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Location-weighted landscape contrast index: a scale independent
approach for landscape pattern evaluation based on “Source-Sink”

ecological processes
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Sciences, Chinese Academy of Sciences, Beijing 100085). Acta Ecologica Sinica .2003,23(11):2406~2413.
Abstract ;: Understanding the relationship between landscape pattern and ecological processes is critical for
any in-depth research in landscape ecology. However, it is difficult to quantify this relationship given the
fact that landscape pattern and processes are scale dependent, along with the difficulty in acquiring
ecological processes monitoring data. In this paper, we analyze the roles and functions of different

landscape types and their spatial patterns under a framework of non-point source pollution. We further
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propose a new landscape metric index. namely. location-weighted landscape contrast index (LCI). Under
a framework of the Lorenz Theory, this index can be used to evaluate the effect of landscape pattern upon
ecological processes as related to distance. relative elevation. and siope degree. It can be used to quantify
landscape spatial pattern by using point-based ecological measurements. It has {our major characteristics.
First, the index is scale independent. Second. the index is particularly suitable for homogeneous landscape
in terms of rainfall and soil. Third, this index can be used to characterize the relative contribution of
landscape spatial pattern to a specific monitoring point. The bigger the index is, the larger the contribution
will be. Last, it should be noted that the absolute value of LCI cannot be used to predict the amount of
non-point source pollutants or soil erosion. However, the value of LCI can be used to evaluate the
potential risk of nutrient (including water and soil) loss by comparing the LCI indexes for different
catchments.

Key words: ‘Source’ or *Sink’ landscape pattern; ecological processes; location-weighted landscape

contrast index (LCI); non-point source pollution; and Lorenz Curve Theory
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Fig. 1 Scheme figure of spatial distribution of “source”

and “sink” landscape in Catchment



2410 = 5 ¥ R 23 &

FIRMEMNKLIRHEMRSHKHAMRERELR, AR REA. R . REAMETERAMEESR
BRYHAWEERX AR EANERTUEBEEERRAAFIREALBE SR . E—EBEF L
BT HER. BEATFAR L MARXHENEEMALTREEAR NERTRRMBE T
MERZRBER A TERERBIEREIMNEFTRE ELSRSRERTHER. FEN AR BRBLR
HEATPRMEfCAL B, XSREAT AR FE — M in e B LR WA R ES AT U MR ML R T — &
HIRE. EXERTARRRLNUMAAR - RERIE R 3 HEETLURRR.

LCT = szng{ X W:/LS;M x W (2)

HoP, Sionne Sjorsc 5 B FRE ¢ Fhe iﬁ”ﬁﬂﬂl%;ﬁ' ﬁ: BRUEBCEMEAPERBRBHLAR
MARUZREERom BAREm B "RREBA  BRA - HC"BWER, SETUSE - KX
WU RMER BRI AR LR B R, SRS O EMEANR R . BN RESEL
RE—8.

EREZRUC"RBEAUN RITBEALEREIA LB . HTHEARNIERIRA BHER
BRI FAEEARBUER  NARE EAKD A E HTREXRIRAFEHEBLEKEE
MERFTRE KBRS A THRIREIN SR, RMERE - TEFLRAREEE L HK e
N ERBEFERTHEFBEEC"HOAERE HI TLUARR —M L7 RIBR R,

HXESBSR.ETRERUT @ GEFN LEE B RAGESBSRETARIES KRG MLR
MEAFEDHX, B TUXRBREABENSBRAEN LB UL S REML. BBEREMIESEH
BRKRBMEAFBR"RRBERHNE B FUL"RRLERER. TULBERARBERSHEER, X T
RUERRNEZ HEE BEENERSEARSLY FEHNFEAERBREAMR AL HNRE,

