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A Proposal for an Improved Method of Estimating Social Dynamics of Small Areas and
Its Application to Municipalities of Japan Based on the Census

Mizuki UCHIDA*, Tatsuya SUGIMOTO**, and Shuji TAKAMORI**

Japan is facing the challenge of ensuring the sustainability of its urban services and infrastructure as
its population declines. In order to assess the sustainability, it is essential to understand the population
dynamics by small area and cohort, especially the social dynamics. The purpose of this study is to
estimate the number of people moving in and out by small area and cohort from aggregate data. In this
study, we first examine the improvements to the estimation method proposed by Osaragi et al. (1997).
Using the iterative proportional fitting (IPF), we improve the method so that the aggregated estimates
are consistent with the original data. Next, to apply the improved method to all municipalities of Japan,
we show the estimation procedure using the census. From the estimation results, it is found that the
proposed method improves the accuracy. We also applied the proposed method to the census data and
found that the estimation results are positively correlated with the actual data.

Keywords: A [ (Population) , /N#Isk (Small area) , #:22EAE (Social dynamics), [EZGH4T (Census) ,

IPF 7% (Iterative proportional fitting)
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55~59 ik —D .68%** 1.59%#% ook 55~59 7% —D AgHH* 1.78%%% ok
60~64 % —D 8k 0.98%** ook 60~64 7% —2 69%** 1.33 %%k ok
65~69 % —3 (2% 0.43 65~69 7% —D 95%kk 1.66%+* ok
70~74 % —3 D0k -0.16 70~74 7% —3.16%%* 1.98 %% ok
75 %L B —3.]1%** —-0.44 75 1% LA —2.69%** 0.01

[#%%] . p <0001, [**] :p<0.01, * :p<0.05

[xxx) : p<0.001, [**]:p<0.01, [*:



6. BhYIC

AWFZETIE, KBS (1997) O/l - Hic - 4
PSRRI OB ENN O OHERHTFIEIZXE LT, IPF &%
MW WETFEARE L. S5, ERHAELM
WTC, IR FEEZEEICEAT I FHE R L.
FFHEICEE S < UMERGEIC K 0, IREFIEIL,

ETOL AT D HFIRM 273 & RIS,

Wt Om EICH 5T 52 EnbhoTe. £,
[ESATRA 2 W HERHRE BN 125, FEREMEIC R LT
FWIEOMBEEZ AT 5 Z EDHEND AL,
AMFIEE, T—FERICEEEZENTONDN, 5
#%ix, /i - 2 —— N &2 FRE LRI
TIVOEER L, HEGtT — 2 DIz OV TR
TEITOTETHD. £, T—HEREOHE L
LC, D EIRHEETIE L OHFHEE R A 175
TNRN D & ROHEFHMEDEEL A~ DU DV TR
STV Z EREFon5.

ii:1pz 3

) Ko (1997) TiE, EBHAZNZNOUE D
MOV TIHFTE TRV, T 2T,
LA Z W s MY EIET D 2 &
T, IERFEIC BT H/RPHBEOND Z L 2R
T AP ORTICHE L, mHAREREN
(24) BEORK (25) TERIND ZHGAMITHE S .
72720, peB L VgL, ZnEh, TR 2K
TOEHHEB LGIALETHY, K (26) TR
no. Wk, EHAROMSEEETIUE, [F
WefeRi, X 27) &72%. &BlT, WEkTFiEL
FERICT 7T P 2 DREFRBIER LA Z—
> O E VIR, 1 ROBESERK (28)
DE IR B, ZiUE, ERTFIEORRE—
B35, UEXY, FlmbEsnloBEA 0B
5 BB 53T 4 B L0y 1L, < E Tl =Ep,
FITEIEA R, & LTHERICKM I TVWAIZ
WET, HREMLE LIfbhiTunenz &R
D,

ngjic! (L jic = Mojie)!

Pr(noji) = (1 — p)momp, "% (24)

My jik! i o Tk~ T jk
Qi (noji) = (1 — q)Moixg, 7" "7(25)
(o) Noji! (M4 jic — Noji)! , k
Lk Mk
Pk =7 Qr = — (26)
Livi Mk

I_I[F%("njk)Qk(nojk)] 27

K
—2Inngj + ln(l+jk — nojk) +1In(1 —p,) — Inp,
+ln(m+jk — nojk) +In(1—-q)—Ing, =0
2)  xIEMERROEFRERIT, 70 AR O 5 FEHARE
SecroB L NT0 %L D 5 % AFRERS, 0 100
T, X (29 KVEHMLE. -, LT, x~

x4y DOEFANA T RS

(28)

S _ slyys S = wl7s
x<70 =T x270 = T
shx wl70

3) MEE, BEAOBIOEEAADNNTRLIE
TR TERLRNE WD FEERT- S 70—
DT —HIZxF L TOHRITOID. [Step2] Tl
mypBED ny 25 & LT, my BEOny
ZHEMT 5. 0E, K (30) Bk DT, nyyy =
0k LU0 (30) Lvxl (1) »"E6Nd, £,
FERIZ, X (14) BEHND. 4.2 OFSEREET
1%, 75 UL EBVEDEAF RO AL (11) 21
TeSleholzlch, 7 —4 0 1,623 N (Hr A=
#18.6 %) ZHK) 1,844 N (BAZK) 9.8 %) (ZHHIE
U7z, $77, B - /NHUK D 546 8 ) OfEED
25220 (4.0%) <, X (14) M-S h
mole. 20O, EENGRHRESNANT
WeDix, BUFEE3 THORMET —4ThY,
JLT—H D700 N (BEAZEK 49.7%) Tho7=D
WP LC, K817 N (BEAEL 58.0%) @ FERAS
Lz bhiz. 12770, ZZToOEARL, Bk
NETE O DIAERDOEIG 2R T
Noyk = Zm+jk — My = Zn+jk — Ny =0 (30)

J J
4) B T7—2HOREENRE L LTUE, N
Sy L DMIEEDOHMHMEIT/ NS < 72 5. 42 DY
PERRFETIX, Wb oMIEEI, BETH
2.44 %, LTI 236% THo7z.

(29)
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