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1 ABSTRACT

The factors affecting a land value index such as lassessments are important for the developmeht an
growth of urban areas. Ota and Kaneda (2018) caeduwccomparative analysis of a land value indekén
central Nagoya area of Japan and reported thatattier structure could be explained by three factor
distance from the nearest station as an accesgifalitor; the concentration of neighborhood conuizr
and business uses as a facility volume factor;thadntegration value of the entire area as arcatdr of

the street network centrality of the vis graph wsial of space syntax theory, or “VGA”, as a space
configuration factor.

In an urban area, a busy street’s land value insleonsidered to be higher. The integration valfiehe
VGA indicator, which represents the street netwoehtrality as a space configuration, has been asedl
busy street factor. However, high street networkregdity is not always needed for a busy streeeréfore,
it is a possible that simulating actual pedestriao the space configuration is a stronger fafdoa busy
street than a high street network centrality. Satiny actual pedestrians from the space configuratan be
conducted using agent analysis, or “AA.”

In this paper, we examine a multiple regression ehddr the factors and a land value index of the
Kanayama area of Nagoya City using a VGA indicatiod then replacing the VGA indicator with the AA
indicator as a new factor. By comparing the two eledwe explore the potential for using the AA oator

as a land value index factor.

In conclusion, the global integration value of @A indicator was selected as a factor for a busyes
with a multiple correlation coefficient of 0.750, c@efficient of determination of 0.562, and an Aeai
information criterion (AIC) of 352.093 with a staard partial regression coefficient of 0.362 in the
conventional factor structure. On the other hanttemthe number of AA footprints (station occurres)oaf
the AA indicator was selected as a factor for aylatieet, it had a multiple correlation coefficiafit0.830, a
coefficient of determination of 0.689, and an Alf2284.477 with a standard partial regression coieffit of
0.618 in the new factor structure. Thus, we dispedehat replacing the VGA indicator with the AA
indicator could significantly improve the land valtactor structure model.

Keywords: space syntax, space configuration, laddey visibility graph analysis, agent analysis

2 INTRODUCTION

In considering urban development, it is importantihderstand the factors that contribute to then&vion of
land value. In the past, multiple regression modese been used to analyze these factors, namely,
transportation accessibility (i.e., distance frdra hearest station), facility volume (i.e., lan@)y®nd space
configuration (i.e., accessibility to automobilaffic and street width) (Okubo, 1983). Subsequeritig
UCL group explored space syntax (SS) theory andggsed visibility graph analysis (VGA), which
quantifies the characteristics of a street netvigrintroducing a fine grid and thus calculates ¢attrs such

as street network centrality, visible area, anddlamlue. The factorial analysis of these indicat@rs
described below. In this paper, these indicatoes callectively referred to as VGA indicators. Otada
Kaneda (2020) examined the factors of land valukces before 1935 and after 1965, using as factor
variable candidates the distance from the nearagby streetcar stop as accessibility, the coratsonrof
neighborhood commercial business uses as thetyaedlume, and the VGA as the urban area form. The
VGA indicator was adopted using statistical test$wo periods and its validity as a land value dastas
confirmed. The analysis was conducted using a mufdélree groups of factors: space configuratiewility
volume (land use), and transportation accessibility

In an urban area, a land value index is considerée higher for a busy street, and the integratadoe of a
VGA indicator, which represents the street netwaektrality as a space configuration, has been aseal
factor of a busy street. However, a high streetvagt centrality is not always needed for a busyedtr
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Therefore, it is possible that simulating pedesgia the space configuration is a stronger faitioa busy
street than a high street network centrality. Satiny actual pedestrians from the space configuratan be
done using agent analysis (AA).

The analysis using SS theory is not only VGA, bsbaA using exosomatic visual architecture (EVA),
which is a vision-driven agent simulation on a figed. Penn et al. (2001) applied AA to the spatial
distribution of the number of pedestrians in a depent store and reported a correlation coeffic{sittgle
correlation) of 0.75 between the number of pedmséricalculated by the AA indicator and the cross-
sectional traffic volume of a grocery store. Whemsidering the number of pedestrians as bustleisg b
street can quite possibly be a factor of the lamlder index. Using the AA indicator as an alterrativ the
VGA indicators as a factor of a land value indexyriemising, but no factor analysis of a land vahaex
using the AA indicator has yet been conducted.