(4 BT EE/RHAMNBE FIALX O RHARMS BN KRR HEAEEE RIS EA
ARAFER A XEEETEC"RRXNERRPHILF. T B C"ERSEAFHBREE—
BN MR E L RBIAHOEAARAE BAFERESRBESEDHNLEERR X, HTHE
BEHBL O BRSO EEGHENERRE—R. TELERBR B L AR BN TR . FEHR A
B E S ARTREARZ R ik, 2O LAY,

LCI = log { Esrm X Wi X P::/LS;UFB{ X Wj X Pcj} (3)

A, Pei Pej 3R RAE i 7 ﬁ"iﬂiﬁﬂ%;#“I”Eﬂ&ﬁﬁ*ﬂfﬁ&ﬂﬁﬁtﬁ TR RBOTE
FERATESM LCITHWEARE B RG.LCIHEHRE OMELRTI, ¥ LCITHERN N, . TR B
"LRBERBRE LATHOGERE . XABRMEARESROAMERRRE LHYEH Y LCIT K
HAXF O .ZHRABRA " B"RANEMAXARMERXTUL"RER. ZRBIBSEELHIESARERY
WX LCTE/NMT ORL ZHUL"RAMNFRLE O MM S TRERTR7EMR, R RSN L 555
YR ZEME D, EREE, LCTHEBRK REBESRISRYHRENZRE, R 28D ORE R B S [E
X IS A& LIESFHRD) .

2.2 RUABMAHMNLERHESERE X

EAMRMBERSEESIRZBMNHEXEMN EEHTREZET LASIBEWAEE. A L
REKBEFR . MEXERATRBENEELBANER. AESHEAENERABBDSLANFOALE
BERREX-EERAMASH*FEEBREBRNEE M EFAREREMNTA, FROSBEMIFNMRERE 5S4
SHBZEAMERPRFERZNE, 2 XRENETR-LESI BN RS BR WS B & RRH N,
MRS EAMBRHEEN. BRBEUTHA:

(DASZIRESFYE HRFSRARENREER BLHBESERUERHR AR TR K
—TEGHENHHER TR SRR TR RRD S NN SAHRELS G ERETIEN XA IRE R ¥
MAERHMXE -RELEES IR . RAPEN M. M TFRARNESTR. FNHAKSE B EEAMN



11 34 GRS . ETB- L ESTENRARRBIAFTE —RARNSE A AR 2411

ipReIk: 8

(2) BREE #HBWCECMORAUESEAFIEER. F2ZAREEANEN . BAEREN
EE.B—REA TR BE KX HE . B3 T A R B 3 5 8k 88 K X, 5% 7S 18] £ 47 39 b 3 B0 A A %
F I (R/K XD PRy 43S 3 8 R i RO (A 6 T A BE A R R B (B K R B X KR JR 0 AL 38X
HOMENAOMER. B FAZTRERSB . ZIFHRAI TR ARIRE LR EE RN ESTEOE
MAHFEEREX.

(3) FRERAMIHE AR AR R H AAN HERE—MHENE. ¥ THRETRHEMAR
WoRMEEN AR A RSN ESRSEINRE(ERER. BOEMXBR. HRE . IE
REGRIVERE (RER . BPDOBPCEERRSAAH I HBERO I X EFMHR . M TFHRBHERE
FERHIN - HEEARMTE BN LERARET M. MBTEHIT RN LA H IR
B T k7 A8 R 0 A0 BE , 1 SO 5 18] fR %6 R ELHE 2

(4) MAHSW o TR % A P O s py B R e S (] B o A R X L T R
B K R X S (SR K XD) RK K 1 (GBR 7 ) i 5% B 5 B AR K O BE SR 38 25 1) £ 7 X LE 48 JR & L IE
AR AR ZHEEKIRAR(ESRGROEREFINFRAEZESENAEA FHAERTUATX
WA ZRL.

G) FIrRBNBARYE BFRRE[AFHEERARETZEERESRGRERAYLIE T &
MRS AP REEES T MM &R B A X, Xt T K& w4 47 F1 1 3tk Bl 2 2 B
KX . EMNABTEXAOTRERREL IR RO N ZE MM A AL T, o3 R M-S
8] 2 7 AT 8 B A B .

