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Research progress in source-sink landscape pattern analysis based on non-point
source pollution processes in watersheds

WANG Jinliang'?, TAN Shaojun’, LI Mengbing', NI Jiupai®, ZHOU Bingjuan'
(1. School of Land Resources and Environment, Jiangxi Agricultural University, Nanchang 330045, China; 2. Key Laboratory of Poyang
Lake Watershed Agricultural Resources and Ecology of Ministry of Agriculture and Rural Affairs in China, Nanchang 330045, China;
3. School of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract: Source-sink landscape theory is recommended as an effective way to couple landscape pattern and non-point source pollu-
tion processes. A reasonable source-sink landscape pattern layout aids in minimizing nonpoint source pollution risk by lowering non-
point source pollution production. In this study, based on previous research results and literature reviews, advances in source-sink
landscape pattern analysis based on non-point source pollution processes were systematically reviewed from three perspectives, in-
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cluding distinction of source-sink landscapes, quantization of source-sink landscape patterns, and the indication of source-sink land-

scapes to non-point source pollutants. To investigate the source-sink landscape based on non-point source pollution, the current re-

search primarily maintains the sense of traditional landscape patterns, and it is necessary to consider spatial coupling relationships and

comprehensive functions of multiple elements in order to better distinguish the source-sink landscape ownership in non-point source

pollution processes. For analysis of source-sink landscape patterns, the classical location-weighted landscape contrast index is only

suitable for watersheds or regions with similar environmental backgrounds. Therefore, it is necessary to consider quantifying more

landscape factors to construct or improve the source and sink landscape pattern indices more comprehensively and then optimize the

source-sink landscape pattern configuration and reduce risks to watershed landscape ecological security. Finally, the main non-point

source pollutants in this study of source-sink landscape patterns were mainly traditional non-point source pollutants such as nitrogen

and phosphorus. Therefore, it is necessary to expand source-sink landscape pattern analysis to indicate more non-point source pollut-

ants in order to provide reference benchmarks for future research to better reflect coupling relationship between watershed landscape

patterns and non-point source pollution processes.

Keywords: Source-sink landscape; Landscape index; Landscape pattern; Non-point source pollution

TS G P BOKAR IR IS R, A
DRI K AR 25 B Ge 4 4, TR IR 2 52 ) N 24 B AR
TR 25 220 R, 8 A BRI L T 28 8Ok 1y
G H A B ) R, DR, A A0S T TR T e R
VI 2 E S A DOR R ER B OCHE . AR A: 252
LA, TR TS Y ) e S o TR R ] ) ST R AT R 32 B
S R] PR -T BRE R B4 53 e LA ), A [ < P10 50 LAY
i L 51N 2 [ TR, 568 Hb K BRI 7= 2 S i
DRIt AR i MR 75 e v D B T, AR IR
S SR L ZE 55 22 ) T e 0/ T 5 e Xof K AR A 3
iR R T,

TR Y75 e 5 1 32 55 OO Jm AR 1 56 2R 5 4R AL
B — R [ A AP O A o I AL, R S AR 2
JIE G 1 A5 T T DA R R 2 — T, KR R
B, RS2 WA AT RS e i 1 22 TR 7o, s WL 25 )
REAE 52 - ) 240 26 T AT e 1y A A R e A, O
H R 50U Jm) i B B SR SR A 3L Jl 57 LA JR)
X T I 775 Y o R 1 5 T AR T R SRR R
B HE Al B A b R U 25 S SEO0LAR JR 0 A Hh 22 i
“ DA e R T - 59, Tk T T AR R 5 Y
AR ZS R AR, PR T A B 2O LURR FE AN o8
o Hoh, RS SO B HHE R ARG SIS R
AR TR A BOREE, B R FOUL R IT AR 45 )
AEAN[R] 0 Dy PR S WL S 50, I o o AR 2R AR
— UL BN ERA, MR PR IR R R RS R
R B S5 SR 20 A v, S M - -1 5 A% SR
ST i, VRS SO B, Ay i
LS Jey 5 2R 2 A O AT ST F A A s T TR] B 4 f3
T AN I SR, AR AE T TR S Y AR
FH LA it AN [) RURE 7 35 LA = 5 i YR 75 G ad R 1
AL R o AUt iy M3 5 LAY =5 18] 5 sk,
DA Kl 355 e ) R RN, S S WA S A5 T U TS

et BRI OC RNV 2 M T HAR IR AR, 75
FEHE— 5 T J G kYR -3 S L 0 R SH e A 1 T U
T e B HLERAF 5T . PR UL, AR G i R G P T
T R G ot R A < T 5 L) B L 2 ()4 )R 43
T, LA R0 1T VR 755 40 k<< Y31 SO0 1 i 7 AL
P A I 9 T R AEAE 11 0] REUFD & R i, AT Ky
DA VT S A S 5 1 Y5 e ok R A 5 OC R
FILHEE SRS
1 ETmESEIREZENGESCRWIR A
1.1 “RESCPRUAIER

