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Abstract; Urban areas can contain rich flora that contribute significantly to biodiversity. However, loss and isolation of
native habitats due to urban sprawl threatens biodiversity conservation and warrants appropriate limits on development. The
connectivity provided by urban green spaces offers both habitats and corridors that improve conservation of biodiversity.
Researchers and planners have recently begun using the principles of landscape ecology to develop ecological networks and
increase connectivity for the preservation and restoration of biodiversity. Potential corridors were identified in Jinan City
using the least-cost path method, and ecological networks were developed and improved based on the gravity model and
landscape index. Analysis of spatial patterns revealed that the proposed plan decreased the degree of fragmentation and
increased connectivity. Scenery forest, public park, and riparian green spaces are the main types of green space, though
plaza green spaces are weak in improving ecological networks and conserving biodiversity. The reciprocity between green

spaces paiches are difference sharply. The more complex the network structure is, the higher the connectivity will be , and
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the more favorable it is for the species’ transfer and diffusion. Identification of potential corridors using the least-cost path
analysis made the results better approximate the real landscape by including impedance along links. The potential ecological
networks revealed problems in the current urban greening plan. The ecological network developed based on the gravity
model simplified and systematized the complex real landscape, but helped to identify the relative significance of each green

space and guide urban planning.
Key Words: urban green space; ecological network ; biodiversity conservation; least-cost path; landscape ecology
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(R o BUE AL s A SRR AL FERE T DR B B AE R R B E I, REVEBHHEN — 1 EEZEM, LT
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MBI A, X TR S BN S T A SR TR Y S Rt E B E H EERNERE 1,

R T WA SRR , 42 755 SR AR MR 3P 5T G 4R (B B MERI AN & R I T %t A SRR IE R 4
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HEBEREA" . ERIRE, 43002 A AR5 B e B WA A AERS' % s BB A 43 M B R 7T
DMEBER R o BV RS TREN A BTEEZXBENERD . BHit, & ARSI RY
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Btk AT LB GHA R R4, TR E MR E H X M ERATER 4T 5N, EAEEN
REEF R EREA TREBENEY YR IHY BURKE, AT X EEENDESERSRY. B
B, ZHCEE R AR WA RSP EREREOR R G H N 4B I SRR S, BRDF FE XN BENEYY
FpILRRY BURRIE #6177 E BV, B 408 2% IR BB R W EE B , 2Kk RB 2% iR M B S i) 57 Sl R L= R
FH #1 (landscape impedance ) *""?'

ASCUABREE T A6, 72 GIS BRI STIET 7578 B [F) 4 i R H JB) O BE B8 55 50 WEBEL ) B 61 | , R A B/
P42 7% (least-cost path method) , %E B RAL- GBI GE X HAE AL WY R R Y BURRE , 045 A BISHEIib
RS MBI & TP B 57 BT B IEEL (gravity model ) 7 48 %8 184, XS S R A EAE R B 54T
MILBEEHIEAT T € B0 ST , S VX EE R ST, T © MR 4% W 48 RER B RSk
ZHETMLE, T HT SRR B B0 B R A RIS R M R H R B, A SCHBIRS:
R EIRE SHRE TN S RE MR R BRI ENRIESSEZER
1 WREHER

FREMMTILARE I, RILAEE S, BEEME, B BRE, i EEMN 1949 4£4924.6 km* Y-
JEF 2003 4FH) 190km® , AR SCBFSE X S5t BE SEi R 3 2 B LA P I X 8, T AR 538 km® (] 1a)

T B TR 48 7T A B A B R G R AR B, W R B R G T U A, ) 20 SR A R B ( Salix
babylonica L. ) TE—26ii T &M BELTHEEK, “KEX K, PPEWN KWENCEAEFE, 75, PE
B IR T R B M I AR AU, 20 1989 ~2004 4E RRARTE BUS A T4 1550hm’, Ak, e B G HR T
Y ZGALIETE , IR T 38T AL ) B8, I gm il T 37T 43 R MR (1996 ~ 2010 4F) , LAHARERER B PR H i)
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#8( B #7) Sources (targets) 3T 4 Urban green space
e VSLEBIIE Potential corridors SR 3033 44 Planned urban green space
; E P F#h Construction area s 7K Open waters
Ml Agriculture e AE0R Ff 8 Transportation land

2N e i
Fig. 1 Urban land use types classification

(a) WEREENER; (b) BEREFREL MR EE; (o) B AMEREREERBE; (d) ARRAEERERETELRENG
AERE;(e) BEMERE/RERE (a) Modeling results of potential corridors; (b) Zoom map showing the potential corridor through the
construction area; (c) Zoom map showing construction area as a barrier for habitat connectivity; (d) Zoom map showing the planned green spaces as

stepping stones along the potential corridor; (e) Zoom map showing the intersection location of the potential corridors

