 | -0.1716 | -0.1149 | -0.0537 | -0.0348 | 00257 | -0.0204
Upper (*) 29 25 23 18 30 28 21
Tye T | ) er ¢4 21 25 23 21 2 27 19
errors
Total 50 50 46 39 52 55 40
(b)
5x5 77 | 10s10 | 20520 | 30x30 | 40x40 | 50x50
Max 02028 | 01507 | 0.1193 | 00590 [ 0.0385 | 00282 | 0.0221
Upper | Mean 01675 | 01342 | 01001 | 00520 | 00349 | 0.0260 | 0.0207
5% | sp. 00347 | 00177 | 00074 | 00020 | 0.0008 | 0.0005 | 0.0003
Theoretical | 0.1384 | 0.1135 | 00866 | 00465 | 00318 | 00240 | 00193
Mean L0.1908 | -0.1334 | 0.0928 | 0.0461 | -0.0309 | -0.0233 | -0.0188
Tower | Min 202270 | -0.1581 | 01057 | -0.0518 | -0.0336 | -0.0248 | 00197
5% |sp 00278 | 00180 | 00100 | 00041 | 00018 | 00012 | 00008
Theoretical | -0.2218 | -0.1552 | -0.1068 | -0.0516 | -0.0340 | -0.0253 | -0.0201
Upper (*) 33 21 28 30 2 | 16 25
Type by ver (+%) 32 23 26 25 29 | 26 22
errors
Total 65 4 54 55 5] a2 47
(©) 0.5
5x5 77 1010 | 20x20 | 30x30 | 40x40 | s0x50
Max 02035 | 01518 | 0.1043 | 00518 | 00343 | 00255 | 0.0203
Upper | Mean 01856 | 01405 | 0.1017 | 0.0509 | 0.0337 | 0.0251 | 0.0200
5% SD. 00174 | 00098 | 00021 | 00003 | 00002 | 00001 | 00001
Theoretical | 01584 | 01239 [ 00927 | 0.0483 | 00325 | 0.0244 | 0.019
Mean 02134 | -0.1485 [ -0.1039 | 0.0507 | -0.0335 | -0.0250 | -0.0199
Lower | Min 02271 | -0.1580 | -0.1082 | -0.0519 | -0.0341 | -0.0255 | -0.0202
5% | sD. 00133 | 00109 | 00033 | 0.0007 | 0.0002 | 0.0001 | 0.0001
Theoretical | -0.2417 | -0.1656 | -0.1129 | 0.0533 | -0.0347 | -0.0257 | -0.0204
Upper (%) 26 19 19 28 23 28 34
i;ﬁ‘r: Lower (¥¥) 30 25 29 17 23 25 18
Total 56 44 48 45 46 53 52
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