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Abstract :Scale and scaling issues represent one of the foremost frontiers of landscape ecology and ecology
in general. There is an urgent demand for ecological information at finer/smaller-scales to be transferable
to coarser/larger scales. Understanding spatial heterogeneity is one of the essential challenges of spatial
scaling. We refer scale to spatial extent in this study. Several ecologists had demonstrated that changing
extent could influence the results of spatial pattern analysis. But only a few landscape indices with a
relatively narrow range of extents were analyzed. In our previous studies,we analyzed four real landscapes
of USA to illustrate the effects of changing spatial extent on landscape pattern analysis. The main goal of
this study was to validate the general scaling relations derived in Wu et al. (2002) and Wu (2003) by
anoryzing an additional complex Chinese landscape and a number of sumulated landscapes.

Two real landscapes, the Northern Guangdong vegetation landscape (GDV) and the Phoenix urban
landscape (PHX), USA, and 27 simulated landscapes generated by the SIMMARP neutral landscape model
were chosen for analysis. The two real landscapes were both derived from LANDSAT-TM remote sensing
images with a grain size of 30 by 30 meters and an extent of 3651.4 km’ for PHX and 8944. 3 km? for
GDV. Three factors were considered in generating the simulated landscapes maps. They were number of
classes (2, 5, 10), class dominances (equal, one-dominated, and systematically decreasing) and spatial
distribution characteristics (clumped, moderately clumped, and random). All simulated landscapes had an
extent of 750 by 750 pixels. Each of the 29 landscapes was clipped into smaller ones by decreasing the
extent by 100 X 100 pixels each time. Sixteen commonly used landscape indices were computed for each of
the 233 landscapes using a landscape pattern analysis software package, FRAGSTATS. A suite of
scalograms and scale effect curves were drawn for analyzing the scale effects and deriving general scaling
relations.

Our results confirmed the general conclusions in our previous studies. Based on the shape of the scale
effect curves and the predictability of the scaling relations, the sixteen landscape metrics could be divided
into two groups. The first group included 5 indices: number of patches (NP), total edge (TE), landscape
shape index (LSI), patch richness (PR) and patch richness density (PRD). The behavior of this group of
indices with change in extent was very predictable for all 29 landscape types, and there were simple scaling
relations for the 5 indices. NP and TE increased in a power-law function (y=ax®, a>20, 6>0) with
increasing extent. NPD decreased in a power-law function (y=ax™", a=20, 6>>0) with increasing spatial
extent. There was an increasing linear relationship (y=ax+#&, a==0, 6$>>0) between LSI and extent. PR
increased with increasing extent in staircase fashion for two real landscapes and remained unchanged for 27
sirnulated landscapes. These general scaling relations could be valuable in choosing the extent while
comparing the spatial patterns of different landscapes and extrapolating ecological information among
different scales.

The second group included 11 indices: patch density (PD), largest patch index (LPI), edge density
(ED), mean patch size (MPS), patch size standard deviation (PSSD), patch size coefficient of variation
(PSCV), mean patch shape index (MSI), area-weighted mean patch shape index (AWMSI), double-log
fractal dimension (DLFD), contagion (CONT) and Shannon’s diversity index (SHDI). The scaling
behavior of this group of indices was generally unpredictable and related to the specific spatial pattern of a
landscape. In general, the predictability of scaling relations of these indices increased with increasing
number of classes, equality of class dominance and randomness of spatial distribution. We divided the scale
effect curves of the second group of indices into four types. Type I and type II curves usually could be

described by simple mathematical functions: power-law decay (for PD, LPI, MSI, DLFD and CONT),



http://www.cqvip.com

D000 http://iwww.cqvip.com|

1M BLFES . S EEE TN RRE DI 2221

logarithmical increase for ED, PSCV MSI and AWMSTI) or linear decrease or increase (for MPS, PSSD,
PSCV and AWMSI) with increasing extent. Type T and type N curves generally showed erratic
behaviors and could not be described by simple mathematical functions.

Significant influences of changing spatial extent on landscape metrics indicated that only landscapes
with similar extents should be used for comparing landscape pattern characteristics. We also conclude that
scalograms should be used in landscape pattern analysis. Discrepancies between the results of this study
and others were mainly due to comparisons of different ranges of extent.

