o s

20214 %5481 X% 2658

WA A2 H

— 1

’OE OPEHELTA YKAmMAL
Aw AR MRET o, R
FAES AN A B AT T e, Lt
A At ZF ML, REETE
ﬁ%%%%%@““m%&”iimﬁ
TR T LA, RIFEIGARN K
S BN, HiRH, EBARIDISH
(CSD) . #ok 454 (LTD . # A4 &
(IP1) 2£3 K A4EI54F, AEANISARFAE
Z A 6y K AR A A CRYE, R ERT
TRAME R AR H | BFRGE ., AL
2 HATIEN, AT E R R L
SF84 (SED, A& T SEI#FFE TR
HRARTEegma i, HE L= RAR
09 R W IR F LA, ABFRT
IR M T A 6 F5 AR BLAR AR
VAL 8 2 B F e R R Rk, 3
BRI 1A AL A B R TR SRR
KR SRR AL Bk F
) GAREITN; B, KAERAR

PHES>ES TUB4 L#KAFIRAL A
DOI 10.16361/j.upf.202105003
X F % % 1000-3363(2021)05-0015-08

EEEN
RER, PEIERKRE, RFRFERS
ﬁﬁ%m#%,fﬁﬁkﬁqﬁi
5V RAAXRETLERT, K,
‘Tﬁf'%‘, wus@tongji.edu.cn
ey, FAFR SRR S MT AR FR, W
AR A
b R R T LRI BB SR A TR
a), MXIP
b B AR ALK ST AT A R A PR
&), AXIP
& AR, EBERFRI AR AT R A P
a], MR
F, BHFERFERIHOEFER, MESRAE
7 %, ESERFR TR ZHFFR RA A
&), AR
B3, RFRFRITEELR,

Al

R 3

el &30 ol U= F AW U /R
S vl i BROCHE PF O 415 b

REE XRw B N B A F R XNEF @ B ALH
Replacing Expansion—oriented with Efficiency—led Spatial Goals: Key Evaluation
Indicators for Urban Governance

WU Zhigiang. LIU Xiaochang, ZHAO Gang, AO Xiang, LI Jun, LIU Zhiyu, HE

Zhen, ZHOU Shiqgi

Abstract: China is now situated at a critical juncture of urbanization from one
based on physical transformations to one built on smart approaches. Whether China's
urbanization will be gloriously transformed depends the realization of its ecological
civilization, high-quality social innovation, and economic value creation. Based on
the criteria of relevance, objectivity, and accessibility, the paper selects three key
indicators for evaluating the ecological, economic, and social effectiveness of urban
spaces and governance, namely carbon sink index (CSI), land tax index (LTI), and
innovation patent index (IPI). In addition, by combining the three indicators, the
paper also constructs a spatial effectiveness index (SEI) for evaluating comprehensive
effectiveness of urban space use based on extent of annual change. It can serve as
a quantitative indicator for making decisions on urban land use and construction
land allocation each year and promoting sustainable development of urban spaces
and governance.

Keywords: urban space use; carbon sink index; land tax index; innovation patent
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Fig.1 Cumulative growth rate of GDP and urban
built—up area (1979-2020)
FA KRR e Ak

dest e UM I R R A R A

B2 REZEHHSEIRETEMXMEY
GDP b (2019%)

Fig.2 Comparison of GDP per km? of urban built—
up area between major cities in China and selected
global cities (2019)

T RR: Mk A%

B 2 A X 3t P R
(2000—2019 %)
Fig3. Changes in tax revenue per km? of urban built—
up area in China (2000—2019)
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Fig.4 Annual rate of change of tax revenue per km?
of urban built—up area in China (2000—2019)
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Tab.1 Comparison of some basic information between major cities in China and selected global cities (2019)

Wil | GDP | AETEIEA | AR | AL | R GDP | X GDP | ki A GDP
FFk | (12USD) (km?) (km?) (J7) (fZ.USD/km?) ({2 USD/km?) (J7 USD/km?)
dtmt| 5415 16410 3183 2189 0.33 1.70 2.47
13| 5805 6341 2565 2487 0.92 2.26 2.33
JUM| 3753 7434 1475 1868 0.50 2.54 2.01

