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Abstract; Urban green space is the main part of urban green infrastructure, regarded as the important spatial basis for
urban sustainable development, and can provide ecological, recreational and social-cultural functions. Since 1980s, the
urban planners and policy-makers widely took the urban green space area per capita, public green space area per capita,
urban park area per capita, the ratio of urban green space, and green space cover ratio, etc. as the key indexes to guide
planning and management in China. However, only a few indexes reflecting the spatial allocation and structure of urban
green space are used, and few policy-makers and planners pay attention to the spatial equity of urban green space service
functions.

Since the Reform and Open Policy were initiated in the 1980s, Chinese cities have been facing rapid urban sprawl, but
most of the cities implemented green space planning in the 1990s. So, the number of patches and area of urban green space

in Chinese cities could not satisfy the increasing demands of citizens. With socio-economic development, Chinese people
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and governments are paying much more attention to urban green space, and more and more citizens have the desire for
contact with nature, and are willing to live close to urban green space. Consequently, governments plan to develop and
optimize urban green space allocation to meet these demands. Quantification of accessibility and equity of urban green space
is a prerequisite to assess them as a tool for decision-making in planning. However, GIS-based accessibility and equity
analysis has not yet been used to evaluate the accessibility and equity of urban green space in China. Chinese planners have
been unable to give spatial accessibility and equity of urban green space a comprehensive evaluation, so their plans based on
their experience could be arbitrary.

In this paper, supported by GIS, the new study frame for assessing the social function of urban green space is
established, within which, the accessibility and equity indexes are used to analyze the rationality of the urban green space
spatial structure, through a case study of Shanghai and Qingdao city, China. Results demonstrate that: (1) the
accessibility and equity indexes are effective to appraise the structure of urban green space, and using the new study frame
to guide the planning and management of urban green space is feasible; (2) when the indexes are used, the study area and
scale, especially the data resolution need to be defined to compare the temporal data series in the study area or with the
other cities. The new frame in this paper will enrich the key index system for assessing the urban green space in China, and
can provide planners and policy-makers with important and valuable information that can be used in urban green space

planning and assessment.
Key Words: urban green space; index system; accessibility; equity
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T (accessibility) 2483 B 7 AREE B L b7 A 1R 1 3% T 45BH S (impendence) B3 — AN IR 4 B M 52 7% 31
GBI E B RS, RERBIRT RSB A RS — N B AR . B 20 #4250 4
KU, TR B ER TR NS EE RS RE2SE6 RS SRR, WREritEr
BEER, B G B X 78 (buffer zone) | H /1M 3 BE B #: (minimum distance ) | 1735 B A B ( travel
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W R TR AT A8 I R R — Rk . BAb, T s R (A Y 0 B S AT B ]
(physical distance and time) , i HABAHEHETHS SOAAERIKP . ASCRE AR S HITNIEIRE R
o B T A T R T B B RS , 3 FE /1N 4B BE B (minimum distance) 3, £ F Are/Info 34,
ERR . BRI EK TSR E AR Wk m R,

F1 WAEREFEHERE

Table 1 The main methods for measuring accessibility

F 5 Methods TR ZE 43R Description

TTRER— KRB XS —E LR ER NN RT R R KR R ERRE T HIRT SR — & RIEE AL
Zrp Kbk ER(WELER) HEE AR
Buffer zone This method measures accessibility by means of the presence of a facility within a specific area or the number of facilities

within a given distance from a point of origin

B/DABIEIE R AR — R BRPITR TR B LR (BIER)

Minimum distance The distance between a point of origin and the nearest facility
RREY TR TE S| ST PR, Bzt 8 (U BB B &0, T 5% Bk i et B 5 K/ heE
3| A B RN

This method seeks to identify levels of human interaction between different locations based on the principles of Newtonian

Gravity index physics. The force of attraction between resident’s location and facility location is in exact proportion to the attractiveness
(or size) of the facility and inversely proportional to the distance between resident and facility

(Fpidime3 FTHE I — R B IR B T 4R 75 B I R 23 BT TR AR 1 5T ( — R i T A0 %)

Travel cost The goal of this method is to minimize the total cost of travel between origin and destination

