2016 2018

Self—orgaqizin% regularity in a spatial economy: Development of new theoretical
and empirical framework

Mori, Tomoya

2,600,000

10

This research aimed to develop a systematic numerical framework for studying

micro-founded general equilibrium models for endogenous city formation based on agglomeration
economies. Specifically, a recent development of numerical optimization theory has been incorporated

in the self-organization of the location process of mobile agents. This in turn made it possible to

identify stable equilibria of an economy despite the non-linearity in a high-dimensional system.
This in turn made i1t possible to generate a reasonable amount of Monte-Carlo samples of stable
equilibria of a hypothetical economy with essentially the same order of diversity in the degrees of
increasing returns in the reality.
Furthermore, based on the data from Japan, US, Europe, China and India, empirical evidence for the
self-organizing regularity in size, spacing and industrial composition of cities were established.
The developed numerical methods are applied to theoretially replicate these regularities.



# X C—-19, F-19—1, Z2—19, CK—19 (Jm)

1. WFZEBRAA S W D55
[ERE 134 H ORFSLHORERN DR TH Y . HEE T 80% LA LD A 1 23EB B &
FELTWD, ZOFEERL, EHEOEEMENME T 5 H T, EEEHIRIZ ST 25 285 Rk 7’
Ze PRAE L EIN OHUEBUR 2 B33 5 LT RREERED A 71 = X 02 PRS2 LBV Z2 R L
TV D, BRI, FERRHE CIIME RN 7o -G R S AR S A, T OB AT « 220 Am 13~
5 X AAEE R, L0 BRI L, (& O Hs R B 3\ TR T A AR 13l o
ZRANCHEV, PEZEDSLHIT ZHETH Ok & PR BRI I8 O S EBIfR 2 FFo, 22 H
O, SHUIEREE 20 O B - EIEMFENERE SN TE 20, BREFEEROE2ERSH 5 VI
[E| B IR 35 1 D 2[R & — Z BE T 2 BRGR AU R I /> C . FEREAFZE TUd, BRI D
FOFH & MR e I E T RIC LV T T v IRy 7 AL LT ZDERETH o7,
ZFDOFRHIL, BEOEBBLOZAENEZ NAERNCHIAT 51203, B/ 2 HEYSMB R 3 I
9 5 SRR RF ER L 2HOMIRE G RIERIEE T VA L, T O S R = &
L BEIOFEIC L D BB IR 2 0Bl L-2 L Th D, UL, ERFICRDEE
FOFELEE, TDNEE OFBEIICRSE LWL EH O —REME TH 5 Z L 2R LT
Wb, TD LX) el 5T, ERHORFEBEBINCTET L L, @RIERIZ > AT L O
% RN 72 UG D BUEEAT FIE OB PR E N TE -,

2. MHEDOBEW

BEFELEERIC BN T, AR —AEERCTEHI N HEE L A Y v NESE W25
filfi AL R REIC & % R #R VA7) Fukushima (199212 & WRR S iz, Z OFERIT. — kb
DT TORFEEMRD B ORI X2 TR L E5 L~V TEA L, BRIEREY 2T A
IZBWTYH, HEROFIEI AR TEEICEELMIIOR T 5 HE 2 Ffo, AT, 20
FiE%, EHEORE N O SHIEEE G Mk i O 2 E¥MIRRIIEMA L, EiRE & [H
FLEE DNTHE « FEEED ZRNE 2 & T IERE BT 2 REWM DT T IV e ERDARKDT-
D DOBAERNT FIE AR T D, T, BAR - TAUD BN - HEH - > FOT—4%H
WTC, FERIFICE T DR T ORI « B — o - FEEMEOFRF IR Z FEE L, S -
% PE AR BT T L 2 W TRER IO AR U - R A S L D BB A RREET 5,

3. WO ITIE
BT O -

1) HERET VO  ERMORF 2S5 0HEE T VO TH IR FIZE T 2 b
AIREZR DT LU VR HIER S ) £ 7 L OIN, fiEHT RTREME D Pfliiger (2004)E 7 /L % 2 1
W - ZEEICIERE L2V OE WS, SCHZERIIAESH R ZEM & U, Mk 1024 &
R—=2F4 3%, HEEERR, Fukushima (1992)12 35 < ARy o 30508
fi% Fortran (2 XV 7' 77 AME L, KEGREORH %2 ZE L5179,