Therefore, in this paper, we use a multiple regoassodel for a land value index in the Kanayarnsriit
of Nagoya City, Japan using a VGA indicator anchthenstruct a multiple regression model using tihe A
indicator instead. Comparing the two models andceim the potential of the AA indicator as a factor a
land value index is the contribution that this stpdovides to the literature.

3 THEORETICAL BACKGROUND

In existing reports on the factor analysis of laradue indices using VGA indicators, Min et al. (ZQ0
conducted a single regression analysis of publcl lgalues using street network centrality as a VGA
indicator and reported a single correlation coadfit of 0.750. Wang et al. (2010) conducted a rpigti
regression analysis of public land values withettreetwork centrality as the VGA indicator and floor-
area ratio as a second factor and reported a reutigprelation coefficient of 0.692 for the modékta and
Kaneda (2020) analyzed the factors forming a lasdes index pre-1935 and post-1965, using the global
integration value (GIV) and the street network cality as the VGA indicator. The multiple regressio
model for 1935 had a multiple correlation coeffitief 0.808, while the multiple regression model 1665
had a multiple correlation of 0.807. The VGA indmrawas adopted using statistical tests in thepetdods,
confirming its validity as a factor for determinifand value.

In addition to Penn et al., Kaneda et al. (2020hgared the VGA and AA indicators for a factor asayof
the number of using an encounter survey and regphtinge the AA indicator model was superior to theA/
indicator model. In Japan, Zhang et al. (2019) cetet a correlation analysis between AA indicatord
store rents and reported a single correlation481.confirming a low level of correlation.

[Conventional structure model for land value factors]

Accessibility factor Facility volume factor Space configuration factor
Distance from concentration of neighborhood Visibility graph analysis
station entrance commercial and business uses indicator: Integration value

Land value

index . .
Pedestrians are simulated

from space configuration

[Proposed structure model for land value factors]

Accessibility factor Facility volume factor Space configuration factor
Distance from concentration of neighborhood Agent analysis indicator:
station entrance commercial and business uses Foot prints

Land value

index

Fig. 1: Land value factor structure models

In a report using mobile phone location data asalrnative indicator for the number of pedestrjians
Kaneda et al. (2022) conducted a comparative stisthg a model that replaced the number of pedastria
from the encounter survey with mobile phone logatlata and found no significant difference.
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For a land value factor structure model, the distainom the nearest station is an accessibilityofathe
concentration of neighborhood commercial and bssingses is a facility volume factor, and the irdadgn
value of the entire area is an indicator of theettmetwork centrality as a space configuratioriofac
However, the AA indicator, which actually simulag@sdestrians from the space configuration is angep
factor for a busy street than a high street netwsanktrality. Therefore, a novelty of this studythst it
creates a land value factor structure model thbstgutes the AA indicator for the VGA indicator as
conventional factor, as shown in Fig. 1.

4 KANAYAMA DISTRICT OF NAGOYA CITY AND LAND VALUE IND EX AS AN
OBJECTIVE VARIABLE

4.1 Overview of Kanayama District of Nagoya City

The scope of the Kanayama district in Nagoya Glighi Prefecture, which is the subject of this stuid
based on the “Kanayama Station District Communigv@&opment Concept” (2017). Its scope and the
distribution of its facilities are shown in Fig. Ranayama Station, located in the Kanayama disstved
approximately 440,000 passengers daily in 20186) fae train lines serving the area, making it seeond-
largest terminal station in Aichi Prefecture afiésigoya Station. The Kanayama area is characteliyed
public and cultural facilities such as the Kanayaviimami Building, Asnal Kanayama, and the Civic Hal

To understand the regional characteristics of éinget area, we calculated the total floor area raoog to

use in the Kanayama district using geographic médron system data from the “2011 Building Use
Survey.” For buildings with a total floor area dd,Q00 square meters (m2) or more, the use of daoh f
was checked using the “2016 ZENRIN Residential Mapsd the figures were corrected. Residential uses
totaled 234,301 m2 (36% of the total), office/sdhaxes totaled 210,402 m2 (32%), commercial udaset
130,816 m2 (20%), accommodation uses totaled 3971896%), and cultural facilities totaled 39,157 m2
(6%). Residential use and office/school use eachuatted for more than 30%, followed by commercsad.u
Therefore, the area is a mixed residential/comrakarea.

