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Overview of Presentation

1. Analysis of Japan’s “Family Income and Expenditure Survey"

reveals regional characteristics of food purchasing behavior

2. The possibility of “GSBPM 6.2 Validate outputs” using these

regional characteristics

3. Two useful tools for comparing and evaluating the results of

multiple geographic cluster analyses
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First Part

1. Analysis of Japan’s “Family Income and Expenditure Survey"

reveals regional characteristics of food purchasing behavior

2. The possibility of “GSBPM 6.2 Validate outputs” using these

regional characteristics

3. Two useful tools for comparing and evaluating the results of

multiple geographic cluster analyses
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About Japan
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About Japan
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About Japan

3,000km

3,000km

Japan
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47 Prefectures

13 : Tokyo

26 : Kyoto

47 : Okinawa

1 : Hokkaido
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“Family Income and  Expenditure Survey” in Japan

⚫ The survey covers about 9,000 households in 168 cities, towns, and villages 

in Japan (randomly selected from all over the country using statistical 

methods).

⚫ Conducted by the national government through prefectural governments 

(survey conducted by surveyors; fundamental statistical survey).

Method of investigation

⚫ Survey households fill out a "household account book" regarding their daily 

income and expenditures. (Online surveys are also conducted via PC, smartphone, 

etc.)

Matters for investigation

⚫ Consumption expenditure by item (e.g., town revitalization....No. 1 

consumption of gyoza in Japan, etc.)

⚫ Breakdown of actual income of working households

⚫ Savings, debt, etc.

⚫ The total number of income and expense items is approximately 800.

https://www.stat.go.jp/english/data/kakei/index.html

https://www.stat.go.jp/english/data/kakei/index.html
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Data Table (2020 to 2022)

212 food items
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Preprocessed Data Table (2020 to 2022)

212 food items
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std_data.dist <- sqrt(1/2)*dist(std_data)

hclust.result <- hclust(std_data.dist, method=“ward.D2”)

Analysis Result
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Analysis Result
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12 clusters Map (2020 to 2022)
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Cluster Agglomeration           12 clusters Map (2020-2022)
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Cluster Agglomeration           11 clusters Map (2020-2022)
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Cluster Agglomeration           10 clusters Map (2020-2022)
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Cluster Agglomeration           9 clusters Map (2020-2022)
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Cluster Agglomeration           8 clusters Map (2020-2022)
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Cluster Agglomeration           7 clusters Map (2020-2022)
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Cluster Agglomeration           6 clusters Map (2020-2022)
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Cluster Agglomeration           5 clusters Map (2020-2022)
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Cluster Agglomeration           4 clusters Map (2020-2022)
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Cluster Agglomeration           3 clusters Map (2020-2022)
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Cluster Agglomeration           2 clusters Map (2020-2022)
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Cluster Agglomeration           1 cluster Map (2020-2022)
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Stability of Analisys Results (3 years data)

2015～2017

2016～2018

2012～20142010～2012

All clusters were indicated with a cluster count of 12. The results are almost the same.

2017～2019

2011～20132007～2009

2018～2020 2019～2021 2020～2022
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Stability of Analisys Results (1 year data)

2018

2019

20172015

All clusters were indicated with a cluster count of 12. The results are almost the same.

2020

20162014

2021 2022 2023
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Second Part

1. Analysis of Japan’s “Family Income and Expenditure Survey"

reveals regional characteristics of food purchasing behavior

2. The possibility of “GSBPM 6.2 Validate outputs” using these

regional characteristics

3. Two useful tools for comparing and evaluating the results of

multiple geographic cluster analyses
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GSBPM: Analyse Phase(6.2 Validate outputs sub-process)



29

Concept of “Loss of Information rate by Variable(LIV)”

cp – cq

cq

cp

Cluster p

Cluster q

Axis of Variable n (Basis vector : en )

cp – cq

(cpn – cqn) en

θ

(cpn – cqn)cosθ

LIV = ( LIV1 , LIV2 , LIV3 , …  , LIVn )

LIVn= (cpn – cqn)cosθ / || cp – cq || × 100

= { ( cpn – cqn )2 / || cp – cq ||2 } × 100 
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LIV pareto chart  (ex.  From 9 clusters to 8 clusters)

Seared bonito

(Katsuo no 

Tataki)
Bonito
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Final Part

1. Analysis of Japan’s “Family Income and Expenditure Survey"

reveals regional characteristics of food purchasing behavior

2. The possibility of “GSBPM 6.2 Validate outputs” using these

regional characteristics

3. Two useful tools for comparing and evaluating the results of

multiple geographic cluster analyses
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Two Useful Tools

Providing two original functions 

i. hclust_LIV()

ii. Jaccard_identification()

GitHub: https://github.com/ibuchichi/R_function_2024.git

You can download R scripts I introduced today from GitHub

https://github.com/ibuchichi/R_function_2024.git
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LIV Calculation : hclust_LIV()

hclust_LIV() function

usage:

hclust_LIV(std_data, LIV_matrix)

input: std_data

output: LIV_matrix

example:

# Draw LIV pareto chart

Library(qcc)

LIV_matrix <- hclust_LIV(std_data)

for(i in 1: nrow(LIV_matrix)){

Pareto_vector <- LIV_matrix[i,]

names(Pareto_vector) <- colnames(LIV_matrix)

png_Pareto_file_name <- paste("LIV_",i ,"_pareto_qcc.png", sep="")

png(png_Pareto_file_name, width=3800, height=770)

ylab_words <- paste("LIV about ",i ,"th agglomaration")

pareto.chart(Pareto_vector, ylab = ylab_words)

dev.off()

}
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Color-Coded Japan Maps

2015～2017

2016～2018

2012～20142010～2012

All clusters were indicated with a cluster count of 12. The results are almost the same.