Wl | 4151 1997 907 1756 2.08 4.58 2.36
KE| 2113 11967 2541 1387 0.18 0.83 1.52
HwH| 3750 82 402 1555 3205 0.05 2.41 1.17
A2 | 10650 1213 916 834 8.78 11.62 12.77
B3| 6482 1583 2353 1217 4.09 275 5.33
Kat| 9737 13556 4139 3739 0.72 2.35 2.60

FH kR EH AL,

S TR T 26,48 N E 43 B, g O T b SR HR BT . M

B T SRR R B B R4 T
Z3 (0], HESDHT RN Ak = TR R RSB A
JEBE (RE5E, 2016).

3 3t Xt 4 A B 214 A [ 5 R b X 3k
B R S R R BRI ER,
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B E A E R T e 2
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ing things right) , T2 2 /2 400 515 fi 4
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A B OB e 41 81 (FAO) 7 &
“FESLM: An international framework for

evaluating sustainable land management”
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HIRIRAERY (BRIE, 2018).
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(PAR, photosynthetically active radia-
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(DEM, digital elevation model) %5 £ Ji
TR EEEE, B TR TR
£ SURMIFSNON Y SN e SV RTI RS S €/
SR el
3.1.3  CSHERLEr)HARAEF I
CSUAHEHERIE T R R MR R SE
Bl 8P H 0" (National Earth System
Science Data Center) @, “th [HB} 2%
PR Rl 225 E TP (Institute of Geo-
graphic Sciences and Natural Resources
Research) @ “ 3% [H B Z fiit 25 it K )= ”
(National Aeronautics and Space Adminis-
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Carbon sink per km? of 31 provincial adminis-
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Tab.3  CSI ranking of 31 provincial administrative areas

et 2005—2010 2010—2015 2015—2019 S N
Aty | 2005 | 2010 | 2015 | 2019 AR Wi (0 | R ) | sk (0 | g o | O
(Wkm?) | (/km?) | (/km?) | (t/km?) F R HE X 8.07 19.40 70.11 3253 100.00
IR 1251.52(1513.48(1487.48|1557.20 e 1207 2177 3027 13.33 11.29
iy 1053.90|1185.35(1264.62|1183.24 M 26.90 1475 3139 13.08 10,54
PR 809.37 | 824.31 [1022.12(1131.29 ShA 185 24.00 10.68 17 777
JRAE 1011.06]1037.93|1166.39/1097.96 e 565 18.46 » 12 TLea 36,15
JPRHERE AR | 833.56 | 921.97 [1066.73| 969.83 e =20 757 21,09 1046 5
PR 868.09 | 983.11 [1046.26 930.54 TN TEY: 702 o1 sl W)
Wmﬁ 47151722 1929.25 P14 iR AR X 5.50 -141 21.86 8.65 26.99
w% 626.03 | 738.63 | 759.84 | 736.56 i -8.11 17.47 16.23 8.53 26.62
Zz{ﬁé 602.00 | 62046 | 689.61 | 700.14 At -4.84 15.42 13.63 8.07 2521
rzytff[ 616.28 | 636.23 | 664.08 | 699.74 o 3093 0 e o7 o0
SN 498.26 | 554.76 | 649.18 | 636.57 .
TR 51376 | 569.66 162579 1 603.13 I(T*FE -17.06 18.69 17.11 6.25 19.65
T 484.13 | 430.89 | 514.93 | 551.05 L5 =558 3.66 20.32 6.13 19.30
i) 438.64 | 414.16 [ 429.32 [ 516.55 A X 049 395 12.92 6.13 1927
g 409.18 ] 376.01 | 441.69 | 513.36 ZWZ%'A 1799 2.87 —3.06 5.93 18.68
B 14497 | 378.19 | 492.66 | 489.71 J*EMA:HW.R 10.61 15.70 -9.08 5.74 18.10
) 374.45 | 355.75 | 389.68 | 428.87 EiGN 10.88 9.85 -3.62 5.70 17.99
WAk 33277 | 264.79 129329 | 371.30 INRE -20.43 10.76 26.60 5.64 17.80
Jeso 268.80 | 255.77 1 295.22 | 335.45 ERG) 3.07 11.15 1.53 5.25 16.58
s 231.97 | 215.05 | 252.84 | 306.16 VLI -11.00 19.50 7.01 5.17 16.36
A 206.83 | 290.10 | 287.21 | 303.33 RGN -15.01 30.27 -0.60 4.89 15.49
P4 198.73 | 185.02 | 212.31 | 278.96 [P -4.99 9.54 10.06 4.87 15.42
K 216.74 | 179.78 | 213.37 | 249.88 i ElAE) 3.24 4.38 5.37 4.33 13.78
HHE 246.63 | 241.49 | 254.64 | 247.47 R -5.03 -3.13 21.01 4.28 13.65
BRI 203.66 | 208.50 | 227.22 | 200.20 fii5e) 12.47 6.69 -6.43 4.24 13.51
TER AKX | 6045 | 65.33 | 78.01 | 132.70 JRA 2.66 12.38 -5.87 3.06 9.89
Hk4 88.21 | 77.57 | 94.45 | 123.05 JANEES) 13.25 6.42 -11.06 2.87 9.32
PR IA X 92.07 | 91.62 | 97.07 |109.61 WA 8.74 131 -1.59 2.82 9.17
WEE AIAX | 76.95 | 72.61 | 86.01 |105.03 LA -2.27 -1.00 5.62 0.78 2.94
A 61.27 | 58.19 | 56.37 | 68.21 R -2.08 5.45 -2.81 0.18 1.10
HEEAEER (1IA1%| 25.24 | 26.62 | 26.25 | 31.99 Py AR 238 8.98 -11.89 -0.18 0.00

