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Synthetic Individual Households by Prefecture Considering Statistics of Local Governments

Takuya HARADA® and Tadahiko MURATA**

In this paper, we employ statistics of local governments (city, town, or village) in synthesizing individual
households of a prefecture to reduce the error between synthesized statistics and actual statistics. Our previ-
ous method used estimated statistics of local governments with fewer than 200,000 people since those smaller
local governments do not release their detailed statistics. To reduce the errors with prefectural statistics, we
simultaneously employ statistics of smaller local governments in synthesizing population in a prefecture. Our
experimental results show that we can make a 1/7 to 1/140 reduction in the error between synthesized statistics

and actual statistics compared to the previous method.
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Fig.1 Nine family types of household
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Table 1 Age difference between father and his child (statis-

tics P-1)

X Y Rate (%)
Father—Child Age difference -19 0.491
Father—Child Age difference 20-24 6.58
Father—Child Age difference 65-69 0.000
Father—Child  Age difference 70— 0.000

Table 2 Age difference between couple (statistics P-3)

X Y Rate (%)
Married Couple Age difference  —70 or less 0.000
Married Couple Age difference —69 0.000
Married Couple Age difference -1 7.177
Married Couple Age difference +0 13.763
Married Couple Age difference +1 13.073
Married Couple Age difference +69 0.000
Married Couple Age difference +70 or more 0.000

Table 3 Male demographic pyramid in single households
(statistics P-4)

X Y Rate (%)
Single household  Age 0 0.000
Single household Age 1 0.000
Single household Age 99 0.013
Single household Age 100 0.010

Table 4 Number of G5 and age group

Statistics Gs  age group
Age difference between father and his 13 Five-Year
child
Age difference between mother and her 9 Five-Year
child

Age difference between couples, LCx-1 141 Single-Year
Demographic pyramid by nine family 1,818 Single-Year

types of household

FKEEFLLIMETH 2. LT OFEMZE L BT 2H8E
PR CEF S hTwa. A0 20 FALU EOTHXOME
F—F RGN T HBEIE, IR OREIEEIEOTHRO
HELIS U CHNL, LTS
ERTFFETHN TV SRR s DIHHE$ Gs % Table 4 12
R REERG, SR, ANOSAOEBE G, 139 M
ORI OWTHELFN 025 100 U EE TO 1 5%
WHhThsbrz0, GitT 1,818 L4 b.

2.2 A0 20 FARBOHEROER A ZE

AECIE, FERFHED 2T, AT 20 5 AKMSOTHT
MEaKT A HEEHRIT A, T Tk, AD207
N EOT R OASE ST 2 EEFAE A5 HARER 20
FH 16-1 REES 17T 2 HOWTWAB D, A0 20 5K
WOTHH DT — & 2 &M T ABCIE, HERT L 7#aT#
AT AR E BEREFIHEL TV

WA A CIE, A 20 FAKOTHI R 2 x5 e LT

HETEN TS 5 EEHRO NOSHOEERS 16-2 VT
FIFERBN 1 RIS 5. HEFHd Rk v 5.

a >< a
Dt,g,a = Round (p797 PTtg, 5) (2)
Zingri,g,tﬁ

Z 2T, prga IEEEM ¢, 5] g, Fia DO, pya
IR g, WS a OFAT, pri.gas IREFEE ¢, 5 g,
i a~a+4 DN, T EREFHORKBETH S, pga
3, EIBTE ADSEAER 20 KEFS 32, proges FEE
F16-2 2605, (2) RSk Y, ZMTHO 1 BB
AN pyo 2 TR 255U L 72 5 B O R EEI ¢
OEAIZEVHEEFTL TV 5. 1SR ORERERB, 5 2ch)
O NG R HERTEAHER T4 10017 & IR IRt % &
BT 5.

NI 20 T3 ARG ORI % W GAMEE T — 4 2 5T 5
Yt BRBEEIE () XEFHLTw3. —/HT, BB
OFMEIHHT AMEIRIEOED L HIEHLTwAE. KT
SR & BRI ZIE AT 20 F AL RO IX % A0y 5 3
& LRI, BREAFRHEALCEFI SN TV A HEIRE ML
R L CTW5, RIEERELE R RATHORE I &
G & aMatE R, GRS - A OB E IR & R
WG ETHMMEREMANL, FHL TS, RKiRERR], 5
7R, 1RO N5 (2) & st Lokt
ZHWTW5S,

3. BEF &

KL TIE, HAEENTFIEIZE T 53T _TOH KA OfF
-y RFARFICART 5 28T, HZF— 7 NoOREER
B, BB, 1RO NOPEREERE L, XT4EHR
%, BT, IR OMETROM/NE T HE 72 BR 1 B
F5Z LT, BLOEEE L OPBOMFEZEDTERT S
CENMEELFELRET S, ERTFETIE, WXHA EAL
DOET— 5 O EAT% ) B, FBERFILEATL2ES
N WHEIRZ AL TCHIE L Twizn, BLuEEL D
OWBOMENRERTE RV E W) BEDH - 72, KETIL,
REF L2 WA, TEAAER, BRI s ) Tl
9 5.

