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The response of landscape metrics against pattern scenarios
LI Xiu-Zhen, BU Ren-Cang, CHANG Yu, HU Yuan-Man, WEN Qing-Chun, WANG Xu-Gao,XU Chong-
Gang »LI Yue-Hui, HE Hong—Shi (Institute of Applied Ecology, Chinese Academy of Sctences, Shenyang 110016. China). Acta
Ecolagica Sinica,2004.24¢1):123~134.
Abstract ;].andscape metrics have been widely used to describe landscape patterns quantitatively in the last two decades, With
the quick development of geographical information system. more and more metrics are designed and calculated with ever
inereasing speed. Packages which can provide numerous varieties ol landscape metrics, such as FRAGSTATS and APACK,
make it more convenient for users to calculate those metrics without querying about their ecological meaning. or even without
knowing their arithmetic formulas. Therefore more and more users are using and interpreting landscape metrics arbitrarily,
especially m China. It is high time to clarify if the metrics we are using so often can really indicate the desired pattern or not.

This paper tested the behavior of some landscape pattern metrics against six pattern scenarios generated by neutral
landscape models. by changing one spatial parameter while keeping all the others stable. The scenarios include: (1) Number of
Classes, with map size 1000 X 1000, and 2~ 100 classes randomly distributed at equal area percentages; {(2) Scale - Map
Extent, with 10 equal classes randomly distributed at map size 8 X 8, 16> 16,++, 500X 500, and 1000 X 1000; (3} Scale -
Resolution, with a 3-class predefined 10X 10 map resampled by cell size 1, 0.5, and 0.05; (4) Proportion of One Class.
with the area of one class changing from 1%, 10%, . to 99% consequently in binary maps; (5) Aggregation Level - Rule.
with 4-equal-classes in 1024 % 1024 cells maps a1 different aggregation levels according to the neutral landscape model RULE;
and (6) Aggregation Level - SimMap, with 4-equal-classes in 500X 500 cells maps at different aggregation levels according to
the neutral landscape model SimMap. Landscape metrics were calculated and compared for different pattern cases in each
scenario,

Results demonstrated that most of the metrics response to some of the pattern scenarios only, for example, Average Patch
Perimeter/Area Ratio and Shonnon Diversity, while they are not sensitive to the others. Therefore none of them can indicate

all aspects of a landscape pattern. However, in spite of those limitations. still some of the metrics are recommended for future
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use: Total number of patches, Average patch size. Total edge density, Fractal double-logged, Contagion (Li & Reynolds},
and Aggregation index. But attention must be paid on the limitation, redundancy and real meaning of the metrics. The
relationship between metric values and ecological processes are more important than the values themselves. For instance.
suitable habitat area, number of patches and lacunarity metrics might be well related 1o population size and growth. white
pattern metrics of erosion-sensitive land use types could be related to hydrological indicators such as modulus of runoff, or
modulus of erosion.

However. this paper could not answer all questions regarding to the relationship between metrics and landscape patterns.
For example, why there is a peak at class level when N=5 for Number of Patches in the Number of Classes scenaric? Why the
landscape level Average Patch Size is the lowest when one class reaches 10%~20% in & binary map? Similar questions also
arise for mere complicated indicators such as Fractal and Contagion. Further study on mathematical analysis of the research
results is expected for future consideration.
Key words :landscape pattern; pattern metrics (indices); response; neutral model
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B 75 b5 (landscape indices or metries) RBBAESE R SHHH—MTRMEFE . HE GISERWMT AL
B FRAGSTATS. APACK ¥ &R AN AHA R ANTTLREZ BN — W EER WL NEAGTLE KBRESHE
BRI RIERER RRASKREEEHTHNM L. BROEALZERFEANBERERETHEERS R AFTEARR . B
MHFH - FEH. MEREFHESEEL BEREBLHEAER. HEXERENESERCATHR DR BERNERE
XHMEN EEAF XY EPRETAC AT RRASKEMN. BERNRPATESREAE FRERB AR,
FEEFEEL N XRMREENMNFAGT O RAKHAXEEFTBHRRSERIER. FrosE 838 iR n il e
AMFESI EHRR SIREART Y RABRREHEBMITH.

