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Abstract: Chinese rapid urbanization has promoted its economic growth, while brought serious ecological environment
problems simultaneously. Accompanying the development of agglomeration, the region urbanization form has gradually
transformed from monocentric structures to polycentric structures which can be divided into two kinds of spatial structure
concentrated and dispersed polycentric structures. However, there still lack the research of the relationship between
urbanization and ecological environment of the two forms of polycentric structure. This study focuses on two metropolitan
areas in Fujian Province from 2011 to 2017 that Fuzhou metropolitan is defined as concentrated polycentric region and Xia—

Zhang—Quan metropolitan is defined as dispersed polycentric region. The results suggested that; (1) Both of the two
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metropolitan areas are conducive to the improvement of regional urbanization, ecological environment and the coupling and
coordinated development between urbanization and ecological environment ( CCDUEE). (2) There's a convergence of
urbanization development and CCDUEE in both two polycentric areas, except the ecological environment. (3) The lagging
urbanization of the two metropolitan areas against the coordinated development between urbanization and ecological
environment. The study provides significant references for optimizing the spatial structure and improving sustainable

urbanization level in Fujian.

Key Words: polycentric; concentrated ; dispersed; metropolitan area; urbanization; ecological environment
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Table 1 Assessment index system and its weights of urbanization and ecological environment

H sz N2 SAN T %% R Eig Ty W/ %
Target layer Rule layer and weight Index layer Weight
WAL RS WSRO Y L E/ % 6.69
Urbanization system UNEE; i ¢4 el A L/ % 6.25
20.4 3 SN DN SN 7.49
X AT AR km? 7.45
75 (R yEAL Wl N E B EE/ (N /km?) 9.13
217 3T 3 K T B /m? 5.16
A¥J GDP/JG 4.00
AWM B A/ TE 5.64
LA LR RIS AT S FA /T 3.91
34.5 =S GDP L H /% 7.47
ek =i/ 17T 5.68
HEH R T 6T 7.82
NI ST 2 B T o 6.41
Fanisiti Nl A B AR A 3.72
23.3 DD L o N 9.96
PN NG AR g S 3.24
HEEAE RS AR E/m? 13.38
Ecological environmental system NI T T B 5.49
BB IR KR/ % 6.38
48.6 N2 [l e b TR m? 12.71
R IX ST 35 2R % 10.66
Tolk BHRE M L6 R ER % 8.63
A IR WAETE K AR % 10.05
24.5 Ji76 GDP BEkE (bR ) 5.82
NI Tl 3 K HE 4.10
EXSIS v ATl — S A B HE R Bt 9.97
26.9 AN R A HE R/t 9.09
N Tl B R W 7 He et 3.73
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Table 2 Pareto index of two metropolitan areas in Fujian

AEARY Year 2011 2012 2013 2014 2015 2016 2017
M AR X 0.85 0.84 0.84 0.83 0.83 0.83 0.82
SR 1 SR K AR T X 1.32 1.33 1.33 1.34 1.34 1.35 1.36

2.2 WL SSRGS TR TR bR iR RALE

RS W K . S VT e e 5 = B R ) N A/ N B =97 R T 20 5 ) FPNY B I - U4 =
W A5 7 NTEAS R A AR A e, 3R AN T A A 22 SRR, Wi AL e A S B/E T, EIZ I, &9
WA f i, T8 3 34.5% , N CUBEEACACE e 1%, anfar i s N DOBEAL K 2 2 55 2 S, BRI LG
Mragbrrh , ALK EE NI e S b TR A X SR AL 7 15 R IR TS K AR AR SR A8 Tl — AR AL HE
S A W E AR AR A A Y, ENE b ARSI SRR i, iR F 48.6% ; 4 IR
PHREAH 24.5% , HE 5 BB IRE YK A AR S IREE R T, A BB PR UE A S IR KO- AS B R ekl %
2.3 LR R ST

