H43% 1 1
20244F 1/

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.l
Jan. 2024 ,89~99

EW TR WREE , R T GE PR S AR 1A BT O X ZE A B TR [T ] AR rhefll A2 4R, 2024,43(1) : 89-99.

DOI:10.13300/j.cnki.hnlkxb.2024.01.010

ETHHMm T BB RENSIET
DX LR S 2 E ATIA

Tk, KeW, Kk, A4, 5#%

A K FARF S Bk R, A0 230036

FEE BT S 2 Dl A1 SR I M VA R P, LA AR T RO DR ], 41— i R T Rt
Z AR A Sl Rk R FH e P 1] 0 B AR IR R, 255 WU Jey 3 25 [ 1 ARG I A 2% il 2 A B
JE B BAF Tk AT WU A K A HE Al 68 A T o ] 5 (T A3 7 £ 2 el 14 mI ik P e (Bt 1 DL A5 20 M,
— 2R IR X SR G A PR AT R B B . AR R B HE T R R IX £ 5 A B B Tk s R 2 e 3, AT
P g DX 3 A1 RT3 DX LA R 2 2 el JoT 00 b IXC, - L T 1) 5 1 i v, Pk M 7K S 1 2 ) 23 A 2 3
P As He s B AL HL R IXFE 15 min 55 30 min ] BB T 249 52U 3L 504 B9 A5 R b TR Ag PR BCIRAS 538 700 19
S AR AR AL TR R PR ICAR A, B v T Rl X G 9 LA R 8 DX G R D, S DX o 5 2 A ol
SER M D BC R B N o BTSRRI, M ] FAILAE 4 Rt -5 s P A L K 1 o Xl D0 A e m]
ISR TR T LA B A RS Sl A R AT et A ST SOV ROBE T T 25845 2 el B AT IR PR AN HEZR , REAS RS B
MOV AG IR T 25 2 el 949 P S E 5 JeEed IE AE  S 3 )  k  E DAARE g J R 0 el i R AR A 7 ) B 1L, BB (2%
R BRI T 255 el R AR 19 2 ) 23 L

KA
HmESES TUE.S  IEERIRE A
A E) gt X BT i ERSA E KF B 4R R A T
Jo B A Bl ELA EELAE B G i A i i
FE T IR R RGE AT A D AR 2 el £ 30 IR
55150 5 b B A B, 454 el T R K LA S A
IR 55 Vit 5 8 35 L B AT AL T TR 22 A i EELOK DR 5
SR X B R AR AL G o Y L 4R B
B E 52T R P K T A5 2 IR A
T S, T A ) A A 0 S e A ek T A S s ) E
PR3 T S I 2 A TE XA FE X RE RS 5
TR B 3T 5 A B S ) AT R Y B 5 8
PERIFEGE , WHE BR AL 2300 57, el N R AR TS AR Ak A
FEME X,
LSRR UL YN S ET S AT TR AN 3 R &
FRAFFE BRI R 1 2 bl o b e 55 VTN s L S B SEE PR 7y
7 e o L IR 45 5 B 5 A S S BT . AT A TR R AR
NS AT B — i e iR 2 (R BH ) B3k 25 18] o5 — A A

Wk H 4. 2022-10-16

FHUGSEIE; ghith; LA TTIATE; A B R, 48T
XEHRS  1000-2421(2024)01-0089-11

X B HE SRR E D R AT A IR 5 B A R £ FE
PEA AT B, W AR SR MOR B 22 1 2 T i b vl
IR — MR 0 A IR T 2 e o M A SRy R PR R O
L n e /NGBS BE B o e R ARkt B
BEANEDS WAL R S R A A TR,
AR Bl 1 R A Al S T R Rl A 3 2 ) ] s
WEFE R FE B A A o i v ] ik R
RIS 75 SR AL L e A3 28 a5 SR A 22 T A A
&R L B 8S 5 IR LAY AT Ak MR TR M Bl S o 72
Il Sl AT RPN R T Z R