3.1 FHHHEER

REFHOMPITT ST, AR OEERFIET O
XA % FECEK T 5. 2O, AH 20 TALLED
X & AN 20 T3 AFK O A -CUER TR 2 fat R 0758
b7, TNENEL L FE O 5% T 5. AO
20 AL EOTIX T, GERTFEEI D & BRI
AT 5.

—77, AN 20 5 AKMOHHF T, FBEAFIREA CHET
SNRKIEERG, B0, 1EBERo AOgfm & —HT %
L9, RIEFERR), BHLR, 1SR AO554 % A 20
FAFKMOWHEIAF Z &R T 5. fERFHEICBITS (2) K
G 7ofAMElE, TR S &AL HE AT R bt T w



AT B B TR Sk

b7, HREIFEEA OMEHE L OBEAGHIIRIE S b o
72, BB, HWEROET 2B, ZofEEr Lzetk
A, £ES 16-2 THEIF SN TV 2 REFERG), B
A, 5RO N5 H % v 5.

ANE 20 T AFKMOHHR O FRBFERB], Bh), 1k
DN RS 72012, KRk %73 At psl, , %
K.

PSia = D _PS g0 ®)

q
PS?gas = D _ DSt g (4)
a

T T, psd, o EHRERTR Q 1BV T, AL 20 5 AKi#D
TETA SRt d 2 KSR ¢, YhAl g, P a DA, ps?, .
k@ B AT 20 T AR OIS ¢ OFKEFERL ¢, ] g,
i a DAL, ps? o GESFE ASEEAREE 0 £ 16-2
WZEEEFENT WA AL 20 HAKRMOTHH ¢ 1281 5Kk
HH ¢, VE) g, 5B a5 ONITTH B, Pl , 1XAIT20
TAFKMOTHAT ¢ (2B BREEER ¢, 5l g, Fita D
ot al, , #HHLKKTHEBL TS,

ﬁsg,g,a = Round(psg,g,aS X ag,g,a) (5>

5 IO NI TH D psl | o %Wk a5 O 1 RO R
THbaf,, 2BIEbEL 2 ETURBEROAN P, , &
RHOTVWD. 22T Round ZIHEHAT 2B CcHS ES),
(5) KAV 25 af , , BKRATRD T 5.

af o= pAs,?gya/ Z pAsgg’a (6)
acab
T IT, psg, . [ FHRERTE Q IE T 2 AL 20 T3 A0
AT g R ¢, P50 g, 4FM o DA ps, , &AM
EIZbOEBTH L. 20 ps, , & A 20 T AKiOHNT
g OB 2 ST B SRR 2 HWTEZ B LT
Vo ZOBREIZLD, BGEFR Q DN & HEZR V)
B AR ITREE 2 5.

ﬁsgg,a - Zfsgg,a - pﬁsg,g,a (7)

B, (1) RO — IZRATHS. Lzh>T, HHEREQ
DA & RBITRA L 7 5.

D Py =0 (8)

3.2 EfERRER
AL TIRUTOFHEI X 0 iz A 5.

Step 1 AT IWNOMAL T v & AI121 N#ER
Step 2 BT A5MITHELT AL T ¥ & A12 1 NER
Step 3 Step 1 & Step 2 THEIRL 728 A D4 % 25

Step 2 T, Step 1 THIN L 7-4HAIZ & - THEINY S8 A

¥ 58% 675 202246 5

DOFEMNEEHT S, Step 1 TEIRSNAMAS AL 20 HA
DEOWXIZE L T84, Step 2 TlE, ERSNLTW3
AL F LXK 2O REFR DU OMAE T » F L1258
W3 5. —7F, Step 1 TEIRSNAAL AL 20 J5 A\ K
OWMFIZE LTV AEE, UWTFOBEMAS T v & AIHEIR
T5.

o Step 1 TER S NMEA & [F] U 2> D KRR 220

EHI2L PN

o Step 1 THEINEINAMA L R4 B A 20 HFAKGOTH

A I EET2MHAD S 5, Step 1 TERS LB & [H

U KRR H O MR 2 D E DM A

ZZTC, FUERER, 0~4m%, 5~k &, bR
ERHHPELNE VI EERTH 5.

