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Abstract: Spatial heterogeneity is ubiquitous across all scales of natural systems. Spatial pattern/
heterogeneity is also scale dependent, i. e., spatial heterogeneity exhibits various patterns at different
scales, therefore the observed pattern/heterogeneity is dependent on the scales of observation or analysis.
Scale effects mean how ecological properties change with scales. Effects of changing scale on spatial
analysis have been studied for decades in geography and ecology. The main goal of this study was to
validate the scaling relations darived in our previous studies by analyzing additional real and simulated
landscapes.

To systematically investigate the effects of changing grain size on landscape pattern analysis, we chose
two real landscapes (Northern Guangdong vegetation landscape representing relatively natural and
undisturbed landscapes and Phoenix urban landscape representing highly managed and human- dominated
landscapes) and 27 simulated landscapes generated by using the SIMMAP neutral landscape model. Three
factors and three levels of each factor were considered while creating the simulated landscape maps. The
first factor was patch richness (or number of classes ), including three levels: 2, 5, 10. The second factor
was class dominance (i.e., the proportion of the whole landscape area occupied by a particular class or
patch type), including one-dominated, systematically decreasing, and equally dominated. The third factor
was spatial distribution of patches, including clumped, moderately clumped and randomly distributed.
These 29 landscapes represented a variety of landscapes with different spatial pattern characteristics.

For changing grain size, we kept the extent the same as the original data sets (750 by 750 pixels for
simulated landscapes and 1200 by 1200 pixels for the two real landscapes). Grain size was systematically
changed from 1 by 1 to 100 by 100 pixels following the majority rule. We examined 18 landscape indices
(see the next paragraph). The landscape pattern analysis package. FRAGSTATS 3. 0, was used to
compute the 18 selected landscape metrics. In total, these metrics were examined at 696 single scales for
the 29 landscape data sets.

The results in this study confirmed the scaling relutions found in our previous stueies. Based on the
shape of the scale effect curves and scaling relations, the 18 landscape indices in this study were divided
into three groups/types. Type I indices decreased monotonically with increasing grain size, showing a
power-law decay scaling relation, with the characteristics of spatial pattern having little impact on scaling
relations. This group included 9 landscape metrics: number of patches, patch density, total edge, edge
density, landscape shape index, patch size coefficient of variation, area-weighted mean patch shape index,
mean patch fractal dimension and area-weighted mean patch fractal dimension. Type II indices also
decreased with increasing grain size, but not monotonically. There was no single scaling relation for each
index, and scaling relations were related to spatial patterns, mainly influenced by the interactions of class
dominance and spatial arrangement of patches. This group included 5 metrics: mean patch shape index,
double-log fractal dimension, patch richness, patch richness density and Shannon’s diversity index. Type
III indices increased with increasing grain size. The shapes of the scale effect curves were various. There
were three to five scaling relations for each index, and the scaling relations were mainly influence by class
dominance. With increasing equality of class dominances, the scaling relations changed from staircase
increase to logarithmic increase to linear increase to power law increase. There were 4 indices in this
group: mean patch size, patch size standard deviation, largest patch index and contagion.

Type 1 and II indices were very sensitive to grain change and decreased dramatically with increasing

grain size below a critical value, whereas Type Il indices increased dramatically with increasing grain size
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below a critical value. Spatial distribution of patches in a landscape was the main factor that influenced the
scaling behavior of a certain landscape indices. But the equality of class dominance and spatial distribution
of patches interacted together in determining the scaling behaviors of landscape metrics. Given the same
combination of dominance and spatial pattern, patch richness affected the value of a landscape index, not
the scaling behavior /relation.

We compared our results with those of other studies in which the same landscape metrics were used.
Discrepancies among the results were mainly due to the use of different aggregation methods and different
ranges of grain sizes. In general, number of patches, edge length, patch diversity and patch shape
complexity decrease with increasing grain size, while area of patches and contagion increase with increasing
grain size. These scaling relations could be useful for choosing and interpreting landscape metrics in
landscape pattern analysis.