IR F R P 2538 B8 R 47 56 T4 el 2k it
AR PRI BT SR 2, (HR 22 LA T 4 AR 2 3t DA F 5
X5, SR A B X RE A B IS T AN ZR A o Bl BIE S
LA, W AP B B 18 Bk AF R LU R R - B 5e e
DI 1T 25040 10 0 G, 3 AN 3 S o]
BB DI PR 7 DXl 2 b 7 oK &, AR AE T

AT H : 2020 4F B L 308 T ST R I H (202004a06020014 ) 5 LUl R 2: B SR FF 22 4F 3 4: 301 H (K2137001)

FEi, E-mail : 20721286@stu.ahau.edu.cn
WAGVEE  BRiEE , E-mail : jingyuanchen@ahau.edu.cn



90 LRI I NI <3 4

943 %

[ 27 LGN AR LD N S B € SRS S - € i N e oy
22 HICHE R B B W A s i, S B 2T B )
AR P 5 B B0 RS 5 Lk S [ s ) 5L
i, — 3 2ok A N7 XA AR AR B s () B S % T
A A7 e v ) % BEL g ) A2 6 A T A A
RN, 785 5 45 51 = e R i 22119
e Jr A AT O AR AS R JE AHEXT AT
AP BRI Y, LS — i Hh A7 07 206 Sl n] ik
PR AT A SR LA S s 1) b TT 3R L T B R
b H AT AR 0 2 ) St T A B i 0

AH EGE TR 1 20 A3 10 Ge 1 HE00E AR B R
b T SR AETE B HERR VAR | 20k 22 25 i, THLE
A RE LA 25 TR o HE R T S AP A S Y
I, AT SR T TG 2B A BRI, DA e
H IR X 255 8 T A 98 X 42 L 2R 2 b 33l A7
J7 2k 2 AT 2P RS S 4 R B, 4350 DA
15 min B 8] BB 5 30 min B fa] BAE G Hocs 36k IX 254
25 e B AT A M HEA T AT, O R SR St Jmy S TR)
A LA B840 25 2R 3 2 RS rpD IR IX 25 5
7 el 5 b ) AL 5 AR 0 R AT 43 BT L LA ST R 405 VA 6 4 s
PO X 25 T A R A R SRR A B T
SO0 DX el g, P AT SR A AL B 4L o Ay i AR A
1 MRIEFRE
1.1 HREKE

A RETT AL TH E AR AR M X, 2 R = A T
TR H O3 T DA B 25 A P KR 2 ol TR
11 445 km?, N 355 936 J5 ([ E K 48115, 2020
A o ASHIRGE L0 3 X R AR ST R AR i (A IR T
BT AR R R (2011—2020) ) R T H 0 38k X3 [ A
FE b IX AR = B AT EGL A B R SR
1, VER AR VY B 5 R AT G A AR BRI
TR RS TIEGH B, BRI 2 486 km”, A 75 &)
Ly X BRI X7 B X5 A9 A8 A AN T, Horp ]
1R [ E M2 5 W, o &S g A S (2022)
1045,
1.2 HERESHLE

DA e M B E o ARG Al FH 0 2 el 2 b £5
VR T e 7 b B[R] B 2 BRI T 4 b 2R e R 40
(2007—2020) ) Fn { & AE w7 B #L k] (2013—2020) )
EEMATHE L, 56 E S 9 i, L8 80
WX A AT 50k, 2% GB/T 51346—2019¢H T
3 S A AR ) A Tk T R X P S, L T AR

AE A5
FEI DONG

8
051 20 30 40 km [®
e ——

Bl AREmHOHEERIEE
Fig.1 The central urban area of Hefei

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

B2 SEWHROMEREEAESZMSS T
Fig.2 Distribution of comprehensive park
green space in downtown Hefei