1 Commercial

| Office
'/ School

s Cultural
~ Facility

5 [ H Hotel

: [ Residential

(shoppingmall) /-~ | sm__ Ik

Fig. 2: Spatial distribution in the Kanayama ditri
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4.2 Land Value Index as an Objective Variable

The land value index used roadside land value, misithe value per square meter (m) of standard (.,
1,000 yen) facing a roadside used to evaluate landreas in which roadside land values have been
established. Roadside land values are the bastafoulating the taxable value of land for inherita taxes
and gift taxes and are considered the official laaldie indices published by Japan’s National Taemay.

In this study, roadside land values for 2016 wesedu

A total of 178 streets in the target district wareuded in the study, but nine streets for whioh tand value
index (i.e., road value) could not be obtained vexaluded, resulting in a sample size of 169 sireet

5 FACTOR ANALYSIS OF THE LAND VALUE INDEX USING VISIB ILITY GRAPH
ANALYSIS INDICATORS

5.1 Methods of Factor Analysis Used in this Study

In this study, multiple regression analysis wasdumted using data for 169 streets to factor thd laaue
index from candidate variables belonging to thraedidate factor groups: space configuration, figcili
volume (land use), and transportation accessibilitye first candidate factor (group), accessihilisy(X1)
the distance from station entrances and exits. iBHise shortest distance from a station entrapiceshich
there are eight in total, to the midpoint of theest in question. Four variables—(X2) the comméritoer-
area ratio, (X3) office and school floor-area raiig4) the hotel floor-area ratio, and (X5) the towl
facility floor-area ratio—are used to determine thgantity of facilities for the second candidatetda

group.

5.2 Visibility Graph Analysis Indicators as Candidate Factor Variables

While the factor groups for accessibility and theawgity of facilities are straightforward indicasoof the

OD of the walking trip, i.e., the point of depaduor arrival, the third candidate factor group, fpace
configuration factor group, is an indicator brougbbut by the form of space configuration. Here WA
indicators, (X6) visible area and (X7) the GIV, wiiare urban morphology indicators, are provided@s
indicators. The walking space to be analyzed iresudot only the sidewalks and city blocks excludime
building site, but also the crosswalks between ribeedways and passageways inside of stations in the
building site. In this case, the roadways, theriate of other buildings, and railroads are consdeto be
nonwalkable spaces. The visible area is calculatethe total number of all points visible from aegi
point. The integration value indicates the streraftspatial connectivity; if the value is high apaint, the
point has less depth from its surroundings anddeengentral in space. This creation method foll@ta et

al. (2021). In both cases, Depthmap X software uwsed and a 1-meter square grid was set up for the
measurements.

. . (X10)
.
VIE () Land .(Xl) X2) (X3) (X4) (X5) X7 (X8)Density | (X9) Mobile Mobile
value index Distance Floor area Floor area Floor area Floor area (X6) Global of AA phone phone
Correlation (JPY'000 from station ratio ratio ratio ratio Visible area | integration footprints' | - location location
coefficient Jsqm) entrance Commercial Office / Hotel Cultural vilue flow (station data data
d (m) School facility generated) | (weekday) o
(weekend)
Land value ind
%@33)0&:3“ x 1.670 1.099 1.169 1.017 1.000 1.038 1.325 2,564 1.937 1.960
S;g?:;:?;‘; from station -0.634 1.286 1122 1.023 1.001 1.000 1.044 1.504 1.441 1.428
(X2)Floor area ratio : Commercial 0.300 -0.472 1.034 1.095 1.003 1.005 1.000 1.171 1.160 1.171
3)F1 tio : Office /
Sih)lmfor area ratio - Lilce 0.380 -0.329 -0.181 1.002 1.002 1.000 1.059 1.064 1.022 1.014
(X4)Floor area ratio : Hotel 0.130 -0.149 0.294 -0.048 1.024 1.007 1.002 1.001 1.016 1.011
5)F1 a ratio : Cultural
gci)ht;orm”‘ to- bultura 0.013 -0.036 -0.051 -0.042 0.154 1128 1.020 1.006 1.002 1.002
(X6)Visible area 0.190 -0.017 -0.071 -0.006 0.085 0.337 1.237 1.018 1.003 1.005
(X7)Global integration value 0.495 -0.205 0015 0236 0.048 0.140 0.438 1.153 1.079 1.088
8)Density of AA footprints' fl
?;jﬁzﬁsg‘eynzr‘“ed)oo prints How 0.781 -0.579 0382 0246 0.027 -0.080 0.132 0.364 1.846 1.985
9)Mobile phone location dat:
%V:ekga;fp one Jocation data 0.696 -0.553 0371 0.146 0125 0.047 0.051 0270 0677 35.559
10)Mobile phone location dat
(fivee)kezd;ep one location data 0.700 -0.548 0.382 0.119 0.102 0.045 0.069 0.284 0.705 0.986

