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Abstract: Ecological space is an important guarantee of habitat environment in urban agglomeration area. Exploring the
spatial expansion pattern and influencing factors of recreational utilization of ecological space ( RUoES) in urban
agglomeration is helpful to construct a balanced and shared ecological recreation service system, and improve the functions
of urban agglomerations. Taking the Pearl River Delta urban agglomeration as the research object, this paper analyzed the
spatial expansion characteristics of RUoES from 1990 to 2017 in terms of the spatial quantity and area, and explored their
influencing factors. The results showed that; (1) in terms of the expansion of the number of RUoES, it has the spatial
characteristics of “expanding from a few points inward and outward at the same time — partially filling from the marginal
zone to the core area” ; (2) The scale of utilization of ecological space for recreation presents the characteristics of “a few

large-scale isolated spots — simultaneous expansion within the marginal area and built-up area — center filling” ; (3) The
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spatial expansion of ESRU is mainly affected by population growth, urbanization, leisure and tourism demand, regional
ecological space governance policy and urban agglomeration planning. The current study summarizes the law and causes of
the expansion of RUoES in urban agglomerations, and suggests that urban agglomerations should promote the RUoES within
the whole region through the optimization of ecological governance policies and overall planning, and pay attention to the
coordination of the ecological recreation space allocation with the development of population and urbanization, and changes

in leisure tourism demand.

Key Words; Pearl River Delta urban agglomeration; recreational utilization of ecological space; spatial extension;

geographical weighted regression
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Fig.1 Ecological recreation space distribution in the Pearl River Delta urban agglomeration from 1990—2017
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Fig.2 Changes in the amount of ecological recreational spaces in townships
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BT Constant 0.234 0.027 8.645 0
A FI#K: Population growth 0.023 0.005 0.2 4.905 0

HR L HT A AreGIS10.0 X £ A7 N N E R 125 [6) B A e dE TR 56, 45 545 H Moran's I{E°4 0.092, Z
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Fig.3 The nuclear density analysis of ecological recreation space area from 1999 to 2017

1514 8.729,P<0.001, 15 BH A 11 ¥4 HAT I 28 1192 (] 1E A0 OGP | RVELAG 23 () 48 R ARRAE, I GWR T A
oF N B8 K 55 A 28 o (8] B0 40 R dE AT s BRI AL [m] )3 ) A% 280 5 FH 6] 22 7 307 pR % ( Fixed Gaussian ) | 717 5 7
PR AIC, 75 AY GWR BRI RPAHEL OLS #iAUAY 0.04 A B AR &, AL G B4 (% 3) , R4S,
GWR ALY RPISR A E/ N, HA 019, HR T HRAA T AT —HE, HA 443 S RN FEEAS
Ui B2 (R B R B C A 0, BRI GIA A RCRATS SR T LA E3Z

®3 GWREEHSHKIIER
Table 3 The parameter test results of GWR Model

SRR GWRBHI(1)  GWRAEA(2) | &K GWR #5#(1) GWR %1 (2)
Parameter name GWR Model(1)  GWR Model(2) | Parameter name GWR Model (1) GWR Model(2)
H# 9% Bandwidth 36125.7 36125.7 K IE AR A7 BN AICe 975.0058 1707.329
5522775l Residual Squares 163.9556 527.3673 WAREE R 0.190332 0.264773
AR Effective Number 40.9063 39.16723 TEHEAE L Adjusted R? 0.130285 0.215871
ERALR A7 )5 F0 Sigma 0.551994 0.958659
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75 GWR BRLE R R A5 R b, 440> & ST 8 2 A L A0 (0] U 2R 80 A v A Bk 22 AR 26 55, X [l )9 2 %
PEATTOATEGETT, A B (R | 2 85 DU (5 K 2 R, i P (e D880 P T 1) ) BRI I R A 2 T A
23 [ B A R B IE AU (R 4) .