KT 10 hn* (9 2 Bl S0 B3 HG v A AR el 3t ik 2
DI 2 4 Bl A 4 45l e 28 28 e, e 80 2 1 204>
LA A TVENARRBITE N L (B 2) o 7E ArcGIS i
R 2 e 2o 3t TR 2R B o IR R o R UL
VER LSS 2 A5 20 R G A TR LS A



o511

ol e BT RS RS SR R S LT LR X £ 2 B AT IR R A 91

2) NFIEsh s . SEg g A L, FAL
15 4 85 KB DR EL A A v 1y el sl O i e 6 34
11T 7 SR 22 I FH N {5 R rp 22 AR SR
FH 2021 4 5 H A 1A BE 7 b A I 46 3 {5 S AT A
BN ] (LA {7 FR « A e ) P B TS 2
B, B St s I EGE A B R 5T, K & 2021 4F
S, TR E e P 2k 0.9542, 0y 45 19% , %
JE SR 0 HERR I, AR 58 AL LA v [ HGE T AL P
B R A U IE BN B, AS AR A 11 2 A
PEATEE Y REALER . I AL A S X F P AT
BT, LRI B B v T L X B ARG T -
2 P T A R I3 5 vt AT T A i A, S
SN F P AT AL, IR SRR P A A B e SR
P AAL S FH L TD (38 B ] ik 2o 5 2570 (42
W HL TS e Ak e A O ) AR [ B
TEA R T HC YT N 24 1.3 JT AN Fk il | R4S JE vl
YA 25 BB 25 30 ] FRATTRE 1Sk o ) o 5
IR Ry LA SR BT, o [ P 1 36 s 76 R T
(Bl BT N AT, e R AR P R AT A R
FEFR Rz FH P 1 A A BT s B P 349404 14
M—IJC W ID. PR PR AR 202148 5 H A ¥ &1
AR IR X 25 A Tl Bl i Hhoc 38 X AR
FL3RATIE T P ID A SR AR P S e P R T
P, Z e AT AR P S RO P e g, Bk
PR . O 2021 4F 5 H 4y 75 A BE T [R] — 3 o0
WBE R 10 d R P dRid AR A A E L S
1121:00 22 2 K 08: 00 7F £ L0 570 N 115 B8 B
1o, 455 A T e 1 1 3 B ST AR 1 i P 1 A
2 @GR 2021 4E 5 H 4 08:00 % 21:00
HATRLAE P 0 IR DX 25457 e o 1l FB] 9 B 3 B I
7 30 min LA b 6 P, biid o 252 1 3t 8
FA P s @43 S Ge it e AR b i A AL B it B8
FE L5 el 1) Ui SO B L T LT Bl e S e IR
JuiESE Sy

A5 355 ORI FH T AILA5 2 B R0 19 2021 48 5
Ay A MR 47 E X (B e A s, 5 A e
S A E A A AT EUX () i N i
TR 20 #r , IR 1158 3 Pearson M1 56 250, 45 1
0.966, 7€ 0.01 /K -2 I 2 IE ARG, R B ARBFFE AT FH 1
FHUF S EAEAEA AT SRR 250

W2, IEASIITEAE 6 S J7 1) b il 5 ) JJ0 iR
A TR, PTUsD H A IR R A 100 S50 A7 Sk 1
A 22, S A YT A 3 L IR, A RIS

Fi Ky 500 m B IE N HIE , 78 ArcGIS10.2 Hr g 37,
JE AT W s I, B VR A T /S TR 9 B o R A T
B 0, FE IR b R4 T 25 (815307, 45 B B4 7S B
WA 827 AVE A i £ 43 M B4 Ja A WA BT P 4
A 1D, /T ARG P TD 38 9 S FH P 1493 2
LR, DA T P P P i A 5 A A PR

S5 e AR IO P 2135 Ui 58 1l A6 2% 1 B ] R
e e AT AT A R AT R R A Al R B A 47
B Tl R AT TR A BRI G AR Y A =X,
H AT HLRE R 0~5 ken/h I W7 R 2047 B3k 5 A7k
5~15 km/h | Wy Sy 38 2ok B 47 3 3K 5 347 8 BE Ry 15~
60 km/h F W7 ki ik 24T (AL & A L Ag i Mgk FAK
L iy WES i By s R B W Rl a
B AE AN 228 5 A Tk M5 b ) B A