TR RR: M A%

2004), IEAESR, AEH B LA IR I
TRHRE I AR Z 48 b5 T, @ it T
W BARAI R LA, TR A Al s 1
R P T ) A 3 T 08T 0 Y
KR (REM, 20200 . “GlFE
R AR08 J1 (urban innova-
tion index, UL f G448 45. K
U, A ST B IPTAE A3k i 2 Rl 4 E sk
LRV TS bR
3.3.2  IPIfE R LY & WL )
IPLRAR VA AL 3 T & B L FIRZAY
B, Sl R DX R A R .
R W& FB AR H G503 AR B 7
GEITEE, ST Al DX T R O 1 R R
ARTUIEE, 2R
3.3.3  IPUBFRZEIEN 2 ]
IPLAH B SRR T (h EGe 341
)8 CREBAAEL) YL AR
V5P 4 ARy (Land Sat-

ellite Remote Sensing Application Center,
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MNR) . “BRUHAL KR (The European
Space Agency) B4, BhARIEE .
3.3.4 IPIFL

IPI=100x [ (AIP- AIP
AIP,.) |

AIP, AU EE AR X i 4G & R 3R H
AR, AIP= (IPyIS-IPpylS) | (IPpylS) x
100%

AIP,,, R4 A IZ R TIUX A B
DX B3 FBEE IR LB R R (E

IPy: AEIHLA S, Ph. fF

IPpy: FIIGIH RIS, 0. 7F

S: ATHIXKHERIX R, 7. km?

)/ (AP, -

min

4 1 NERITHRXE TS ER 5=
EHC

4.1 CSIiEH)

TE3VMEYATRUX TP HL A
I 1557.200km?, B4 —, HE4 Wi

HALR S R (1183.24tkm?) |
= M A (113129km?) . )7 KA
(1097.96vkm?) . J© 79 % H B X
(969.83t/km?) (#2),

WA 3.1 P vk, AT 31
RATEX Y CSTIEHY, AFFE R BL: CSIE
HIXRE “T” o (E5), 530lh:
THIEARRK ., BiE. LEs. =
A . WEE AR, Wb, BN .
FrmaE T R HIG K 14 . dEatT .
WRASF (£3).