AN A T DX PN = b T B AR ER S PR e e LTk S FUrb R N B e, LR R s TSR I = b X
WAL o WSCBIFE B Bt Yok A 3 | 2 WA SRR AL K 25 BE SR 4 /0N . T SR KR T X PN S 1 D B A 6 i
Hm PN SRR N A% — M T Sk Ak o WS SIFs BOR W4 /)N . IR 3 PN 7 R T DX A Ak 48 5oy
S 0.186.0.373 T+ 0.344 0.554( 3% 3) B ACT AR B EE = o A N RS T XA 3 Ak 48 B0 ik I v
SRRHRTTIX, 2017 AEARM RHRTT XA 8 50 0.344 5[5 8 51 RAR T X 2011 4E 3Bk 35 %0 0.373 ) 4
B RN RER T XIREEAL o YRS B TR R R AR X,
2.4 EEABE AN

RN KA X P, 48 A 2SR R BORAE LT, AR SR B AR B[R] A i3 ; 75 1 5 7 Al A S R F R B fe AR
I ,2014 AEFTZAE L F, 2015 4F KRN %, Z 5 28T Bt R T XA SR o WSIds 805 i A A3
PRS- 2200 H 250k, BEER KRBT XA, BB [ 2013 4FETF 4R — 142 KBTI IX PN 2F 25 PR E55 45 $ide s 1) 3
DX, BT TRUSR AN 58 30 N AR R B KT, BRI 5, B SR R T XA A PR AR 3 R K, T
SRR E , HIX N 22 5 AN /N . 2015 AF i B IR KR T X% i TR KRR T X, (R A 2R et 1 1 5t
HEF (R 3) 2015 AR JE VR IR AR T X 4R S, IS 3 PN AR R T XA S S5 18 B0k s B B, 2015 4F Lt
2014 AERFE T 7.2 AN E 43, RHR T X AL P B 2 R A ) K
2.5 WAL 5 AEEER G PR & R A b

FEIN AR T 2015 ATtk AL 5 A S ISR DR & B BL , 2017 AERBA BIME 2N 0.594 758K 38K
PETFAST0] (3 4) 5 TR DX PR G UM 3 25 S, A M e v 4 FE R S b, W s 2017 4R AR5 D 32
AR EAE N 2011 4R HY7KTF- (B 2) s M RAR T IXAR G BIMA B o USSR B50G2 470l I, Hb DX 1] P ale] & i 2 HE A5
BT RAFES

i 1 SR R T DR A B B s TR M R T X, 2011 4R 2 &3 AWME & B B, 2017 4R35 3] T B 4B
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R3 BEAMAHHE 2011—2017 EHEU SESHBEEA L BIER

Table 3 Comprehensive development index of urbanization and ecological of two metropolitans in Fujian Province from 2011 to 2017

M RATTIX JEE R IX
Gak Gak
ELa e Efp TR o WSdR g TR o s
Target layer index Year M HH T Comprehensive o convergence  f&M i T Comprehensive o convergence
development index development index
index index
IR 2011 0419 0101 0.039 0.186 0.893 0655 0150 0314 0.373 0.563
Urbanization index 2012 0454 0129 0.055 0.213 0.815 0.699 0177 035 0.411 0.527
2013 048 0131 0.069 0.229 0.802 0.733 0198 0368 0.433 0.516
2014 0.511 0151 0.09 0.251 0.742 075 0225 0383 0.454 0.49
2015 0.558 0189 0.104 0.284 0.694 0.777 0248 0.404 0.476 0.465
2016 0.5 0222 0121 0.310 0.645 0.802 0286  0.409 0.499 0.441
2017 0.618 0270 0.144 0.344 0.583 0.879 0317 0.466 0.554 0.429
ISR 2011 0.388 0546 0437 0.457 0.145 0490 0404 0359 0.418 0.130
Ecological environment index 2012 0414 0515 0483 0.470 0.089 0.513 0512 0416 0.481 0.094
2013 0485 058 0531 0.534 0.077 0489 0530 0453 0.491 0.064
2014 0.578 0585 0.59% 0.586 0.011 0.533 0541 0447 0.507 0.083
2015 0.632 050 0477 0.543 0.120 0.5 0614 0478 0.548 0.101
2016 0720 0490  0.484 0.564 0.195 0.593 0707 0619 0.639 0.077
2017 0.793 0617 0519 0.643 0.176 0.766 0809  0.686 0.754 0.068