Table 1: Correlation coefficient and variance inflatfactors between the land value index and candithctor variables
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We also added (X8) the density of AA footprint flggtation-generated), (X9) mobile phone locatiotada
for weekdays, and (X10) mobile phone location dataveekends as candidate factor variables.

5.3 Correlation Analysis for the Land Value Index and Gandidate Factor Variables

Table 1 shows the correlation matrix (lower leffthand variance inflation factors (VIFs) (uppeght half)
for all of the variables used in this analysis.

Examining the correlations between the land vahgex and the candidate factor variables, the ciiogls
with the land value index were high for (X8) deynsif AA footprint flow (station-generated) (0.78B8nd
(X10) mobile phone location data for weekends (0)7@vhile the correlations with (X9) mobile phone
location data for weekdays (0.696) and (X1) distainom station entrances and exits (-0.634), riesuih a
slightly higher correlation with (X1).

The VIFs between each candidate factor variablew#ress than 2, except for (X9) mobile phonetamn
data for weekdays and (X10) mobile phone locatiata dor weekends (35.559). Other than not usingethe
candidate factor variables simultaneously, the ipitébn for avoiding multicollinearity was not aped.

5.4 Examination of Selected Multiple Regression Models

Multiple regression analysis was conducted usingersecandidate factor variables ranging from (X1)
distance from station entrances and exits to (X&) ®&IV. For multiple regression analysis, a modakw
selected that minimized the AIC using the stepwesgable increasing/decreasing method.

A four-variable model was ultimately selected (Sable 2). The multiple correlation coefficient wag50

(coefficient of determination of 0.562), and theCAlvas 2,363.726. The variables adopted in the madel
shown below, organized by accessibility, facilitglsme (land use), and space configuration, asvalio
(X1) distance from station entrances and exitn(kied partial regression coefficient: —0.452, fiietk) as
accessibility, (X3) office/school floor-area rafstandard partial regression coefficient: 0.166dthank) as
facility volume, (X2) commercial floor-area ratisténdard partial regression coefficient: 0.111tfowank),

and (X7) the GIV (standard partial regression doeiit: 0.362, second rank) as space configuration.

Multiple correlation coefficient:0.750
Coefficient of determination: 0.562 AIC:2,363.726
Standard
partial
regression
coefficient

Partial
regression | tvalue | p value
coefficient

Constant - 105.319 0.847 -

(X1)Distance from station entrance -0.452 -1.582 -6.721 0.000
(X7)Global integration value 0.362| 205.688 6.732 0.000
(X3)Floor area ratio Office / School 0.166 0.407 2.736 0.007
(X2)Floor area ratio Commercial 0.111 0.539 1.735 0.085

Table 2: Results of factor analysis (multiple regi@s model selection) for the land value index g3fiGA indicators

6 FACTOR ANALYSIS OF THE LAND VALUE INDEX USING THE A GENT ANALYSIS
INDICATOR

6.1 Overview of Agent Analysis and the Calculation Redts

The pedestrian agent in the EVA has a 170-degede &f view centered on the direction of traveld @he
area ratio of the segmented field of view is useddlect the direction of travel. In this case, pedestrian
agent does not have an OD pair and acts only l@séue obstacles in his or her field of view. Hog aigent
onset condition, we used a selective onset in wkhehagent onset point and the agent onset ragio ar
determined in advance. In this study, the stat®msed as the point of the selection generatedt, iso
referred to as “station-generated.” This simulatwais conducted under the following conditions foe t
movement of agents and the generation of agetih® atations.