2017～2019

2011～20132007～2009

2018～2020 2019～2021 2020～2022

recolored recolored
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Original Color-Coded Japan Maps

2015～2017

2016～2018

2012～20142010～2012

2017～2019

2011～2013

2018～2020 2019～2021 2020～2022

original original

All clusters were indicated with a cluster count of 12. The results are almost the same.

2007～2009
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Jaccard_identification() Function

Reference Map

2017-2019
2007-2009

original

2007-2009

recolored
by Jaccard_identification()

function

Similar clusters are not necessarily the same color !
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Draw Recolored Map : Jaccard_identification()

Jaccard_identification() function

usage:

Jaccard_identification(Ref_hclust.cnum, hclust.cnum )

input: Ref_hclust.cnum, hclust.cnum

output: Recolor_hclust.cnum

example:

# Draw Japan Map

Ref_hclust.cnum <- cutree(Ref_hclust.result, k=12)

hclust.cnum <- cutree(hclust.result, k=12) 

Recolor_hclust.cnum <- Jaccard_identification(Ref_hclust.cnum, hclust.cnum)

library(NipponMap)

library(RColorBrewer)

NipponMap::JapanPrefMap(brewer.pal(12,"Set3")[Ref_hclust.cnum])

NipponMap::JapanPrefMap(brewer.pal(12,"Set3")[hclust.cnum])

NipponMap::JapanPrefMap(brewer.pal(12,"Set3")[Recolor_hclust.cnum])

2017～2019 Reference 2007～2009 original

2007～2009 recolored
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Image of Cluster Identification

●The set Y consisting of N sources is divided into K clusters.

Y = { 1 , 2 , 3 , ... , i , ... , j  , ...  , N }
Each cluster is generated by survey data a and b with differing survey years.

Let 1A = {1A1 , 1A2 , ... , 1Ai , ... , 1Aj , ... , 1AK } be the partitions based on data a

Let 1B = {1B1 , 1B2 , ... , 1Bi , ... , 1Bj , ... , 1BK } be the partitions based on data b

Y   = ڂ𝒊=𝟏
𝑲

1Ai = 𝒊=𝟏ڂ
𝑲

1Bi = 𝒊=𝟏ڂ
𝑲

mBi where mB ( 1≤ m ≤ 𝑲! ) : 1B   permutation

1A1 , 1A2 , ... , 1Ai , ... , 1Aj , ... , 1AK

1B1 , 1B2 , ... , 1Bi , ... , 1Bj , ... , 1BK

1B1 , 1Bj , ... , 1B2, … , 1BK , … , 1Bi 

bestB1,bestB2,… ,bestBi ,… ,bestBj ,… ,bestBK

(1) Similar Cluster Mapping

(2) Cluster Sorting

(3)Cluster Identified

(Element exchange operation)
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Difinition and Algolithm

Jaccard Cluster Similarity Matrix( 𝐽𝐴𝐶 ) is defined below:

𝑱𝑨𝑪𝒊𝒋 = 𝟏𝑨𝒊 ∩ 𝟏𝑩𝒋  ／ 𝟏𝑨𝒊 ∪ 𝟏𝑩𝒋

𝑱𝑨𝑪 =  
𝑱𝑨𝑪𝟏𝟏 ⋯ 𝑱𝑨𝑪𝟏𝑲

⋮ ⋱ ⋮
𝑱𝑨𝑪𝑲𝟏 ⋯ 𝑱𝑨𝑪𝑲𝑲

Matching Algolithm:

Assume that                𝑱𝑨𝑪𝒑𝒒= 𝐦𝐚𝐱
1≦𝑖≦𝐾,1≦𝑗≦𝐾

𝑱𝑨𝑪𝒊𝒋. (Equation 1)

⇒ 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑨𝒑 and 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑩𝒒 are the most similar clusters.

⇒    Match 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑨𝒑 with 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑩𝒒 .

Replace (𝑱𝑨𝑪𝒑𝟏 , ⋯ , 𝑱𝑨𝑪𝒑𝑲 ) and (𝑱𝑨𝑪𝟏𝒒 , ⋯ , 𝑱𝑨𝑪𝑲𝒒 ) in 𝑱𝑨𝑪 with ( 0, ⋯ , 0  )

       𝑱𝑨𝑪 itself will change each time.

(The procedure for matching for clusters other than the already matched 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑨𝒑 and 𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑩𝒒 .)

Again determine similar clusters by Equation 1. Repeat this operation until all clusters are matched.

𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑩𝒋𝒄𝒍𝒖𝒔𝒕𝒆𝒓 𝟏𝑨𝒊
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Summary

1. We have shown that cluster analysis of Japanese “Family income

and expenditure survey” clearly reveals regional differences in food

purchasing behavior.

2. We discussed possibility can be used for “GSBPM 6.2 Validate

outputs”. And then we proposed "LIV method".

3. Finally, we introduced two original R functions for comparing the

results of multiple cluster analyses.
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Thank you so much!

Atsushi Kimura   

e-mail:  atkimura@nstac.go.jp

GitHub: https://github.com/ibuchichi/R_function_2024.git

You can download R scripts and Data Sets I introduced today from GitHub

mailto:atkimura@nstac.go.jp
https://github.com/ibuchichi/R_function_2024.git
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