F4 WAEFHRAHT 2011—2017 HEASESHERBEHEAER o WHEIEH
Table 4 Coupling coordination degree between urbanization and ecological environment and its convergence index in six cities of two

metropolitan areas in Fujian from 2011 to 2017

A A o
SREUIL 154 25 SRR A B S

O convergence

Ay Coupling coordination degree between urbanization and ecological environment index of coupling
Year coordination degree
W o E s GO BIR WA B
2011 0.634 0.299 0.148 0.741 0.416 0.577 0.360 0.578 0.564 0.229
2012 0.657 0.363 0.191 0.760 0.449 0.617 0.404 0.609 0.477 0.209
2013 0.697 0.358 0.223 0.750 0.477 0.634 0.426 0.620 0.467 0.180
2014 0.735 0.395 0.267 0.779 0.513 0.640 0.466 0.644 0.424 0.168
2015 0.768 0.465 0.317 0.792 0.538 0.660 0.517 0.663 0.363 0.156
2016 0.800 0.513 0.352 0.816 0.578 0.687 0.555 0.694 0.334 0.140
2017 0.827 0.564 0.391 0.903 0.607 0.732 0.594 0.747 0.302 0.162
3 itig

3.1 ZHDIRBE R S K P RO4R TS O,

MBI E R b, A -5 R R AR T XAERIE T3] A B S B A b T SR 22 o 23 eI ey A 4 T
P WA . XA T BRI T T < 1 SR A TP A A AR b T R AR T X 28 B SR AL B
ol U E R o A DU 3B, ELA BRI 25 5 K JE DR AR IR AR AE I 5 — . A T R, 2 DRIl
PR K 55 STHRRIAE AR B0 1B 22 U s BE e v il PR 408 A ] T R 22 B 404 tH AW B WLAR . 2
HLO R TP AL K P BB TR T 4% o Z A P L A5 A DA . R B AL SRR br & KR 5 =
Pl AR 2 TR B P A LU B SR RS R TT IR RN Ty L AR I A U A 2 R T 2 ]
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2 20112017 FEARBHTEWHALSESHEBEMEAEZESF
Fig.2 Spatial patterns of coupling coordination degree between urbanization and ecological environment of prefecture-level cities in two

metropolitan areas of Fujian from 2011 to 2017
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PR A v /NSRS A A PR | 23 2 S AR 3R ™ A LSS R B 8O0 ™ /N T 5 B D3R Z IR i 2 B, fH
JEAN A1 22 Fp 2 (RIS BT 7 A ) BT80S AT T 2501, W A A e g M A i DX B A B 18 5 AR T
e 4 S R R T X ] 2 ) 8 3R ) i v A ) 4 T Sl T A0 (E RS0 A O RE PR 4 /N H IX K
JRIERE' GOHIE, 22 BIPRS00 < 758, 76 A T AR BB K PR, 0% R TR K23
BUALHERE R ZERE , /NI T 2857 SR 55 7 EOR BT KT J 0 P E LT 1357 6 B, 4 /59 10 30T 1 22
B, HUR,HE HR T N DR B ACPAR, (B2 PR K e PR B A R TP R B2 5

http ; //www.ecologica.cn



7894 JAE = 40 4

AR A S T R A R A A
T X IR BT K- 22 B 4D
3.2 Z AR AR AR BB TS B A AL

PR DX A S PR HE RO WT b THR A 22 b IR B AT B T AR A8 R K 26, b AR SRR A
R R PR K S e Y 2 IR N el ot BRI 5 0 I 2R SR B ES F R B e i N R 3R
M Z DR R 5 T oM AR KOOSR AR m e AR IR I . 5380, A A BRI 1 I i/t 2 A A 3R 85 K
FiemEENRZ —, 0BG — R SEB A SRR R IE SR TH A S B E BUR, [RI, 2o
OB AFAE TR0 ™ 7 AT X P 30T 22 32 B HC A3 i 76 R IR AR AE Il e 38 L 2 A 1Y
S, I St P DR AL 5 00l O, B AR AS IR o S AR AR PR BRI A B A AR S TR T8/ N Bl
TSR T (HR R AT TR SHE R AP BRI K, A SRR SR 26 Z IR