AMERMEREER AR A ER RRERSFEERARAGE T MALEE AN ERBERERMERTREA
#1455, i1 £ H# (Shannon-Weaver Diversity) , ff. # ¥ (Dominance ) , !}Eﬁ((kmlagion)%“k B R NRIEAE TS I
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ExEmFTdRhARFEAT MR EEA (Newtral Landscape Models) , BE R B XM I DEE~F A8 EE
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ARG RSE. TS AR EHCRURA AL ML BREFERUFPUAESRERLNNRE. B —#
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wRE.
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(1) RS M (Number of classes) BZEBRBXEBE000X1000 BAD) B RTRNE T it AR R R0 E
RHHAXRNEAEIHRN., RPELXUBAAHANARES . SFTHELRR P ES N=2,3.4,5,8,10,15,20,30,
10.50,80,100 2R, BE B Arc/Info Grid MM Rand S 4 oS R REKR .

(2) REZ— BEEHHE Map Extenty) FXHEBT §8.16% 16,32 X 32,64 X 64.125 % 125,250 250,500 % 500, 1000
X1000 EAREEA DA RRE . SHEF OFERLABSAENER, Bl Arc/Info Grid B £ . BoHRIE
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(3) REZZ 4#¥%E(Resolution) HF—WHH 3HAR 10X 10 B A/MYBEYLE E 1,4 91 0.5.0.25,0. 2,
0.1.0.05 8 0. 01l TR BEGEEFAITHRL . BUREN-BERATAROHEEERE ALEERLHZRE
B HbRH - EIERREERT.
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Table 1 Parameters used for different pattern scenarios

Rl gk P X 5 SRR H R T AR Al LB

Scenarios Map size (cells) Resalution (cell) Number of classes relative class area Randomness
2,3,4,5.8.,10,15,20,

XUNE % TR

Number of classes 1000 X 1000 1 30.40,50,80,100, 3 Fqual Random

8 X8, 16X 16, 32 X 13 %, 13 cases

- 32, B4 X 64, 125 X -
Ealzﬁi . 125, 250 X 250,500% 1 10 :}kj%l {;édmm
Xten! ual ni
pe 500, 1000 % 1000, $% 1 ancom
8 ¥, 8 cases
1. 0.5. 0.25, 0.2,
ﬁ#¥ 16X 10 0.1,0.05, 0.01. &6 3 5% & !
Resolution . 6 cases Equal Predefined
1%.5%,10%,20%,
Lt 3 100X 100 1 2 30%. 40%.50% .3 7 -~ DL
Area percentage Random
h,7 cases
ERE Rule Wy AFELRHL. 5 10 MR
Aggregation level: 1024% 1024 1 4 Eoual £ EH . Randomly
Rule & aggregated at 10 levels
WEE SimMap e AFESHN. 4 9 F K
Aggregation  level: 500500 1 4 Equal ERB B, Randomly
SimMap aggregaved at 9 levels

(4) EBHLF (proportion) BT 3 Akl LA BMESR L&
Bk . FEEARRB AL/ DREZEET B X RR
PR WA B (I RM, binary maps ) BEHLEER. A
KA 100X 100 g2, KR | WEALHFFHA 1%,
5%.10%,20%,30%,40%,50% . SZ AR, 38 2 HEH LA
B4y 90 %5 99%,95%.90%,80%.70%,60%,50 %, WA 2.,

(5) FEBREZ—~ Rule RF] HZEBA~ERFEL

|
A os
025

02
0.1

L] 0.05

B HE (Aggregation level) i % 2% 41 4 B (multi-fractal map), 3R 4 : &b ;io.[;
FF i% B R

T 1024% 1024 B AOMIE T 4 FRE, EBE & 25% R MR B A
Cell size used

ERFEQERY 0~ EATHRFH H REF5H 0,
0.01,0.05,0.1,0. 2,0, 3,0.4,0.5,0.6,0.8, HEBE EFEE
FER ASFERZMYEE LA CEEURIENS, Bt H H1 HERF

R 0.8 kR, BRISHTHERANTTEE. Fig.1 Scale-Resolution scenario

6) REREZ " SimMap BF 5 Rule ML ZMA A MR R A B 8 WK/ Sauares on the right side
AT LA AL IR T O IR A L 25 0L B S 8 UL A 1 L 4B e indicate the cell size used to resample the map on the left
BELHN. EHREERENNESN » (WRMENEE R 0~0.5928, % p (EEN 0. 5928 of , RER R E B, H A X
#T $=0.0.1,0.2,0.3,0.4,0. 45,0.5,0.55,0. 57 EHITHR , 4 p HEH 0. 59 B . B XL IEAFE R & H 52 8 6948 34
— B L RE p=0.57 X AKF. EEAAN 500500 P, 4 FEB HRES 25X HAHEREARY,

JLAR R R B AR A W5 R 5 R, B B SRE FHBTER O I RS /BB, B SR
REE.SHEN. SR HOE KPE SEE MESGE. XTAEEFHLLSAHAIE. AERAXMBRAXX
WIS AL R, AMHRTANARREREEANERXFF R APACK, I8 5 FRAGSTATS #{Ul.BRAT LA
R RAEFREATEEEFRUSERGEEEEERGHR.

