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Abstract A set of new inequality indexes are constructed to measure the relative unbalanced difference between
regions or groups of elements in a geographical systems. Firstly, the within-group inequality index, namely, the
Gini coefficient based on the Lorenz curve, is transformed into a new mathematical expression. Then, based on the
new formula, the within-group index is generalized to between-group inequality index. Technically, the two types
of inequality indexes can be integrated into the same logic framework. As an example, the new formulae are
applied to three systems of cities in China, including Beijing-Tianjin-Hebei region, Yangtze River Delta, and Pearl
River Delta. The results display a spatio-temporal evolution patterns of relative mean differences within and

between these urban systems.

Key words Gini coefficient; inequality index; Beijing-Tianjin-Hebei; Yangtze River Delta; Pearl River Delta;

urban system

MW RGA WD ENMR, —225 027N,
TR MRAEE . 7S 1a) 22 S M A R DA A R 2 ) S
S, 23 A A D) B e i 390 0 40 1) 2% i) S e 121
A WA Xk 22 bk, R R, S
BV B s K ARE T, S AR — e
B B A R T A AR, R R T A R A AR
S VSIS ] A AR T ERE 0T, 3 2 ) 22 Sk,
KT Jarias 18] [ A S I VRN 23 A A (] )5 14
SN SR, TEARZAENLT, Mg UL

E & H AR 254 (41590843, 41671167)% 1)
YfE B 3: 2018-12-12; &[] H #: 2019-02-28

LT A BE AR, R A A8 2 (AR A P B X I
Ze 5tk A5 A AT IR ] Moran 8 82 J6 Y 25
G2 L, 25 0] 22 S PR R A S A 48 80, B
SR UTFEBORNHE T 23 [ B TC AR TR B Ok i . IX
02 S S IR A A G, AT X ) P
JUE e, ez [ EE 7 1, X2 S A S ] AP
] LR 2 R 48 BOR A IR FURFAE . — T A0
W 2 2 DA Gini ZR BOAT AR S B AR A0
XA B RO WAEA AR a3 22 57, 0] LA

1097



R MARBI ) H 558 56

2019 4 11 A

HAUCHANAB B E . PEIFZ RO, B %5
A A AR N (L PN 19 2 S b 49, T 2 A AR ) (4L
] ) 4 M %o 22 S B 4, bt AT LA Bh Theil 35 802
S 1 28 U R A R U 52 iR T R A [
DX 35 PN (] — LB 2O [R5 A 2 (R A AR G 22 5%, NTig
iR BB S R A9 AT B A X 2 1) ) A X
# 5,

AR SCIR) B B TR R R R0 4 TR AE RN 34
B, IR R WA [ DX 3 sl AN () i 2 3R 1 L AR 22
5o HIEHMUESLT Gini R B RIS B EL
SRR, SRIF IS, K A N 46 AN 38 Al HiaE
IR RIAXT A MRS B, ARSI X . KT =
FA YN FNER VT = A W0 3 A DX A4 38 T 4 28 g 491, 485 B
N BRSBTSl S B0 B, U B =
Nf TR R o AR SR FE RN LY, A R 2 TR A
Xif 22 5 A R AF, 25 HE A PN A X 25 S B A
I ALEE P R

1 MEAK
1.1 ARARHEIEHHIFRIE

R — X IAEAE N 2 2, SR AR 6 x
B H AT R KR oK, 2T Gini R A0 AR AR
MR RIE I, R AY DX J AN 4 i 48 K nT LA
R UM

N N

ZZ|x,.—xj|

G= = 5 (1)

22m+mw
Horh, G ol By Bl o X R S A A, A T
0~1 2200, i, j=1, 2, 3, ..., No Z(1)5CHk[10-12]F
B R XRA R, BN i#) FoR
T, AFIEFHBER AL ITTE . WX AL TR
PATHE, W)W R R I

Seoxl 3
ZN:(x,. +x;) EN:zN:(xl. +xj)—22N:x,. ’

