05 B 5 e &, ¥ # Vol. 25,No. 5
2005 £ 5 A ACTA ECOLOGICA SINICA May, 2005

LtETEREEHAIHEMEE (ANN)EE

KA &

(ERMBEREFNOBRERESLRE, BB 200062)

WEER&ON BT RWKZWBRF A K TR R KT RALE L E 3 TEARTRRNERSER, 05w et
L. SFMNESFRRURNMETA R RNE EER. IR LURH R WES¥EE, NAET GS WREUBRAH S ALY
2% ANNHE ST EERON EERTIRT R WAER (1994 4 REAMAE BT T BRIl L s m R Rt
BAEXAS EEEE ADEERTERFESERISHA HE ZFEZWNHATHERNE, LREWATHEN
BHEBTHRBT AR FRSHETRREROERENMXER, IRAEREANHMRAEREHESESE2IBME
RERRAFRRUET —FAR . SARNHREE.

KW LT R AL RO R A L2 M 4% IR AL

X EHS:1000-0933(2005)05-0958-07 AN XS :Q141,Q149 TR A

An artificial neural network model of the landscape pattern in Shanghai

metropolitan region

ZHANG Li-Quan, ZHEN Yu (Stawe Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai
200062 ,China). Acta Ecologica Sinica,2005,25(5) :958~964.

Abstract: To characterize the urbanization pattern quantitatively and study the mechanisms on the formation of landscape
pattern could facilitate the understanding on urban landscape patterns and processes, the ecological and socioeconomic
consequences of urbanization, as well as the establishment of more effective strategies for landscape management. In this
study, we integrated a GIS-based analysis of landscape pattern with an Artificial Neural Network (ANN) to quantitatively
characterize the urbanization pattern of the metropolitan area of Shanghai, and to establish an ANN model which could
preferably simulate the responses of urban landscape pattern to the natural and socioeconomic factors such as residence area,
road density, population density, urban development history and Huangpu River. Our results showed that the ANN model
seems appropriate for studying the nonlinear relationship among the forcing factors of urbanization and the urban landscape
patterns, which provides an effective and practical approach for further understanding the mechanisms on the formation of
landscape pattern and the reciprocal relationship between landscape spatial pattern and ecological process.
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BNSHEHMSESESBNMELRRINATERROZLORED, BHTRBESEHRANSERTESSHEN
#iR AHHMERTES SHANEERS S BT RWA S BEF, WA R R WA RSSO A% 7 8 F 2w
BRHRNHBRESIR, HERT NS SFNESEERURBEEA MR RE R,

AN L2 ML (Artificial Neural Network, ANN), B~ A AR EFLKHENBRAEELEN B HRE, BB RBENAHESA
TEHETT ZEAETERMMNE . CREARMERFHRABREOEM LRBG, KT AMIEHERFE RAEHRE
ABRELHEE MRAREHEMRS . RASEUS, ATHEMEMH RSN, TEXREIANFE. BXI IR 5
AU HEIRMABEHRE S . ENRMEBES AT WEME T ESIER THEE AN RS B S B E 5
B RGEM KA ESRBAH R, Bk, ANN BHABBHTEEE AN EEFEZ —. ANN X 868 5, /8 ANN 73575
Ry AR RN S A R B P AN H 2%, R AT MAMEHR B ERTRWER .3
AFIE B HL R BT B B R R AN,

ATHEE AR S A A2 R 1R, WA T M2 R4 (ANNOM R, 25 & 2 F GIS 1 1 R B A, 0I5 R E
MEAXRBRUERERNHO L. FRERAA-SHRBTRRESBHHLXRZULEN SFMRTALIEAEEE
1 WREHEMAE
1.1 BFRERHE

EWRREEENZ—, 6 F 30°23' ~31°37'N,120°50' ~121°45'E, i #2 6 340 km?, 3B 1994 £ B XA, LB TR EH.
BRI KT BE SR L D B N SN EEEEFE LATER UKEIL. ER. NI £10.%5
WOEH 6 AMATEENME., 1994 FERKLTEAD1298.81 HLAREER 2048 A/km? , HPBHRAA 953.04 A, A\DFER
4633 A/ km2H2,

FIARFTRANBBERERFEREBBEEAFTHA
MEREHEG LB HRK 194 £ LHHRABE. HEEFER
31994 4F 154 3 1 : 6 000 ¥ IR/Color fliZs BIBREHR (FR K
. LETMREBEDAR), M BBERNEIERAREH
1991 4E 47 A i B 28 A% #E GBJ137-904 3% 17 9 30 -5 #0022 % b
B M e i ST R 4 2R R L 5 ot 3 S I 4R L B A IR E A
EXRL2ESRLFMBR LENIRT LA A E (1994 ),
ERSEAER b, BT F A E PC ARC/INFO T it
73T 18 B80T 4k v F ot 1 0 A B A - b R 3 B O
%7 PC ArcView GIS F"I1(E 1),