WRERRALRR BT , S B IB] B 4, SE R AR LR R 4%
2 WREHRARFE
2.1 FAERIES AL
AT R R R0E £ B AT 2004 4259 SPOT T2 & AR (=0 $E R 10 m) \2000 42224 K9 1:10000
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LB ST SR R ALK (1996 ~2010 4F) o FT P EIRF BIELE 5 2010 4F 5t R GEAL R B BL v
B4, A BT X B M P S B R 5 e S U]
2.2 BERFIE

(1) B ZBSRHBEHAE N IR (source) Bk E AR (target) o ASURBESR MBI RI A Y S HMERIHER
AR R ARG R, S8 T 12 MBI RIR, KA 7840. 6hm® , 2 (5 B 55 X 4 31 5 W ARG
53.12% (K 1a),

(2) T SR R G E M SRR . S7E AR MR IR B AR R E RS BinZ B F 13
A FAZSAY B BOVUBEL g B9 AR R v A A 8 2 28 26 7 D A0 T 438 B 25 %8 T
TR BB B B P MR ™ o IRt 3R LRE ) 3 TR ph T 7 2R AR G BT T
N ATHEE 4 MEFHER X 4 AHEFEZRE SPOT Fli AR LR AERE XL (F 1) . RIBERFHIT
JEFISGE I & , 18 B9 7 WLBH 1 By 1000 ~ 5000, T 7K AR JRAE 10000, BB 3258 ZUEI A T, SR 2 i X
WA 50000, HR4EA R F 21 1Y ) S 0URH ) , A2 TS IX A 355 R I, 4 D B 1T  cost surface ) o

F1 FELHABREGIREIE
Table 1 Land use type classification and landscape impedance values

T HbF FI2 A Category TR{E Value range

BT 424 A Urban green space types JEAHR Scenery forest 0.1~0.5
A %¢# Public park 1~3
EK 4 Riparian green space 5~6
B3P 43 Green buffer 8~9
i B Nursery 10
J 343, Plaza-green space 12 ~15
B %43 Roadside green space 20

Hofth £ 35 FI2E AU Other land use types R H Agriculture 30
A%38 F#, Transportation land 1000 ~ 5000
7K, Open waters 10000
#ti% Fi#b Construction area 50000
H Al All others 80000

TRAE AR/ , B RRE S il D, AR5 E B Ri#RE  The lower the value the higher the suitability and lower impedance

(3) T B/MN#12 771k (least-cost path method ) FIYETERRIER L, 7E GIS Py grid BT , R/NERZ T
W LAR € JRAN H Ap Z IR B B/ NEFERR AR , B R —RAE MWL R 51 BN B B2, 7T LUR G S/ T &
FFH' . HRB/NBEIT I, BT 66 RIBFEERME (B 1a) , FEX B WA BMBIT T 407, SR NE2.
K 1b-e,

(4) GIHFEL R AR FISR BV St A S M SR S5 M 0k, 2T 3 i 18 (gravity model) , I8 T 12
AR IBFEL ] A AR FAERE (3R 3) , E VP4 T SRS 8] F) A EL VR FISR B, DT 341 S ¢ 3 JRR A ) HE X B
BM. R)G, BIBMERS R BHEEAERIRT 0.3 B FZRERPUL R , HHIFR 21 7] — b3 E g BT
RIRIE, G2 T B X3 A SR KBS (K 2) . R alpha (o) ,beta (B) , gamma (y) FEA H ( cost
ratio) 4 VS HORE AL A AR PR E FA B RER B KT (2 4) 7 TR T SR Mg LIk
HIAHGHENE , B ORAE SRR E TR AR T

1 1
L O] R GO] s s
“ D, ( Ly ) Ly
Lmu

KF, Gy BRIEIR o T b ZIRIEGFEEAER J1, N A Ny B R P BESR AR, D,y S o 71 b PIBELR (R ¥ 7E R
RS B EALAEL, PO TESR o BYBEJIEL, S, BRIEIR o BTEAR, L, RFELR o B b 2 A RIE B9 RARBESME, Lo i
WHoE X BirA BRI R B ROk E

hitp : //www. ecologica. cn



434 LERE % SrEgmiistE S Mg 1715

_l-v+1 1
21,1)_"'5 ,ﬁ__s’)’ I 3( 2y’ s JAR H ( Cost Ration) =1 - (1/d)

