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Efeitos Espaciais

- Dependéncia Espacial:

“As coisas mais proximas sao mais parecidas”
Waldo TOBLER

- Heterogeneidade Espacial:

Instabilidade dos parametros do Modelo no espaco 1?&?@

Interacao Espacial
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Interacao Espacial

Interacao Espacial
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Matriz de Distancia

1 2 3

| 1hm | 1hm |

[ | |
1 2 3 1 2 3 1 2 3
110 1 2 11 0 1 0.5 1| 0 0.670.33
Wi=2|1 0 1|)Wid=2| 1 0 1 |)Ws=2|05 o0 05
3|12 1 0 3051 0 3/0.33 0.67 O

Variavel Dependente Espacialmente Defasada
P1 = 100 P2 = 80 P3 =70
| 1hm | 1hm |
| | |
1 2 3
1l 0 0,67 0,33(]10 76,70
Ws:P=2/0,5 O 0,580 =| 85
310,33 0,67 O | 70 86,6
L - Modelo Defasagem Espacial: P =b, + b,*D + b;* W * P
- Modelo Classico: P = b, + b,* D —
- Modelo Erro Espacial: P=b, + b;*D + b;* W * e
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Dependéncia Espacial

- Distancia (pontos)

- Contigliidade (poligonos)

S

Poligono de Voronoi
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Matriz de Contiguidade W

Considera-se cada imével como uma unidade de vizinhanga

= w;  =1seiejsio vizinhos;
= Wi = () caso contrario

A vizinhanca pode ser do tipo:

= Rook (Torre) :uma face comum
= Bishop (Bispo) :uma quina comum
= Queen (Rainha) : uma face ou quina comum

e

J;
»

k\

O = m O
S O O = o=

Matriz de Contiguidade tipo Rook para as Regioes do Brasil

—_— O O = =

S = O O




24/10/2019

Matriz de Covariancia Espacial - Endogena
) 0 fori=jandh=20
() = —— > [2(s,)— z(s,. 2 Cij(h) = {Co +Cy —y(h) fori+jand0<h<a
) 2n(h)§[ ()= 2(51.)] 0 for i#jand h>a
?(h) x V) | - Modelo Exponencial
Modelo Esférico
° : ....: . === Modelo Gaussiano
co®
e @
L ]
[ N ]
e L
—;/;- 0 a h

d‘ ’Il'co Variograma Teérico

METODOLOGIA DE REGRESAO ESPACIAL

1° passo: Diagnostico da Dependencia Espacial

- Teste LM (erro)
- Teste LM (defasagem)

2° passo: Incorporacao dos Efeitos Espaciais

* Modelo de Erro Espacial

* Modelo de Defasagem Espacial
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Modelagem através da Regressao Espacial

Modelo de Erro Espacial Modelo de Defasagem Espacial

Y =pWY +XPB +E,
onde y = N (0, 62])

Y=XB+u,
ondeu=AWu+€ y y =N (0,02])

Sendo: Sendo:

WY - variavel dependente
espacialmente defasada

W - Matriz de Pesos Espaciais

A - coeficiente de
autocorrelacio espacial

p - coeficiente de autocorrelacao
espacial de WY

TIPOS DE MODELOS ESPACIAIS POSSIVEIS
oy Y=00Y +ary+Xp+u i
| w=Wute g Spatial lag model
4 T \ | Y=0WY+os, +Xf+e
e _ A
Pyl y
: . §=0
General nesting spatial mode] 4=0 | Spatial Durbin model i -
Y=m+aN+Xﬁ+WX0+u Y=m+aﬂ+xp+wx0+c SLX Y= X
u=Wu+e Y=a,+Xp+WX0+e =ay +Xp+s
A 4=0
d,
=0 < | Spatial Error model
o= Y=o8,+Xp+u
Spatial Durbin Error model 00 u=AWu+e
Y=on, + Xp+WX0+u (if 6=-0f then 4=0)
u=AWu+e
] del, SLX = spatial lag of X model W
R |
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Estimacdao dos Parametros: Método da Maxima Verossimilhanca

- Fungdes de Log Verossimilhanca: Defasagem Espacial

InL=-N/2In27z—-N/2Inc* +1n|l — pW|-1/26>{[(I - pW)y - XB][(I — pW)y— X1}

- Fungdes de Log Verossimilhanca: Erro Espacial

InL (y/A, B 6)=-(N2)In27%(N/2)ln & +In |l - Aw! (172 &) {[(I- AW)(y-X B]'[(I- AW) (y-X B)]

Diagnoésticos pelos Testes dos
Multiplicadores de Lagrange - LM

LM (erro) = [eWel(e /IY)] <
[tr(W?> +WW)]