Key words :spatial grain; pattern analysis; scaling relations; SIMMAP; FRAGSTATS
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24 PGSR, D LR FI2E R, B 1b T RAE 1999 B RRE, S5 HEN 30m ) TM BEH



http://www.cqvip.com

D000 http://iwww.cqvip.com|

123 7 T 4 . 5 () e BE 2R A0 X S LA R 43 T B S 2509

TETm ok, L FHEB RO LR 7 F, B AP ITH 2B H AT 4007 B R FL 35 50 R £ s f) PR 26 R0 o 4
FIZELER S () 43 A AP IE, REFI AR B E A LN E HPEREER WS R FEBOF W RERN, Rk2
2t PR ERAEHATE  HEA——FNIHEXFHREXZRNNO LR AR HELER, B
HEEXRMMRAAA ArcView GIS3. 2a) RN E X B E R W L YT . 8783 540 AR B 5L o] R #y55 [6)
BiE. MB la PR L ABBREBETRASERBPURE H4~5 A HGEF A BHRELBE™EHE,. X
B RMER RS, ERHEAERY, ORRRESRHIHLESE.

AP MBI WE SIMMAP £ W 5 4 4 & (neutral landscape model) ¥4 &R, Z B K gy Saura
Martinez F 209, A RBER UM I ELET SHAERAEHFENERERERE D, PHEBREKY
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RFET 20 AR FRMEY,

1 ERHRNRANEENATFREAKTE

Table 1 Three factors and their levels being considered while generating simulated landscapes

B AR 4£ 3B Dominance of Classes 25 A} 4315 5%
Number of B% e £ -£75- 9 )

Equal 1#E5K HEHER (s) . Sp:ana% Simulated landscapes
classes One-dominated Systematically-deceasing distribution

2er, 2dr, 2sr, 2em, 2dm,

0, Q 0, 0, 0,
2 50% X 2 80%.20% 60%,40% BE#HL (r)random psm. 2ec. 2dc, 2sc
34%, 26.4%, 19.8%, % % ¥ 4% (m) S5er, 5dr, 5sr, 5em, 5dm,
0 0 0
> 20% X5 60%,8% X4 13.2%., 6. 6% Mildly-clumped 5sm, 5ec, 5dc, 5sc
Q, 0, [)
:2/;? 16-120A8.% 14';;:’ 10er, 10dr, 10sr, 10em,
. (K] . ) v
10 10%X10 60%, 4% X9 7.2%. 5.4%, 3.6%, ¥4 (c)clumped 10dm, 10sm, 10ec, 10dc,
10sc
1. 8%
1.2 ENFHE

RNETANEARRDE 2 FR,ZARWMNBEEYAANAE. GAFRBH 1 MOTERESAT 2R
WMEs 4 MMRT, ERENFRFEERE - FFUB 2 HAIRMBEERN 36 M ERA KT, ERFANIHS.H
KHAEARRPRARRFINEHSRAHREEFEN. A THE BIENERAGTN—NERR, LNE 2 £
BRWMHRER LAARRHRERZ N 2(ERAI O. B la,b S 53 H T 3 7 A FRE K KRW. L8
BERFERWE 15 F6f, AR W W ERBEEAR K, B LR EEME 100 6, BIARMWELEE KEE
. EX EEALERWHERRFIE.
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By 1 B & “ £ J R (majority rule)” . B BIFEF = T BT, DL £ BRT MR RTH
R, B R AT B AN R R T 0 3 E AR Rl At W i B B AL PE SR T KR, A 2 PR