2) PEF¥FREEOHTE : Broda and Weinstein (2006)1Z L - CHRE DA T —Z M HHEE S L
7o, B 13,930 &t BRI 2 B HMEO S M0 b5 S, L0 BEmICIE. 20501
Mo, EERZEELT, MBEZ7 X LMNT 52 LIk IERFICR T pEE
T (&« DPEZEDAFE OMRBEH M LB Y = 7)) %155, AT, EER
=256 ZR_X— AT A LT 5,

3) T X AIH X ND ORI O FE¥RM 54075, Fukushima (1992)14&H#L L 72 A
R LI X v ZES M RET 5,

4) 85 « SRR EE ORE - () SRR - TG0 LT OR S A R e 2
ASENC LD EE L., FPOETH ORI L &2 ISR ERE &+ 5, SREENT, B
HE DI RKET % 2 ORRFENOFULETTHREE LTESR L, BRI HUE > E 2 R |
s T (1) 7 MU RR 7 A 29~ 5, () A MR PR« oMt - 22 pE SEiR vk i B2
ST BT AE TR S IIEE L~V TEIETIIZHE 9, Mori and Wrona
(2016) CRAZE L= FIEICE S X, BT NIRRT HEERBOH T E S & EEAEF L
TFENDETNILL2EGHEEEL I L TR OB AMEGFE 2 HE L, #ifHoE
G D ERERER A FERIICHET D Z LT k0 |l x OFESH OFLEGRAY 72 B 1 R A
RO FE & L TERT D,

5) MR AR I BT DE T EMBOBFER ORIE « QFF T HEL S0 o Homd ~ & 2l - Bl
(BT D kR &AL T - B A A LT T O, SR R e A R T D AR T
% 7 & 2 b U T RCSRARAR HE R 3 ] 2 A 5~ 5, MR BBl A L. AT O N D B
& Z OBUENENT 2 2R D, 4T O Rk % B2 Il O BRI 2 E L. Yl o &A%
REEEAE & L= E 7 23U Dy v & mlg L, BEaR SR U 7- it
HHE L K EHIRRFE ORI T, ET D7 v NOEY RS A REMFI R L LT
BT D, AIENEED T 4 v bEAEIC EFIE, BIFER A I = XL NER R AR
DIl X Fe I 2 £ 5 kiR B O =M 7 7 7 2 AgE = AL ARERN 2B TH D
ET DN RS D, Q) PEEONHE T OH L N OB : {5 2 OpEFEDO N H
ERT OH L SN OBEIZ DN T, () & R 3HIEET L2 BUG L, BRaaific



(L L 7= Mo 5P & I S MR DRI, BT A0 7 ¢ b (T TR0 2
geRtit L Ul T 5, Gil) A eiE : R4 Ean 100 A0 A B 570> B O (7 &
LC., BHEOKR X WETTIE & & 0 2RI EREE 25\ OIS D 2 & 27 LT 7,
LU - S8 SR B HE LI ABRE T LD F Tl OEBERET 572010, Fi5HK
M O B KR & AR D IR RAFHTTIC DUV, MEE AR A TSI 54 N 0%
HICONC R TORHEA R e /A H5E L, MEBTNEEN 508 A T 5,
Bk M AT & & e VBN T v & 5 M BT & G e VR BIEIC EERE, Bt s
FBans,

EREHT OITI -

1) F—2EE  KE BN - FE - A RICoWT, KEA—Z U DI 5
LandScan2015 7> 5, 2015 4E0EA 1km A v ¥ = LLD N AHERHT— % %, BARIZD
W EBFHAEHIE A > 23 LV R%DTF —% 2 AF L. AA%E 1000 A/km?2 LA
Lo An 17 AL EoEG Ik 2 A B & L CRET 5, BARIZOWTIE, EISRR
F o AR A (2014) 2 HW T, [l x OB OEEEGEZFE L, 2E ST
FFHAL(2015) 2 VT, #9200 FEZE - B XTIZ W CHTTREIME S &2 FFET 5,

2) MR OREE & TOHUKIZ OV T, BERIHT & [RIRE D 515 il 5 Mt 7 18 & 5k
B, BARIZOWTIE, BEaoAT & RO HiE T, #MEIE S 7 — % & v TS g g
REE R ET 5,

3) HUERHEEIC BT DETEBOBFIER OME « Binohr & &< RO FIET, Hinn
PRI U 7= Hidel 7381 & i FEARAE RIS 3 B D D el 2147 5