Key words :spatial extent; scale effect; landscape metrics; pattern analysis
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Fig" 1  Urban landscape of Phoenix, Arizona, USA and the vegetation landscape of northern Guangdong

Province, China
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Table 1 Patch types of Phoenix urban landscape and northern Guangdong vegetation landscape

45 No. B2 Patch types

25 K Patch types

L 3% 3% TH & T Phoenix urban landscape

1 R 2B+ ¥ Rural 13 i B% Transportation

2 # H E £ X Large lot residential 14 AT FHBTELES Institution

3 B £ X Small lot residential 15 4Kk PR i =5 #b Recreational open space

4 PR R KX Medium density residential 16 7K fk Water

5 /N # k. #.0 Neighborhood retail center 17 4% B Agriculture

6 # K # Jk #.0> Community retail center 18 FEBLiZs H Vacant

7 1 Hotel, Motel 19 % B RX High Density residential

8 Tk X Industrial 20 K X @k 0> Regional retail center

9 3l X Business park 21 K E@; FE Warehouse

10 Bz Office 22 K" 3% Large assembly area

11 22 8% Educational 23 HL35 Airport

12 @M X Public Facility 24 & I & )2 #i Non-developed open space
I H B B R MW Northern guangdong vegetation landscape

1 I A{EY Agricultural vegetation 5 A T #k Forestry vegetation

2 %7 Bamboo 6 i Hb Grassland

3 ¥ K Brush wood 7 & M Ak Needle forest

4 HR B E AWM H Evergreen broad-leaf forest
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Table 2 Three factors and three levels for each factor being considered in generating simulated landscapes

BB BE
BRAEH HE%E @) Class dominance( %) 2 [ 5 A 07 A ﬁiﬂﬁiﬂ
Number of Equal( %) - Spatial Simulated
classes au ° A& R () BEWEB () distribution landscapes
One-dominated Systematically-deceasing
BEHL (r) 2er, 2dr, 2sr, 2em, 2dm,
0, 50 s 0,40
z 30, 5 80,20 60,4 random 2sm, 2ecy 2dc, 2sc
(m)
60, 34, 26,4, 19.8. 13.2, TR oy Sems Sdm.
5 20X5* Mildly-
8% X4 6.6 S5sm, Sec, 5dc, 5sc
clumped
19, 16.2, 14.4, 12.6, RE (o) 10er, 10dr, 10sr, 10em,
10 10X 10 60, 4X9 10.8, 9, 7.2, 5.4, 3.6, 10dm, 10sm, 10ec, 10dc.
1.8 Clumped 10
. sc

* 375 5 Yl 20% , Al 209 X 5 denotes all five classes have the same dominance (i.e. , 20%)

B2 SIMMAP S8 Wi H
Fig. 2 Examples of the simulated landscapes generated by using SIMMAP model
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Xt T MLL S WD 100 47 X 100 31 (958 B A i U BOWE B2 5B /0 By 3 0 M » BA T 3L T LA 48 A S TR
FRP—RINEEARM/ARER. RAMBEETATRAER . BRGWRABREFEN. AT HEXR
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BE 2447 X 1658, 2000 X 1500, 1700 X 1500 4% B & R N <1:mﬁ
2000.1700,1600, I3t H 233 ~REMAF /(L /N RRBEWR
# 3,
1.3 ®|ESW
F AR 1B 447 844 FRAGSTATS (3. 0004 5 B3 WEESERER
HE 233 ~RWH 16 FEF ik (landscape pattern Fig. 3 Schematics of changing extent

metrics) , 20 1 SR 18 B A 5 08 B RO EO S5 BB . 16 RS
W 3 B O vk 0 SCHRY Y ROBE B A ROBE U B AR BRI R RAR AT EE R R BRI ESE R
R . ROBE B RS LA B R O RUBE L 94 Sih 32 /s SR W 438 20180 0 — 24 1 1T 5 R 2B il 4% TR 4 R 0L 9 BB R
[ Raigt A o)
3 FERVEHEELSE
Table 3 Scenarios for changing extent of the landscapes

am R OERE L RBA — AR R SRR R

Changing extent (extent is represented by the pixels of one side of the Number of landsc-

Land
andscapes landscape) apes for analysis
BB 3 T R R 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 16
Phoenix urban landscape 1500, 1600, 1700, 2000
IARSILHBERR 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400,
Northern Guangdong 1500, 1600, 1700, 1800, 1900, 2000, 2100,,2200, 2300, 2400, 28
vegetation landscape 2500, 2600, 2700, 2800, 2900, 3000
HARR 100, 200, 300, 400, 500, 600, 700 27X 7=189

Simulated landscape

2 BRI

Bk R, B AL SR RIS RO R . R RS O WE B AR b R B T B, T
DHERRERSIELE. B 1R ERHEBETHANITHITEN, SH4MRRHBREX . BRESEEZ
EIFEREHREMN AR B 2 X ERHEETLMNT IS RBMBBEX . BRESEERNMZ
BIFESFHELXLRE, AL AR RORBERBR  FEMAR.