Yo

LM (defasagem) = {[e Wy/(e'e/N)2/[(WX By A-XX"X)1X")(WX B)/ G2 +r(W+W'W) = Z

2
1)




24/10/2019

ESCOLHA DE MODELOS

I - Critério de informacao de Akaike
AIC =-2L + 2k

II - Critério de Schwartz
SC=-2L+k*In(n)

& GeoDa on Github

B https://geodacenter.github.io

GeoDa

An Introduction to Spatial Data Analysis

Download View on GitHub Documentation Support

Introducing GeoDa 1.12

GeoDa is a free and open source software tool that serves as an introduction to spatial data analysis.
It is designed to facilitate new insights from data analysis by exploring and modeling spatial patterns.

GeoDa was developed by Dr. Luc Anselin and his team. The program provides a user-friendly and
graphical interface to methods of exploratory spatial data analysis (ESDA), such as spatial
autocorrelation statistics for aggregate data (several thousand records), and basic spatial regression
analysis for point and polygon data (tens of thousands of records). To work with big data in GeoDa it
should first be aggregated to areal units.

Since its initial release in February 2003, GeoDa's user numbers have increased exponentially to over
200 000 Mang 2017y Thi wmeliada lob caore ot nihvarcitic uch o Haoruard BAIT ondA rerngll Tha
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Data Set ) _: Columbuas Crime
Dependent Variable T howval Humier of Observatcions: B =
Mean dependent wvar - S5 _.4362 Humber of Variables - =
S_D. dependent war - 18 _=27s7 Degrees of Freedom - 4s
BE—sguared - O_.=345514 F—statistic - 1= _=582
Bdjusced BR—sguared = O _SZE1EZ3Z Pro(F—stcatcistcic) - 5 .03 Te—005
Sum sguared residual: 1O0E47 Log likelihood - —Z01 _ =65
Sigma—sSqguare - =21 _457 Akaike info ocriteriom = 402 . F2S
S_E. of regression - 15 _=21=7 Schwar= criteriocn - 414_43113
Sigma—sguare MI. = 217 _Z8¢&
S.E of regressiomn MI.: 14 _T7T4a40a
COMSTRNT 4T _QZSE 13 _131S O_0o00SS
dirc 0O_SZS5954 0O_S3S5S31 O _Z465S7
crdme —0O_4S4529 o_1sz2s73 o_o01027
RECSRESSION DIAGHOSTICS
MUOLTICOLLINEARTITY CONDITION NUMBER 12 _S37TS55S5
TEST ON MNORMATITY OF ERRORS
TEST DE TALITE DROR
JTJargue—EBera = FS_TO0s8Z [ D L o L R |
DIACGHOSTICS FOR HETEROSEKEDASTICITY
RANDOM COEFFICIENTS
TEST DE TALITE DROR
Ereusch—Fagamn test = 5_7&ee8 O_o05554
Foenker—EBassett Te3ST = Z . Z70o0 O ._.3Z14=
DIACHOSTICS FOR SPEATIAT DEDPENDENCE
FOR WEICHT MATRIN : WlColumbusRook
(row—standardi=zed weights)l
TEST MI S DE VTRLIOE TROR
Moran"s I {({error) O _Z0OT7T1 Z_S5040 O _01Z2S
Lagrange Multiplier {(ladgl 1 1_s19s O_177=27T
Robust LM (laog) 1 0 _s97s 0 _40351
Lagrange Mualtiplier (lerror)l 1 = _9393z9 O_o45a89
Robust LM (error) 1 Z_S5713 O _0OSa17
L ___________________________________________________________ e e
sSUMMLERY OF OUITPUOI: SPATIAT. LA MODET. — MABHTMUOM LIFEELIHOOD ESTIMARTION
Data =set : Columbus Crime
Spatial Weight : WColumbusRook
Dependent Variakbkle - howral Humber of Observatiomns: 45
Mean dependent war : Z8.438Z Humber of Variakbles : 4
5. 0. dependent war - 18_Z7a7 Degrees of Freedom - 45
Lag coeff. {Rhol T D.Z3083
E—sguaraed : 0.382337 Log likelihood : —200.435
Sg. Correlation - - E2kaike info criteriocm = 4025 . 8759
Sigma—sguare - Z0e.3Z22 Schwarz criterion : 4]lc.44a
5. E of regression - 14 _=2&35
Variakble Std_.Error z—walus Probakbility
W_howal O_Z230&e3 0_1543935% 1_48B3& O_1366t
COMSTERENT 2T .Ze81 123.5945% Z2.2T7TZ323 o.00753
inc O _56315%6 O_513164 1_a574Z2 O_Z7Z24%
crime —0.4510Z2 0.177e97 —Z.53815 Oo.01114
BEEZRESSICON DIAGHOSTICS
DIAEHNOSTICS PFPOR HETEROSEEDRSTICITY
BANMDOM COEFFICIENTS
TEST DE WALUE EROR
Breusch—FPagan test z 5_30593%59 O_05z208
DIAREHNOSTICS FOR SPATIAL DEPFENDENCE
SPATIAT. LAE DEPENDEMNCE FOR WEIGCHT MATRIX - WColumbusRook
TEST oFE VALUE EROER
Likelihood Ratio Test 1 1_85&7 0_17300
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EUMMEERY OF OUTPEUT: SEATIATL ERROR MODEL — MAXTMUOM LIFELIHOOD ESTIMATION
Data get z Columbus Crime
Fpatial Weight z WColumbusRook
Dependent Variakbkle howal Number of Observations: 445
Mean dependent wvar = BEE_438ZZ4 Numbeaer of Variakbkles = =
5 .. dependent wvar = 18 _Z7eees Degrees of Freedom = 448
Lag coeff. (Lembda) =z 0.35904595
F—=guared z J.428505 BE—sguared (BUSE) T =
Fg. Correlation T - Log likelihood z —l55_Z3z435932
Figm=—sguare z 1a0_85959 Z2kaike info criterion = 404 4455
5. E of regression z 1z.81lce Schwarz criterion z 410._.14
Variakble Coefficient S5td_Error =—vwalus Probalkility
COMSTAENT 43 _0083 12 _.312€ 3_83931=z2 0 .00010
inc O.71153Z 0_4937323 1.42%5 J.15300
crime —0_553458 O_178773 —3_1Z2343 O.00175
LaMBEDR 0 .32504598 O0.157587 2.47798 0.01321
FECRESSION DIAGHMOSTICS
DIACGHNOSTICS FOR HETEROSEEDRSTICITY
EALMDOM COEFFICIEMTIS
TEST DF VATLUOE EROB
Ereusch—Pagan test =z 5_g8443 O_05548
DIACGNOSTICS FOR SPATIAL DEFEMDEMNCE
EEATIAT. ERROR DEPENDENCE FOR WEIGHT MATRIX : WColumbusBook
TEST DF VALUE EROB
Likelihood Batio Test 1 4 _Z705 aJ.03878