EREHRAARE N MNEE R RSN ERER/NMN<SIHNGRENBBEY LEERXC
20) B 45 K 19 038 B S 10, 7E SEBRAE AET RO ET A8 R IR R dh A9 R CEDRLBE D 1 B9 SR » o A R A
— KB EA TR, R A2 [F B ) 7 =t BR S 24 37 B A (independent aggregation). MUK . &
ARMETRETE 0 T EEHR ERESRN—RZFHRM, FULHR EATHHHRWILEA 696
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Fig.1 Real landscapes and simulated landscapes (examples) used in this study

a NRBEBH R N RSB R AAEER 3T RBKRES SN 1X1.15X15.100X 100 MR, &
MMRITHE KA/ E 30X 30m2; BT BINEE I 1200 X 1200 MR5T, L ED 36 X 36km2( L EIM LA R R RKG AW
M ArcView PR BHEAR . HARELYWBROEAR ;e Md N ERIBWE 2 715 NS RE, N
EEAAKASNERTARBDSAAYRR FK AL TANRBIZRUARNNEH AR HEZAERY
K BMFAFEHRAEITLRE .

Fig. 1 a and b are Phoenix urban landscape and Northern Guangdong vegetation landscape maps with the grain size
of 1X1.15X15 and 100X 100 pixels (1 pixel=30X 30m?2) from left to right, respectively. Spatial extent of the
two real landscapes is 1200 X 1200 pixels, i.e. , 36X 36km2. ¢ and d are some examples of simulated landscapes
with the class numbers of 2 and 5, respectively. The name at the lower-right corner of a map designates the spatial

pattern of a landscape (see table 1 for detailed description)
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Fig. 2 Schematics of changing extent
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T B 4c(DOFPRBRRER, HA R — 50k 5k F BB 0% T B, Shannon £ B BAR
EHNHEABEREEREATRME 441, dG) YRHELTHRWE 44(2),d4), REEF—EMKEE
BT 440, d3)), A RE 4d L FERAFEERMER . BLGAFEERT U HIMENE
MIEAR .

EIX A HEBWMPS.PSSD.LPI.CONTONERNEBEN THESS, HRAMAERFERE 2. FHERE
B 4 b T BB M 2 AR BEAE L R SR TR R AL, R IR 18] A AR R R F X P b 3 SRR B A0
1 BB T 1 m (B 5a. (1))t 3 B FE o F 3% fm (B 5a(3~5). B 5b(3~5)), % # T Bl 1 2= 0 & BB B 3% m
B -FBREREATEN OEHA~2). BAFRENSREEEBROREETRAWM ML BEEH
& 39 9 B B K5 R 15 S AE B0 % ol 303 0 (B 5c (1) VB 5d (1)) TR U N (B 5¢(2,4~5)) M B & i
(B 5c(3)). ARIEMA/FHFANER, BEEHRBAR EEw 22 B 0] LRE I “UEH (E 5d4)),
EEFRHRTREME B,

MNEHEHSHPEL FTEHEBOREREXERARE 0. B 1 XBRPLEXRBLRRI TR
TR UEER TR S 2 LHMEEERR TR BEE TR ENNE TN S 3 XHBBLES
FRA M, KESRRAIVERYOE M. BASHEBRORERNXRSBUAOERRETES X, HHR
W REBORESN TN ZRASAERFENEE, T - NP EENFEEERFEX I BRR B
EXRNEE, ASNE I~ PEL  EASHREAMTREENTARIUERRAR, YRESTRLX
T3 — I R B BT, 45 B BE A AL B w57 3B R UKL 1 RIE MU SR BE R N, R BN T 5 B L MBE
REMINBEED. F2HNEIRBEMNEFTRERRREMAFNS, Y5626 X HEH, IR
R B R B K 5 BE 6 357 Sk 0 39 T B K
2.2 BRUEBHEREEATIESRMEREMELLR