B 1IAERASH . AINEZRAWP) BREKTE . RWERBBASD FRFEEHE(PRD)
MEBEFE(PR). FLLELEBFESBEZAFAEERAHRERMXER . EEEENELEBHH
ey (B 4., FFAES RO EEERPDEPAERENEHRERN HAHBETNEL S ELVME
). PRIFFTH 1A, LR E LWL AE 23, HA 4 FPIEKEEEE T T AR RBR
ZXHMR. NP R TE HEEMNEERSBTER (y=az®, a=20, 6> INE 42, b, ¢, d) . LST Bl ¥ B
MEBEER (y=az+b, a=0, b>>0)1hN (B 4e, {). PRD FEWG BN 2 RE R (y=ax*, a==0, 6>0) 8/
(H4g, ), EE 4P . M AARBTRANERFETHEEEFATHRESE FEENTIRERAZFBEAKX
SF.MRFHEAERKEER  MEFMRSEEE - BTNE TR, SSERAERBOTE#17EBHME
REABPEEXRR =097, FLLANBREEEEMBEEN T ERETREXRE. B4 A -FRBALR
T 44 s = 3 B ry ROBE 0N B s A 3 —F) B R HL S O AR R R OR BE R B . S R BOR e R T 6 FhELHLR
T A4 RBESORY Bh 2R M A0 . B O 0 21 LR R A R S 4 A ROBE UM B 48 53X 6 FhIE AL,

BIAESFHERAFEE - EWREXA XEXRZEEMNBEEMOBAEMENBEXRE LB

BEREB LW, LSI=0.25TE/ vVTA (TA BRAVAERAHMBEER S TOED ;EMEMAIrPE AN REBKTE
HEENTEAERBRLER . B y=az’(c BEE,.L 0B TEERR); BAH LST=0.25a - 277!,



http://www.cqvip.com

11 #4

HDES. SEEEEANRBERIANER

D000 http://iwww.cqvip.com|

2225

RYEHEE Patch HMFEAREY Landscape BRBK Tow

B Patch

100 1 30000
8 = 3.1868
y=1.0412x
g_ 80 |- R2=0.9891 123000
5 co 4 20000
2 —a—sdv 1 15000
E 40 [ —a—phx
z Sl an 25t 10000
# 20 1.04135-
® R?=0.9823 17900
ﬁ 0 1 1 0
3 10
8
& 6
=
% 4
2
0
10 - ¢ 5 100
8 | 80
[
C 6} —a—8d 60
g_ —a— phx
g 4 | 40
=0.2538x+0.7912
42
2 R?=0.9867 0
0 L 1 1 L i 0
100 600 1100 1600 2100 2600
025 - 1
0.2 1 08
2
_§o.15 =0.2051x-16006  —w—BdV | g6
- R?=0.9874 —a—phx
§ 0.1 { 0.4
.-g y=0.7912x-l.4987
0.05 R?=0977 { 0.2
) 0
100 600 1100 1600 2100 2600
8 . 430
1
7F 125
6 |
- L 120
g o
g4 4t 415
e 3 —a— gdv 110
2 —a— phx
is
1
0 1 ) PR L "
100 600 1100 1600 2100 2600

%2 B ( 8371 ) Extent {one-side)

100
80
60

.

S 7. 1 y=0.0185x22
—— 2sC R2=

[ ...@...5dc

| — a—— Ssc
e ee@--.10dc

—— 1 0sc

00 200 300 400 500 600 700

- d
L --.@...2dr y=2E-06x20%
—a— 2sr 2 _
R =1
L . .-A--.5dr
—— Ssr
e a@en

100 200 300 400 500 600 700
[ . .f..; ...2dm y=0.1269x+0.4987
| — =— 2em R?

ce-A--. 5dm
| ~—te— Sem

200 300 400 500 600 700
h

—a— 2dc
_.__Sdc

= E+07x2 10de

2 <o -E--- 2sC
R =1 ---A---3sr
.ee@®--- 10sr

100 200 300 400 500 600 700

i

ee-A---2dm e 2ec
ceel---5dm —e—— Sec

«--@---10dm —e— 10ec

2

1 1 1 1 )

