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Background/purpose
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» Identify the factors behind residential migration trends and determine the
measures necessary for municipalities experiencing population decline to
curb that decline. 1



Hypothesis

» The choice of residential location following a disaster is influenced

not only by observable factors but also by unobservable, latent
factors.

»The factors prioritized when choosing a place to live change as a
result of shifts in personal values and life stages.

ex)People who prioritize convenience are more likely to move to urban
areas; those who value community ties tend to stay in the same area;
having school-age children makes moving difficult, etc.



Data

 Individual Attributes
Tohoku_History (Data: 4,000 individuals, 80,000 moves)

e Tax revenue by municipality (ratio relative to 2010 levels)
Ministry of Internal Affairs and Communications:

Survey on Settlement Status by Municipality

(Proxy variable for recovery status)

* Inter-municipal distance
Geopy (latitude/longitude)
Geodesic (distance)



model

Integrated Choice and Latent Variable Model X Latent Class Model
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Latent class model

*Why we use "LCM”?

- Standard single logit model:

—Assumes everyone responds in the same way.

*Reality:

—Responses to recovery and income should vary from person to person...

1: Individual (Respondent)

J: Alternative / Choice option (e.g., specific mode of transportation, destination,
reconstruction-related choice, etc.)

t: Choice situation / Time point (assuming panel data, etc., where the same individual
makes multiple choices)

c: Latent class (Unobserved group / type)

Rjt: Final probability of individual z choosing alternative 7 in situation ¢

Pijt = Xc P(c|Z1) x P(j|c,Xijt)



Utility function

Continue living in the same place

—_—— — pms

V;Zt,stay,k — BlkdiStit,stay = 132kincomeit,stay 2l ﬂélktamit,stay

Move to another area

Vitir = ASCj. + Blk%it]’ S ﬁzkmz‘t]‘ i 53k%itj + B4kza—3;z’tj
+ Ak X7; + A X5, + (A3 + 65) X35, j # stay

Variable Definitions

e X [;: Latent variable related to life stage

e Viji: Observable utility of alternative j for individual 7 at time ¢, conditional on latent X3,: Latent variable related to career and employment

class k ° ng Latent variable related to disaster-related factors

* ﬂcjk: R SRR s T A B et s * )\ Effect of X7 on the utility of non-stay alternatives in latent class k

e disty;: Standardized dist iated with alternative j 5 o
syt MANERMIESGIEISANES SESOCSISE R SEMAEN S * )y Effect of X on the utility of non-stay alternatives in latent class k

® income;;;: Standardized regional income associated with alternative j i .
¥ : J * A3i: Common effect of X3 on the utility of non-stay alternatives in latent class k

e keika;;;: Standardized years since 2010 x non-stay indicator .
e ) ¥ ) ! ) o o 5j: Destination-specific deviation in the effect of X3 for alternative j

* tax;;: Standardized local tax recovery rate associated with alternative ) . Individual
2: Individua

e [3;1: Distance coefficient for latent class k

: . : t: Time period
e [35;: Regional income coefficient for latent class k P

): Residential location alternative
e [3r: Years-since-2010 coefficient for latent class k J

k: Latent class

e [4;: Local tax recovery rate coefficient for latent class k



Dependent variable

e Continuing to reside in the same region

e 9 areas within the three Tohoku prefectures

—Japan Meteorological Agency classifications:

(lwate Inland, Northern Iwate Coast, Southern Iwate Coast,
Sendai, North of Sendai, South of Sendai,

Fukushima Nakadori, Fukushima Hamadori, Fukushima Aizu)

 Tokyo Metropolitan Area (Tokyo, Saitama, Chiba, Kanagawa)
— Total of 11 categories



Behaviour model variable

* Membership covariates

Age, Gender, Presence of children aged 0-6, Presence of children aged 7-18, Disaster

victim flag

 Variables of choice explanatory

Distance, taxable income per capita, years elapsed since 2010, recovery rate of local
taxes relative to FY2010