. WFTERRSR

TR CIIPEE A 7 MR 5 8 23 TR A, BT O N DB - 2207 7 7 X A%
FFo, R, Hx OHIERRFEREIC IV T, A TTEAR AR X IEO R Z FRNIHEV, PEFEDL
9~ B H T O & SN DRI IS O I RR 2 R0, ARFZE TR, T2 b 0k
FEROFEFEE BAROT — & & TR LEBREZ R U, $72, T LR B2
ET SIS ABEHBRFEE ORI ETEZRE L, T4 AT vy ay « ==L 1T
NI LTz, Zfh, KE BN - FIE - A2 RIZoWnWTH AAER Y — 2B 5K
A OWTRBED ST 2 2 MERT 4 AH v a v ==L LTART S TETH 5,

(a) HEEIHONASER (b) BADET D ATRAES A
8 J
g " ST = 2000 '3
s . /¥*ﬂ%ﬁﬁ? AR B TR o018 e 51970 x 1995
. R 10 ® 1975 + 2000
S 1073 HRaNS E
® o By x E 8 1980 = 2005
g g 9
= 8o 1985 2010
3 0 S0 " iy 1990 © 2015
Pé_ 3 E e
-3
£ 10°4 j g 1074
3 = k|
3 FHHTHRT IR ]
Hojot] 107 A
1 10 100 500 1 10 100 1000
IR TR (30 ERTRANEM (27)

X 1 A1 - FEEERICB T DRI

E1ix, BADAND « EEERBICB T 2FFEROFITH 5, X (a) 1%, 2000-20155-K D4 Hil
TESENYEPESEIC DN T, FONTHIER T O L SN OB O BIGR A B e 72 6 BRI BEFR I
& (Number-Average Size (NAS)JEHI) . ZISBEFMICHEFF SN TWVWB Z &R LTV D,
FZ, Al & OPFEEDSTHER T O ORI FOITIT ERRMEICELTBY, 202 LI,
NI SE T D PEEDERRE TIC Hr i L, KNS RS OB MR S 5 2 &
ZRLTWD,

7eB, KRS D LI FEET B D EIRMED S BN EFTHNCHED Z & & &
HUE AN R EFANIAE D Z & ITHREICFE CTH D Z &%, FROBEDOHFEERIZIB T
HERAGE LT\ 5, 2N EEMT D L 512, K (b) TIX1970-2015FD W HIfH 218 L,
H AR OER B 341 A3 6D TR ERNC R EFANHE > TE =2 L 2R LTV D,

21, RO 5 H) 72 B B HUsRe 318 0O T T OB IR A 2 B < OK[E - BOHIZS
WORLEBDTHD, AHFEORR & L TIEREF OFSCTIE, 451E O HiskE L~ o
i BB A AN B O E RANCHED 2 LITHOWT, MEHIISRL TS (FEEA > RIS
SWTHRRDHEREZ/F TN D),



BHER M T, %&i#ﬁ%@ﬁ/XTA®£EW@%7/ﬁA%m?6@1%ﬁi&%
BIYE U7z, Sl ZpE 3% Grie U LWL |25 VIS L CEOERM AR L
BHRIE L7 R TOT X LY T NNDAERREK AT, TG DOEHY T onT, 4
. iﬁ®%£ﬂﬁkH%®$&f&f%ﬁ®ﬁﬁ%ﬁﬁﬁﬂﬁﬁb\%ﬁ%ﬂ%ﬁﬁé%
¥ NOERE AT =2 7 aRFFNEEE 52, JHRT 4 A vra s « RX—=X—L L
TR %,

KBIZy R 2 b— a3 VLR DBEOKRTFERO BB O %2 Rd, Ziux, 1024k % £F
O JESLHIZE 256 ER K N FDERE DN AE S S 2L —2 a3 U LERITH S, X3 (a)
IZIX 1 (a) ONASIERI E[RER D7 v > R TH Y | BiERET VL BBLE L REROBFIER 2 8 L C
WAHZ LHERLTWD, K3b) %, K3@ ERLYIalb—yvar b7 nizont, X2
THW 2 HisdE FE O N CoRTEES iz 7oy L7 bDThH D, SHUmRREE L
AL CHE TS B & RANCHE S Blge A . BlimI3md TIUSEICHBL L T\ 5

ﬁﬁ%f%%#KLR%@%%K%U@%%%%@$£M\@ﬁ@%ﬁ®ﬁﬁ-%¥%ﬁ
RN, OFR T & F T IR A 2n HdsR v ORI & D TR ERI 7R NAE IR
I LT&§LWE%ﬁ?5 LEBEHRL, FORAN=RLOFETF L., [l 2 OHUERG
%xT%% L7z, H2DWWE, TR 2 31T LTaRRBBUR A v 7 T 3 ] & (R Rl
THTDICAARFREE &0 D,