0
100 200 300 400 500 600 700

%% B ( 8371 ) Extent (one-side)

M4 WESE BN S BREHBEEEE L

Fig. 4 Effects of changing extent on 5 landscape metrics whose responsive behaviors are relatively predictable
Ma,c,e, g, i P EZAMRFB FARMNMHYHERE, A HAHAEZRBREHTRWA;E 2HEPHERBTE
kBBBETEHNBRERIMARTHEENRERMAEXER. The left Y-axis of the graphs in the left column is for
Guangdong vegetation landscape (), while the right Y-axis is for Phoenix urban landscape(A ). In graphs of the
right column, the regression equations are derived from the data series that are closest to the equation, which

represents the scaling relation of that pattern metrics
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The left Y-axis is for landscapes represented as #l, and the right Y-axis is for landscapes represented as A.
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Table 4 Relationships between the predictability of extent effects and landscape pattern characteristics

Z5 (6] % R R AE

Characteristics of spatial pattern

BWMIBE mMiT A FEMAE R
Landscape metrics Predicted behaviors Landscapes BREDY FRERBFE SR HTT R
Number of Class Spatial
classes dominance distribution
dv, 2sr, 2dm, 2er, 5sr,
BREE EERTE e o e
Patch density y=ax %a>0, $>0) sdm, Sem, Ser, Ssm, 10dr, - - r-m
10ec, 10em, 10sm
BRBHIBE EEHTR phx, S5sr, 5em, Ser, 5sm,
. _ g s, e r, m
Largest patch index y=axr?%(a>0, $>0) 10sr, 10em, 1Qer, 10sm .
HREE X 0 R H 1M Im phx, 2er, 5sr, 10em, 1Qer,
. gL s, e rs m
Edge density y=aln(z)+b(a, b>0) 10sm
2dr, 2sr, 2er, 5dr, 5sr,
yﬁﬁﬂ&ﬁﬂ BEARE S5er, 10dr, 10sr, 10Oem, — — r
Mean patch size
10er,
- 5sr, Ser, 10sr, 10er
RO R HERE
. 2dc, 2dr, 2sc, 2sr, 2dm, 8L s, e r
Patch size HeRMm
L. 2sm, 5dc, 5dr, 5dm, 10dr, — d, s r, m
standard deviation y=azx+b (a>0, 6=20)
10dm, 10sm
FHRERERRK XNBHmM gdv, 5sr, 5sm, 5dc, 10dc,
Patch size y=aln(z)+b(a, 8>>0) 10sc, 10em, 10er, 2dr, 2sr, L 4 — —
coefficient BHLWMm 2dm, 2er, 2sm, 5dr, 5dm, d, s ry m
of variation y=az+b (a>0, 5220) 10dr, 10dm
gdv, 5sr, 5em, 10dc,
*F g3 m ¥x — —
FERERE R _
y=aln(z)+ba, 6>>0)
Mean patch phx, 2dr, 2dm, 2sr, 2sc,
shape index ERBT & 2em, 2sm, 5dr, 10dr,
y=ax %(a>0, 6>0) 8 d, s r, m
10dm,
R M E S Xt goH phx, 5sr, 5em, 5sm, 10sc,
y=aln(z)+ba, 5>>0)
RiIE 10ec, 10em, 10sm L E S s, e r, m
. HEMm
Area-weighted mean ~ 1h (@.>0. b> 2dr, 2sr, 2dm, 2er, 2sm, — d, s r, m
patch shape index ?),)_ azx @ * 7% s5dr, 5dm, 10dr, 10dm
U 8 ] 09 43 2 W #E!!(_’FF& phx, 2dm, 2er, 2sm, 5dm,
y=ax %a>0, b>0) — — r, m
Double-log Ser, 10dm,
fractal dimension RECLY 2dr, 5sr, 5sm, 10sm - - rom
y=aln(z)+b(a, b>>0) R ’
REN TR TE phx, 5dc, 5sc, 10de, 10sc, wE - .
Contagion y=az"%a>0, b>0) 10em, 1Qer,
Shannon % # # 1% 3 St %1% m phx, 5dc, 5sc, 10dc, 10sc,
Shannon’s 8®E — —

diversity indes

y=aln(z)+b(a, 6>0)

10em, 10er

* “—72% 7R BT X 05 BE 2 L ) 10 M B 0 AR K “— "denotes the factor having little influence