1.2 A FHPHY TR

HAET A AR (population need) Bk T SR IR B 54 RA T A IAESE EE2AFH, B
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1.3 HARpgE
ASCHIBAR B ILE 1, 43 Hr 72 oh 7 TSR YOR A O ik e B A T R A

T 7 22 (1) 43 R 3R 0388 AR IR WEST XA ) BL AR R A 3t TR
Remote sensing data with different spatial resolution Topography map at different scales in study area

ERDAS ArcGIS

I
s il 3t B 2 ) 0
Spatial database on geography

-
Z ST L) F SR R AR 2 AT S A R B
Time series vector data of urban land use/cover Time series vector data of urban green space types

@ ZEH4HA7 Spatial analysis (RIS RN

L XK WEIHRES TR AL

Accessibility methods: minimum distance,
buffer zone, gravity index, travel cost, etc.

A [ B (] 28 23k 13 Sk b TSR AT

Analysis on urban green space accessibility at different scales

o AN EHIE APRTEER R TR EFE
Census data BH%. ArEBe

[ W NGiF a2 = 2n == PA T Equity methods: needs index, rank
Spatial distribution of different L correlation, spatial overlay, etc.
social-economic groups

PN N ZNGIE S S A Sl A g

Analysis on urban green space equity at different scales

Bl SRBEE

Fig.1 The overall research frame
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FTF ARC/INFO 3H4F & , R Near ir 1T E M5 X B B BE X (S30H) BIRMIEAE I ELER
(Euclidean distance) , 3-4% 8 &/ MBILEEBS R/, e TR K40 A AT A AR 47 ( < 500 m) BTk 447 (500
~1000 m) \H] P22 (1000 ~2000 m) (AT A#EAR 22 ( > 2000 m)4 25(522.3, K 2a.3 4a) , R G HIT LRI
538t . TEMCEA b B SR EEATE N ITA B X A F3 B /MBI FE B R & B RAE & AT B M W A K,
R R FE R 7 AAm v e XA TE R T SR MK o 4 28(3% 2.3, 2b4b)
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B SRR T AR AL ST S 325 1B) A R 7E B TR 31 L B BSR4 (1B 3,3R 4) o

2 2002 £ EREERK SEEAT LTSN KGHER
Table 2 The statistics results of accessibility in resident level and block group level in Shanghai in 2002

fEEX HERE HAEEHE
T 3k
Al RSy BE Zﬁi BEER A Number of block F b
Access level Number of residents
Percentage group Percentage
JRAEXKF < 500 m AT IAHEARET BB K
In resident level ~ Very good access 732 18.37 In block group level 31 40.48
500 ~1000 m AJEMER 1321 33.16 48 38.10
Good access
1000 ~2000 m AJ35{k2E 1169 29.34 15 11.90
Poor access
> 2000 m A]3AMEAR 2 760, 19.13 12 9.52

Very poor access

%3 2005 FERFESHEKT ETRES KL BR
Table 3 The statistics results of accessibility in housing level and block group level in Qingdao in 2005

bR R HESE B
T 3k
Al RSy FEHE BRI Number of block BEM B
Access level Number of houses
Percentage group Percentage
BEKE < 500 m ATGAMEMRIF HIEAKF
In house level Very good access 14105 64.04 In block group level 17 >4.84
500 ~ 1000 m AT A 6139 28.11 12 38.71
Good access
1000 ~2000 m 7] AP 1680 7.69 2 6.45
Poor access
> 2000 m TSR E 36 0.16 0 0.00
Very poor access
N
a b
A

0 2 4 6 8km
I S S

& <500 # 500~1000

000~2000 >2000

B2 20024 BgEE KK (a) SEEKFE (D) LA RE
Fig.2 Classification of accessibility in resident level (a) and block group level (b) in Shanghai in 2002

F4 EEFRMABERAKE ER/NBILES S EHESHT R ()

Table 4 The time-series characteristic result in resident level in Shanghai

ST RHERR AR 2HE BRE B/ME iE FRhE RE W L 3:
Index Range Max. Min. Mean Midian Mode Skewness Kurtosis
1986 12454 12464 10 2311 1134 756 1.610 1.844
1996 8520 8530 10 1454 807 183 1.666 2.189
2002 6569 6575 6 1105 730 100 1.846 3.610
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a