3.3 HHE#H

REFFEIIBWTH HEHE ) XEEHT5. BN
BEMEIHV 25 R B L 020451 % Fig. 3 IR,
Fig. 3 OLETEBTFOMET— ¥ %, FIIMET— 5 5 H1F
BT B AR R Y, GREREEZRL VWS, HET—
& LA ROM ORI AT RO EFHEE R L TWw
L. 12 z21E NA20 TAD O TH 2 BT OMEET—
F1%, BHURA R0 R L T A MENR L BT 2 EET &R &
T AMEIRICEI LEN D, F72, AO 20 TTAKHOTTH 5
KRFHOMET— &1L, BRAETRNRETLHMEE A
120 HAL O % B iz et R & 4 2 8RHE, kT
HEMNRETHHMARICEIEEN S, 2B, Fig. 3 13 BRI
#BIRLTWA,. $72, Fig 3 3O AL, A&, 3
B, AR RS & T A RRT R & RO RENT AR L
TWwh,

AR - B TR L FER T ZATEE I IR B TR
ENTVBEZEDNDL, BENROTCTON KA k512
SR BBBIER RIS 5. AT 20 H AL LEOTHIX T,
PERFED RN C 7 RIFER 2, R, By, 1%
RO NOADAR R ENT VS, RETEIZBNTH IR
5OMFFEEMWT, Fig.30BIHO X 12, A2 HA
VLEoWmX & Ic&EE L HBEE 555 5.

—77T, A 20 T3 ARG O T RIF CTldRimaEwnzE, Rk
B, B, 1RO NOGAS A S Tuiwn, &k
IR I & BB 2 SRR L, AFEhTw5, Lo
T, MHERNRE T2 RBFEREIEET -0 5, W
FUT 5 b ORER, BEBIINT - ACEET DO ERTL
HIOBEME 2S5 5. REEEG), B, 1RO A
L5 O DL oftat R 2 #7zIcBRMA L, RN
HAB sl % 59 %.

o FIEEMB, B, AC5A (5 REpERm) F Y

o WAHIALI AT (1 REheAR) (510

BLHANOGA (1 %R 2RA$ 52 8T, MR e

(8 %B., T? Round AL psgg,a5 =3, pAsag’a w7z
TEOIC, MWERALAEEE £1 LIEL T,

(FE9) EHFA ANISIERER 20 £F5 16-2
(& 10) B A% IERER 20) £33 3-2



6 T.SICE Vol.58 No.6 June 2022

Synthetic population Synthesized statistics
Tottori-shi Tottori prefecture

® ® |. %;% Summarize ‘h—

il

Yonago-shi father and his child moth

Kurayoshi-shi

Sakaiminato-shi

Age difference between  Age difference between

er and her child

g 2 All cities of the prefecture *

Q
2R Age difference

between couple

% X ?ﬁ o) All towns and villages of the prefecture
b4

T/
DQ
A4 Age difference

between couple

Calculate difference
between actual statistics

&y Tottori-shi
21854

’ Yonago-shi

Iwami-c|
@ Age difference Demographic pyramid by
BT between couple nine family types of household
§T2 (single years)

% g Demographic pyramid by
g‘r nine family types of household

(5-year groups)

: exclude cities with

population of 200,000 or more Kofu-cho

otvoho B : IR (1 u

demogr aphm pyramid
(Single years)

C.P: Popylation Census, _ "1;% 1% j% 1F

Basic Complete Tabulation on

Population and Households 2°) _Demographic pyramid by ol
. o nine family types of household Sihale yeats)
V.O.: Vital Statistics: (5-year groups)

Occupational and Industrial Aspects 2"

V.N.: Vital Statistics, Natality 22

Fig.3 Objective function

B ICEE T E T AL 20 T ARMOTIAH O 1%
EOEMERET— I ~NIBT 22 &0 TES. LaL, B
AL (1B 1&d 2 HXIHOT~XToA0%
FRIEFTEN TV L 720, 9HBEOREEE 2 RET 2
KL T ORI EY BEHER L HWBEEMEEZFET 22
EIIEEE v, 2T, Fig. 4 XBRT ALY, A
120 T3 A O HAS OB N5 A6 (1 b)) % (6
T o 9 MO FKEER O N1 & IRERFED 1 RERO A

LT B &9 12 9 MO REFRENCEE L7-B LB AT
AR ERTT 5.