P 22 v O A ZS IR K BRI S B AR A7 AE 22 57, 15 HAU M DX RF S 45 SRAH — B0 ARt R
O JEL i SR RAHR T DX e T M RAR T X, M R AR T XA A5 PR 4 R L T 3P sh By W, X A 22 AN B 7
Ko Bl AE AL L A DA T LR w5 15 e Al BEAT R # | TR F 30k i i 1 45 37 7 oy T anl i Ak -7
%, A HLA BB 0075 YAk BRI S5 7K, 5 B0P 0 A A8 PR R K8 B [, S s M 22 AR T, 2014 4F
(R B RO ML) (2014—2020 4F ) Y WA I , A8 M A A5 PRI 48 KO U6 MR b T, I B i A= SRR K F
BT I, =2 18] 5 AR AR ERE o W SR BOZ i O, B AR AR R O T R T P A A R 5 K - 45 Al i
Tt, A 2 A W UE S A (A A R LA R B [ 2 S BUR BT BRBE 5 Y lb A i R R T X A S PR A 4
R E LTS IFT 2015 AR AR RAR T X o Ja 35 S5 [ dnl P A o 25 3t DX R AT 7l 23 T Eh g
BC , FEAN W7 Rt 2R S PR RS A [R] of 3 E 95 G BR B7 BCTR 5 AR AR BRI A D3, A/ TR IX AR 5308 o ik
SHEHL, AT L2 vt i P X A SRy S A R T ORI T DO R AR AR R RS T, HLEA B A DAt
JEAER,
3.3 ZHPDIRBUE B AL 5 AR S PR TR 1 M R R B BT 5 B AR

A S A ) SR AR K P 5 A SR LA IR A B R P R AR T DX 1 AR 2R PR
B E PR BRI G bb R A R B S AN BT S, 2 o R SRR SR (O sk T ORER T X AR AL 5 A2 2
P2 A R RS, W HAR R T E LR S MR K, RN IR TIT IX. o WSS RO e a3 B T 5 i
AT LR RARTTIX., i) DA A e R 31— P 2t B T P s KRB G B SR R T X = Ty
AR AR SRR DIV BE LU AR DR T DX, o WSS MR B AE K - | S et s F 5% B S A Bl
R R T DX P T () S B A T R B Mg A e Je , ELR PR AR T IX S B A K P ATS A BR R T 3 [) S Ak 5 AR 2
PRSP A R — AP g

B b BE AR SRR JRE 2 X AR 3 15 T 10 3l v 7 A R A SATRT R IR, A0 s (R X ()RR ) o A
H Y 2R I S A A T AR BREE PRy, A5 JA 03] b 22 4t A8 R U K e < T T VR 2
IRERAEIA ROAAR 3 8O0 X S R ZEREANW A, ] 3555 A JR i s Jg by - 10 22 P 25 TB) A% Jey vl A Rt it
SRR 5 A ASFR BT I R R, DRI, ARG i | 9 o0 AR 8 DR 0l T SR 5 s TR 45 4 22 O AR L iR SR R AN 2
PeU il R PR R R o S (G SR R A TR AL . PR B BRI 2 P & AR R A
SORRAEAE ) A A B AP AR AR 23 18] RUBE 14 22 vh O 58 R TR, 9 N AZ LS A LR 4T 3 1
Z b R SRR LAAMBOR A B SRR I N 1 AR i A R A LR KB A A R A S b, L 2R
il IR RT 55 1, AT, 2 UK S ) BE PR T AR A TR [ B SCPR R RAF BT, & B SRS
Zib BN,

