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ABSTRACT

Multivariate Geographically Weighted Regression (MGWR) model is an enhancement of the
GWR model with the model parameter estimator that is local to each point or location where
the data is collected. In MGWR model the vector error is a random and the distributed
normal multivariate with mean zero and variance covariance 2(u;, v;). The hypothesis test of
MGWR model is done by comparing the suitability of the parameters coefficient
simultaneously and partially from MGWR model. Determination of the statistical test is using
the method of Maximum Likelihood Ratio Test (MLRT).
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1. INTRODUCTION

Geographically Weighted Regression (GWR) is a method that takes into account geographical factors
as variables affecting the response variable [4]. GWR model is widely used by researchers in
analyzing spatial data in various fields, because the method of GWR can be used to determine the
effect of predictor variables in order to response variables both globally and locally by considering the
elements of geography or location as a weighting in estimating the model parameters. the GWR
method is relatively easy in its calculations, it is more effective than others methods and can
overcome that model is not stationary in the geographic location (space) [7]. Base on the theory [4],
Mennis and Jordan [8] compare the global and GWR regression model to predict air pollution in New
Jersey, USA. GWR results indicated a significant effect between population density, the number of
industrial, transport density and environmental influences on the increase of air pollution in the area.
This study followed found estimates parameters of GWR model [9]. In the field of geology Atkinson at
al [1] find a relationship between the erosion that occurs along the river by using a model of (GWLR).
GWLR model is considered appropriate for being able to suspect the influence of erosion an occur in
upstream, midstream and downstream river.
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The models above generally is a univariate spatial models, where the observations have only a single
dependent variable that depends on the location of observation. Whereas in many cases there are
several problems that have more than one dependent variable that depends on the location of the
observation (multivariate spatial models). Multivariate spatial linear model is an extention of univariate
spatial linear model which the dependent variable (response variable) is more than one.

The theory of multivariate spatial data with the Bayesian approach was developed ([2], [5]). Brown at
al [2] find a vector of the correlation spatial with random respons. Haas [6] use a Bayesian procedure
performed for spatial prediction by multivariate cokriging methods and approaches hierarchy
(hierarchical approach) to find models and obtained spatial predictions. Cokriging method is suitable
for modeling multivariate spatial that have non-linear model and non-stationary spatial covarian [10].
The parameters estimation procedure use a combination of generalized least squares (GLS).
Referring to the researchers at the top and the lack of research about MGWR, so in this study will be
sought form the test statistic of the MGWR model with MLRT method.

2. THEORETICAL MODEL
The realization of this work supposes the availability of the same known theoretical model. Based on
theoretical model we use the methods of multivariate linear model and MGWR model.

2.1. Methods of MGWR studied
MGWR model is an extension of multivariate linear model with the unknown location information.
Multivariate spatial linear model dependent variable (response variable) is more than one. On the
MGWR model the relationship between response variables Y;,Y,,...,Y, and independent variables
X1, Xo,...,X, inthe-i" location is :

Yni = Bro(ui, vi) + Bra (i, vi) Xy + Bra (Wi, vi) Xai+. . 4By (Wi, Vi) Xpi + €

h=12,...,qandi=1.2,...,n

On the MGWR model, error vector § =1 & - &]T is a random and the distributed normal
multivariate with mean zero and variance covariance matrix Z(u;, v;) of the sample size gxq for the-i"

From equation MGWR model, then look for the parameter estimation ﬁh(ui, v;) and Z(u;, v;) using the
method of weighted least squares (WLS) estimator thus obtained ﬁh(ui, v;) is:

Eh(ui:V ¢) = X™W(w, v)X) 1 XTW(uy, v) ¥

and the estimator of B(u;,v;) is B(w;,v;) = [ﬁl(ui, v Ba(upv) .. B s, vi)]T

Parameter estimation o/ (u;, v;) is obtained by taking into account the location of the model spatial are

(Yh_xﬁ (uivViJ)TW(uirvi)(?h —Xﬁ(uiﬂ’i))

n

~2 —
G (uy, vy) =
then estimation parameter variance covariance matrix X is :
YT (1-9)T (1-S)Y

&)

with &, = tr((1—S)"(1 - )) ands,, = tr((1—S)"(1 - 8))°

T =

XT(XTW (ug, v)X) T X"W(uy, vp)
s = | X2 XTW(uz, v)X) X W(uz, v,)

& XTW (U, v,)X) T X W (u, v,)

m
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3. RESULTS
The hypothesis test in multivariate spatial linear model is done by comparing the suitability of the
parameters coefficient simultaneously from multivariate linear regression model and the MGWR
model. This test is similar to test whether the weighting W(u;, v;) that used in the process of
estimating the parameters equal to one. Form of hypothesis test are as follows :
Hy: Brn(uy, vi) = Brn
(no influence of geographical factors on the model)
H,: atleast one By, (u;, v;) # Brn
(there is influence of geographical factors on the model)
The set of parameters under H,, of function likelihood L(w) using a multivariate linear model equation
is:
Yixq = XBpi1)xg T Enxq
The estimate L(@) as follows :
L@)=L(BE,) = (2n)‘"q/2|fw|_n/2exp (—%)
with the estimate of parameters Vec(B) dan £, as follows :
Vec(B) = (I, ® XTX)71X")(Vec(Y))
g, = (YTa-myy)

n
The set of parameters under population with likelihood L(Q) function usinga MGWR is :