F9, ABEFIEO 9 MEORFER O 1 iR N576
oA 20 AL LD 9 BEORFEFI O 1 sgiktho AO
SAERELTIE, AL 20 HTAKHOTIHNEGHO 9 HEHD
KO 1RO NOG M2 KD B, DXL, oA
AR b MR T L CAEIT 5. mEIC, AT 20 7 A K
OB O 9 FHOFR M D 5 REH O ANO & 58 L7z
1B N5 & —809 5 & 9 12 A 20 5 AKIi O T
A, 1RO NISfERDL. COEEELFELZS

WEBE AR R CTIZHEMET 5.

4. EBRFER

KT, BIUEAZRNSITHFBROSR =T ). B
PR DA RS 207,143 75, 20 AT 498,403 A CTH

and synthesized statistics
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Actual statistics

Tottori prefecture

-

=

Age difference between  Age difference between
father and his child i

mother and her child
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-

Age difference
between couple
P.#17

All towns and villages of the prefecture

—
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Age difference
between couple
C.P.#17

—

g|d
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Age difference Demographic pyramid by
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nine family types of household
1

(single years) C.P. #16-1

Yonago-shi

[

1%uu

Demographic pyramid by
nine family types of household
(5-year groups) C.P. #16-2

demogrﬂph c pyrami id
i tten

Kofu-cho
i 1 1 j % 1 F
Demographic pyramid b Total
nine fam? g i demographic pyramid

(5-yea

types of household (Single years)
chia2

rgroups) C.P.#16-2

Tottori Tottori-shi ciatistics for
prefecture with Iess 1han 200 000 pop.
C.P. #16-1 C.P.#16-1 ‘
0-4 5-9 === 95-99 100-
# of male pop. 4,819 4,764 9 1
# of female pop. 4,767 4,489 8 0
v v v v
Yonago-shi
“ % ¥ Y 17 ]
C.P. #16-2 j j ‘
# of male pop. 2,490 2,305 2 0
# of female pop. 2,480 2,234 3 0
Kofu-cho
1 % 17 7 7 [}
C.P. #16-2
# of male pop. 7 10 1 0
# of female pop. " 14 0 0

C.P.: Population Census, Basic Complete Tabulation on Population and Households
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Fig.4 Statistics calculation for the sum of cities, towns, and
villages with less than 200,000 populations
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Table 5 Total error (evaluation by statistics in Tottori prefecture)

Statistics # Of.itefa.tions Previous method 17) Proposed method
per individual | Prefecture Local government

1| 164,149.6 164,419.8 181,358.6

10 72,046.2 73,515.0 105,591.0

. . . 100 4,204.2 5,173.0 13,546.8

Age difference between father and his child 1,000 301.8 718.4 915.4

10,000 32.0 179.4 161.6

100,000 2.6 60.4 14.6

1| 197,704.4 197,924.2 226,547.0

10 79,870.4 81,270.4 124,302.6

. . 100 5,887.4 6,727.0 16,325.0

Age difference between mother and her child 1,000 698.2 1.244.0 1,520.2

10,000 96.0 296.8 459.2

100,000 3.2 84.0 27.0

1| 149,391.4 149,637.8 167,809.8

10 78,973.4 79,514.2 118,841.0

. 100 4,683.6 6,109.2 18,228.8

Age difference between couples 1,000 207.0 873.6 996.0

10,000 20.0 296.2 265.0

100,000 2.4 195.4 120.0

1 0.0 22,334.0 0.0

10 0.0 22,334.0 0.0

Demographic pyramid by nine family types of household 100 0.0 22,334.0 0.0

(single years) 1,000 0.0 22,334.0 0.0

10,000 0.0 22,334.0 0.0

100,000 0.0 22,334.0 0.0

1| 511,245.4 534,315.8 575,715.4

10 | 230,890.0 256,633.6 348,734.6

Total 100 14,775.2 40,343.2 48,100.6

1,000 1,207.0 25,170.0 3,431.6

10,000 148.0 23,106.4 885.8

100,000 8.2 22,673.8 161.6

1 453.8 542.9 572.1

10 679.7 622.7 537.1

St.dev. 100 208.6 199.1 339.2

1,000 61.0 60.2 83.7

10,000 19.2 23.4 28.6

100,000 2.6 18.4 10.8
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