NITHEAGRZ AR, 7 i) L9 22 P AL K i | B 25 Wi IR

4 Zig
ABFGEER GV AT AR P CHR T DXL AR SRR R B R A R . G, TR A

http ; //www.ecologica.cn



21 4 HAHME SF 2O R T AR SRR £ DI A R R M S —— LA A TR T X o 1) 7895

it 2 i - U2 RO M SR A R T B e DX LA A 2SR KR [ a] LB T3 AL 5 A 25 SR B R 5 B
VAR R s LU A XA A Dbl A Ji b Al 22 A S B AELAL 5 A A PR R 5 DA i 8 L 244
£ o WeS (B REAT s /N X T AR A R 22 8, i - 2 A JR Xt A% 07 Tl ) B AT 38 (9 35 2800
PR AR A P KA T DXL A K P SIS A AR SRR 5 Db A R K A 15 Tt — 24

FUAT, 22 O IR B i ke Dy 22 M G2 SR SRS 2 U e e 30T, (ELAS Wl — BRI g, SRR 2
PR Z AL AR T4, DR RY 2 L DY R A R B AL A SR AL, R BOR AR 5 1 5 78 B R e
B Hp T ST Y Tl S SRR T B T, A IR AR SR A B BRI E i A L, £ R RHR
DN B S A RE A , i G ) B Al 5 45 F A2 8, i v ST ARS8 S 7K 5 UK, 0 3 B Tk )
L SR TR 55 R B A TR ML 2 | R 0 5 | SO s o e 28 T R R o PRI, 7 2 s 3nl i ] — £
KR B RIS — A K e R 23R [t sl , AW e A i P B A B K s i, T AR 2SR 35
RIS DRAP S5 00 BEAL A A R i Pl 2 1) 0 o (5 A 25 0 3l i DI R] 35 | s A AR5 K, i o A A 3R I
{EL, P RSN BRAL 5 A 2R PR P A i

5% 3Lk ( References) :

] Alonso W. Urban zero population growth. Daedalus, 1973, 102(4): 191-206.
] Parr J B. Agglomeration economies: ambiguities and confusions. Environment and Planning A : Economy and Space, 2002, 34(4) ; 717-731.
[ 3] Capello R, Camagni R. Beyond optimal city size: an evaluation of alternative urban growth patterns. Urban Studies, 2000, 37(9) : 1479-1496.
] Meijers E J, Burger M J. Spatial structure and productivity in US metropolitan areas. Environment and Planning A; Economy and Space, 2010, 42
(6): 1383-1402.
[ 5] Veneri P, Burgalassi D. Questioning polycentric development and its effects. issues of definition and measurement for the italian NUTS-2 regions.
European Planning Studies, 2012, 20(6) : 1017-1037.
] Liu X J, Wang M S. How polycentric is urban China and why? A case study of 318 cities. Landscape and Urban Planning, 2016, 151; 10-20.
] Bailey N, Turok L Central scotland as a polycentric urban region: useful planning concept or chimera? Urban Studies, 2001, 38(4) : 697-715.
[ 8] XUMER, Mk, Z852. Sl 25 (B 25 4 5 il IX 8 B A% ——Sfea i [ A R TR S B O Qi . AP BILHE SR, 2017, (1) ¢ 51-64.
] XMEE, ZEAk, BRFi. 20 R RS KA SR, hE TV ZR5F, 2017, (10) ; 25-43.
] Duranton G, Puga D. Nursery cities: urtban diversity, process innovation, and the life cycle of products. American Economic Review, 2001, 91
(5): 1454-1477.
] REL, XER. MRS IS 25 K MALHRITI R —k B K= 16 MR RIS, 2370158, 2008, 43(11) : 126-136.
[12] kiR, BUBLL. 29 0aity . FRER R BARMIE A, ARIBIE - 22ARHHT, 2015, (17) : 4-15.
]
]

Burger M, Meijers E. Form follows function? Linking morphological and functional polycentricity. Urban Studies, 2012, 49(5) . 1127-1149.
Davoudi S. European briefing: polycentricity in European spatial planning: from an analytical tool to a normative agenda. European Planning
Studies, 2003, 11(8) : 979-999.

] BEFRRRUCEER. MR RREZ T E KRR R 20, Jba. R RRIEE, 2019.