AFRPHEABRBMAOBBFEETEHA 3 M EREET@EREEE . REENSERII A FEORE. X3
FEEEEEBMESRERN T EMNTRERRA. 5 1 2380 AR BEH M th R TR 2 5 FEH RRIE
BWEHAKR, R EEREANERE TR AR BER THEROEERN X RRANEL TR
2). XEFENSEERFELEAKXEETEERNMENEREBAX.TARREREH. SEKER
BEXEE 1 XEBWEN K DEHEREWER — AR, X8 1 XHFERHKERERRAHERRES
EAEFX, BRBEERNTH . ETHRNEREFRNLE 3). 3 ERERESZRBECNERNLEY
FBEL RGBS E A MBS FEEHFEOFRT 08B 8K 35 BUEM K HAl 7 g fam
MEFSHHEE, BRIERBBEERK, HBIER /.

552 IR BRI BERON B R R ROWAMRREE 3 AR KRB W, HAX KR, 2= m 5 7 A
BRI RIE BB RN MR REEER., RSP REEHSBROEEE R, BRFE FBRFE
BE % B A1 Shannon ZREHH BN ERMMAZ RN EEZFHRAWELOOEE, HREAREE, 65
HHRMEREN R SHENXEYHEARE SRS O EERIE T X 5 Fhda 20 BB <
ERMEEROSHEANEZHE 0.2 P HHLARBEER D RZ LSRRI,

BHBEKBERENE 3 RKERRERHEANIZFRR  HKESTHAH TR, 55 2 RiIEHOHE
DAENL3 FEEHXE AR S EBORERN X RO w8 . B & 8 8RB B Rt
B 2R, T B4 B T BNV SRR T BUAR o 25 A4RLBE OB Bl 4R A B ML, X R R R i B R
ERHR . HFA GRS LY 8 2SS LR BE VLA, P R LS G TR o 2 BB BE 3
MARENMB — P BAE KEEARKFREA. EAXERATRBIBRMAE 5a(1~2),b(1~2)) ; EEIREE
7 4k (g3 , 2 RS BORERL B SN B2 B B TR R BOH N (B 52 (3~5), b(3~5)) . RABRRIEH S
BB B W R B LT N2 S R R A W E R RME N B, R RENFEREH (A 5c,d).

Btk B, B M 240 3 B RN S B A T R R E AR R AR P 18 R R WG BOR RN X R W
B, Gk E BB R R s A 6 o/, T B W BE RO B R TE R . 3 A 2 FNSE 3 B BORE, 3 B
HEMBERMNXFNXELERENAL .
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Table 2 Scaling relations and their influencing factors

B3 FRBEBRL X & W EWMEAX
Landscape metrics Scaling relations landscapes Influencing factors
35 1 2535 Type I metrics
2R P Number of patches
AR BEK Total edge D T o B i 2R R BN
FPHE Patch density S NS R TH ol HAEFBREMTK.
R ®E Edge density yTRFE s .
. 2) AR THER o
B R# ¥ Landscape shape index
R H BB R E P Patch size coefficient y= {gz+>b’1<g dr EZﬁmﬂﬁmﬁ'ﬁﬁﬂ
of variation Ex q:’j:(')g' b>0. °
A AR PR N Area-
weighted mean patch shape index 3)ﬁ%€bef<g
¥ 3 4 5 5 4 W Mean patch fracual y= {17171 "SE “ TPES LT ey
dimension LR a0, aymeO; & 2 B E BN R KR
E.ﬂ mBF B Rk 4 ﬁ.ﬂ A.rea— bre b0 g HHERALE
weighted mean patch fractal dimension
3B 2 253 Type II metrics
B E BT SEAHEHFARETEER
3 9 3 32 JE 4R 45 I Mean patch shape Py r, m, phx BEX. oH b, 2
index ;az+b as B0 cs gdv EERTHE: AHHBER
7 v a2 ERMNM.
%34 % [l 1 4+ 4 3 Double-log fractal BT K o & REEREEEHER,
dimension “n” ¥ B 4% land HXREEAHHK.
andscapes
Bk FE F Patch richness s T M :l:n' j: sgm' :ifﬁg;iggf iﬁ
884 3 B @ BF Patch richness density BERT(EHFRS) T ° ?
ec, em, er TR,
| HETFHE 0 doodmephx s msgurmmpm
Shannon R - Sr, sm ’
Shannon’s diversity index AT er, em, dc, HKREBK. +EAGE
HEX TR ec. sc FRAERETHRRE.,
% 3 K31 Type 111 metrics
¥ E R Mean patch size Bt B 34 I dr, sr, dm RPEERETEER
SE 4 8% 3k & R BF ¥ 2 Patch size standard TSR IOE M other AR . HXHXRZER
deviation y=azx’, a, b>0 landscape 54X
BHEMNME 100%RERE dr, dm
P Tt S CL T srs 6m giﬁf fi;g
Largest patch index T oh P er, em, dc, ﬁﬁ’ﬁi
HE M m sc, ec
er dr, dm, sr, sm i
“u”» # 4L E LPI
¥4 Contagion #Eiiﬂii dc, sc. ec, RBEYEEEN
e EX.