1.2 FBWERLSH

Cl €2 C3 C4 C5 C6 C7 C8 C9 Ci0

: :.I’-.& . im by ] il |

AETANMEBHETRUAERIRELATHEMEKLY,

C91.C92 C93 C94 C95 (;95.(:9'? c98 C99¢'Uf]..._ - ;
PR OAR;T GNP E, AN & EM 15 km, R — m&g'ﬁmd 0 6 12, 5
A 30 km X 30 ke ) 1 77 I 0B 55 (K 380 . 4 BF 9 IR 88 8k — 45 R 4% AR Agricultire__
7K Water Br 08 F N
A 100 K/ K 3 kmX 3 km /M, 2R B 78 #0 M Ib  m K T8l Industry S~ r \
Ja £ M i Residence |

W el i i Other urban mn-.tructwnafland
g #5211 Land for construction
B £ Hk Greenland

WA C1-C100(E 1. REFHATRMBRSH, KR
BaE P 1o M A ARMERHREANFR S R BEX . TIRKX 8
THEERAM. R A B KRR,
MiJ5 Bl ESRI B ArcView Spatial Analyst ¥ & 8 ¥4 5 e Ui
B AR KD 10 mX 10 m), ATRHRPE—/MEFRWA B1 EEW 1994 FRET GIS B MAAE, 30 km X 30 km HBF
¥ b H2 WH BOM Bl FRAGSTATS 3. 3 &0, FEIRA K 100 M(C1-C100) K/hK 3 kmX 3 km #/METT
L3 BPMEIAE Fig.1 1994 GIS-based land use map of the Shanghai metropolitan
B3 ANN B Schi i Fl o, 4 KB4 S R E R E area, the research area of 30 km X 30 km and 100 sampling plots
Rumelhart 2 A F 1986 4E & ! #9 BP (Back-propagation )4 ! 5§, (C1-C100) of 3 km 3 km
HEEWNELEX.BP NEE-FBEREENEZENRMNE  HERNE 2 iR NBBRTHANGL T RSIEE -EZREEH
BREWA FAENAPREEMABESG AAGSABABRTA - REIERETR ARABAAGR TR, B-RWANGER
BT —2HEAHHE . BP METUBERRE—TARAZISENEEERERS, B F.R—>R", [X)=Y NFTHEES
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LERM y ERTIANFELE -G g fH.gGd=y i=1,2,n, REER—HABY [ FEELRHBEXT. /£ ¢ HEH
B, HELEE 0 HER L, & f:[0,1]>R", FHE—/ 3 BP A, EWLIEMER « FHREMENEL /MY,

BP [ % iyl gh5d 18 R 1 . O F B BEAL 3O 8 — 2 AU
AR 2240 584k » DLORIIE 190 48 K B9 BUR AR R i R B 4
MABHERER /ML BRREFRE B ERER I EE N1
FHRNEFERESECOHEMNEERRLRREMEIRE;
@& R R IR E, 36 8 & B A 9 45 IE (8 B R 9 AL
H:OBRHEREBERNREF I ;ORERETF A
BATFHERER/ME. FE UIIGHH BNk,

1.4 HRKEY ]
HEEMBRBRNHOFETES A5 BB A 4

& BWHERSE R B U — /M 6 B ER il Onateyer

B X R H L BT R BE S PR S T BE B A B 5 A4

R BTN RER AR AZE, ADHERM 1998 4 L B2 R 3REHME BP M4

i (% 8O ADVEERE (B T 1994 EREENADE Fig.2 The back-propagation network with three layers
BRI, HBEEWEITR 1994 £F 1998 FMADKHBETH AL 0. 670", LM IEE L ArcView 3. 22 FHEWET
B, HEBE— /MR B WK B % E (patch density, PD) . B & H 1 It (perimeter-area ratio, PARA) . £ ¥ 5 %
(Shannon’s Diversity Index,SHDI) #1358 £ & 5 #{ (aggregation Index, AD4 MR IMEBENE R PR BT E(FE D,