F4 GWREERK (1) WEIE R R E 5T
Table 4 Descriptive statistics of regression coefficients of GWR Model (1)

= - 5/ IME i KA s s
frst s ol % s BRI IHH I
i K X Minimum Maximum Upper Lower
Independent variable Mean Median Variance . .
value value quartile quartile
A 344 Population growth 0.034 0.027 0.056 -0.163 0.510 0.013 0.032
H 4L Constant 0.218 0.144 0.160 -0.003 1.081 0.130 0.300

R [RTUE 28 50 B0 W /N IR R (B A7 7 B K i 22
S, 08 S R IRH R ECN FUE, B4 2 B DS K
Xof A 25T LA T A Je ) 80 0 A7 A 25 ) 25 5, 38 ot T4
GWR [0l 5 F £ 25 ] 43 A (BT (&1 4) , & LR R
B AL PUB DI, 43 500 2 L] 7Y R 0 0 O
SETTRNG LT N A B AR B B T XA, AR R Y
i BT AR DE B R PR BB G, i S XA 1 4
F X AR AU R A AV B K (0 R R RLR /  IFF
BKF

B, %o MR A Rl AR A B RO HEA T R4, 2]
BB RMSAEAN T 1.326—2.219 Z Al br i fb sk 2
HAL F -2.086—5.994 Z i), H: 1, 95.85% () {E &b T
-2.58—2.58 Z[u] . X hRifEfb AR 25 AT 25 o) B AH OGRS
5,45 i Moran’s IfH4 0.003,Z f350H 0 0.418, P {H N ma ADsiss A sk e R s %
0.676, 1232 B3 A1 B B, BDFR (kR 25 5245 Figd Distribution of regression coefficients of population growth
(] BEAIL 53 A 04, U B b BN AS (el S AR (R R e B0 B, om the increase of ecological recreation spaces
2.2.2 Witk

i OLS J5 ik & fl 18 FH M 36 4 5 A0 28 U 8 s (R B30 3G K 3R A7 [ 43, 15 1 F Bk 93.336, P<
0.001, BB MIH RECAR 0, AR X AR EAEE MIESC R . I BLAL A IEFR EIL RECH 0.033, brifEfb R 2L
9 0.364, T fH>4 9.661,P<0.001 , A3 & B 15 FH M 0 A= A5l A 2 [ B0 i KO LA B B N (£ 5) .
BRI R*2h 0.133, U B LA RORAS 2 F5 B AR

®5 HBEAMEBREESHEESAHEEKE OLS @IFNH

Table 5 Regression analysis of construction land growth and increase of ecological recreation space by OLS

Aebrrfifl R &L
U 2 e 3%
iy Non standardized coefficient ZRLE S R
Variabl o Standard T Probability of
anante B S )F/T\jf?% coefficient significance
tandard error
WA Constant term 0.569 0.048 11.931 0.000
¥ i A HB K
dadadiastle 0.033 0.003 0.364 9.661 0.000

Urban and rural construction land growth

I & H 5 I Hb G KA 1925 18] R DGR 45 545 H Moran’s BN 0.176, Z 18434 20.637, P<0.001 , Ui B 4%
2 FELA T R FH Hb A B (8 BAT (8 25 A0 a3 a] [ A S | DRI R P M B ANAL [ )3 40 A, 45 A5 A BRI R? &
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0.265 , UL BHIL G RCR AT BRI BE i $2 71 (32 3) o W45 S SR TE 1) ol A R BGHEAT R R Ge 1], 15t 34N
0.056, A 0.040, LU S BRI R DU 575053 518 0.029 ,0.045 , U BVA I 2 BB IE IR £ i IS K
XA AR A AR Y R IEMSE M (R 6) . HWAAE 6 A~ S B IIE RECH TUE, Ui IX 2 £ BURSTEL &
JE N H A5 Ui RS [ G R AN AT T 1] 520

®6 GWREEN (2) WEIRRBHERES T
Table 6 Descriptive statistics of regression coefficients of GWR Model (2)

— NS
ASEr Kt e brifE 22 - *L.‘U'J\{E *AUF{E SN A G N U D T
. . Standard . Minimum Maximum Upper Lower