3 it

ARRARGHAH T SFHBBIERES DRE L, AMUERATHRURR, AT RLRR,
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BT RRAAES R RME. %58 1 BBk 2 MELRRE RIS R BNt RES R
LEREX . AREBRTAMERHERONERRE AR SELRR—RERR TR . LB 3ME 2.1
AABIHEBERMHEESNX RGN TFHME . ISR MAREFT(EREDER D>, SRHBEHRYE
BBBEFRD  FHAEBERE)F - EXE U RELHEBERRTLLRE SR, FFUBEHRENE,
AT 1 A RIE BB R B TR X B REA AR MBS, X5 2 265 3 245
Ok 3, B35 TR R 45 W00 B BE 25 Ry oy 28 FRE BB R 0% R B — B St 3 AT LA ZE RS R R BL O A 4,
B 5 M3 2) X BB AP =4 BRI B A e BAF R & v . B e 2 T ax So L S B R 247 B A8 Hh AR
ERNXZRBLRA - ENEEE. TRXRAMRBRITHEBHEE . SHERARURSTSAREERS
#its%,

KRN - SERGHMEENHARERAHERZLL, BARRZ 4. Turner FU4087 7 B HE2F (L3
Shannon EH KRB SHDDMEEEHR K (CONTIHEW, RRWMERSBEEN NG/, 3 H
SHDI RN EMIMREWEEMN M. 2R PRI SHDI R ENINT FE, B FSRKREN R
B 4. R2); MEEEERENMESR M. EAR/PMRAES R2). FEERNTRENA L . .OSHD!
N CONT R BEAE 4L AT i I B BURC L QCONT R E A AR L BRI, E—BREEA LK
BN ATAER B G A 5d4)), AR RENETHMXFEEFNIE. R R2B AN MR/ @FF
FHRRABEE L, OFERANREREEANEESETRFRNAR. BINFRANEEEHBER
O’Neill 2% B i H9"7,FRAGSTATS #1 {8 ] Li 1 Reynolds % J& 1 B9 “ HI Xt B 42 BF (relative contagion)”
BHRCL,OBERAEM I RA S, Turner FE—-KBEREHRAN—KELRSLINEB (ELERS
iterative aggregation) , 7E 318 B & i B 2 T B /)R BE N A9 J5 1 3038 (0 2 BB ) . Wickham H1 Riitters R
H—RAEHEMYSEHEBSRTE R A PMEARER, ZHRANERBEAX— S . WRRSH
THEEREHBENNSHEERBERBEREEN T (EH 4c,) . FARER LT, Frohn HHERAE
EEAHEEASREBEEET ANENTAEEARE, —BRERTHN: midRH LM ERE
¥ (patch-per-unit area, PPU, WE) AT F M PRD) 5 IE FRIGIER (SqP =1-1/LSI) B 7 8B B i A8
el BB ED, SRPFIEAISE B3 5 ML X E BT 5Tt UL BA 5% W8 45 20 Rl RE BE 2% 4k A9 T UM 51 °F 5 7 4
BAEASEX, REEEMEREHTHNERE.