42 LTIVEM

FESI B RATEX T, HEA T
BHRATBIX AR L (2.42 J7 o0/
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Fig.5 CSI of 31 provincial administrative areas
E: RAATER O ATRIDEARRT E P AR E RS ME0AERE (GS (2019) 18235) 44,
SR RAGE
AL RR: Bk,

R4 NP ERTHXERXMBFKHLT (2017—2019 %)

ICSI: 100

Csl: 0
1 B i

- N
¥

waEE |

EX I “RILHR" 5 5 4&”
W T R (E6), 4l i
B4 MR . WIILAE L Ivas . e
H.OREE . BEIEA . WA ARA .
nHMA%E (R5).

4.3 IPIFF4Y

FE3T B RATEXC A, bt AT AR
X M 7% R KN 16.69 1/km?, A J5 4
—, HEAWTHA A bR (16.69
F/km?) . FiFTT (8.8614/km?) . | KA
(4.90 fF/km?) . WL (4.55 F/km?) |
EIKTT (4.491/km?) (5R6).

A8 3.3 W PEM ik, #7311
FATE R IPLITAS, WSS R AL, 1PL
HXEH N BXEAE (B7), 7
Bk THEKEIAIX . WAEE . TAE .
desini, W . KT . WEs . &
WA VLA . WAL . BRVES . WL

x5 I NERITHX LTIHAT

Tab.5 LTI ranking of 31 provincial administrative areas

Tab.4 Tax revenue per km? of urban built—up area of 31 provincial administrative areas

e 2017 X 3% 2018 [X i 4% 2019 X34 2017—|2018—| ,
AIATBIXEFE %%%mﬁ?mﬁ %%%&ﬁfﬁw %%g&ﬁfmﬁ BPATHIX 2018 | 2019 ;ﬁ% o
g 339 2.46 242 ARk el | |
deaii 2.17 1.58 1.51 — @) | (%)
R L34 Loa 103 «ﬂﬁéé -25.18| 6.71 | =9.23 |100.00
T ) 103 0.9 f@ﬁﬁé -2220| 3.73 | -9.23 |100.00
— WA -25.05| 5.18 | -9.93 | 96.69
S 1.62 1.05 0.98 g -22.05| 2.08 | -9.98 | 96.46
] 1.10 0.80 0.82 bEEI%E) -21.86| 0.12 |-10.87| 92.27
HILA 1.00 0.75 0.79 WA T2767| 480 |-11.44] 89.61
4] 097 0.69 070 Bepie 2491 142 |-11.75] 88.14
LIS 093 0.69 0.70 i 2558 1.84 |-11.87] 87.56
ADIN:) 0.92 0.67 0.68 R 2729 336 |-11.97] 87.11
el 1.07 0.69 0.64 ZHE -24.98] -0.63 [-12.81] 83.15
WA 0.81 0.59 0.62 T -27.23| 0.48 |-13.38| 80.46
VUL R X 0.78 0.61 0.58 P AR X -22.53 | —4.44 |-13.49| 79.94
PNy 0.79 0.54 0.56 jiEl ey -29.35| 2.21 |-13.57| 79.56
vty 0.70 0.52 0.53 [ e -26.38 | -1.01 |-13.69| 78.96
P 0.66 0.49 0.49 JANLE:Y -31.80| 3.80 |-14.00| 77.52
Py ) 0.68 0.48 0.49 E G -29.60| 1.03 |-14.29| 76.18
I PRALRE 1361 0.62 0.42 0.43 Lty 2737 ~1.50 | 1443 | 75.49
s 0.54 0.40 0.40 [JJ}'Fé -26.93 | -2.32 |-14.63 | 74.57
Wi 046 036 037 FE&%E%E -32.50| 2.05 |-15.23| 71.73
Er 054 04l 034 Jesiili -27.27| -3.85 |~15.56| 70.16
TE 0,58 041 031 ETFE -32.33| —4.11 |-18.22| 57.63
B R IR IX 0.52 0.37 0.33 i?ﬁ ~26.501-13.33 171992 49.64
— GICE) -25.25|-15.11|-20.18| 48.40
NS X 052 035 0.32 Ly auKe -26.19 | -14.38 | -20.29 | 47.90
LN 042 0.31 0.30 WSS HIAX | -33.12| -8.07 | -20.60 | 46.43
TEIE AT 0.60 035 028 D 735.34| —6.00 |-20.67 46.08
L) 035 026 028 AR R FIATK | -28.90 | -12.77] -20.84 | 45.29
LFH 044 032 028 Kl 35.64| 656 |-21.10| 44.07
RS 0.34 0.24 0.19 it ~29.76 | -15.90 | -22.83] 35.91
Rl 0.24 0.19 0.19 s -29.52 | -20.52 | -25.02| 25.60
R 0.17 0.12 0.11 FTREEEX | -42.02|-18.88 | -30.45| 0.00
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Fig.6