A, L N REEL, v 7 REL, L WERR T BRI, d RARYE o 55/ BR A2 T T 90 DA ) R 7RG T A SEE ) P 4%
T BT R RRTE B BRI A

o FBECY M-SR R, AR M+ E R H I RE, o BEBR RV LYY 7E o dE W
B AT R RO Y O A , AT B 45 8 40 T I MR B R T ™ o BB BRER T WP EAT
REPFRELRI B <1, RUEBME NPPREN ;8 =1, KUY BE— B3 > 1 I, Za M4 ERKFE
HZP oy SRR R T SRR . AR AR U R BAL R 4 1 T2 A,
BRI BRI
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Table 2 Structure analysis of the potential ecological network

TEETME TR A T AR R B AT FLRI b S AR
A AR BEMR(m?)  PEREEH(bn?) Kok M‘(‘%) 7 HEREIESI(%) B HBI(%)
Land use types Total area Area in ecological % in total % in the ecological % in the total
network as corridors ¢ n fotal area network as corridors  planned green space
JEAHR Scenery forest 9963.17 4839.53 48.57 85.44 -
A %¢# Public park 1153.98 195.41 16.93 3.45 -
Bk &3 #h Riparian green space 560. 62 214.05 38.18 3.78 -
P ar P!
B3P 43 Green buffer 252.47 8.17 3.24 0.14 -
i B Nurse 105.83 3.74 3.53 0.07 -
Ty
J 35434 Plaza green space 317.13 31.65 9.98 0.56 1.02
are P
B %43 Roadside green space 2588.35 268. 63 10.38 4.74 15.33
4K H Agriculture 14663. 86 90.39 0.62 1.60 -
2T
%38 F# Transportation 1483.12 0.30 0.02 0.01 -
P!
7K 3, Open water 230.64 11.90 5.16 0.21 -
P!
#ti% Fi#b Construction area 18845.67 0.48 0.00 0.01 -
H A Others 3645.74 0.03 0.00 0.00 -
B3t Total 53810.57 5664.27 10.53 100.00 16.35

£3 ETEHNERHTHOR MBI ENAEERERE
Table 3 Node interaction (G) based on the gravity model

BHE No. 1 2 3 4 5 6 7 8 9 10 11 12

1 0 0.0001 0.0357 0.3648 0.0033 0.2412 0.2205 0.7650 0.1097 1.0193 12.2797 0.3078
2 0 0.0003 0.0006 0.0000 0.0025 0.0031 0.0029 0.0028 0.0031 0.0433 0.0042
3 0 0.0872 0.0022 3.9853 0.0803 0.3580 0.0727 0.4402 10.3208 0.1600
4 0 0.0086 0.2311 0.1599 0.4686 0.0901 0.5902 10. 1668 0.1858
5 0 0.3142 0.1297 0.4235 0.0786 0.5285 12.8045 0.1758
6 0 0.0641 0.5490 0.0883 0.7041 13.1219 0.2020
7 0 0.1667 0.4511 0.1579 1. 6850 0.8167
8 0 0.2709 65.6297 37.3941 0.6041
9 0 0.2826  2.4629 0.5217

10 0 60. 3547 0.7207

11 0 0.3901

12 0
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Q) REEHEESLEMF The order of being connected  ==rmmermes HR R 18 % 4% Designed links
B2 ETEHERWERESREERE
Fig. 2 Scenarios of ecological networks in developing processes based-on the gravity model
F4 ESPMEEGEEEKETMER
Table 4 Results of connectivity index for evaluation of the ecological network scenarios
ik HH HEREH o B BHEY y IR B
Network Nodes Links Alpha (o) Beta (3) Gamma (y) Cost ratio
Hit B K{E Theory max 12 30 1.00 2.50 1.00 -
{EFE B/ MEFE Least cost to user (a) 12 22 0.58 1.83 0.73 0.51
fER 1(E 2b) Scen.1 (b) 12 7 - 0.58 0.23 0.30
fER 2(& 2¢) Scen.2 (c) 12 10 - 0.83 0.33 0.41
ER3(E 2d) Scen.3 (d) 12 19 0.42 1.58 0.63 0.48
HR (B 2e) Project (e) 12 25 0.74 2.08 0.83 0.84
3 GRS