# MacMarin il Mark X £ fh BRI B K L RPN 18 FEKBR 42X .OFER. KA
il A 45 ¥ (area/density/edge metrics: NP, PD.TE.ED.LSI.PSCV.LPI.MPS.PSSD); QD R ¥
(shape index: DLFD.MPFD, AWMPFD . MSI. AWMSI); @R HEE B (CONT); DX ¥ H M,
(diversity index: PR.PRD.SHDI), 5 Z Rt F. "TUF L, XA 5] 5 30707 T BB Bt &
B R R X BB THALRBHAU. FHRFHE LR BE RS HBR B /A F BB AN,
INBRBBEEM I RKOBR FERERLXESHWIBPTENA BEXEREAFKELURE
HHEHEZRD ., ZERENMN S B, SRR EE L 2 E #p2E 4L , B b JU R T R 36 B bE R B 28 4L B9 il
KXAERER/AFEBEIBLAFE, s (& 3d,e; E4a,b) . MR .BMEREAIEMAOEROAH S
H.BREZEWERX . BRAPZHNLREED. B FHREER FEREBIREE . BEE . BXEH
PR BN T, A BRNRERERBBHEERAN MRS EEEIEFHU AN —EBE LA
BAEEROTURERRRTEAREERFNEFR AR CRTER/AREYN. Z—FAbRELREL
R RE RS RB AR TN R B EFATRR ISR AN EENEE., 82 BEENAE
B, Wb ERK GHRKE SRBROE M. EHESHZE/D MBERERNEEEREM. &
EBGEBRBRT 4 2B BHILLEHBRAE B KT, 09K 57 B Gsolation) . Xt b BE (contrast) 1 # #
BE (connectivity) #§ 3% , FHF— X LA KB WREZRNNBHUAFEEE L AUREER IS -S4
Prax MM REBUNXRBUETHEL, W LIBT3 1 B UL, b 20 B R BE 1 n 2 8 BE W hn , 9057 BE /s
. oh, RBRIE R HAET T RRK T AR = $8 30 AR A BN, 435 48 e 28 UK S 48 U5 5 300 B BE 38U
BEA—FHMERE . BN ERETEN S A RALE AR EAR SR,

e
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4 IMNE
AXMERRW BRI R RS TERE BB A, BT RUAS X b 447 ot R Bl
HABERSEHFANEXHRMARE MR, BIERWAERA R BN % R BN X RTLEEPR

HEY 18RRI RS O 3 2. AR BB B AR AL W BT O B T B MR R B R R L R

BpSEAA T AMBEREMH BN 2 KNP S RBERWNERNERE X MHAREEAE RER
BRAEAK/D . 551 I8 B0 BLBE B 32 40 47 B LAS R A 1 i 52w B2/, 3F EL T T W R B0 5 . B BE SO 3%
RURME— B 2 KNP 3 XEBWBBERMXR LRSS, THMERE. 8Ok, OB BN, &
MPERBGARRKE RRIPROBE . SHEES R/, 105 R 0BRGN .

FENENEABE. . ZRAXERSTRX. SRR LENZ LS . EERNEBESHENZRBA
FEE R RN E BN ERE AT AR ER . AR A5 R HY E B E B 40 4 b BE B9 2840 # B R 2
BUHATAELHE . SH:ETRURMMSHEZWRERN X RAA - LR, BN TFRRAER
AN EPER ST ERNBREANAETEARERFAATEENSEME. HMBAXBIWEH L
PR7 BE % Hb R S5 4 B, DA B R R 2 R K 4% R 4 5 R L BE SO 2 AT S LB A 4T M6 R T L IEAGA
TROW 15 OB BE RO B 2R 40 5T .
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