¢ Number of agents: 2,000.
* Agent movement distance: A uniform distributionvbeen 0 and 1,500 m (average of 750 m).
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* Points at which agent stations are generated: Eiginainces and exits at Kanayama Station.

» Ratio of agent stations: Results of a cross-seatitaffic survey (the amount of outflow from the
station to the Kanayama area).

Each pedestrian agent is assumed to leave a fobgorce per second in the walking space, and theator

is the number of footprints per meter of streegtarin each street space after the simulation ispteted.
The units are (humber/m) by definition. It can kersthat the larger the walkable space area ancldker

to the station, the denser the walking trajectdrite reasons for this may be due to the behavioral
characteristics of the agents and the influendeefigent’s point of origin (see Fig. 3).

— = | L B ) Al footprints
LI atany point
P | i /-“ by Agent Analysis
Eille ad ' i | (Station Generated)

2
|

i

|

| ||
T
-

‘4 -
|

s
wooy

Fig. 3: Spatial distribution of the number of footps (agent analysis, station-generated)

6.2 The Correlation Between the Land Value Index and tke Agent Analysis Indicator

The correlation coefficient between the numberxd)(density of AA footprint flow (station-generategler
meter of street length) as an AA indicator and tdmed value index was 0.781, as shown in Table 1,
confirming a high correlation between the two.

6.3 Factor Analysis Using the Agent Analysis (Station-€nerated) Indicator

The same analysis was conducted for the land \matiex, replacing (X6) visible area and (X7) the GIY
the VGA indicator in the candidate factor variablegh (X8) density of AA footprint flow (station-
generated) in Table 3.
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Multiple correlation coefficient: 0.830

Coefficient of determination:0.689 AIC:2,306.111
Standard | p, i)
partial .
. regression | tvalue | pvalue
regression -
coofficient coefficient
Constant — 446.506 7.772 —

(X8)Density of AA footprints' flow

(station generated) 0.618| 143.513 11.500 0.000

(X1)Distance from station entrance -0.208 -0.729 -3.723 0.000
(X3)Floor area ratio Office / School 0.164 0.402 3.524 0.001
(X4)Floor area ratio Hotel 0.090 0.830 2.037 0.043

Table 3: Results of factor analysis (multiple regi@s model selection) for the land value index gshre agent analysis (station-
generated) indicator

As a result, a four-variable model was selecte@ Minltiple correlation coefficient was 0.830 (comént of
determination of 0.689), and the AIC was 2,306.1C&mpared to the model in Section 3, the multiple
correlation coefficient and the AIC both improvéd accessibility, (X1) distance from station entesand
exits (standard partial regression coefficient:268, second rank), as facility volume (land us&3)(
office/school floor-area ratio (same: 0.164, 3nakja (X4) hotel facility floor-area ratio (same090, fourth
rank), and (X8) density of AA footprint flow (stanh-generated) (same: 0.618, first rank) as space
configuration, were adopted.

The variables were adopted from the accessibfhtyility volume (land use), and space configuratjooups
without any missing variables and have the sametstre as the model in Section 3. The strengthe®A
(station-generated) indicator is greater than dth#te VGA indicator based on the magnitude ofdtamdard
partial regression coefficient, which supports thédity of the AA (station-generated) indicator a$actor.
It also exceeds the intensity of the accessibititficator, which is the physical distance from 8tation
ticket gate.

7 FACTOR ANALYSIS USING MOBILE PHONE LOCATION DATA

In this subsection, we conduct factor analysis bplacing the AA (station-generated) indicator, an

explanatory variable, with mobile phone locationtadand compare the results against the analytical
framework used in the previous section. The mopllene location data is the main pedestrian flova dat

indicator obtained from the KDDI Location Analyz@¢LA) site, which is an extended estimation process

based on the global positioning system locatiom aditained from the smartphone users of the Japanes
mobile phone service company, KDDI, and officiapptation statistics. The average values for weekday

and weekends were used for each day (5:00 a.mdalyaintil 29:00 a.m. the next day) from March 2219

to March 21, 2020.

