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After The Great East Japan Earthquake in Tohoku…

・他班はあまりしていない復興過程の事実ベースの整理（重要）

・モデルの構造につながる話題出し（→復興の遅延と、効果の個人間異質性）

Stage When Where Decision

0 Emergency 
Evacuation 〜a few days Home, workplace, etc. Emergency evacuation site

1 Evacuation Life 〜a few months
Evacuation shelters, 
Relatives' homes, etc.

Evacuation shelters/ Relatives' 
homes

2 Temporary Housing 〜around 2013 Evacuation shelter,
etc

Temporary housing / Relative’s home / 
Disaster public housing/ Relocation

Housing shortage 
: Apporx. 49,000 prefabricated temporary units vs. 69,000 privately rented units leased by 
governments

Evacuees found rental properties themselves, which were later leased by local governments

Moving out of such housing ended assistance, making the new residence ineligible for rent support.



・他班はあまりしていない復興過程の事実ベースの整理（重要）

・モデルの構造につながる話題出し（→復興の遅延と、効果の個人間異質性）

Stage When Where Decision

0 Emergency 
Evacuation 〜a few days Home, Workplace, 

etc Emergency evacuation site

1 Evacuation Life 〜a few months
Evacuation 
centers, Relatives' 
homes, etc.

Evacuation shelter / Relative’s home

2 Temporary 
Housing 2011〜2013 Evacuation 

shelter, etc.
Temporary housing / Relative’s home / 
Disaster public housing/ Relocation

3 Settling in/ 
Returning home 2012〜a long term Outside the Area 

originary living
Returning home／Settling in a new 
place

Housing shortage → Prolonged stays in temporary housing → Residents unable or unwilling  to return

→ Accelerated population decline in rural areas

After The Great East Japan Earthquake in Tohoku…



Taste Net

・(2枚目を踏まえ)どういう状況でのどういう選択行動をモデル化するか。を明記する
・→taste netを使用することをいう

Vt,returning = αn + βnXHousing supply rate,t 

Vt,staying = γnXYears after evacuation,distance,t

Taste Net：

personal attributes
Annual household income,
Number of children,
Distance to the 
disaster-stricken area,
…

NN

Inter-individual heterogeneity in policy sensitivity:
"Individuals with high annual incomes are less 
sensitive to the provision of public housing because 
they can afford to purchase a home on their own."
"Individuals who have had children are highly sensitive 
to the length of time spent at an evacuation site."

　　　　　 mean  median  sd
α_n　　　　-0.98  -0.98    0
β_n　　　　0.32　0.30     0.05
γ_years　　0.56　0.50     0.24
γ_distance  0.51　0.42     0.25

The log-likelihood is no better than that of a constant 
model, and the sample size is too small to perform stable 
machine learning.



MXL & DDCM
Dynamic Model of Return Timing

・(2枚目を踏まえ)どういう状況でのどういう選択行動をモデル化するか。を明記する
・→taste netを使用することをいう

・cn : Individual-apecific resistance to retrun that persists over time
・zn

Tγ : Component explained by observed attributes
・σun : Unobserved individual heterogeneity
・* : Implemented transformations and standardization are specified in the footnote

Let the choice set be ant∈{R,W}, where R denotes returning home and 
W denotes continuing to live outside the affected area



Choice-Specific Value Functions 
Cumulative housing supply progress rate in the municipality of origin

MXL & DDCM based modeling

The current-period deterministic utility model of continuing to live outside the affected area is 
normalized to zero; thus, βD is fixed at zero.

Because returning is modeled as an absorbing state, βRRmnt - cn represents the terminal 
value received upon return.

Return

Wait

δ : Annual discount factor(0.95)
V : Value derived from optimal future choices

threshould

Model Heterogeneity Explained 
by Observed Attributes

Persistent Unobserved 
Heterogeneity

DDCM cn=zn
Tγ なし：σ=0

DDCM-choice cn=zn
Tγ+σun あり：σ≧0を仮定

cn= γ1*DDisaster + γ2*Lincome + γ3*Nchild+ 
σn Individual FluctuationIndividual Features



Data

Tohoku_History

● Residential history over the 20 years since 2004 for individuals who have lived in Iwate, 
Miyagi, or Fukushima.

● Housing Recovery Schedule (Reconstruction Agency)
● Supply status of housing sites for public disaster-recovery housing, private housing, etc., 

listed by fiscal year.
● Shikoku Statistics (e-Stat, local governments)

使用データについて整理する



Estimation Results

自由度が高いため，DDCMのパラメータからMIXED-LOGITの推定を行ったDDCMの最大尤度

から，さらに尤度が大きくなった．異質性が有意であり，東北の居住地選択における個人属性の

影響はばらつきがあり，AIを用いた分布の学習が求められるかも．

・The final likelihood has improved.
・↔ The value of σ is large; the model fit 
has improved because inter-individual 
heterogeneity cancels out the effects of 
other attributes.

・Housing supply encourages return but remains unstable.
・Distance from the evacuation site significantly and 
positively raises the threshold.



Estimation Results

東北居住地履歴データ用いた動的帰還モデルの構築

MXLの導入により，尤度は改善したものの，ばらつきが大きかったため， NNなどでの学習が有効であるかも

しかし，サンプル数が少ないことによる過学習を防ぐため，その対策も必要だ

5.584

0.692

±13

● Dynamic return model using Tohoku residential history data
● MXL improved fit but showed large heterogeneity
● NN-based learning may help, with overfitting control for small samples

number of children

threshold cn

Given the large variability, there was insufficient data, and both NN and MXL still faced 
challenges in effectively capturing inter-individual heterogeneity.



appendix



南海トラフで何が起きるのか

南海トラフ巨大地震では、最大避難者数が約1,230万人（東日本大震災の47万人の約

26倍）

→避難時の住宅政策は喫緊の課題であり、向こう50年の国土構造を決める人口配置

政策である

いよいよ！というところ。



いよいよ！というところ。



Demographic Simulation -Nankai Trough Earthquake

いよいよ！というところ。

Synthetic Population Data　ーusing the Tohoku data

Representing out-of-region evacuees from 

the four prefectures of Shikoku.

- Sample size: 3,000 people

- Time period: 20 years (time=0–19)

- Choices: 10 candidates per person per year

- Number of individual-year rows: 60,000

- Number of candidate rows per individual-year: 600,000

- Total population weight: 260,713 people

Comparing scenarios by varying coefficients, distance resistance, and housing supply in the Tohoku data

Pseudo-individual records aligned 

with official statistics



Demographic Simulation -Nankai Trough Earthquake

Number of people who moved from their original evacuation 
location (r) to their new residence (d):

Probability of Selecting an Initial Relocation Destination

Synthetic Population Data　ーusing the Tohoku data

Due to time constraints, we were unable to compare scenarios using simulations.