X,: Life Stage Changes
X,: Career Changes
X3 : Disaster Risk Perception



Latent Class Profiles
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Class Characteristics

N

Share Relocation

Reloc.

year

V1l 48.90 m

0.00 | 59.27 | 0.77

Disaster Age Male Income

0.33

0.26

Child 06 Child 718

0.08

0.21

1|Young + high income 846, 0.32 2016.38
2 |Stable stayer 1299| 0.48 2018.80
3/Young mover 467, 0.17 0.54 2016.26
4 High-income parent 71 0.03 1.00 2011.93

0.35 | 51.00 | 0.7¢9

0.09

0.07
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Destination Choice Shares by Latent Class

Other 8

Class Type Stay Sendai Tokyo
areas

1 Sendai-oriented 0.54 0.22 0.00 0.24
2 Stable stayer 0.96 0.00 0.00 0.04
3 Regional mover 0.46 0.00 0.00 0.53
4 Tokyo—-oriented 0.00 0.08 0.75 0.17

C1: Young, High-Income Sendai-Oriented Movers
C2: Stable Stayers

C3: Young Regional Movers

C4: High-Income, Family-Oriented Tokyo Movers
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Class-Specific Choice Model Results

C1 C2 C3 C4
Variable Sendai— Stable Regional Tokyo-—

oriented stayer mover oriented

Distance +0.325*

Income Difference

Recovery Difference

Years after 2010 —0.125 0.169 —0.019 — 3.497

* p<0.05
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Policy Simulation
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Policy simulation: recovery shortfall reduction

Recovery Shortfall

Sendai Choice Probability Relative Change

Reduction
0% 1.59% 0%
25% 1.61% 1.36%
50% 1.64% 2.80%
75% 1.66% 4.31%

100% 1.68% 5.89%



I §}I%l: |;‘: ™ |ab for resilient
= & = w & future city

Policy Simulation: Income Level in Sendai

Destination - = sty

Substitution el
within the _ Tokyo

Tokyo-Oriented
Class(C4)

2 S S
w & ol
1

Class 4 conditional probability

&
N

Stay P

0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20
Income multiplier
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Sensitivity of Sendai Choice Probability to Regional Income Level

0.200 A

0.1751

z Tokyo-oriented

is highly
responsive to higher
income levels in

“ij Sendai
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Additional Result(ICLV)

model _name TsukubaF model _name TsukubaF
= ICLV-LCCM = ICLV-LCCM
classes 3 n_draws_train 128
n_person 2596
n_situations 36404 n_draws_unpenalized 128
n_choice_rows 400444 diaws, Finl 256
n_measurement_events 2363
n_parameters 122 BHHH_rank 107
log_likelihood -9463.31656 -
AIC 19170.633120135142  oHHH_rank deficiency L
BIC-_p'erson_IeveI 19885.763823629666 BHHHE cordition Aumber 1717789873
optimizer_success FALSE
STOP: TOTAL NO. OF BHHH eigen_tol 3.152110931073179e-06
optimizer_message ITERATIONS REACHED
LIMIT n_bad_or_nan_se 0
optimizer_iterations 1200 _ '
inference_reliable FALSE

gradient_inf_norm

0.22631478679804573
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Additional Result(ICLV)

Explanatory Variable / Attribute Class 1 (Est. / SE / t) Class 2 (Est. / SE / t) Class 3 (Est. / SE / t)

Tokyo Dummy (ASC_tokyo) (0_0&?'311:;2,33] (0.7;1182)'%051*;.26] (3.539-)3;'[3t0=6-0.93]
Distance (std) (2_5}192';1%1:;73] (0.1511')7([17:;.75] (0.19_2(;'&11-0.21]
Regional Income (std) (0.55;)0['52043] (0_1§é5?33:*;_49] (0-285)0['?3?-1.561
Elapsed Years (std) (0.14-50).??2;.38] (0_033)3?5:2.13] (o_zo}c;.[lt7=2_0_83]
Locel Tax Recovery Rate (S (0,0&?'[3t?;6:;*§,13] (0.013?'f1tl=2:§*i.931 (0.022(;'&19:;2.36]
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Additional Result(ICLV)