1 LHHTRARBHAENEAEINGANTRNBHER
Table 1 The inputs and outputs for an ANN model of the Shanghai landscape pattern

%=1 %% Index # X Meaning
Symbol
11 B B T FR L ] Percentage of roads(%) %58 5 2% H £ Transportation and economical activities
BWATE 12 JE1E F#b BT & Ho ] Percentage of residence area(%) 442 5B &K Socio-economic factors
Input 13 BE T &0 BE B Distance from the city center (km) W &R HE Urban development history

variables 14 BE & ML BE & Distance from Huangpu River (km) B AR 5% @ A & Transportation and natural factor
15 A D% B (A /km?)Population density(persons/km?) #t4&H % Social factor

01 B IR T E Patch density (m/hm?) B WA B2 B Fragmentation of the landscape
BWAR 02 JA K H R L perimeter-area ratio B0 59 5 247 BF Complexity of the landscape
Output 03 Z B ¥ 45 8 Shannon’s Diversity Index B LR Landscape diversity
variables BB B M R B9 B 22 B ¥ Fragmentation of the landscape

04 BEF B Aggregation Index(%)

and complexity degree of the mosaic
ZEARGEENEARANERERRATENE AR, HHE B TIN50 R G EEE TR LR, R
RAMTER:
_ % Mz,

i=1

z'; = o

z _ Zij
j S; \/li(x,—iif)z
m = 4 m =1 "

Az FIREEE s 2 BB RBIAG AL 5,/ om D HABRS & B STAT S5

I F§ MATLAB 6.5 f A T3 2 M % T B4 NNTOOL gy —1 3 2 # BP W&, KM ABRGET s MW AEAZ
B RERIOATRALEBANMTRELZER . RARIRSENRETSR, NEER N w1, BELLREEEH S
BX S MM REg, NERE W, 1), BEb2ULE 3. YWETNELK/ KEMINEHZE, NERFHEBRENSHAR
WA R AE R B, A KR YRR Z R R IRE , HYNGREE R R E R, YRS e AEREMRENRERR R
R,

M 100 AN/NEE T S BEHLIMER 20 A/IVEE 7 4B S B AR BOHE BRI 80 MBS RABBI AT INSR . B TRAINLM B 3%
5 F Leverberg-Marquardt % 3 $LIU , A RURE RS LGS /DY GRiR 2 , AL B 1 A1 F 275 % (Mean Squared Error,MSE)¥ i #
BRRRE. REBRARIGRERECy 1000 5,55 25 #BR—K;REWMMHE 0. 001, RKIRE 10°, REM L FAEF 10, FREH
FO0LBRRKEEKE S B/AHER 1077,
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2 HRENH .
21 AR RRNEASE (L. 1 74 5 7[_*
R RWER L GGA T A 8 # Ll AR R MR Wﬁ =
REEBRERTATRB-HOBE-TRMORKIAR  RHTE 5 10 4
. BWAR BEE WHE
B0 sRIEEHR =%, ATRRH LK, BEREE Input layer Hidden layer Output layer .

SRE M, MET L CL6 D FEB B EE EEESD L
350 X HE B 348 0 T LB T R (P 4a RSB . ROBRBEIR B 2
BEMARKSERLEDER T FBRT /LR 0w -
(P 4b o B SEHIED , 48 R 3R B3 4 o BEBR SR 1k A4 R R R B O i L 7R BE S I T R 78 SE AN AL . 4 4R MO R B - R P 26
BB 2 BB 3 T = (B e i ST MED » 3R B B Rl T 0% b 008 20 | 38R T PRt 9 L 490396 o A % - s R0 T 288 R 0
00, SRR AS AR AL . T U SE R IR 4 R 0 3R B4 U 0 I B 0 T T R (P 4d R SCRIED Y. AR, R
WER WX BERER EBBXERERERERAKEROMEREFEACEE(GREERERR EDE RIS ERT
B, RUEERTAEERS, RRREABRE IR, RN B AEREEERTCEEYD, RREHS LE
R ER EERE R RS ¥ EEWREL.

B3 BRI RKN BP MEHER
Fig.3 The BP network for the Shanghai landscape pattern
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B4 ANNEEYIGER
Fig-4 The results of ANN training

HPEFS 1~80 4R ETE 1 FHRE K C1-C2,C4.C6-C17.C19-C23,C26-C33,C35-C36,C38-C40,C42-C43,C45-C49,C51-C54,C56.,

C58-C62.C64-C67,C69-C75,C77.C79-C82,C83-C86,C88-C90 1 C92-C99

The plot numbers here represent the sampling plot numbers in Fig. 1 C1-C2,C4,C6-C17,C19-C23,C26-C33,C35-C36.,C38-C40,C42-C43,