3.1 G ARG
72 2 T IL, BT B/ M b A FRUI) 66 4% W 7E A 25 BRI B TN 5664.27 b’ , (5 BFAL K AT BLAY
10. 53% , o 55X MERMBTTA (14941 55hm? ) 1 37.91 % {5 g BB 9 RUBARKT AL 4839. S3hm®, o HL T
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TR 48.57% , SHEEER M4 BERK 85.44% , A RBEMRAXEM R X EYYHER ST HMEELE
BB, T BAEMENAERME P EE BB REEEER, R F BN R ISE; 155 B IE N E e Em R
4 268.63hm* , 5 H SR 10.38% , AR BE B 4. 74% , A REE N EER AR Z —; 8K
L33 S AR 560. 62hm” , Hep 4 O BRI B T AR O 214. 0Shm”, 5 S AR AT 38. 18% , o A= A W45 S T AR B
3.78% 3 NEI G AT B, 1153, 98hm? , Hrp /e R RIE B T AL N 195. 41hm®, 5 B 16.93% , KA S
P48 B ET AR 3. 45% ; FoAth 3= ) RS BUPE S B TE R T AR K, BT o AR 25 R 48 B AR b4 B R A o, 3 2
SO S B R 51 A2 3838 A b L 15 b B L A O b B A BEL RV R A S8, 81 00 200 7 SR R B S b 1 o
PIghaE , DA nag s RS 2 [B) ) 2 4 B K, [ i i BB i 2 U S5 F A I R 9 2 6, X0 TR 5148
WIRTT MR RIE R EEN T o T L, KU AR I B 4% L /K 5 R 2 B 43 3 R A B B A R Y
HBHFERELE, NENEESMEHBEREYYFN R, N EEYYH IR ST W EEEE, MiE
B R S EOK G MM A YR EEN Y BOEE, A SMEMET K EEREEN TR EH.

B P& 1b 7] I8, 24 St b WS AR ) 2 40k T 2 15 0 FR SR B B L o “ IS B, MR P AR A6
B MEIR i, B R B/MEFERN R, (HEEAEANRR, XRAER MR R SR E RN E
B, EHR T AR ERSY . FE Lo i, KRB R ARG BT 5815 A58, 1R
5 RN ST, A T FRE/NEFERR, REEE R4 R L SR MR ERE, Eilt, AT
BRI T G R G AR P AT S B 5 R IE , 3N SR B 19 7 8 K, B A i R Y B
BEL , T3S AR SRR TE BME . el ] 1d T L, B0 o 9 S SRR 47 92 B T “ B A (stepping stones ) ” fY
YERL, AR R A T AR RT3 5T, (B, AN S R BN, SRS UE 16.35% 1
RERE , X RGN E R RA R T — 5w, WE le fia, BAER BRE M3 TR B, Mk
Bk A S B EE IR T B PRt 8 , AR T BBt o i B iR AR L, R M3k SRR T 25 (R TR B TR , AT i
A BB SR 5 AR Rk s (R B
3.2 SRMBEHLRIAE BAE R S AR M AT

B5 BRsZ R AH EAEF R AR AR RIE A SR EN A RN E R TR EE S, KB
B SRR AR I R BT, SRR YR S B RO S e R R e e 2 R, ik
3 W, ARSI A EAEFREZ R BE , B 10 5 8 Z R EEFHRR, bniELE R 65. 6297, 3%
B B S ) By St b JRR T A S5 PR , ROURREL D B/, R IEFE AR AR MY 48 g L2 58, X AE IR R B B
IR 5T BEEEEZMEN, RO = iEH 5049, MRk 2 5 1 ZEMHEEER RS, nrELEN
2 0.0001 , 2= BABEH 6] (5 R BE 1B K, 2 5558 B EARAR , B b 200 7E SR SR 1Y 4 it R Gu il Rl o LA s 3, 3% m
SFMBEHSEGE . BUCTT L, 7SRRI IR T G R R b, By b BEE B AR, B St RRE 1
B, 1RSI A B e, TSN OB ) , SR R A B AR RSB B, XA R T A MM EE S NE R TR
Y8, WA RBER IR A Y Ere i T TR S R BB T o