X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1 _lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1_lifestage
X1 _lifestage
X2_career_env
X2_career_env
X2_career_env
X2_career_env
X2_career_env
X3_disaster
X3_disaster
X3_disaster
X3_disaster
X3_disaster
X3_disaster

intercept

old

gender
childl_age 0 to 6 flag
childl_age_7_to_18_flag

years_since_first_marry

time_series_house_member_num

marry
birth

divorce

sep

time_series_ dummy_owned
time_series_dummy_rented
time_series dummy_evacuated
intercept

years_since first_job

job

retirement

transfer

intercept

old

hisaisha_flag

years_since_2011
has_child_flag

O_flooding_rate

-1.5153
=0.5357 "+
+0.1987***
+0.0590
+0.0175
-0.0341
+0.2123**
4+0.4255%k*
+0.0152
+0.0206
+0.1153
+0.0900
-0.0720
-0.1598
-2.0418
-0.1060%*
+0.1994**
+0.1232%+*
+0.2685%**
-8.1844 %
-0.0296
+0.0668
-0.1988%**
+0.0569
+0.1685%**

12.0279
0.0679
0.0597
0.0407
0.0548
0.0733
0.0653
0.0420
0.0355
0.0397
0.0610
0.1323
0.1312
0.1296

27.7002
0.0426
0.0323
0.0229
0.0171
2.8417
0.0458
0.0412
0.0420
0.0409
0.0350

-0.13
-7.90
+3.33
+1.45
+0.32
-0.46
+3.25
+10.13
+0.43
+0.52
+1.89
+0.68
-0.55
=1:23
-0.07
-2.49
+6.18
+5:37
+15.72
-2.88
-0.65
+1.62
-4.73
+1.39
+4.82

0.8997
0.0000
0.0009
0.1466
0.7487
0.6422
0.0012
0.0000
0.6676
0.6043
0.0586
0.4963
0.5831
0.2174
0.9412
0.0129
0.0000
0.0000
0.0000
0.0040
0.5180
0.1046
0.0000
0.1647
0.0000
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Additional Result(ICLV)
I N T B N

Class 2 intercept +0.5394 12.6298 +0.04 0.9659
Class 2 old_std -0.9181*** 0.1959 -4.69 0.0000
Class 2 gender_std +0.1847 0.1432 +1.29 0.1969
Class 2 childl_age 0 _to 6 flag std +0.1741 0.1302 +1.34 0.1811
Class 2 childl_age 7 to 18 flag_std -0.4633 0:5171 -0.90 0.3702
Class 2 hisaisha_flag_std -0.1697 0.1351 -1.26 0.2091
Class 2 X1_lifestage -0.6541* 0.2574 -2.54 0.0110
Class 2 X2_career_env +0.1946 0.2691 +0.72 0.4697
Class 2 X3 disaster +0.2324 0.3009 +0.77 0.4398
Class 3 intercept +0.4486 17.9359 +0.03 0.9800
Class 3 old_std <131 157 %k 0.1981 -5.63 0.0000
Class 3 gender_std -0.1230 0.1429 -0.86 0.3892
Class 3 childl_age 0 to 6 flag std +0.1179 0.1272 +0.93 0.3541
Class 3 childl_age_7_to_18 flag_std -0.4130 0.7199 -0.57 0.5662
Class 3 hisaisha_flag_std +0.3143 0.1748 +1.80 0.0722
Class 3 X1_lifestage -0.2637 0.2805 -0.94 0.3471
Class 3 X2 _career_env +0.5584** 0.2130 +2.62 0.0088