=~ ~ - _ - |-n/2
L(Q) = L(B(u;,v),Zq) = 2m) ™?|Za| " exp (- 22)
With the estimate of parameters B(u;, v;) and £, as follows :
B(u;, 1) = (X" Twy, v)X) X W (u;, v,)Y
o YT (1-s)T(1-s)Y
ZQ = T

o1

®)
Statistical test obtained by making ratio of L(@) with L(Q) so-called the likelihood ratio statistic test
(Wilk's lamda statistic) is :

_1@ _ M)‘
A== (5
5 — ol
7=,
Ratio likelihood test is used to compare the multivariate linear model and the MGWR model based on
the F test. The test will reject H, if A < /Ay < 1 with the value 0 < A, < 1 is expressed as :
YT 1-5)T (1-5)y

) |

W‘
n

N3 =

Where is with p respon variabel and m = 1 follow :
1
1-U2 _1-
p2n | (n-1-p)
I » NF(p.(n—l—p))
Up,z,n
with a significance level (a) then the decision taken will reject H, if the value Fyipyng > Fpn—p-1) OF

Poame < @. It means the MGWR model it not the same as a multivariate linear model.
Further tests carried out simultaneously on the model MGWR with the hypothesis :

Ho: Bin(ui, vi) = Bon(uy, vp) =...= Brep(uz,v) =0
H,: atleast one By, (u;, v;) # 0
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Testing simultan of the MGWR model was performed by searching the set of parameters under H,
and under population. Determination of the statistic test using the method of Maximum Likelihood
Ratio Test (MLRT).

The set of parameters under H, of function likelihood L(w) = (ﬁo(ui, vl-),Za,(u,-,vi)) using a MGWR

model can be expressed as follows :

L@ =L (E;(ui,vi)’):w(ui; Vi))
2 = T —
= @m0 [8, G, v)| " exp [—;(Y — 1ot v)) W v (¥ = 177w vi))]

= (2m)~ma/2 |fw (u, vi)|_n/2 exp (— nz—q)

To obtain the estimate of parameters B:O(u,-,vi) and £, (u;, v;) , then the likelihood function L(w) Initis
later revealed to B¢ (u;,v;) and £, (u;, v;) . From the results of the decline is obtained the parameter

estimator [?Ao(ui,vl-) is:
EoT (w,v) =

and the estimator £, is :
_ Y'(=5,)"(1-S)Y

(52)

[iT(lTW(ul.vl)l)-llTW(ul. 1) ]
So = |
|

(1TW(ui,vi))Y
ity Wjlugv)

| iT(lrw(UZu 1) 1) 1TW(uy, v,)

(17 (17 W (i, 1) 1) 17 W (1t 1)
So the average §,, is :
81 = ﬁ(uj,vj)E(SSE)
and
820 = tr(A=S,)"A-S,))
Statistical test obtained by making ratio of L(®) with L(ﬁ ) so it called the likelihood ratio statistic test
(Wilk's lamda statistic). Likelihood ratio test is based on the F test for testing of the parameters
simultaneously in MGWR model is :

n

2
/ YT (1-50)T(1-54)Y
8%w/
_ L@ _ 52
A =| e |

T L@
) \ YT (1-5)T (1-S)Y] /
52
s,

Ratio likelihood test the MGWR model based on the F test. The test will reject H, if A <\, < 1 with
the value 0 < A, < 1 is expressed as :

YT (1-s)T (1-s)Y
(&)
52
YT (1-50)T(1-Sw)Y
5%(&)
(522)

with a significance level (a) then the decision taken will reject H, if the value Fypng > F<é§u .%) or

N7 =

~F (a%_wa_%)

820’02

day42

Pyame < @. Can be meaning In other words, at least one By, (u;, v;) # 0.
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Partial test on the MGWR model aims to determine any significant parameters affecting the response
variable. Form the hypothesis is as follows :

Ho: Brn(uyv) =0

Hy: Bren(uyyvi) # 0

fork=12,....p,h=12,...,qandi=12,...,n

Partial test on the MGWR model to To obtain the estimate parameter pB;,(u; v;) dan variance

covariance matrix (X" WX)~18;, with the standar error (SE) fn (s, v;) is :

SE(ﬁkh(i: Vi)) = @

Jri are the diagonal elemen k + 1 the matrix (XTWX)‘lai.

SE ( ﬁkh(ui,vi)) used to test the level of significance of each location by using the ¢ test statistic under
H, for Ben(u;,v;) = 0then:

Bin(wiv)

thitung = s5( BnCuzop)

52
thitung WIll follow t distribution with degrees of freedom (n - ?) with a significance level (a), then the

20,

decision taken will reject Hj, if the value |tyipyng| > t( 2\
n—x—
azd)

4. DISCUSSION AND CONCLUSION

From the result a research obtained three the hypothesis test of MGWR model with MLRT methods
are testing hypotheses simultaneously a comparing the multivariate linear regression model and the
MGWR model. This test is similar to test whether the weighting W(u;, v;) used in the process of
estimating the parameters equal to one.

Testing hypotheses simultaneously from MGWR model that aims to determine there is or no there is
an(uy, vy) #0 or at least one &;(w;,v;) #0 . The decision taken will reject H, if at least one
Brn(uy,vi) # 0.

Partial testing hypotheses on the MGWR model aims to determine any significant parameters
affecting the response variable
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