&l 2a 24345 Hellmund ™" S R 45454 v i T 2 B /M #E SR B LY —FF I 05 8, JBR T8 TR 2 30 22
&, Ha By AN 4 MR WIEE 5175 0.58.,1.83.,0.73.0.51(F4) , HAMKHEZE SHEEKFEL
B, MG REAHR WERET . B 2b-e RIREHEEREFWEAESMENSR, MEHEZRESEREK
SEHWIE I, BE 2b T, 58 1 RRIEEERIEREE 10 71 8 ZJa], BB I AR, R E A B R 8 B
B BT 10 AR EN B R, LY 80EE" B SR, R R WEEERZ IR KR
il , A J5 BN 58 B H R Y SRR T 2 1R, AR FUrfb R 598G a3 11, By #UEE I,
KA ZIEAE M 45 A BENY BUER, BN AR A 7 A A S S R W E AR, R A SR
B MEIHE 7 N EE, H By MEAR HAEH2718 0.58.0.23.0.30( % 4) , XX ZEME I REH , &
B S5AA BT WEBAR, B T X SRR E S SR N, AR $el Bk, BB 2 T I, BB
3.6.11 RS 1 AN EIBRATEL, B B B% R m7E RE/AMEE A, B LSRR ERNR (B8 f8 808
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0.83,J3/NF 1) ,y IECHRBAR, OO 0. 33, BB XM 45 e 1 BE /K P , DRI JRR 3 1) 39 UL REL g B 3 K
HAA AR B OREER g R, B 2d KAESMETERE 19 KEE, o 8.y FEALIEE 3 0. 42.1. 58
0.63.0.48( 3% 4) , R ILMBHZHE S ER B KRR, M4 AR B Bk 2 lss T2 40, £
BRI AP B B HUBT 3R 52, BOR SR RRIE 5 MBS M BELR AR 2 , 6 AU IE R BB 57 e B , = WLRE
TR, B S A SRS A LA 3R 55 (5 AR B B A A A D An AL E X/ T 0. 05) , BRILTER
R B2 RGEMLRI T DRI 2 JA DM SR MU RRIE , AN H S MR SRR i B . O T UL S MR S,
AICAEM S d BZERE B30 T LIRS IR (40 2.4.5.7.9) B EERAL, IR S HT5T X AMNE BSR4, 14
BT IHGREES MY (A 2¢) , M % 25 RBREH R, HOER KT BEREEEL(30 &) a8y TE A
BF0.74.2.08.0. 83 (5% 4) , R ZMEE RS, ERE SHE BKFER, (Bl THHEERNR MU AMR
R, B A AERAR R, 155 0. 84 (B REAWIE ISR PELR 5 18 , BB X e S AR ST B, L BB P MIK
TR 5 A L

4 HZitHitie

ASCLABT R o), BT GIS V& , RS/ MERTT 5, X7 S AR R MR BT T S,
FHETEHRBAMMEERER 4 RUER, RS A AR R E SESMEEWET T e80T
SV, BHEE R R KRR B BR AR M K SR M A0 20 ] SR M R AR S M 458 1) = FAU SR B r sk e R e ML
RIH L FERFF A RFET HEESMETRE Ba " RER, &% T EEKIIEE, B &5 AR E R
WHIAR , SHH RS = AR RE RS A RS R B AR FR R 25 B3, R B EAE
P B4R MRS R AR AR R 48 P OO R PR Y R B R IR ST S EE B Z/EA, e At A
FEREAER SR, TFEER 2 1R AE AR A 55 8RR TE RULRE ) oK, AR 58 E AR, B O R R SR B 4 M R o MK
FINLIBCE , SNSRI 5 RRIE s 45 et 2%, R B S8 BB, XTI E s 59 8 8a
Mo &5 BT, IR A S RS IR PSR , Pk SR 3 2= (W) A JR) , Bl SR ML PSR IR B i 4, R — 48
PR ER M RGEHLRI B RBAL S, RAN T EYYRFEEZMEFHIR ST 8, ATA R RIPET EYE
R BRI RS R RRE )

WA, RTRMERAIRE BT B AR EERS I, BRI MPESGERE B A oy R A RN BT B
BENT R, ASCIR AR R4 A RN, A BB DR R I B0 231, (B RE S R I
T AR S Y R B NI D SRS ) B K, B 4 bR T SR LA R A T 2 R B R 5K

YR AR O N T, UM B AR R 5 BR T PRI AR W) 2 Rk LA S, 3 b 2000 2 T & B H 22
WA BIRE R, RIEH D B O SRR R F LM IR, B, BT E SN EANMEFES AR
SLE) RS IR , o R B RE TR JE ST AR ) R AR AP TR, SLRB AR BRI & RAR IR AR 457 K o

ARSCHEE B IR T £ i A A ) S A7 7E — 6 WL : , T R S X VR SRR T A S 7 AR — SE R WA o 120, SR LB
I SESEEERRE , SR8 THEPE R R YRR S BT S N R AL TR E 4 AR T A
Bk Z X H T SYMERBONER I BIR R R, A STHIRET A —E N ERE. 50, ESMEFGRE
FEHEARE, BAEA— TP RSB RS, AN R LR R R BT, 077 X TR AR EERR
B, WA R R B AR S RSB R AR A IRIE S5 2%
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