024 6 8km
L1111

® <500 & 500~1000 # 1000~2000 >2000

b
1400 — 1400 — 1400 —
1200 — 1200 = 1200 — —
5 1000 1000 |~ 1000 |~
= 800 800 - 800 -
: A
= 600 — 600 — 600
&
B 400 - 400 400 —
200 200 200
0 ! 0 I 0 |
250 2250 4250 6250 8250 10250 12250 250 2250 4250 6250 8250 250 2250 4250 6250
198642 /MiE L E (m) 19964E % /M 3 B BS (m) 20024845/ B (m)
The minimum distance in 1986 The minimum distance in 1996 The minimum distance in 2002

B3 _EigARREIRE R KK B AR 4 R E

Fig.3 Classification of accessibility in resident level in Shanghai

01 2 3km
[———

7

& <500 % 500~1000 # 1000~2000 >2000 g <500 @ 500~1000 @@E 1000~2000

B4 2005 4£F 5 55 BT (a) SEREAF(b) ERIEESRE
Fig. 4 Classification of accessibility in house level (a) and block group level (b) in Qingdao in 2005

2.2 AP

PLE¥ B, BT 2000 4F EEWEARA D EEREEANDSHTEE, SHa A0 AOHLE0 ~
19 % AAWE 60 Ll EADHE SRAORE DRRBEACDWE S FEEP WE TEBEF LE’ 4
B REGB MR HIEE RX R FT RIGE . BiATEE S EE R B O RAESFRHE , J5 PRI br R ) &
FRIELSHEMBAFRREI . 4 TIHEFE, B8R IR E b 347 H — L ab B, R 5K 8 48
WREEAE SR, KB B ATE T RIBE(ND) , RS H IR T RIGH K/, B R X 126 MFIERI4 4 4 K (E
5a),
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T SPSS P& RN SR 2FEFMR AL E RFFAH LR, X L ¥ 126 N EFE I AT A MK F
T SRAGRHEAT T RAMEAE ST, 26 0 R B 00 B8 4o 0 A J=y 1) 2 1) 28 P AR R, M 5K AR 200 T 2R P LMk
(Two-tailed) ,ITHLREANEEHFAEBENNAERCES) , RURTRIHFTE —RRG BRI A AHK
3, B BRI BT XA BTIE K S A JR i 2 ) A PR AR B LU, S s ) A R LB B B

T GIS HiFF &, 3 B S HER AR KGR (B 2b) MTORISHn RER (H Sa) #1TERE
G4t (overlay) , BE T 5 5 I e 4 M A Joy H) 2 ) 2 AR AR B, S s B 1R 1ol Bl 7 R 98 T Wl i K F 22 B
REMMHEE, TR REZHREREFROEERN 70% 224 B BARFSSFR A H, A RREREFR
AR ERENHEREAL, R 21 A AL HE B 16. 67% , F B AN XL AR E
EWRX X HARFX) , RABISE X 2 b = 66 R LB A By 5 2B 5b) .

£5 LEETABKESEREZEXIRETER
Table 5 The correlation between accessibility and needs index in Shanghai

FER$E B Needs index
FIBHEAKF Accessibility WiBR BBPARRY HREGHLRY
Spearman rank correlation Kendall rank correlation
B/MBITIEES 7k Minimum distance -0.261%* (P = 0.000) -0.183%* (P = 0.000)

# % PEMIKFEH0.01 Bf P< 0.01 Correlation is significant at the 0.01 level

0 2 4 6 8km
[ S E——

g3 2.0882~2.7640 ({E 783K Low needs) BT R AR A A e B A

2.7641~3.0430 (HhdEK Moderate needs) Block groups with higher needs and lower accessibility
g 3.0431~3.4806 (7K High needs)

o 3.4807~6.2499 (R H 53K Bxtremely high needs)

B5 BEHEKE ERFEREEDRE (o) MRFRAAEEREE=R 2758 (b)
Fig.5 Classification of needs index in block group level (a) and block groups with higher needs and lower accessibility (b)