3) A M B K . AW 5T i = 1 AP (appli-
cation programming interface ) H i A2 LRI 2.0 $2 11 ,
SRAF LR A N LG 255 a5 5K 0 S5 AT
12, IC 7V RE AR 8 S B 58 3 5 101 4R U e e A T I
T o AT ke G B S TE BRI DU G AT B AR SR AR
14 52 W), 4 9% 7 3 O 38 480 W 0 Y T/ H 15 00—
16:00 43 AR BUE AT H 30 42 LA AL B 22 1 R AT
1, B RANT < 1 SR A b 4 42 104 % el 2
i A 25 0555 A T SR A5 GPS A A i 4y s 7 A
i s FUR B FH B AR LR 2.0 42 10, 76 TAE H 15: 00—
16:00 43 51 LA 1E £ AR AR R S50, KR AL AT LBl %
LR WL 3h 2 i % A% B R0 98 37 R L A Python 2k B
ANTA] R AT 7 2 A e ) P B3O A o 4 i 5 SR
SZ R S PR S R
1.3 HARAZE

Dtk 2 AT PP B s Rk . iR
S8 L BENE M I8 S (1 25 5 A b T SR T A £
JEE R B VA e g b ) T SR 2 R R DL — 32 T
77 2 A AT A AR A S PR L IR
ARHIFFE AR Ja B S B Y R A 7 SR 1 22 3y =Xk
AT B AT K ZEAT 3R sg il =N &, kg g
Z AR E N P25 88 s 3 R AR X 25 G Bl 1Y)
AAYEREATIHE . 2% GB/T 51346—2019¢3k i 4%
bR A A v ) e G I T 25 A T Al S5 3 LA A o
LA KA I8 Bel AT ik P AR 5 7190 AR S R A R
BB 22 Sk 15,30 min, 2Z )5 47 X5 LA B DA
4T EROENFIIBYN e AN

A DR S5 e 2 Xt e A 45 (A 4 RIS 7= A S
PR, 5 XA el 25 RS HEA T IE o AR DF SR AR 4



92

LS N AN S o ¢

943 %

Ji R F 0 SRR AR ST, ) 2 el ) S 2 9 R R B
DL Bl T AR, I BEAT AR A7 21 2 el A S A6 1o ALl
RROR AR UEAARL , 2 05 g 2 el 1) B A6 T AR e R i
JE S8 B0 FUIR 55 LA LSS EA T RS BT
AUF

S/:5j<1+rz> (1)
t;— Lmin

Ty=——"- (2)
Zmax 7 aniv\

W (D~(2) 9, S, A0 j 1Ak 55 (I 20 UL s, o
Z B j TR, T 2R 2% el e B A T AR 9 AL o R s v
AL, 2, 20923 Bl % B T BRI 860, FH 2 el 64 °F- 24
Ui BN 5 20 el T AR B LU AER AT A, 2, N T A 25545

A el B B TRTFR Y S B R B /ML 2 T 255
A e 9 BPAS T BRI R B2 ) R R

BT UL N e ot 22 AT PP R gl
WRER, N LT 2B — 20 TR AR
255 REJ7 , b T Jar R Bk £ 45 24 el >R A 228 07 53X
ANTR], PRI AH ) s T B, 23 el i) i 55 3 Fil 2 TR
g s TR ) 5 Ty 2T AR O A S AR d
TR 9 R T AT AT LA B A2 A 75 s3I ik 22 el
f8 P e 515 LA 2R Y 22 0ok v 07 eR RO IR 2 Y
FH P s, AT & DA Bl 9 255 IR 55 e
PALIEE
S

R,=

Blzkem, _.fidulfG(dhj'“ do) X Pt B22/ee‘ /

K3, R Fm A j k55 BE S8 5 B, .B, By
Sy F R AT AT L R EATH AL 5 d,
dyjondy .5 5 B FIR T B A B ONE 2 M j ASBAT W
17 AT 5 SR AT B I IR] 5 o FeoR i 1R A, Py,
Py Py S0 SR AT AT LR 44T I {31 R P4
B A5 A AT SRS, ) P B A 2 A AR
G(dyj1ndo) G (dyondy) G (oo dy) 7R HTREL,

LG (dy )00 do ) W) HHSEARANT

2dy

7lx(w,,.|

i 1
@ ) —e 2, d&.].|<do

G(dfu./vl’do): ¢ ] (4)
0" ", diyu>do
55 20 R AR A AT IAE
A= BlEiG(J,_, ,<:</,>G( s do) X R;+
Bzz;eu”_,gd(,}(;( dij2r do)X Ry =+
332&{4_,_;:‘4(}(;(d"'f"?’ do)X R, (5)