Empirical Evidence using Spatial Covaviance Matrix -WC

+ Dataset used for illustration consists of 479 land lots transactions distributed along
Atalaia Beach at the city of Aracaju.

701000 708000 711000

Seripe

hmw ] g
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Available Information X

< Land Lot Area (AR): Log-transformed;

< Sector (SE): Proxy Variable (average income of the head of household)
Log-transformed;

< Topography (TO): Dummy indicating (plan)

< Location (SI): Dummy variable (corner)

< Paving: Dummy variable (pave)

< Frontage (FR): Quantitative variable Land-use Coefficient (CA): Variable
interval that identifies the relationship between the land area and the area
that can be constructed - Log-transformed;

< Axis (EI): Ordinal variable 3 - principal axis, 2 - secondary axis and 1 for
the other cases; i S -
< Nature of the event. a

Variogram l

8 Geostatistical Wizard: Step 2 of 4 - Semivariogram/Covariance Modeling

View Models
Semivariogram | Covariance | ¥ Model 1 |1 Model2 | I Model3
: Major Range  [@ &
nz; e 652,58
0 oo (0.025758 / 0.111354) % = 23%
0,15/ ool el W '
“ = cadiatsotag s s d ..
nén; s !’I! !: "\?'J‘!'zf'y,?;_'f J—B:SSSS; 2 4
o w0 son s e 7 s oo e | | | g
SR — 2y reds (@ % 23% of the total variability of the
Semivariogram/Covariance Suiface [ [0.085558 . .
I S G residuals is due to the random
¥ hugeet (@& -
ey =] tfszﬁ?as I~ Enor Modeling COmponent H
e L — % 77% are explained by the presence of
e e =l || st oo [z 3] the spatial autocorrelation in the
008559 SphericallE32,08}+0, 025756 Nugget <Back New> | Fish | Cancel | residuals.
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\ SPATIAL DEPENDENCE DIAGNOSE

\

LMR.obust Error LMRobust lag
WD 8.9330 0.0030 89110 0.0030
[WG 6.0110 0.0140 109.7527 0.0000 ]
WD wWC
SAR SEM SAR SEM
AIC 412,91 412,69 358,54 324,16
SC 452,62 458,58 414,42 370,05
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