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1.

Introduction and Summary

Functional regression analysis has been studied so far by Ramsay and Silverman (1997).
This method enables us to investigate the relationship among the variables over time. Sometimes, however, we meet the case where regression coeÆcients do not remain xed over space,
especially in analyzing the spatial data. Present paper proposes geographically weighted functional regression analysis to analyze the relationship among variables which varies over space
as well as over time, borrowing the idea of Brunsdon and et.al (1998) in which geographical
weight is considered in ordinary regression. A procedure is proposed for estimating the regression coeÆcient function, and the bootstrap is applied to evaluate the reliability of the estimated
weight functions.

2.

Functional Regression Analysis

To predict a functional response y (t) from some functional covariates xg (s), we consider
a functional multiple regression model as follows:

yi (t) = 0 (t) +

XZ x
G

g=1

ig (s) g (s; t)ds + i (t)

(i = 1;    ; N );

(1)

where 0 (t) is a mean function, G is the number of functional covariates, g (s; t) is a regression
coeÆcient function, i (t) is a random error function and N is the number of observations.

3.

Geographically Weighted Functional Regression Analysis

To deal with the spatial non-stationarity of the regression coeÆcient functions, we propose
a geographically weighted functional multiple regression model as follows:

yi (t) = 0 (t) +

XZ x
G

ig (s) g (s; t; pi )ds + i (t)

g=1

(i = 1;    ; N );

(2)

where pi means the geographical location of the i-th observation, and g (s; t; pi) is a regression coeÆcient function. Considering the distance dik between location i and location
k (k = 1;    ; N ) in predicting the i-th functional responce, the geographical weight de ned as
ik = exp( dik =h) is introduced into the procedure of estimating g (s; t). As a measure of the
spatial variation for the relationship between the variables over time, we propose a statistic
to assess the variability of g (s; t; pi ) as i varies for a xed g . Our statistic is the following
integrated variance of g (s; t; pi ) across i:

vg =

1

XZ Z f
N

N i=1

( g (s; t; pi)

2
g (s; t; ))g dtds (g = 1;    ; G)

(3)

where a dot denotes averaging over subscript i. This implies that the higher the value of vg ,
the stronger the evidence that the regression coeÆcient function g (s; t) has a large spatial
variation.
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RESUM
E
L'analyse fonctionnelle de regression nous permet d'etudier le rapport parmi les variables
avec le temps. Parfois, cependant, nous rencontrons le cas ou les coeÆcients de regression ne
demeurent pas xes au-dessus de l'espace, particulierement en analysant les donnees spatiales.
Le papier actuel propose l'analyse fonctionnelle geographiquement pesee de regression pour
analyser le rapport parmi des variables qui change au-dessus de l'espace aussi bien que le temps
ni.