Variable Mean Median o Variance . .
deviation value value quartile quartile

b EF PR IRIEN

Urban and rural 0.056 0.040 0.068 0.005 -0.022 0.471 0.029 0.045

construction land growth

IR Intercept item 0.493 0.492 0.254 0.064 0.212 2.305 0.284 0.603

[ AF X b Lo AS (] DS A Y 2 (2) ) 80 3R 3R A7 DT A E%S#Fé& T1378 2.605 Z[A], s ifE 1k 5% 2 15
1.378—2.605 Z[1],97.72% Wb EAL TR (AL T -2.58—2.58 Z 0], ik — 2 X An AL 5% 22 54725 1] [ A0 4
11,159 Hi Moran’s HEX{E M 0.012,Z 1943k 1.391, P {H M 0.164 wtﬁﬂﬁ“ S A LA, s P A0 AR (] )9 455
1 LA B
2.2.3  IRINGRITETT R 1K

WCHTF TR , TR T 255 15 £ 5 < 95 36 ae” U kE 2 A2 16 8 B BUAR LAY T 5 T, AR R e i ot 285 el R
A7, HEA 20 2 80 4R EP/EJ% 2 aw FAE I AR B A B R R T R R I S TR R AK
SRR FE B R S BT R AR S . AT R PRI E] L K [ el S B R I % 8h i ML 2 | T 4R
PRI Ve Ll Bt = W 2 , T 60 24 1 1 AR 8 7 s Sk e i 1 it e DR A, DR T 2 9 B3 DA A e R 44 ik 44 LR 1
Rl XA EE T, 90 AFEAR LARTER = A3 i #F A XU 42 T IX. | I R AR I, {88 J2 7 33K Aol DA PR 1 5 R 5 ¢
SRR, X T RIS Y R IS 30, U A RS RAEAR /N 1991 BHAA 140 J7 IR, ik il H /Y

JES AT A 44K BRI I 7 IR Y7 3ok o0 A3 5 R A I, 3k Tl A S i R s ) i AR
508

20 22 90 AR ALK , AR ) P88 e o (o A5k R P MR i ] A s 185 , G v e 2 ) TP 0 4 02 1995 4
IEECSEAT I« BUR H ™ 65 1999 AF S AT < F—" " M R 2 B ORI B[] DA A4 11
59 d 3EANE) 114 d“, SRR BT R8I0, A A F R R4 Ity ae , 3w a il [ SR LKk | & R ik
Tt Y ST FERIAE It A SO PR PR SR 5 A A e 3, 3T it T PR PR T i ol BT B ST, A Y AR PR i
WK H % jﬁ&E’J LT, TR = AR ST A A 25 2 8] Ui 8 R I E 1990—2010 430 1] 52 B A8 S e R N T iz 90
JEMFFE

B PR PR i 5 2K 10 AL A 2 R4k, i BRI RR O Y P A A 25 Tl 2s 1], SR, B S N T RERK S
R R e T XE LA JE AT 250T F AR RIS FARAGTR R A ARG i 2 el , 31T 8 1t 2 el R
OBl [ AR AR YE PR A ) Z R i T ONZESRIE A AR R, JF AT LA A RN A AR 2L
T B ORPN S5 P ARG B R T R (g | T AR TR IR 0 IR R, 32 B R A Y R, 2010 4R
Jei B EE SRR A T T 2 Bl BRAR A TR RNARB A Bel AT T 3K & R, PRASHIEGR MG, 2011—2017 4F =28
OSPEFERE T 130 4, S Bopi B4 67.01% kTR IR PR — 20 ol
224 ABENIABBOEZL

A=A A3 (AN R FH A T 55 DX A 28 5 ) o R R BOR LA 3 U0 Gk S 1990 4, AR 280 Al 2s ) HUAFEAE
DRULAIRAT . 1992 32 JFEMROl 8 32 15 & J 4 AR MR el B A% M T 1 52 e, vl 60 00 MR 2 el 12 25 (o
Pt IR, AR EUR A R AT T T AR MO R R L, 4T 1993 4F (1998 AR 5 T FRAA

http ; //www.ecologica.cn



17 3] EHTRE A TR A T A 2 R R T SR AR R SR R R R 7059

KRR ESE , PRI AE 1993 4F (1999—2000 4 H BRI UK R AR el E 38 =, BR = M A i i 5 X i L2
B T ORET BRHAMAR (B 5) . I, A 1990 42000 4F Bk = #f 35 RE A 252 8] i 5 A 78 I
LR AR A T KLY R,