1 IR, TR, 2P Os RS Mas Su ity iR MR, iR, 2017, 37(1) : 64-71.
[17]  Aeaiig, Fhelds. b EHEHTIX 2 bl 28 R 25 M S0 ST BE . T 1) 2, 2015, (9) : 68-73.

1 ZHE, PR, XOGEAT, TREERE. TS A A IR AR B m R 3 M BRL 24, 2018, 38(5) : 672-680.

1 oKL, PR, WAL R R R R 20 5 T A N e S T A S A AL RS e R 2R A B [ AT, R AR, 2017, 72
(8): 1419-1431.
[20] Gabaix X, Ibragimov R. Rank-1/2: a simple way to improve the OLS estimation of tail exponents. Journal of Business & Economic Statistics, 2011,
29(1): 24-39.
] Meijers E. Measuring polycentricity and its promises. European Planning Studies, 2008, 16(9); 1313-1323.
1 PVRRMR, RIS, SKsese. JET AR AV AR AT BRI E. TPEAD - FHRSIREE, 2015, 25(3) : 74-81.
(23] Beik, EHRB, a0k, FMEE. SURFTT R AL 5 AR AR IRIE I 25 03 S K R K A Jey. AR 2523, 2019, 39(4) ; 1212-1225.

]

]

uF

BEE, X LA e 5SAESHRZREME AR RIEAER. TRXHIE, 2016, 39(2) : 420-427.
T, XUBEF. PSS A A R R IR A AR X L —— AR TR B A . YEPEAE SR, 2017, 37(1) « 80-87.
[26]  JrBisk, {B55 €. BTHBE T I X AL AR S IR AR R A AR (AR CR AR IR 1 o0 . P R . HBkBL2E, 2017, 47(7) .

http ; //www.ecologica.cn



7896 JAE = 40 4
833-846.
[27] @A, 05, VAL XI5 A4 A5 IR BERNA Uh A BE N B . 3l ()AL, 2016, (12) : 26-33.
[28] BEHE. HEE5 2P MR & R A E R S 2R R ——DIBRVT = A VIR T B A ). Ay i BE, 1999, 19(2) : 171-177.
[29] INEEF, BT, TRAA, G, XU, EMIK, 37535, 2R =AMl Bl 54 S B A 0 25 45 1E S5 IR S LH]. Ze9% s,

2017, 37(2) : 163-170, 186-186.

28k, SR A BRI 1 B IR IR AR T BRI R . ZF 44, 2018, 35(3) : 8-15.

BT, BREAT, T, SRSt RIS + R ISR 22 5 RIS, FRRXEESHEL, 2015, 29(12) : 1-6.
fATRRL, AXEA. BUHESIIR T A RS R ARSI RO R R B, MR EE, 2018, 40(2) : 17-24.

ik, B, MO, IR RII TR . IR, 2017, (2) @ 69-76.

BREL, B, VP P ESRTT AR XOUR SR AR 2 IR S Al A RIS S B M. VTG4, 2009, (2) : 75-80.
HE 2, #EME. JET GIS Al DEA MR R 2 [A] B 2 S IRTTRCR . shERAF BB, 2009, 11(4) : 482-490.
Romer P M. The origins of endogenous growth. Journal of Economic Perspectives, 1994, 8(1) . 3-22.

HARM, BliEs. JOIRTT ORI ORG e ——FLFRUBIRION 5 (RN (43 Ar. S EL2d . AR SRHER, 2018, 60( 1) : 133-144.
SKAT. FRBE TS Y X I T R A RS B 5T+ xRl 2016, (12) : 46-58.

fA] SO I A SR S R U Y () A TR S T I R KON TPl R4 . AR BRE AR, 2017, 57(5) ¢ 192-200.

), IMERIL. o B T AR 5] 45 44 (19 28 B A —— 2 T IRRBOIE (9 SRS BT, 2855 IR BHR R , 2016, (2) : 80-88.
eIEE, PVEAR. ZRTT X A RIZ5H 5 20 R R W LA C RIS, HBREL: ) 2017, 37(4) : 512-518.

http ; //www.ecologica.cn