3 HAigHitie

PR SR M A FER A5 B R 2 I A E S R BIA R TR R RAVAE SIS R E, FA =R Tk
IR B T2 R B LB RERR N RS A3 RS RIEIRK . AT, BETE N Z
R £ i B BB AT AR TET AR E A oA B2 — ST B 4R UK - S5 T R, TR 28 W 2t 3 Y 2 1) A 48 JR 3 LR 55
ZHERRGRZ IR, A SCHES M M IA MK B R R A= AP RS, A3 GIS BoARK SR T Bkt 5
KPR RA T TSR RN RO IE A R P 8 T IR St S THERIT A B T RAAEZE, LUA IR
WRTEBL AOA” A BELE, L EAE & 9 S0E, SRR RIS T T ot SRk
BREER R (1) AR A AP PE18 AR AR S B SRR T i B AT H , BB R AL 700 B 3T 4%
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M= AR RS AR, RIS SR BB R (2) WA AP S i i R & 2 e o R X Bt
FUR B, R AR ARG , AR TS X B9 r HLAE AT (8] B9 v AL

B R B AR BRI R B 45 R AR K (32 2. 18 2) , RPN R K s BB i By A 0 A 53
B, TR ORAD A ECHAES, AT FBATRNERRE, B USSR 5 R (data
resolution ) B 7 BRI MR o BRI, ZE AP AT IR AT IR T G0 T A 5 AP, AU B B I R
IR L , ERE WA IR AR ST IR R R i, S R BR DR RE, FRIERA .
— IR BT EL A R— A 1:5000 7245 , BEHHAE B B/ K B 57 FRIA TR B9 AR ARtk s — Rk — RUE AT
5 A OEER/NXEHEXHE, DEET A RS T A FHEMTRESEHRES TR EREN. &
RIEBOTEANTE DR A D BAFEE RS, EE R ET RNERBE RS2 B =B AK
Foatn, 2R H AT OB &R R AR, 6515 2 A B0 B 2018 LB R . SR B, REBFAB R4
PRRFALWATKF AR T F 5 WE TR B 7 (LB P8R, A F IR 7] LUE S A Rt &
SRR DA R S BUR T R B T A MK P B9 22 R /AL , 22 58— KAV S 10 i A F BRI 32
PR TRl B TR AR METT B . —Fb AT RAEROAE B 07 T OB B X H S B i) S KB 5 R & L A s 3%
BEFHATH S, ORI BB RR A E RS W X4, DULRHER B R AL SRR 2= 1 A B 0L
B HT Al A M S AP HRE

AT TR A SRR ST S B PIREAT R AR T SR T T e AR, AR T R ) T R R R B
PRTIT B R IX A S BIFE IX St P A T R R AR IX A B R B R, AR A% R i A X R A A — B,
STEIS RO LI HEAT R, X 5 A S AR S REIRT B F AN RERE—H1, X ERS5FE
BT BB T X — &, B TR POR IR, _E¥ AR 5 RPTR XA RE B, 00Uy BB B X8, E
FH R 6 RARMESAT B

WM E A S8, B TENA B R R RARZAL . MR otk SR/ EEEETE
Wfe B0 BR AR A E S ML E RITHBAFEBRRESR , BBAF IR SHAFIE (N R/ 2K
B R R E) S AA R RN s BT | 18 TIE T B RO R 2%, B IR T AR IE XS T X PR E RN L 1B 3R A BK
RELIERPRFILEE X BISHAIEE RS ; TiA7 AR THE 2%, R M4 EE B (network distance ) SR RAESF
B X PP R , 55 RE LR THERE BB R , (B BUA 5 I8 S MAHE X T A e . BT, 7
RIBEAFTZREFE N SBN BB, 8T EERTESTERLS TH, BN R/ NG T
T

A, T REA S YA B R A E] , T H G E R TS SO R, Bk, AR TYHEE
LB B AP T I OLRE B A R — AT T, EIRR B AN R E HTRIE. R, ESMHF 28t
RPN L B ST RO, RE A B R TAMKOFERE, (X LE RAAESEAX AR, X5
AERENFER Ltk SRULEARNMESFE X, ZRER T ERE RSB RITVNZER R,

WS BAERNES MHEEH UL E IR, B HITFH MERE RN ZBREZ I EH. 2 A KK,
BRI, WA S8R A BE R S Y LB 2 , AL D R A R IR B ST 0>, TS T S o 25 IR 55 2 BB B R 25X B2
EEEBER, B A5 A5 A RSB FAE R R R BT S E B NTEZ KRR R
L
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