3 4k

HEMEZHRRBER ST EERMETIERARIT BEFREZHN2 AR AESESTI RS
EFEERAFIRABRELNEESFE X LRI RANBIR . K08 O AR W2 8 5745 i 2R
R—AEFIBEIFENR RSB EMBEORERTE  ERSFEEERUN B ESLEENY
Ei b AER HREMREIANTE.RUE THERRAZRAIAREHEFEEGTE - BRAZEE R[S
HSEBIRRESAE—R.TUBRFBFERRERoRRSESIBNXE.

AR RES A R RACRCRR SR AR RIERTNEREESIET
R RER RN AR AN ESIREKEE-EN TR B TREZRAWAR ARG TTESH
i — 25 e e KA K X R — R .

References:

[1] FuBJ. Chen L D, Ma K M, et al. The principles and application on landscape ecology. Beijing: Science Press,
2001, 1~13.

[2] Wu]G. Paradigm shift in ecology: an overview. Acta Ecologica Sinica,1996,16(5) ;449~460.

[ 3] Xiao D N, Recent advance of international landscape ecology. Chinese Journal of Ecology, 1999, 18(6):75~76.

[ 4] He HS. An aggregation index (AD) to quantify spatial patterns of landscapes. Landscape Ecology, 2000,15(7).
551~601.

[5) Olsen E R, Ramsey R D, Winn D S. A modified fractal dimension as a measure of landscape diversity.
Photogrammetric Engineering & Remote Sensing, 1993, §9.1517~1520,

[ 6] O’neill RV, Kreummer | R, Gardner R H, ¢/ a/. Indices of landscape pattern, Landscape Ecology, 1998, (1):
153~162.

(7] Turner M G and Gardner R H, eds. Quantitative methods in Landscape Ecology. New York: Springer-Verlag,
1990. 3~16.

[ 8 ] Haines-Young R H and Chopping M. Quantifying landscape structure; a review of landscape indices and their

application to forested landscapes. Progress in Physical Geography. 1996, 20:418~445,



2412 5 ¥ B 23 #

L9]
(10]

[11]

[12]

(13]

(14]

{15]

(16 ]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

1307

[31]

Li Y H. Fu B J. Ecogical scale and scaling. Acta Ecologica Sinica, 2001, 21(12): 2096~ 2105.

David Peterson and Thomas Parker V. Ecological scale: Theory and Application. Columbta University Press,
1998. 253~270.

Line D E, Mclaughiin R A, Osmond D L., & al. Nonpoint sources pollution. Water Environment Research, 1998,
T0(4): 895~911.

Nisbet T R. The role of forest management in controlling diffuse pollution in UK forestry. Forest Ecology and
Management, 2001, 143(1~3); 215~226.

Chen L D, Fu B J. Farm ecosystem management and control of nonpoint-source pollution. Environmental
Sciences, 2000, 21{(2). $3~100.

Li X Z, Xiao DN, Hu Y M, er al. Effect of wetland landscape pattern on nutrient reduction in the Liache Delta.
Acta Geogtaphica Sinica, 2001,86(1):32~133.

Zhang S L, Zhuang J P. Trend and current situation of agricultural nonpoint-source pollution. Journal of
Ecology, 1998, 17(6):5]~55,

Chen L D, Qiu J, Zhang S R. et al. Tempo-spatial variation of non-point source pollutants in a complex
landscape. Environmental Sciences, 2003, 24(3).85~90.

Chen L D, Fu B J, Zhang S R, et al. A comparative study on nitrogen concentration dynamic in surface water in
Heterogeneous Landscape. Environmental Geology. 2002, 42(4):424~432.

Hood E W, Williams M W and Caine N, Lnadscape controls on organic and inorganic nitrogen leaching across an
Alpine/Subalpine ecotone, green lakes valley., Colorado Front Range. Ecosystem, 2003, 6:31~45.