), A JE A A B St T A 1, HAE
TR A el et 1) W) A PR g

2) ML B Ry i s (0] [ ARG . 6T AL RS Sl R
VAT MG 20 el S ity ] S PEAS B 1 o R AN 2 el 2
V1) 14 5 LA e 2 el ) 752 90 L0 1 B A A 3 2%
el 2 i AT AR . PRI , AS I S0RE 7 2 Bl ) B (T 31
H B 2% el o it RT3 PR AR S e TR BT ) 2 1
20, A AR BT Y R AR ROVE D A A 2k
SR T U k43 i) [ AH OGO R Ja A 0 A B TT 1Y
2R LA 15 2 ML T oR 22 [ 19 DT BC R R, 79 31 o ik
RSN /N S R R LIPS g BN W L

Y:;k_ Y, Y, —Y,

>< n WI >< Js

L= (6)

(3)

G<(Z/c,j,2’ d()) X Py +B32 1G<d/c.j,3’ d()) X Py

6, T, 27N JE A 5T A 4/ el 2t v
A5 B A ANEU Moran”s T(5E 2245 %1) , Moran’s
LR TF 080 /T 043 0 3 7 2 el b, v 3k 1
FE NBUAEIE B2 (B SCHEE , 46 O W R AN R 7R
23 ] L HEE T Y, F R SR AT RS BT 7 B 4 el 2k
R Ik E, Y, 2R R AR BT 5 B JE ARG Y,
FR N B S T IR VE R I, Y, R R AE AR
{8 5 00 A2 R SR MO TT SR B 5 22 , 0, R TR A N BRI O
25 W, o A RS BT 7 0 A IO s BT j =2 1] FY)
23 (0] B R W 7E 28 DE) B AR R 0 R L, D
Queen FHAR & AR FR , K 1, B 24> J& 45
Wz a2 A L E 2, W W, o 1, W 050 R EAE
DA% R A

3Bt ML e REGE . BRIk 55
Je F B0 B T 8 D R A S Ul Ay R A O B
N R N /NS B ) N N B /N T 3
GRS BCE R AL, 3 2 Fh 0 Ao A PR - S
JZ R AR S TS 2R I 2 S AL e R R
FE 7 ] o L (L ST AR IR e v B X A A el
b 3 T 1 A 5 P A R A7 0, L TP A 2% i R L
K JEAE AT kB BT A O P, 5 H R R B S
IR L) C, Z [ B pREOC R L e R B A K
wr:

GZI*ZZZI(Pk*P/J D(CetCiy) (7
C zkﬂA"r" (8)
= ! I

Cd A

A7) ~(8) - G g LI IX B 2 el e iy L5
AR R, n g O DX N B8 e B, A T A e R
FLOA el 2 b AV TH PR IR B 55 AR AT



o511

ol e BT RS RS SR R S LT LR X £ 2 B AT IR R A 93

RPN e b AT SRR A, R R AR AN BB
Co ol AT 51 B R AR A e B AT AME S AR A D
Fe i Bt ], Co=0,C,=1,P, Jg N JEAE 5 15
JEAE SRR B3 A D ], Py =0,P, = 1. RS
[l F & B e, e R B AE0,0.2) 1 BH
7 el 2 b 9 VR 43 T 3k B 446 X4, B R R B (A A
[0.2,0.3) 1 BH 2 bl 2 1l 58 U5 43 e L34, e &
B EAE (0.3, 0.4) T BH 2 [ 2 1 5% U5 43 FCAH X &
B R BAUAEAE[0.4, 0.6) 38 B 2 7] 43 b %% 15 43
i 2 MK, B e BB EAEL0.6, 1.0 U B A el 4
H TR 0 e 22 PR A

2 HRE5SH

21 FEPEBRSHESEEAOERIH

B L o Pl S S S A R 2 el iR 5 3
S EAT AT RRAL , LA BT 2545 2 Bl 18 il 55 {3k 2 R 2
1178 7P T O N S I I B2 /N L N S
e AR MR8 25 (E) A% SR e (L DX v T o B X v 1]
2 PG Gk DX, A A G 12 el A A Dl ) i