LTI of 31 provincial administrative areas
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Je A A Tab.7 IPI ranking of 31 provincial administrative areas
AR A 2016—|2017—|2018
459 S35
g}ﬁz ﬁon 2018 | 2019 ;{i;z .
i AR | AR LR | AR (%)
*6 I MNEARTHRERX M EFHIT (2016—20194F) (%) | (%) | (%)
Tab.6  Patent per km? of urban built—up area of 31 provincial administrative areas (2016-2019) PR VAKX | 18.80 | 5.98 2.09 8.96 100.00
s | OGP ERIE | 2017FEI BRIEC | 20187 BRIEC | 20190 LI fﬁz T R
(P/km?) (P/kn?) (Pfk?) (P/km?) A : 87] 1218 | 2. :
Jpzeii 18.15 2135 14.84 16.69 JeEdi | 17.63 |-30.51| 12.48 | -0.13 | 72.99
iR 1 11.84 11.94 8.35 8.86 e =591 |-11.81| 8.13 | -3.20 | 63.88
IIRE 4.84 5.66 436 4.90 Gt 16.66 |-33.31| 6.10 | -3.52|62.93
WiTH 5.55 5.83 437 455 fEE | 20.77 |-23.64| -8.81 | -3.89 | 61.82
wRTT 5.44 6.35 423 4.49 isE) 30.79 |-36.62| —6.87 | —4.23 | 60.80
Wik 3.84 4.72 3.19 3.95 MNLES 9.05 |-29.93| 7.42 | -4.49|60.05
A 6.01 5.92 3.89 3.66 OB (%5 18.91 |-30.03| 2.66 | —4.60 | 59.73
G 5.42 431 3.28 3.29 Beviss 12.75 |-36.36| 7.99 |-5.21 [57.91
iES 3.99 434 2.86 2.93 WA 495 |-24.93| 3.95 | -5.34[57.50
SR 3.66 4.13 2.63 2.84 WA 9.09 |-32.16| 2.24 | -6.94 |52.75
R 3.35 3.66 2.48 2.54 puji 8.83 |-33.99| 243 |-7.57|50.87
FN: 3.58 3.88 238 1.98 T 0.83 [-30.09| 6.15 |-7.70 | 50.49
i 1.91 231 1.76 1.61 LTH 17.26 |-37.25| =7.20 | -9.07 | 46.45
A 3.07 2.58 1.72 1.55 TR 17.86 [-30.86|-16.36| -9.79 | 44.29
IERE 1.84 1.83 1.29 1.29 IR -0.40 |-29.76| 0.17 |-10.00|43.68
IR AR X 3.08 2.67 1.62 1.27 VT4 | 18.11 |-40.89|-12.67|-11.82 38.27
T4 1.58 1.86 1.17 1.08 PN 1.00 |-33.90| =7.70 |-13.53|33.17
jdieEe) 0.97 0.92 0.81 0.87 WHE | -1.42 [-34.25] -6.10 [-13.92|32.01
LI 1.06 1.16 0.81 0.87 2E [-20.39]-24.08| 046 |-14.67)29.79
ENLEk:) L.19 1.21 0.80 0.74 7§ | -3.62 |-36.53| =5.16 |-15.10| 28.51
FE 0.94 1.23 0.78 0.73 K | 847 |-38.53]-17.05]-15.71| 26.72
RIE] 101 L19 0.82 0.69 FHE | -19.00]-17.15|-13.87|-16.67] 23.84
e — 2 252 000 HAEEIR |3 68 | -37.96| -16.32-19.32] 15.98
THEIEE AR X 1.50 1.47 0.87 0.64 HRIX : : : : :
TFHEE 0.88 0.71 0.59 0.51 BME  |-15.95|-33.17| —9.75 |-19.62| 15.07
i 0.82 0.79 050 047 M AR -10.47] -37.36]-11.89-19.91] 14.24
AT 0.77 091 0.54 047 Hilta | -5.53 |-39.83]-19.84|-21.73| 8.80
E[%2) 0.46 0.54 0.38 0.37 g e
Ay v 027 029 029 Tﬁ;jﬁ -2.24 |-40.51|-27.23|-23.32| 4.08
e /K AIRIX 0.55 0.53 0.33 0.27 PP
S5 HIRIX 0.39 0.34 0.22 0.19 fgp |T13-31]739:531721.25)724.701 0.00
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Fig.7 IPI of 31 provincial administrative areas
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Fig.8 SEI of 31 provincial administrative areas
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Fig.9 Evaluation and dynamic monitoring of urban space use effectiveness (taking Jinan Central City as an example)
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Tab.8 SEIranking of 31 provincial administrative areas