DFFECHESE L= 5 o 7 ML, IS ~OIS IR E 5F, k0 ks

WICHERICRR T L AT b CTroih SNAHGHT T MK LT, OB OMEE % R o
THIODEBRRETFELZIREL TN D,

(a) BADEHHRESH () (b) RE DA TR A (k)

R ) A DA (A 4R)
5 5
AT ) A D HAE (4K
5

""«as.%\
1 10 100 10000 1 10 100 1000 10000
%Fﬁfﬁ#ﬁlllﬁﬁi (%) A TAARIEM (50

10*

(©) BMDA T AL A (h3R)

7 o) A0 AR (3 4%)
5

10*

1 10 100 1000 10000
AT AR (K340

4 2 AAKE M ORI S AT L 7 T 7 Z s g—

(a) EEUMOBETHESH CIal—ay) (b) #HHE S A (S IaL— 3> /3#R)
;}\;3‘ 6l _ 103 4
® ‘*“‘“N ~ 1024 ]
Ny o _ 10
g )] "*N-..N»\\“ ﬁ ) . .
g o4 W\“’""‘ & 1] é R
;T_ZA | l‘g 1 1 .
N S ., ‘;."li"‘-
pa 'é ] - SEEPSTEE | I ! I!h!:;;\
£ e o 5|"Fh
5 -84 T 5 LI |I| l’ll
_ﬁ—lo g _7777774//”’ 10-3 o330
0 1 2 3 ! 5 6 7 1 10! 10? 10°
ILART 8 (X 4R) AR AARNEN (80

4 3 NAS ERI L E MBS ORERA( I 2L—a )



S 3Rk
Broda, C., Weinstein D.E. (2006) “Globalization and the gains from variety.” The Quarterly
Journal of Economics 121: 541-585.

Fukushima, M. (1992) “Equivalent differentiable optimization Eroblems and descent
methods for asymmetric variational inequality problems.” Mathematical Programming 53:
99-110.

Mori, T. and Wrona, J. (2018) “Inter-city trade.” Discussion Paper No. 995. Institute of
Economic Research Kyoto University.

Pfliiger, M. (2004) “A simple, analytically solvable, Chamberlinian agglomeration model.”
Regional Science and Urban Economics 34: 565-573.

5. ERFEKm
CMEREam ) GE 1 1)

Mori, T. (2017) “Evolution of sizes and industrial structure of cities in Japan from 1980 to
2010: Constant churning and persistent regularity.” Asian Development Review 34(2):
86-113.

Mori, T. and Wrona, J. (2018) “Inter-city trade.” Discussion paper No.995, Institute of
Economic Research, Kyoto University.

Mori, T. (2018), “Spatial patterns and city size distribution.” Discussion paper No. 996,
Institute of Economic Research, Kyoto University.

Mori, T. (2017), “Constant churning and persistent regularity in population and industrial
locations: Evidence from Japan.” Vox Column August 25.

(ra¥E) G 4 1)
“Evolution of size and industrial structure of the urban system in Japan: 1980-2014,” Asian
Development Review Conference, Urban and Regional Development in Asia, Millennium
Seoul Hilton, Seoul, Korea, 2016 456 A 2 H.

“Cities and space: Common power laws and fractal structure,” The Osaka Conference on
Spatial and Urban Economics, KFkk=%, 2016 4 10 A 8 H.

“Inter-city trade”, Moscow International Economics Workshop, New Economic School,
Moscow, Russia, 201846 A 17 H.

“Inter-city trade,” The 9th European Meeting of the Urban Economics Association, The Vrije
Universtieit Amsterdam, Amsterdam, Netherlands, 2019 £ 5 H 31 H.

(XE) Gto 1)

(PESE PERE)
Ok Gt 0 )

LFR
FAFE
HEFIF
Fi¥E -
g
HAREAE
ENF DR -

OBAHIRIL Gt 0 1)

LFE
FEHE
MR -
FHYE -
i
BUSAE



ERNA DR -

(& Dfth)
R B— U

6. WFIEAERK

(1) BFFe5r 4.2
T K4
n—<FR4

AT B AT FERRa 4
YA

W4
WHFEE 3 (8471) -

(2) W 9eth 117
IR VAR A 2 N /N 75
0 —~< K4 : Takashi Akamatsu

WHoE 1F R4 m LS
o0 —< 54 : Yuki Takayama

SRS X B BFZRIE, BFIEH 0 F O & BHEIC BV CRIET 5 b 0 TF, 207, FIEO R IR RO AREI
SV, FOEHREICIES bO TR, T OMRRRIET 5 UHSHHER, FEEEARESET,