Class 3 X3_disaster +0.3093 0.2946 +1.:05 0.2938
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RICwHFRICEB{ELEITZ (taizai)

Vit taizaik = Birdistiy taizai + Porincomeiy saizai + Barkeikais taizai + BaktaTit taizai

EFERMES (iwate_riku)

—_— ——
V;t.iwate_riku.k = ASCiwate_riku,k + ﬁldeStit,iwaLe_riku + ﬁ2kzncmeit.iwate_riku

"\'—/ ———
-+ ﬁSk kezkait.iwate_riku -+ ﬁ4kta$it,iwate_riku
+ A X7+ Ao X5, + A5 X5,

EBFERFEIE (iwate_umi_north)

f"\/ —."‘\_/
V;t.iwat.e_mni_nonh,k — AS Ciwate_umi_north,k o 51ksztit.iwaLe_umi_north o ,B2kzncomeil,iwate_umi_north
—_— ——
= ﬂ3kkeZkait,iwate_umi_noth =+ ,B4kta-r'it.iwate_umi_uorth

S Alk)(iki + /\2kX5,' + (/\Sk P 5iwate_umi_north) X:;

EBFEREBE (iwate_umi_south)

f‘.\/ 1‘_\_/
I/-'it.iw:-ne_umi_south,k — ASCiwaw_umi_south,k = ﬂlksztit.iwaLe_umi_50|1th iz ﬁZkzncomeil,iwate_umi_south

— o

S 5 ﬂSkke"'kait,iwate_umi_south =+ ,B4kta$it.iwate_umi_south
Ed * *

+ A X7 + Aok Xs; + (Ask + Siwate_umi_south) X3;

e - EHFRER (sendai_center)

’.\_/ ""—\_——‘
Wl,senda.i_ceuter,k =AS Csendai_cemer,k e ,Blkd"/Stvit.sendai_cemer = ﬁ2k1ncome-it,seudai_center

+ Bax keika-it,seudai_center + BartoTi sendai center
* *
+ /\lle*i e AZsz,' + (ASk -+ Jsendai_cem.er) X31'

LORE FC

EEBILER (sendai_north)

o e
V;L,seudai_north.k =AS Csendai_north,k =+ Blksztit.seudai_uorth a5 ﬁ2k7'ncomeit.sendai_north

+ ,B3k keikait.seudai_north = Bflkaiil.sendai_north
5 g Alk*Xlti S A2k)(;i =+ (ASk 1= (sseudai_nort.h) X_«;-
TIHREEE (sendai_south)

f"\/ -1‘_\-"’
wz,seudai_south,k = AS Csendai_south,k =5 ﬂlkd'LStit,sendai_south =+ ,B2kzncmneit,seudai_south
—_— —
=+ .331: keZkait,seudai_south -+ ﬁ4ktaxit,seudai_south
* * *
+ )\lqu' + /\2kX2,' + (/\3k + 5sendai_south) X3,'
BEEEEEY (fukushima_hama)

"'\’ ’."_\’”
V;t.fukushima_hama.k =AS Cfukushima_hama,k = ,31ksztit.fukushima_hama + 52k7'ncome‘iL.fukushima_hama

+ BSkkeikait,fukushima_hama + ,B4k{55it.fukushima_hama
-+ /\lkxl*i + A2!;-)(;{ + (ASk + 6fukushima_hama) X;,
EEEFEY (fukushima_naka)

Ssians =
Wt,fukushima_naka.k =AS Cfukushima_naka,k an ,Blkdzstil,fukushima_naka + ,32k7'ncomeit,fukushima_naka
o g.‘{k keikai; fukushima_naka + ﬂ4ktamit,fukushima_uaka