HRBHMULEERRAMTREBHNERES UEEAPEARESRMENKA AENE . RABES WEYL

for resampling
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Fig.2 Proportion of one class

T EREAERIT S EBIE M Figures indicate the proportion of the black class
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EV.FERNT SRR EATANBBFESEN, EREETNHENBERFRTE: QRN N HEER
BWHELER U LI FEFEBEET O T AR SERNEREERR, AEREEGREREEMNG RN,
EFEAFMFHARE. RE— T HERESRRAEKMRE-ITREIL I FENERBESES RUTLAAXE -1 TH"BR
BHR.

2 ERGH
2.1 HMBHF(Total number of patches)

HEHRARERMERALBEN T EEEE. LIEERYAKF L FRERMKTFE . RAESERXELEED BN, Hit
W PR A T oW B A B e L

ERRATFE YK EAMERKAD 4HS SRMEME RO TN, B O 6 B IS WEEE BB &9 i i 1 o (H
3a), M E M B SRR, BN Y2 R MOAT) 20 KA AN, MPTHR MBI RS M N A, MR TNE FHMHEE,
5 P X S R /et S e R X O R (R 3b) . SR E N SR A R — BB A AT A e KRB B R
(E 3c), BRTERT BRI RERTAER, BAMSSMIEA R AR, QHERBER TSN ST
BLEE X KN RS RMAN,

MREECEFHRRNOEARCRRMMAS S ER BERRSEH MR - HEHEH 15X~ 20K £ R
—BE(E 3. EFARARREEMNS R ATEREENER. SAMMEINESAE—BLUREREAR, BREKAL
(H 3e.D),

EXRPAFE E—KUNERKNATHERSREAT CERREEERFHELARRE B EREXWEETL
MEREHERSBEEAKTE LERTR, MRVIEME TSGR 5 KG0T8 — RSS-S0 B (E 70 SREE
BERVGHEFLRS, AR A HRREEATTHHRRT .

b REHEIEEREE THTARRLERE REMMNERAFMEANN B RIMBRKTF L BT HHE, 7T
BEEFLBIRT]. ERPIH KA LR E R3S,

2.2 FHEH KA (Mean patch size)

AXRE—-THEHAXEAESYELOEAER CRTARMEARRRAORENFEREE. TR RBEXSY
ZEMESR.

TERRAE KR AR E SR RIBH o T AR R SR RBE R 2o LI LR AR TR ERBE
L RREET 1 d2), BR AN R EE R AR LR/ b)) X FRRET 20 LR HREVLE RS LEEX
ATEE K (100 % 100 A FOPHBERXPRIEBRE T M ERRURE - BB X —BEEE. ¥ TR—-EERE BEE
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Fig. 3 Behavior of Total number of patches against different pattern scenarios
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Fig. 4 Behavior of mean patch size (MPS) against different pattern scenarios
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RPN RFEH BRI A — 5. EEERE R IR, H 85 R4 B (shape index)EH MBI # C BIEHEZ
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Fig.5 Behavior of Average paich perimeterfarea ratio against different pattern scenarios
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4GP 6c) . TARE S M K — R RN HERAH N E LR LR N. EYHETPEEHN LIRS (B HFFR
AREBREMTTRAR S EERANESA4RERENRE . CLAREEETHRY (B 6.0,
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2.5 S 4E¥(Fractal double-logged)
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Fig. 6 Behavior of Total edge density (edges/cell) against different pattern scenarios
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BEEANEERNAT EMRESRMNA P LEHEA B FEKIE.
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Fig.8 Behavior of Shannon-Weaver diversity against different pattern scenarios

B G RNE AR Lo ERERENRE EHRMEASR 1. 386, Rule M SimMap £ 71 & Bk The value remains

1. 065 at any resolution, and 1. 386 at any aggregation levels
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2.7 B E (Contagion)
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