C45-C49.C51-C54.,C56.C58-C62.C64-C67,C69-C75,C77.C79-C82,C83-C86,C88-C90,C92-C99, respectively
2.2 WA

AIWEMEMIIHREMQRIRETER 200 FARBIBGEEHHRBE TR, & 1000 £ FIEHE R, VI HIE M F

BHER 0. 053, RIFHFBHFHHER 0. 25(F 5),3 BHEMEZTH RZ RN EENENRENLE 2 ME 3.
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ATHERGHEMBRERE ARER L. SHERRR
B BE A0 4 TUR VLI B0 BUAME 5 5 08 C AR 2 A1 B - B Ten
BIABE TS BIRE 4, SHREN, A THZA% R RENT — VT
MMM N EFRET AL aS 0 M mmE O,
BRI B . T H RO B T & RO 4RI 58 A
BB 0 R K (B B2 F i\
2.3 HENKEE

U455 e 0\ T 6 S B0 S 6 0 R R T3 , , , 1 ,
BB 0P SRR R ABERLI 450 20 A/ BE T R LI 6 .
B 0 A L 44 SRR B 35 Bk 1L 45 A A B L
T8 LR 1 367 b Wt T S R o X B 5 ANN LRI E PR
BeE A CE S SN AL SWERMEMEMMA  Fig.5 The performance change during the ANN training
SRS 72 WS B P SR R AT 9 DO/ 96 B M R HE P49 4E 80 36 22 LA BT A0 AT B, JESC 0 C B
B0 FOBUN (140312 46 LR 6.

£2 WABMBEEZEKEERE v, DM EMEbL
Table 2 The weights iw(1,1) and thresholds bl between input layer and hidden layer

BERE # A2 input layer B s b1
hidden layer 11 12 13 14 15 Threshold b1
¥ 4 1 Node 1 —0. 36956 1. 6982 —0.17373 —2.3749 —6.2017 3. 6417
# & 2 Node 2 2.2418 0.013196 1.5017 —1. 045 —2.2455 —2.508
4 & 3 Node 3 23.193 3.2898 21.152 —14. 942 26.016 0. 22672
# & 4 Node 4 4.458 19. 499 24. 906 —63.978 —110.4 —27.714
4 4 5 Node 5 25. 048 —8.8204 —41. 631 45. 611 14. 268 —32.888
4 4 6 Node 6 1. 0326 4.1185 5. 6818 —1. 4958 27.703 —23. 964
4 4 7 Node 7 4.7917 —1.0782 0. 89889 4.14 12. 259 6. 0831
4 & 8 Node 8 —1.3393 —0.86175 —0.10452 0. 004156 —0. 48226 —3.9442
4 4 9 Node 9 —0. 45725 —0. 09442 —0.21507 0. 7581 —0. 02035 1.5848
4 5 10 Node 10 0. 43486 2.8424 4.7612 —15. 909 —0. 87166 —18. 299
3 itit x3 BEEMHHEZ B A EBNE w2, DMEHE b2
3.1 EERTHSHEBRRNEENY Table 3 The weights iw(2,1) and thresholds b2 between hidden
B BEATERM LRI ESSE 542 %a%n  layer and output layer
; N = i 4 2 Output |
R T AR VAR B 2 R AR 2 O A A IR 1Y BaR 1812 Qutput layer
Hidden layer 01 02 03 04
™ [3,6.7] 2 2y A
ES o ARFEIME R RALE G WAB R TR S5 # 21 1 Node 1 0.74285 0.75385 1.1497 —0.48654
WHE ABSMS AFHBOASHE MEBAWETRWA ¥4 2 Node 2 —0.56133 —0.56869 —0.9897  0.40137
KN FERRTERNEE 5 EE, AR iiE 45 /5 3 Node 3 0.40654 0.42714 0.61245 —0.35713
# & 4 Node 4 —0.65193 —0.39793 —0.13885  0.43821
BHFEME L2 VRGBTS0, R
EEMEXERHER RLAADHE L. WHRGP % 4 5 Node 5 0.33212  0.45753  0.50973 —0.41928
3, 2oy
WEEESHMLREFHTRRUE EFRBAZEE 4556 Node 6 —0.6575 —0.39822 —0.05096  0.49927
By RNZERERAMESAENF . PR HEX SR, HRE A7 Node7 —0.74921 —0.44917 —0.3767  0.45835
BE FEAETFCIS WENERFETU RN ERA = ¥ & 8 Node 8 —50.589 —45.822 —71.325 44.213
4 &% 9 Node 9 —2.7447 —2.173  —0.25745 2.2318
2318 =1} = AR . j 73 18]
VLB 2 B 7 B B i R AL AR . R T T SR T L ) 8 1 ¥ A1 10 Node 10 —1.0376 —1.3183 —0.05794  0.76643