2000—2010 4E10], - ARA & R 8 FRMA Ed 155 & BRI Y (O TR T R4 B BRI IR X1
7 T R L) O T DR A it eIl Bl 5 2 Jre B MR i 4 A R ), 388 11 K F & R MK AR 2SR i | T VA iR
VA5, DR TR =7 I 1T R 11 AR el 30 7 4 Bl 91 Bl PR SO R RSy 38 (R e B B, 32 R T N T AR
2 P 308 T 2 ] 2 b A 38 JBCSRE AR, S R 3 T R A O R i A S iR s (e Sk Rl R A S 34 (B T2E
525 e TR K B DR T 7R M 22 T R S T R ZRAR A Tl Ay 2152, A1 L 2000 41 DA, 3T i 300 2 Hbu s 2%
AR el B3 B % TS0 T R A LS 1140 S8 DX PR AT 208 X A b 2 el 4y 2 1 A 285 D i s [ 5 ek
B X5 TR A B R 2 P I LR B AR IS TG OE &R, BN, 2013 AE IR SRR AR K AT B
I T LA P 7 Ay B S R X 42T 2015 4R AR MO T SR A T O T I 3 b A el s 1A L 1 5
Y (A TR M2 PSR TE 2013—2017 4R TGl K (&1 5) o i1 T b A Fel 32 2545 A 7E B — F 3k Tl 7
SR PR 1 X, — i T A AT PR AR (2 B B A 25 23 (B R P o J 0 R A g I RS

50 ¢

45 L —— FRARA
4ol e MR
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35t N
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Fig.5 Annual increase in the number of the major four types of ecological recreation spaces

2.2.5  IRTTHEAL S AR AL

20 122 80 AR IR, Bk = AW B ST 5 R 1 DUR X 3R], FERR 4 AR S UL AL 0 (3R
7)o 1990 4F i 5 A Bk =M R 1A R AR (1991—2010) S 28 5 FUBEAL & Jr | Wb A 2852 (1] 1) Ji O AR B A1
T 1996 {5 HEK = A 20 DO T BERLR , F LR B0 AR S A R R (Rt A3 B A A 25 (R  T RE80TF &
FIH . P, 1990—2000 4F 1) LAAE 25 e 9% U5 & A 32, 38T 2 bl ¢ 0 1 2 Pl 235 A 2850 il s () B30t 4
7L, 2000—2010 453 8] Fr 3k = A 3nk 7 70 DX a0 K] 5k ) A 2525 TR ) G 4 RORH] , 48 Hh 0 IX Sl b | BEOYG 0
Bt XIR AR IE A X I A s (R AR F & S A TRIESE, 7RI A5 b 1% Bk T R K] v Ak b R G A
BT AR A AR A AL FE S T X P RSN A T L 2010 4FJS, B Bk = A M IX 0 R TR AL
RIZNZE) (2008—2020) . B 8 — b, O 57 A 17 Bl L TR ) ) 45 00 S g i A SIZ it , 5 38 o < ok o 40 e 4t
R RIS A A U A (B) & AR M 3k Ty BRI e e F S O 2 TR T 5 T, 3T o X R 030 s X i Ay A
VRS A R AR X