&3

SaAREFENKSHEADMBRSHESFEDB)

[LRE N RS S U /N I NI EN 537 A R A U R /N
bel 45 , V- 34 i A 2 5 hsl LB 1 5 1K 1 IX 4
H T R 3 X ) R AR 2 X, LA T 0 A
N Y UNGIVIES AT N e b D
2.5~3.0h,

F TP AELR 2 Bl (81 2493 S A 2% P
AR o2 i I 55 BE 1 BB I, e 141 3 TR 55 Bt 45
PSS o (EL b DX AR v T v 3 DX PG 30 5 Ml X, L 4
[EeRi R N Ny A G2 A R AT I iR T RO /N I
7 DA Dl A5 g S el T AR ] e 2 el s 5 o
WG, BA BRI S 4G RE T IR X Herh T
L IR DX R L, 23 Pl i o 2 TH X DA S {1 A
KB 55 32y, [ ek Jo) i i B stk 22 , 2 bel B ¥
LA BT AR e 51 1 o

BT AT R BT e AN LR RN E
Tyl AL, T RA e 3 i A A 1A S Ml 75 SR 23 (8] 53 A
RPAE o HT T4 TR, o X N F R AR 52 3
[RER N et 1R 0 o S N e g BN B B - 07 o i e 28 AR
UG5 X ] AR X, SR AR N BN 3 AR

xxxxxxxxxx

Fig.3 Recreation duration distribution of comprehensive park green space (A) and service supply

distribution of comprehensive park green space (B)
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Accessibility evaluation of comprehensive parks in
central urban area of Hefei City based on improved
two-step floating catchment area method

WANG Cheng,ZHANG Yunbin, CHEN Jingyuan, LI Dan,ZHU Meng

College of Forestry and Landscape Architecture, Anhui Agricultural University, Hefei 230036, China

Abstract A reasonable layout of urban park green space (UGS) is an important prerequisite for en-
suring equal access to green space resources for urban residents and improving the living level of the city.
In traditional UGS planning, the evaluation of urban comprehensive park services based on indicators in-
cluding green space rate or green coverage rate is difficult to accurately and quantitatively evaluate the bal-
ance of the layout of urban comprehensive park. A two-step floating catchment area method based on im-
proved multi-transport mode was proposed for the central urban area of Hefei City. The path planning mod-
el of Gaode map, combined with the methods of bivariate local spatial autocorrelation, Lorenz curve and
Gini coefficient was used to analyze the accessibility and supply and demand of urban comprehensive parks
under different time thresholds based on the signaling data of mobile phone. The rationality of the layout of
comprehensive parks in the central urban area was further revealed. The results showed that the traditional
method of calculating the accessibility and two-step mobile search model was improved by utilizing the sig-
naling data of mobile phone and the path planning data of Gaode map as data sources. The accessibility
evaluation framework of urban comprehensive parks at a micro scale was established , which can accurately
evaluate the accessibility of urban comprehensive parks. The accessibility of comprehensive parks in the
central urban area of Hefei City is significantly different in space. The areas with high accessibility are usu-
ally distributed in the new urban area and the surrounding areas of the comprehensive parks. With the in-
crease of time threshold, the spatial distribution of accessibility level presents a balanced trend. Only about
5% of the residential grids in the central urban area of Hefei City are in the state of supply and demand
matching under the time threshold of 15 minutes and 30 minutes. Nearly 7% of the residential grids are in
a significant mismatch between supply and demand, mainly concentrated in the western part of the old city
and the northern part of lakeside area. It is indicated that the density of residential areas and the number of
comprehensive parks is important factors that affect the matching of supply and demand. Optimizing the ac-
cessibility of urban transportation to increase the threshold for recreational travel in comprehensive parks in
residential areas can significantly promote the overall rationality of the spatial distribution of urban compre-
hensive parks. It will provide important guidance for optimizing the layout of comprehensive parks in the
central urban area of Hefei City in the future.

Keywords signaling data of mobile phone; green space; comprehensive parks; accessibility; two-
step floating catchment area method ; Hefei City
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