=+ ’\lkXI*i 5 & AZkX;i + (ASk =t 6fukushima_naka) X:;,'
BEESE (fukushima_aizu)

f‘.\/ —"_\/
Wt.[ukushima_aizu,k = AS Cfukushima_aizu,k =+ ﬂldeStit.fukushima_aizu = B2kzncmneit,fukushima_aizu
T s
1 :B3k kezkait,fukushima_aizu -+ ,B4kta$'il.fukushima_aizu
* * *
+ /\lth' + A2k)(2i ar (ASk nE 5fukushima_aizu) 3i
BR®R (tokyo) ~ S
—_— —_—
Vittokyok = ASClokyok + P1rdistis tokyo + Borincomeit jokyo

I IBSkkeikait,Lokyo S 64k{(;£it,tokyo
+ e X7; + Aok Xo; + (Ask + Stokyo) X3; 23




Structural Equation for Latent Variables

« Describes causal relationships between variables via the
latent variableXx”

X*=hX;y) +n and n ~D(0,%;)

* Represents the process by which objective attributes,
environments, and experiences (X) shape human internal
psychology and values (X*)

X . Observable explanatory variable

vy + Sensitivity of each variable toward psychological formation

X* . Latent variable (probability distribution)

n . Error term (probability distribution)

24



Measurement Equation for Latent Variables

« Describes the relationship where unobservable latent
variable X*manifests as observable indicators
I=gX,X";5a0) +vand v~ D(0,)})
=d(ag+a-X*)+vandv~D(0,Y5)

3 Since the survey response is binary data of "0 or 1 (whether a reason was selected)",g(-)is formulated
as a binary probit model.

 Models how latent consciousness is reflected as
observable responses (measurement indicators I)

I : Measurement indicator (survey data)  X* : Latent variable

X : Observable explanatory variable g(-) : Measurement function (binary probit)
a - Measurement parameter v : Measurement error term

25



Measurement Equation for Latent Variables

« Describes the relationship where unobservable latent
variable X*manifests as observable indicators
I=gX,X";50) +vand v~ D(0,)})
=d(ag+a-X*)+vand v~D(0,Y)

% Since the survey response is binary data of "0 or 1 (whether a reason was selected) ",g(")is
formulated as a binary probit model.

 Fixing the sensitivity a to 1.0 for a specific survey
question I, assigns a statistical and physical unit (scale)
to the latent variable X*, which lacks a physical unit.
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Definition of Latent Variables

« X,: Life Stage Changes
Indicates psychological sensitivity to life stage changes

 X,: Career Changes
Indicates psychological sensitivity to career changes

 X;: Disaster Risk Perception
Indicates psychological sensitivity to disaster risks

27



Definition of Latent Variables

« X,: Life Stage Changes
Indicates psychological sensitivity to life stage changes

Explanatory variables (Connected variables) :
Age, Gender, Flag for having children aged 0-6,

Flag for having children aged 7-18,

Years elapsed since marriage, Household size at relocation,
Marriage event, Birth of a child event, Divorce event,

Child moving out event, Housing type

28



Definition of Latent Variables

» X,: Career Changes

Indicates psychological sensitivity to career changes
Explanatory variables (Connected variables):

Years elapsed since events such as employment or job change,
Empltoyment or job change event, Retirement event, Job transfer
even

« X;: Disaster Risk Perception

Indicates psychological sensitivity to disaster risks

Explanatory variables (Connected variables):

Age, FIa% for having children, Disaster victim flag, Years elapsed
since 2011

29



Indicators of Latent Variables

X1 : Life Stage Changes
- Household division / independence due to marriage, etc.
» Child growth / birth

« Co-residence, household division, or independence with
parents or children

 Divorce from or bereavement of spouse

30



Indicators of Latent Variables

X2 : Career Changes

* One's own higher education, employment, job transfer, career
change, or retirement

« Spouse's higher education, employment, job transfer, career
change, or retirement

« Dissatisfaction with housing environment - Dissatisfaction with
residential area

* Financial reasons
X3 : Disaster Risk Perception

« Disaster-related reasons
e Others

31
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TY7 ISR - B FHLa—F 3

*#1 TUF7ROEHFM - BFEML J— R (person-year)

