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Abstract :Scale and scaling issues represent one of the foremost frontiess of landscape zeology and ecology
in general. There is an urgent demand for ecological information at finer /smaller-scales to be transferable
to coarser/latger scales. Tnderstanding spatial heterogeneity is one of the essential challenges of spatial
scaling. We refer scale to spatial extent in this study. Several ecologists had demonstrated thar changing
eatent could influence the results of spatial partern analysis. But only a few landscape indices with a
relatively nartow range of extenrs were analyzed. In our previous studies .we analyzed four real landscapes
of USA to illusirate the effects of changing spatial extent on landscape pattern analysis. The main goal of
this study was to validate the geveral scaling relations derived in Wy et ai. (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
tandscape (PHX); USA. and 27 simulated landscapes generated by the SIMMAP neurral 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 36 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 deereasing} and spatial
distribution characteristics {chumped, moderately clumped. and random). AH simulated landacapes had an
extent of 750 by 730 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 @ 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,

CGur resuits 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 (£.57), patch richness {PR) and patch richness densiry (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’: a0, b2>0) with
increasing extent. NPD decressed in a power-law funetion (y=az™", 4220, 4>>0} with increasing spatial
extent. There was an increasing linear relationship (y=axr+4. az20, $>>0) between LSI and extent. PR
increased with increasing extent in staircase fashion for two real landscapes and remained unchanged for 27
simulated landscapes. These general scaling relations could be valuable in choosing the extent while
comparing the spatisl patterns of different landscapes and extrapolating ecological information among
different scales.

The second grovp incloded 11 indices: patch density (P, largest patch index (LPI), edge density
(ED), mean patch size (MPS), parch size standard deviation (PSSD), patch size coefficient of variation
(PSCV), mean patch shape index (MS!), area-weighted mean patch shape index (AWMSI), double-log
fractal dimension (DEFD), contagion (CONT} and Shannon's diversity index (SHDJ). The scaling
behavior of this group of indices was generaily unpredictable and related to the specific spatial pattern of &
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 distriburion. We divided the scale
effect curves of the second group of indices into four types. Type T and type II curves usually could be
deseribed by simple mathematical functions; power-law decay (for PD. LPI, MSI, DLFD and CONT),
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logarithmical increase for ED, PSCV MSI and AWMSI) 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 funetions.

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 effects 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 Guangdeng veg P

%8 No.

H X R Parch types

B3 25 % Patch types

HUE SR W Phoenix urban landseape

i B 5 & Rural 13 il % Transportation

2 K B{EE X Large lot residential 14 HAF T LA Institution

3 T W E K Small lot residential 15 K B2 % Recreational open space

4 PERRE Medium density residential 16 % Water

5 AR Bl %L Neighborhood retail center 17 R Agricuiture

3 X # ik F 4 Comtnunity retail renter 18 TE M2 b Vacant

7 A Hotel, Motel 19 5% 53 8 X High Density residential

g Tk X Industrial 26 K E W4 Regional retsil center

9 # kO Business park 2t K B B Warehouse

10 g Office 22 KT 1% Large assembly area

11 1 Educational 23 LY Airport

12 2B E X Public Faciliry 24 F I & 8% % Non-developed open space
77 W0 HE 8% JE I Northern guangdong vegetation landscape

1 RAEY Agriculiural vegetation 5 A T# Forestry vegetation

2 1 Bamboo 3 ¥4 Grassland

z B K Brush wood 7 & ot Bk Needie forest

4

B 2R % 53 M Ak Evergreen broad-leaf forest




nMs FF TLEE 5 ¢ %5 1 O B O b AR WA R 43 4 9 B 2223

WEEEET I HER. WEIEN Cclas) LSS B CR IR SRS E BLS R 8 8 Bt B s
Ha AT, RNERLE AT B ERENRR 2 MR 2 AE D, B2 RAH TR
MW 2 P15 BEAY 8 BRACIUSEL ., IR F RN R TE ML A ok B A KA B TR B AP 2 o T 1 45 A A LD
B0 B (N 2de, Sde, Sec) BB b BB MMM B A E S AT R HLEE A E R LR
R AR, & BIRFE L2 5 M 78 R (0 2sr, Ser)., R 2R BR —FlG S T A RIEM
R CRE B L A JCILJE PR 2 A0 05 R R 2645 PSSR AR, AT S LR LAYy W BE D9 750 X 750 BT . B
NERERMBN. GIHERIATUERRE. T ETIE AR PHREY o', BENEH 2 THE
BRI 29 A RBAERATFRSHHE MR ETRET 20 B RRMBNRE,
22 ERENRANETROEFRHAKE
Table 2 Three Factors and three levels for each factor being considered in generating simulated landscapes

R A BB

R3] H%e) Class dominance( %) LR LEsE
Number of Equal¢%) Spatial Simulatad
ua. 3
classes 4 ’ L#at @ BHRA (s distnbution landscapes
One-dominated  Systematically-deceasing
B Zer. 2dr. 2sr, Zem, 2dm,
50, 5 0,20 0.
2 ¢ 80.2 80,40 random 2sm, 2ecs 2dc, 2sc
)
5 20%5" 60, 34, 26.4, 19.8, 13.%, :‘;fﬂii*(m Ser, S5dr. 5sr. Hem, Sdm.
8% x4 6.6 Y S5sm, Secs 5dc, Ssc
clumped
19, 16.2, 14.4, 12.6, B © 10er, 10dr, 10sr, 10em,
10 10X10 60, 4X9 10.8, 9. 7.2, 5.4, 3.6, 10dm, 10sm. 10ec, 10dc,
1.8 Clumped 10sc

¥ AR S MBI 20% , B2 20% X 5 denotes all five classes have the same dominance (ive. » 20%)

B2 SIMMAP #3835
Fig. 2 Examples of the simulated landscapes generated by using SIMMAP model
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Table 3 Scenarios for changing extent of the landscapes

WAL (MBI — R SRR NBA

fxw"i Changing extent (extent is represented by the pixels of one side of the Number of landse-
scapes

an b landscape) apes for analysis
L L I A R 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 16

Phoenix urban landscape 1500, 1600, 1700, 2000

I E £ 5 5 300, 400, 500, 600, 700, 800, 800, 1000, 1100, 1200, 1300, 1400,

Northern Guangdong 1500, 1600. 1700, 1800, 1900, 2000, 2100,,2200, 2300, 2400, 28

vegetation landscape 2500, 2600, 2700, 2800, 2500, 3000

B 100, 200. 300, 400, 500, 600, 700 27X 7=189

Simulated landscape
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represents the scaling relation of that pattern metrics
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The left Y-axis is for landscapes represented as M, 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

= E] 4 RARTE
—_— Charactetistics of spatial pattern
UL ¢ AT H WER
Landscape metrics Predicted behaviors Landscapes BraPR RRARBE Eﬁ]ﬁiﬁfiﬁ
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FREE WEYLS T _
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. B®E sy e T, m
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Mean patch size
10er,
- 5sr, Ser, LOsr, 10
FREBFEE  HARE e e B gor
. ¢, 2dr, 2sc, 2sr, 2dm, BE S, € r
Patch size HER 5 sde. Sdr, 5dm, 10dr — d
standard deviation  y=ax+#8 (a>>0, b20) iy Drcs SE0 90, ! i £
10dm, 10sm
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