3 ZREHRET

31 dhgHihe

G, 1990—2017 AF Az 2575 1] e T FHESCRE AR FHMUBE b i AR BAT * 1h 100 G ol /0 B st ) J i 4
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B PRI 25 HAly [ ST B A O Mt B AP SRS BOARRAIE . AT 35, 78 1990—2000 4F B B, A= 25 3 702 [A] K
TR AR GO T RE I R . 2000—2010 4578 3 T R 120 2 bty FIRZ O s #1810 977 e Y B4, 2010
SRS G A R B RSB T T REAZ O B T kB 8, 3 5 M TR] e s ) iy o 1) A0 4
Blo— Gy sk AT RO, E B th TR Gty AL 25 NIRRT I, BRI B IR =, ot B
1 o AESRUF GEIRIREN T | $ul T AR Gty 1 S A R s Y A AR 2 T A ), O Sl i A 2 s Tl i AR A
FRR] T —& RS SR . S, B rPCodul X BRGS 388 T PS5 o 6 1R PR 22 ] 8 2SR BORe i g | s
S DX PN A 20 R 1A e 52 B AL A 28 [ i SR PR o Sl T R A O Ml 7

RT 1990 FRSKRBHR=FAEHHEER BN PESAMAETL

Table 7 Changes in ecological planning concept of main regional plannings in the Pearl River Delta urban agglomeration since 1990

ik 24 P

Planning name

H A st ]

Release time

HENE

Important content

A TSR E S

Ecological planning concept

R = A IR R R (1991—2010)

WEARTEBE S A5 AR, X

SRIHZETE A e S BT IT LA, %

Urban system planning in the Pearl River Delta 1990 4 T TR 5 it 15, DX I A IR (K Ve A 2 P v g P g
(1991—2010) VEUR RS IR) 2 PUESE L SRR
WA X 5K JRA% SR, 40 s DU 28 i b
R = A2 0% DX T R R R, R R DX Aol 53 T IBORR Al it - o e e
Urban agglomeration planning of the Pearl 1996 4 o 42 A 2 AR U ) ) 2 ST giﬁgiihﬂ%1% b R
River Delta economic zone SR X KRR, 51 X -
R
R = FA LR PR A R — N P N \ N
Jh TG R 2004~ 2020) PO R ST A A T 5 R, R
River Deila ulbaz a lzmeratiin ( 2/004— 2004 4 MAEH i 9 SRR, St 24 SR DB A5 G, S 5 2
2000) Beome eI 55 14 A L DL
R X B kR A1 R 40 B (2008— L 7l A% R 0 DX B, 52
2020) 2008 4F WIS — RN I — I fl, 588 AT SRR RILRIE , HEE XA 25—
Reform and development planning outline of the W RS BB B, MOk kb
Pearl River Delta region (2008—2020) P
DA s vl O A 0 B Y " - .

. PN : S R I R EAAS
PRSI O AT 730 it 1o WA = s o BT AL
Key action planning for constructing a livable 2011 4 Bk BETRMRIEX NE */]T, T ﬂ;“ * .\JJ/\EI,, “‘"Iﬂqu;\’::}ﬁ] 4
Bay Area around the Pearl River Estuary A RS | N SCIR IR o [ﬁj%‘:ﬂ‘ﬁ - . e

TRV, :
gt o {0 o A 1 P TR HRIE = A (BUAR g B s IRV - - NN
Special planning for jointly building a green 2012 4 X)) R R B R Sk ii;?}fji{;gﬁ%bj aiF,
and high-quality living circle BRI X3 o -
B X 2 AL PR LA K X 1
Outline Development Plan for the Guangdong- 2019 4& P E R PE A G P e A SO A RIS X RIS X

Hong Kong-Macao Greater Bay Area

DX RIS X (RS X,

VORDIUE AL ) 3l LA

SRR B = R T R A 2 )i B T R 7 ) T A 46 A I B Sl e AR s R AR PR 8 3K )
Koo N ERERFIMAR b 5 R AT A AR RIS I, S (PR PRI SR I O PR PRI 7 R B A8 AL 52 ) 2
SURBUAE ; B 2 T K SRR H A3, PR PRI T 75 SR 08 K, X A 25T A0 2 ) 75 SRS 0, 3R 2l 2 25 5 M) i
HIAERR = F i i 2t B A 2[RI, Bt PR PRI T 7 SR A A O A2 A, o R X RS 388 T B85 i )
FORMORA R, SR 1R FRBE ISP R0 A ) 22 Rk S it 2 el R 2 el | b 2 el A4 38 T R
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