CEGIOEL CSI | LTI IPI | SEI
VU R X 19.27 | 79.94 | 100.00 | 66.40
Ry 24.90 | 100.00 | 63.88 |62.93
JOEl%= 32.52 | 92.27 | 59.73 |61.51
Bl %) 13.78 | 79.56 | 87.50 |60.28

I RAE 9.89 | 87.11 | 79.62 |58.87
dbatr 2521 | 70.16 | 72.99 |56.12
I 40.54 | 96.46 | 28.51 [55.17
i 26.62 | 87.56 | 50.87 |55.02
) 19.30 | 100.00 | 44.29 |54.53
Wiy 9.17 | 96.69 | 57.50 |54.45
Bergs 1542 | 88.14 | 57.91 [53.83
LS 18.68 | 89.61 | 52.75 |53.68
jip e 13.51 | 78.96 | 61.82 [51.43
PN 37.77 | 83.15 | 33.17 |51.36
PANES 9.32 | 77.52 | 60.05 |48.96
T 15.49 | 75.49 | 50.49 |47.16
BN 17.99 | 57.63 | 62.93 |46.18
IR 17.80 | 74.57 | 43.68 |45.35
LX) 16.36 | 80.46 | 32.01 |42.95
LA 16.58 | 76.18 | 29.79 |40.85
FREEAGX [100.00| 0.00 | 4.08 |34.69
LTH 2.94 | 49.64 | 46.45 |33.01
M IR X 36.15 | 46.43 | 14.24 [32.27
PRI 19.65 | 44.07 | 26.72 [30.14
IR AYRIX | 18.10 | 71.73 | 0.00 |29.94
HNE 2747 | 46.08 | 15.07 |29.54
TR R FAK | 26.99 | 45.29 | 15.98 |29.42
ERiSE) 1.10 | 25.60 | 60.80 [29.17
fLyAiK) 0.00 | 47.90 | 38.27 |28.72
A 41.29 | 3591 | 8.80 |28.67
HilH 13.65 | 48.40 | 23.84 |28.63

FHRRR: M A%,

F8EL (space effectiveness index, SEI) #&
A2 W 5 PE AR Bk T A )4 F BHR .
SEI i i1 % J5 20 h . SEI= (CSI+LTI+
IPD) /3, #4534 10045, 31 M8 94T
X SEL ([&18) HEAHT 1002, . VU R
X, MEREE . WA . WA TR .
e, W . wilg . WA .
T4 (R8).
6 & iE

T A M 5 R B K AR AR AL
il s ST IR T s R0 25 B sk 2 )2
M S EMT& (K9), AlEaEs
0] ARl T s R A R, T
SEIAYAF B AR b B L ER T sl T B MRt 2,
S [ 4= 23 fa] LR ) T R R 2 S
P, Ry I P AR B AT BE A i
BRI, DA 2 ) 20aE T 1 AR
fATEAP ke, AR IR T 22 I g o T o FH
HIRHE TR R R
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