Bergkamp (. A hierarchical view of the interactions of runoff and infiltration with vegetation and microtopography
in semiarid shrublands. Catena, 1998, 33(3~4):. 201~ 220.

Martz L W, and de John E. Using cesium-137 to assess the variability of net soil erosion and its association with
topography in a Canadian prairie landscape. Catena, 1987. 14. 439~451.

Moare ] D, Burch G 1. Physical basis of the length—— slope factor in the universal soil loss equation. Seél Sci,
Soc. Am. J., 1986.50: 1294~1298.

Kronvang B, Ertebjerg G, Grant R, et al. Nationwide monitoring of nutrients and their ecological effects: State
of the Danish aquatic environment. Amébio. , 1993, 22;176~187.

Jones O R, Eck HV, Smith S J, et af/. Runoff, soil and nutrient losses from rangeland and dry-farmed cropland
in southern High Plains, Journal of Soil and Water Conservation, 1985,40:161~ 164,

Pennock D J, de John E. Spatial pattern of soil redistribution in Boroll landscapes. Southern Saskatchewan,
Canada. Sorl Science, 1990,150(6): 867~873.

Fu Boijie, Chen Liding, Wang Jun, Meng Qinghua and Zhao Wenwu. Land use structure and ecological processes.
Quaternary Sciences, 2003, 23(3):247~ 255,

Xiao D N and Li X Z. Development and prospect of contemporary landscape ecology. Scientia Geographica, 1997,
17(4): 356~363.

Vladimir I N, Pearson C P, et al. Scaling properties in landscape patierns:New Zealand experience, Landscape
Ecology, 1999.14:17~33.

Guo J P, Zhang Y X. Spatial correlation indices among forest landscape structural components and landscape
pattern analysis in Guandishan forest region. Scientia Silvae Sinicae, 1999,38(5).:28~33.

Chang X L and Wu J G. Characteristics of landscape pattern in Kergin desert. Acta Ecologica Sinica, 1998,18
(3).:225~232.

Wang X L, Xiao D N, Bu R C, et ¢f. Analysis on landscape pattern of wetland in Liache Delta, Acta Ecologica
Sinica,1997,17(3):318~323.

Basnyat P, Teeter L D, Flynn K M, et al. Relationships between landscape characteristics and Non-point source

pollution inputs to coastal estuary, Environmental Management, 1999,23(4):539~549.



1158 MHTHE - AT R-T"AESIRARBEERBANTE —RBZHAHITHER 2413

BENN .

L]
[2]
[ 3]
(9]
[13]
[14]

(15]
[16]
1251
(26]
(28]
(28]
(30]

MAX.FAR.SEH. ¥ RUEEFFRERNVA. LR BFEEEM, 2001 1~13.

FRE A EFRNATIHE. £BFWM.1996,16(5) 449~ 460.

EET. BRRBETETANBERAR. £TF 55 1999,18(8) . 75~76.

B—.MEE £EEFFIREERERB L. £ 5¥HK,2001,21012).2096~2105,

R .MER RHEEREERSEGSRISRIEMN. FHHFE.2000,21(2):98~100.

FER. MET . HEK, B LT =AHB RIS IS 2R IABK w0 B #3430 ,2001,56(1), 32~
133.

KAR EER. REERBEERATARGERAL. A5 ¥ 4E.1998.17(6) .51 ~55.

BRAHIL.E B KRR B AR PERDEER TR S TRSES T FHAS.2003,24(3):85~90.
MEAFHADL.ITFE. % T NRASRSES IR, WMERE2003,23(3):247~255.

HET.EZXE HARNESFEMHERMBA. AR %,1997,17(4):356~363.

BEX KoHF XFLUHAXRRERXT B XKE SRR/, Hlb#M%¥.1999, 35(5).28~33,

WAL R, BRI P IR R R KRAE b7, A48, 1998, 18(3),225~232.

FENLABET HCE.F AM=AMEHeTRRBT . EEFER. 1997, 17(3):318~323,