Mol X 5

RIL3R
RIL3R
RIL3R
R38R
RS
RRE
RRE
RRE
RRE
RRE
— INGt —
— INEt —
— Rt —

IU7(10X%)

2FR
BRR{LET)
ERER (AN
BER

BER

TER
RRE(FFHIX)
RREZE)
AR)IE

RIL3R &t
RRE(1431]) &t
SR (KYK) 5t

it
(ASF)

11,833
12,219
10,431
17,649
669
1,163
886
3,486
1,162
1,242
52,132
7,939
669

i
15714

19.5%
20.1%
17.2%
29.1%
1.1%
1.9%
1.5%
57%
1.9%
2.0%
85.8%
13.1%
1.1%

Bt
(ASF)

11,676
12,056
10,286
17,359
728
1,245
959
3,822
1,265
1,344
51,377
8,635
728

&
fBRLE

19.2%
19.8%
16.9%
28.6%
1.2%
2.0%
1.6%
6.3%
2.1%
2.2%
84.6%
14.2%
1.2%
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BEER

Xlifestage
= —0.2750 — 0.0474 - X j1q + 0.0226 - Xgender + 0.0087 - X -hild num — 0-0560

' Xchild1 age0to 6 flag — 0.0005 - Xchild1 age 7 to 18 flag — 0.0705 - Xyears since first birth T 0-0285
* Xyears since first marry T 0-3700 - Xmarry — 0.0233 - Xpyjpy + 0.2033 - Xgjyorce + 0.1306 - Xsep

Xcareer env
= —0.4505 +0.0001 - Xany relocation income — 0-0139- Xyears since first job 0.1852- onb

+0.1252 - Xretirement T 0-7233 - Xtransfer — 0.0028 - Xpref distance — 0:0125- Xneig distance
— 0.0014 - Xsendai distance T 0-0016 - Xtoukyou distance

Xdisaster
= —1.6292 + 0.7445 - X jisaster flag + 0.0772 - Xyears since 2011
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Ireason 1 = 0.5393 .
Ireason 2 = —0.9053 + 0.1761 - Xlifestage

Iteason 3 = 0.5179 .
Ireason 4 = —1.1062 + 0.2253 - Xcareer env

Ireason 5 = —1.1158 + 0.3496- Xl*ifestage

Ireason 6 = —1.1558 + 0.7584 - Xjifestace

—1.0825 + 0.2562 - Xlareer env
~1.1762 + 0.7980 - X¢areer env
Ireason 9 = —1.1696 + 0.3489 - Xlarcer env

Ireason 10 = —1.5873 .
Iteason 11 = —1.4719-0.2217 - Xdisaster
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Iveason 8 =
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BEHER

%Y - EEADES
sample % waE REE 2 EBR BHEE  Foft
all 69.7% 3.8% 16.4% 6.7% 2.0% 1.4%
disaster 43.9% 8.8% 25.6% 13.2% 7.1% 1.5%
non_disaster 73.8% 3.0% 15.0% 5.6% 1.2% 1.4%
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Integrated of Choice and Latent Variable Model Latent Class Model
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Additional Result(ICLV)

Model Name

Number of Classes

Number of Parameters

Log-Likelihood

AlC

BIC (Person-Level)

Optimizer Status

Inference Reliability

TsukubaF ICLV-LCCM

122

-9,463.32

19,170.63

19,885.76

Stopped (Iter 1200)

Requires Caution (Unpenalized)

Sample / Diagnostic Indicator

Target Sample (Persons)

Choice Situations (Panel)

Choice Rows Evaluated

Measurement Events

Monte Carlo Draws (Train/Final)

Gradient Norm (Inf Norm)

BHHH Rank Deficiency

Bad SE Count

2,596
36,404
400,444
2,363
128 / 256
0.2263

15 (Rank: 107)
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