FE AT RO R S AT et , — MR B A AR — RS BN B8 3 A T B AL XS B A R R A
5 RRAE (AN B R0 B SR DI T RO ) » 3R X He ] — S AE A R B A A R AR AE B9 R4 (ISR T AL R P R
Mg B . ZHRERE-SRY, AEFEAERNERDEE, X AREENRRERFERTER
L ANERANERRBERFAEFTGHER BEBINHERTELGIRA S AR EEERR[ES
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MewE BV E MRS TTREAEMN, ELEmmEERR TR EFEENRMAEBETHEEEZRR
K. EXHBFERT . AHEPHFBEROREFMRIER AR BN X R WR A . BN A, TR 5
B AERR PO T ENERBERDTRG - RFN RN, KB ERFREM T EE LA TR —
BRORERNE, EXFBIFRET REMRERNX RS (EEXRMETE RN EHEBHGREX
RLRFRMLIB /N RWA B R, UHE 1 26800 LA BB K LB A, o] L M st > sg s b
B 43 BT LB R AR AE , AT S SR B9 XT e A BT ZE M ISR M LA ME B E B T HERR MBS S M 2 . S
FEAMUEGTE 1 X ER CESTE 2 LABE I HEHIERT 5 2 245 J B8 E AL 1T e MmN
HHERER FRERDEHISFHERNSESAEVENS AT M., XeFnEH N HESE 2
EEBBOREHRNXRZRETIRENS L.

TE BB 0 B 5T SO0 AE SR 43 BT ROBE 3L A9 SCHER P, Turner %5 % B Shannon %5 # #7018 7E BE 3% 3
(contagion) B W& BEI I % in 0>, BRI R R M SHDI BE AT L B Wg B3 4 115 3% b (B 55(1>.j(2)) AT L
Fit W 5 3984 T 9 /0N (B 55(30) . B 2H Turner S Bk W BERL BB FAT A r S UL U PR, BT LA LB 3%
GRARBRT EHER R R A FH B BEEE BTG . FRE EARIR b, 8RR
I W (B 5i(1),i13)) . A MMM 5i(3)). BFEAMARFITOBRDSEEE SR B EIE
ZHRERNITIIBRTEARNERENL2E. BIMARERZIANES TR EEFEIEHWEE
ARITSI#E . Turner S MM EREIE S H O’ Neill Z% B 1™, FRAGSTATS iy ZEE 5%k Li 1
Reynolds & J& 4453,

4 NG

FHRFPRGHTERMKTHEBDERHEBEEEAOER. SWKFEHEETIEEENRENES 1
EEEFR.RUBRNEBREETHAEREABKFTMNER. EREERESFWAMITR P, BhLR
KFHBRBIBHET U BRIMAR LW E AR A4 A RN L E (abundance) BB R MEL . BT
BERERKFHBRBBERWRESNBAAEERY., BIMERHRAPREET 16 HEHARNLHIE
B EERN.AERXEE MRS RERILE R Z L. 8T M2 B A3 ¥ R D880 s 317 49 2%,
5347 A B2 B35 oxt W BE 8 4 6% Wl B HE BB T 4 [ b R B R 35 3004 WE B SN .

EHRAAREGLIHEBRAFENELRWSEDTW,. 5 16 #d BRUEHREEETLWITRET
ARG, 16 FIE RIS BT SR, 22 T B30 08 B2 1k 6w 5L 17 9 B 7T B 4 , 3 s 45 3%
I CRPEE . B A EEE S MRS KB T T MR AR A X R TFUMR. AN
HREZMAXARPAHR  FBERFABXFNELRXR. $ 2 2 BEME 11 # X XK WMHAEE T LK
ITHHEER, —MHIERTTERE EHEESMNITN. AR PIRE 2 LIEBMEE R NTIE - FHRA
HAFAER, IR RN AER, AT HE RN RERARANAITHE . BRERESR NS - LR
W DRI N R JLFART AR R FE X RN KRR, B2 X BBEERN X RN T HENE SR UE S
BF) 48 SRR A 2K, — B Sfe U5 B 4 e 2K 0 B A 2 AR 4 B ) 2 R s 1) 40 A B BIL A A 3% K TG 38

FHAPHEAOENMR RO RDFERA LR ENRES ETEIRUMRESNITIAET
AETHILRWHRBERMITY., BEHAAITE RN 16 HEREESNTINXEARBEAERAE L,
EMNYNTFHEITRBBRAFERAEENSENMME. RESSMEE#ITRUE RSN TEEEHEH,
ATLIGRAM GO F R RABRER AT AER TRRABENT SIS RMRE.
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