HRREEERTCRERN, RMEAS LEZHMALBRE 1 b2 Threshold b2 —50. 087 —45.822 —71.647 43. 458
EHERURAESY FEREAL,
3.2 BAE AT RALE 0T

EHE BRI BB A% K, ER T HE B R FHRALZE. EEETFRES KM HRAKITNAE
O, T 4 TOF R AL % 1 5 K MR 0K M, R A 0K EXOE R LS RT A R B ER . BEE A LB R R R
FEH R B0 07 2R R % R T 2 ) 60 30 0 SR T 03 515 DA 3 S e 0 A . 9 T R B RS 4 R OB R 4
SR, T I AU B R 2 A R TR B T S o R U A0 B RS R A X35 6 B A LB A 2 R A A P T LA
BB MR BOR . AT, 20 42 90 AR LAET. LT A BB RUME N T BRBA R TR LIE BRI
RS B BRAX AR, X EERERITE THEREM. 20 4 90 A L%, =5 (W KSR . B AN RS B AR F1— %
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CERAMEE THEEID WA HAN A R B RR R R, X A58 R EES D 5D,

—— SEJU{H Actual value = +eoe» R Simulated value
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6 ANNHHKK
Fig. 6 Validation of the ANN model
BT E 1~20 454 F%E 1 B C3.C5.C18.C24.C25.C34.C37.C41.C44,C50.C55.C57.C63.C68.C76.C78.C83.C87.C91 F1 C100
The plot numbers here represent the sampling plot numbers in Fig. 1 C3.C5.C18.C24.C25.C34,C37,C41,C44.C50,C55.C57.C63,C68.
C76.,C78,C83,C87.C91 and C100,respectively

He2FREGRE EERTAABRMEER . AR 1292 F, TP REFIELEENES LRH  #E L 1§iRr LiE
B MmEELEBEBZH, 19HERH, PECRIRESENEELED. BRREUE, LEEAREXEFRENEHT "D
BORTHNYT R EERGEBIAAENEM MERSHALE, LETHRRERAER EXENAR TEETFAR
Kpgdbmy &, 1949 EFPEBR UG ERERBTAEFRITWELAEST, LERTRAABKETE—-H T 0, A
OdpEZ KB WA A 0N 1949 4EE 520 J7 4 hn B 2001 4E & 1350 J7, .0 3% X A B AR 1949 4E A5 91. 5 km? 3% i Z
2000 4E 9 800 £ km®, 20 #H42 90 FMRLIK, LBEMNEFREHFA—-ITFHHE, TV AR EFERHANIT RISHEESE,
A B IBR R 7 T E R R0,

AEXBEVHALIHEMERFBENUT LBEEXBELFGBIARARENEER A EREE AODFE BT EARAL
5%HWI4 AR B4 2FREN LB R0 R (1994 ) WIRSIHLE, BRAIL T 8B i etk iR Ed:. MIR%ER
KO, AT 48 4 7 2 5E TS0 AL IR 3 B 3 5 0 AR R B SR MR B E R L BT T ML R R (A s
ABSESBHEXRNREAMRRET —RAREHURARER.

3.3 XTFAIHENE

4% Kolmogorov ;EHI 88 —MEL B U —R", f(x)=y, XB U BEHAXE0,1],f TIEHBHE—4 3 B/
WG, WRBENE 1 REARE » MBI, FEBEE 22+ 1 MEEBET, E3REEEAE m MEB BT . AT
FPH ANN SR EET 5 MEAZ R =5 ¢ ML EE (n=4),3% B Kolmogorov T , BENBEBHT EHMNH
2X54+1=11 1 &R ELBBHEBRT 10 B &5 4, X R 0] LR B4R UEAE 80 H B9 B, 55 Kolmogorov & B A 45 R 3 A4
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B ATIWEMY%, BB E TR R 530 H R B3R R, 372 B R E B A b 3% 3h 34 R WL o] 888 AL A9
S v, 3 T ) 5 A R A R L B R R AN, b M AR TR R R E O () S ) SR 3 IR R R ) B 3 S TR B S A O X 3 R B R
HHEHE FETBANBERR. AXEBEFRTENWSER HATEAMBEREO R 1994 )58, T—SRHE
e 8 7 TR TR B AR SR R I A DM 2 R, T B (R e R T AL 3R 3 B % Lo iy SR R B W 7 R B4R
FMAAL T H
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