Hodp NI(N-1D) S F 87 IE &2 8L, BERSRIIE 0<G<I1.
K (D)FNQ2) % i AH R A 5525

G F, GHIYST Gini REUWEAIES, T
i A T[] — 0 ] — A XS 7 38 22 Sk, BRCRY
A MFEEL . A SRR — A DI 3k T A 2
5. GDP A fREFMABMAZSR, HAFEILR

%, = x|

M-

@)

1098

JE 43 A R, )R] AR 20 (1) (2) o B 1
R, QSR 75 SR Bl A 300 il A DX 3k 1] sl AN ) 3k
A 2R 22 T] 9 FE R 22 57 (A0 T TR B 30k T A4 R AR X T
K =AW m iR RZ A O o34 22 5, sl [ —A4
DX 355, 18 30 T 1A 2R 1A R A (] e AL 2 ) A X 25
(ANt SE I T A R N AT T GDP Ay 22 ), T
EARAKREL
1.2 AEAHEIRE
TR Rk, SR A R B 4 e
JTRNH A e A . R TR e DX ] B I )
BT 22 5, (D HE)T B S X e ARy
Br, 15340F k.

N M

_ M+N ;zy%_%| 3)

- 5, N M >
M+N-=-2 ZZ(X["'yj)

i=1 j=1

Horp, G R RIR] X sk 7] — 28785 f5 Jsz e 1) 201 i) R 34 i
BRI SR B 5 50, HAUEA T 0~1 Z [0
x SR> DX A AN [ 1 O 2R 19 ) (A AS T) 9k
i (4 GDP); y A 55—~ X sk 4 A i) b BT 25 1) S
WS (AR R 3TT 89 GDP); i=1, 2, 3, ..., N, j=1, 2,
3, . Mo XGRS BB 20 A FEXT F
LMITR, FITE M R EB(M+N)/( M+N- 2)¥ 455
EACIES 0 AN 1 Z M), 75 m AR 45 R K T4 T
OfH/NT 1, %t b FRASHIHA

F I, T AR B A RN [ X [R] — 2 A
S S B ARG AS B4 v, e ] — 4 X3 P S [
JEZ R IARfrbE. A M=N, X Q) FE1EM
Bk, nIAS R —Fh s AL

i -)|
Q)

N-1

‘MZIMZ

Q
Il
EMZ.EMz

(x; +y;)

J

Hrr, G R TR — XA )75 5 22 0] A A Xk AR 3446 4
B (B = AN A 8, HEE T 0~1 Z )5 x
Sk — A~ DRI AN ) b 28 6 2% 190 RS A 00 2 (AN ) ik
TN,y R F—A DX AN [R) o B 6 29 ) —
T i) B8 (0 AS 8] 38k T A9 GDP) . x Al y B J2 0 — Ak Y
A, RIS ASEOERR DAL SR 2y, 8 x A A,
K (4)i& [ 2N (2), 7 WA A S 65 18 £502 4 A
e B 0 AR 461



WREZOLAF =S [ RIMUASE 23 A5 22 53t (9 2 18] R 24 4 45 %4

2 R RS
21 = KREHHEEMITESER

W JE T H B Gini BB N A E A5 505 AR S
P&t 0% 28 [R)AS X5 i i S 1 ) ] — S D EE HE SR,
LB ZR . DiatdsamIx . KL =M
SRR = A CR =) BT IX, DI ik R
SR SEUERT G, VIR DK I R R A 4 PN AN A [R] AN $) i 4
B, SRR BB A AR T . R 3 AR A
D i A B EFETEEE A H); 2) difEX A H (5
FEX N R EL ), 3) kT B, 3 A
I ] A OG . R, 3 AR R AR R[]
B 7 ), BAREAS R B s A . AN R
FH 2000 4F 565 5 N F1 8 5404 A1 2010 4528 6 RN
F A B0 o KT S 2000 4R A1 2010 4 1%k
Wit o AME R — o i 8 BOR 23 BT 05 ik i 2 B R, 8K
P ISP R B B S, TSR MR AR SRR TE R
PSS