In the analysis using KLA mobile phone locationajaa three-variable model for both weekdays and
weekends (hereafter, the KLA model), the factord)(Mistance from station entrances and exits, (X3)
office/school floor-area ratio, (X9) mobile phoretion data for weekdays, or (X10) mobile phormaiion
data for weekends were adopted. Table 4 and 5 ghewesults. A comparison of the VGA model and the
AA model is shown in Table 6.

Multiple correlation coefficient:0.783

Coefficient of determination:0.613 AIC:2,340.653

Stand.ard Partial

partial .
. regression | tvalue | p value

regression L

coofficient coefficient
Constant — 492.787 7.622 —
(X9)Mobile phone location data (weekday) 0.508 0.001 8.741 0.000
(X1)Distance from station entrance -0.282 -0.987 -4.628 0.000
(X3)Floor area ratio Office / School 0.213 0.523 4.152 0.000

Table 4: Results of factor analysis (multiple regi@s model selection) for the land value index gdlre mobile phone location data
(weekday)
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Multiple correlation coefficient: 0.791

Coefficient of determination:0.625 AIC:2,335.345

Standard | p, i)

partial .
. regression | tvalue | pvalue

regression -

coofficient coefficient
Constant — 493.367 7.863 —
(X10)Mobile phone location data (weekend) 0.524 0.001 9.171 0.000
(X1)Distance from station entrance -0.271 -0.950 -4.519 0.000
(X3)Floor area ratio Office / School 0.228 0.560 4.506 0.000

Table 5: Results of factor analysis (multiple regi@s model selection) for the land value index gglre mobile phone location data
(weekend)

KLA model | KLLA model

VGA model | AA model (weekday) | (weekend)

Number of factor variables 4 4 3 3
Multiple correlation coefficient 0.750 0.830 0.783 0.791
Coefficient of determination 0.562 0.689 0.613 0.625
AIC 2,363.726| 2,306.111 2,340.653( 2,335.345

Table 6: Comparison of the visibilitty graph anadysiodel, the agent analysis model, and the KLA mhode

The AA model has the best multiple correlation ot (coefficient of determination) and AIC, folved
by the KLA model for weekends, the KLA model for akelays, and the VGA model. This supports the
validity of the AA indicator as a factor for detammg land value.

The high correlation coefficient of mobile phonedton data with the number of AA footprints (stati
generated) suggests the possibility of a model witbtructure similar to that of Fig. 4, for example
Therefore, further study of the model structureusthdve conducted.

Density of AA Distance from station Floor arearatio Floor area ratio
footprints' flow entrance Office / School Hotel
T /,/ o
\\\ N e ///
S e
\\\ \\ // ///
. “ P -

Mobile phone
location data

Land value
index

Fig. 4: Further consideration of the structureddand value index as an example

8 CONCLUSION

In this paper, to explain the land value indexhi@ Kanayama district of Nagoya City in Japan, wecsed a
multiple regression model with a VGA indicator &hdn compared it to a multiple regression modet \ait
AA indicator instead. We also created a model usnadpile phone location data instead of the AA iathc
and compared the results.

In conclusion, the GIV of the VGA indicator is sefied as a factor for a busy street with a multiple
correlation coefficient of 0.750 (coefficient of tdemination of 0.562) and an AIC of 352.093 with a
standard partial regression coefficient of 0.362him conventional factor structure with the VGAigador.

On the other hand, the number of AA footprintst{staoccurrence) of the AA indicator is selectedaas
factor for a busy street instead of the VGA indicatvith a multiple correlation coefficient of 0.830
(coefficient of determination of 0.689) and an Ad€294.477 with a standard partial regression ecefit

of 0.618 in the new factor structure with the AAlicator. Thus, we discovered that replacing the VGA
indicator with the AA indicator could significantlynprove the land value factor structure model.
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In addition, the model with the AA indicator wasufal to be superior than the model using mobile phon
location data in terms of the multiple correlatamefficient, the coefficient of determination, athe AIC.
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