TELBRERAE T, AT LR ()~ B 1 3 [F] — A~
BRI, PR

S, RHUEE . BRI HES, 158 X,
W 1] — 21 19 S [R]85 4 8 A ) 2 280 90 ) HE 3, 7
o 5 pjo

B, R B MM A E . BT ()~
QYo T, THE x—x Bx—y, 4B XTE, R
Je KA

B2, I EUEZ A, A (D)~(3)
3Rk, T xx Bx . RIEA M e &
IR BB T LR EUE, SRIE R,

S, HEARHHEAE R EB(D)~03), [
k333 4 PN AS S8 A ORI 2L DA S8 i s 4

TR RN ZE LG 3 A i 1) FFH YA
K EBLQ))IHTHHNA S E(FE 1); 2) FIH
(3), & T [R] B F8 A F 3 AR [) X388 190 201 1) R 349 45
B 1), 3) EEXF AR 9 X, AR [FHE AR =22 18]
R MIE R 2). M, BRFEH—1k, i
RN WIE NGB
22 ZREHEENATEESH

A 3N S e s ) RS B R — R T
Bl DN ELRIVKT Sl SR S e s K IRUBE S L, A i
DX Ak BT T XN 1T 52 e 1 s DX LA 6T 45708,
AL B

18 3 M 2000 4 5 2010 4F B 7 A4S, AT 3 4 3k
TR R 22 SRR AR AE . R L ATAE H: 1) 52
AR = AR R N4 22 7 EIHGE
WA, BRI R Y PR 2 5T R (G E D),
FIXF I 205 RA T XA 25 EIF, JTk R
FEIXNH 2259 N 2) sURBAX TR =AM, 16
MEERTR, TREXMTXADZS BT 3)5t
FEFFIRK =AM TR =M, ADEA R X D
LS TFRE, X A2 BT,

F2IEMMEE R B IE, AT LS Wi B Py 4
Xof 2 S RN B 22 () AR X 25 S i as AR qE . T LR
), HUEEFAIR AT AR R 3 R [ B
ot Nof 2 S LA S JBE 22 10 () R X 25 S 38 7 T, Bk
FAR O UL REL 2, 00 EE 1 B 46 Xk 2 S AN JEE 22 T fr) A
XF 25 5 TR

®1 WEBEE, KZANK=ZAHTERHFHEREL2000F02010 £)
Table 1 Values of inequality indexes of the urban systems in Beijing-Tianjin-Hebei region,
Yangtze River Delta, and Pear River Delta (in 2000 and 2010)

BT HH Gini FB00H DN FRAS A 15 50

AR R B X S [8) AN S 5 15 K

X 4, A 2000 4F 2010 4F PSSP G5 2000 4F 2010 4

STt 0.7755 0.7849 PSP W58 0.7710 0.7474

T (NV=13) X AH 0.6437 0.6864 ?ﬁ%}iﬁf XA 0.6171 0.6450

A A 0.6474 0.6931 YN 0.6455 0.6750

"""""""""" foeEE 06323 06491 COAkEEE omast 0793

£ =HI(N=26) X AO 0.5379 0.5720 iﬁ;ﬁfﬁifa X AO 0.6519 0.6493

AR AL 0.6106 0.6291 X AL 0.6369 0.6673
"""""""""" KEEE 06004 04531 COADeEE o8l 06075

K=H(N=9) X AH 0.5873 0.4626 %iifffg)ﬁ@ XA 0.6588 0.6002

A A 0.5783 0.5033 ’ YN 0.6520 0.6676

DA M TOCR MM ARIE, WRAE M 5 N RN FRR: —DEE R M, 55— DR N, RZIRK.

1099



R RFHM(ARFERI) B 55 % el 20194 11 A

R2 ZAMEHEHRITEEE. BXADMHR A ORI EREBHE R R (2000512010 £F)
Table 2 Matrixes of inequality indexes of total urban lighting, urban population, and population
in municipal district of three urban systems (in 2000 and 2010)
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Table 3 Matrixes of inequality indexes of the urban systems in Beijing-Tianjin-Hebei region, Yangtze River Delta,

and Pear River Delta (in 2000 and 2010)
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Table 4 Comparisons between the between-groups inequality index based on generalized Gini coefficient
and the within-groups inequality index based on conventional Gini coefficient
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