PRI B — M 44 TRl A B R TR 5
SOULAK R 48 B IE R I b dE 7 A A B U F R T
S, BRI RIS S I A SO A AT R, IR
SOAEZS T RE AR B, B 5 00 2 AU DA <<Us d ff E E
TP, MEm4  — B EHe I 5, R T IR -IC”
SOWFLE . IS IAA, VR 5 FE AR T AR HE
A SRR & R 5 A )OS () SOV A, eI S0
AR LT LABH 1k o8 4E 28 A A2 F Ok R 5 I 1] AR 11
SOOI e RS Yead B, PR SO LT
JE R 1) H) 1) T AR e T RS A B 8 3R 0 T T
S, TSR A W% 5 2 B A T YR e ad AR ke
1) 1 1] 4 Bl AR A 2 e BELW A, a0 RS W T
X TR Y5 Y o R B4 T 1) 4 Bl A FH R T 97 1) BELYS 7
W2 5 O B ST U Ry i s S BRLTT, i 22 Ay 9 5
LB TE, 7 L5 - S5 0BG =2 [ ] DUAH BG4, an
B o D o F A o T ) B SR R, A T TR TS
et A rh, Um0 TT L Y RS IR 40 R T
A, B I3 g i 3 1 32 5 U0 B i b e 30 B 3 1Y
SOULBA TG AR, TE S BT | B AR AR IR A
TR i A K T4t B 22 4% () 5T i o 7E 1% s LR
Jo L EEE.

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

%510 49

FA e BT I PR e AR PRI SR LA SR A3 BT R ST R 1659

ST
Landscape units

® IS Y TR

gs?/ﬁ” /E'T'\‘mei‘ﬁ
Source landscape units

HEE AL ‘

Interconversion

“‘ZL:”/ET; Xm$7t
Sink landscape units

Development of non-point source

pollution process

B1 ETEESRIENRIDRUETREE

Fig. 1 Concept of “source-sink™ landscape units based on the process of non-point source pollution
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Table 1  “Source-sink” landscape indices and meaning of their parameters
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Source-sink
landscape indice
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Calculation formula
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Literature
sources

Meaning of parameter
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a5 LWLCI = log
Location-

weighted
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index (LWLCI)

m n
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SANS R S S A E AR R et [22,29]
LRIRGY, WARIW A3 DR T8 5 WA 5 W5 i T
VRIS YL RYALTR, P AP A3 R Y5 Sl 5ol A T
TR

S; and S; are the integrals of the area cumulative
proportion curve of “source” landscape i and “sink”
landscape j, respectively. /¥, and W, are the weights of
“source” landscape 7 and “sink” landscape j affecting non-
point source pollution, respectively. P;and P, are the area
ratios of “source” landscape i and “sink” landscape j,
respectively

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1662

AR RO 24k (R 3E3C) 2023

PRI SR EL
Source-sink
landscape indice

HHRA

Calculation formula

SR SCHk AR
e Literature
Meaning of parameter
sources

PRI

& RHE R
“Source-sink”
landscape pattern
index (LWLI)

I K S 7
JCE AL
Slope-
hydrological
landscape index
(SHLI)

KL R BT 5
WX LR
Hydrological
response

unit landscape
contrast index
(HRULCL)

1B IE A S <R
bNS = o U 7%
Modified grid
“source-sink”
landscape contrast
index (mGLCI)

SORIR-I
ER2
Landscape source
sink contrast
index (LSSCI)

Asource X Esource X APsource

LWLI =

Asource X Esource X APsource + Asink X Rsink X APsink

n n

SHLI = Z (St X Psource_i)/z (Sl X Psinkii)

i=1 i=1

W=AL, P,R,D,N, S, F, 4)
n n

HRULCL, = )" (Wi Ai)= )" (Wi x A))
=1 =1

mGLCI = (1 -

) (
x|1
D, max

S
S max

n
Source ’ = { [Cix(l +
i=1

i

Sink’ = i{ll —i(W,-xL,-)

i=1 i=1

n
XA ,} / oy

i=1
Source ” — Source’ Sink” - Sink’
Source =

7
min

LSSCI = Source /( Source + Sink )

7 P "
Source [,,x — Source Sinkj,,y — Sink]

)X[i Wx'Ai_in'Aj
i=1 J=1

slope; distance;
— x| 1 - — — |XA; /
slope ax distance max P

min . Sink = min

E e PR i 3 R TR SO TC 1 B ) AR5 [26]
M BRTE I BEL T BUAR, A gouree T A uie 53 IR UR ST 5

WLBI ) A FAREN R 1] Y SR SO REL

A e EUI T 1 IR AR 2N 2R BT T AR, AP F1

AP S PR S 50 T AR L 4]

E, e and Ry, are the dynamic cost of the source

landscape units and the resistance cost of the sink

landscape units, respectively. 4 .. and 4, are the

cumulative area of the Lorenz curve of the source

landscape along the landscape dynamic cost from low to

high, and the sink landscape along the landscape

resistance cost from high to low, respectively. AP, and

APy, are the area ratio of source landscape units and sink
landscape units, respectively

Pgunee HIEATR S 7 55 WL K - 30 IR AL TR (33]
Py BRSO O 5 AT /K A3 A AL S,
SRR SC R 5 A TC Y THT AR

P, ; is the weight of the soil erosion source of

hydrological response landscape unit i. Py, ; is the

weight of the soil erosion sink of the hydrological

response landscape unit 7. S; is the area of the hydrological
response landscape unit i

W AW, S35 U5 FoUL B Tk 75 A W A R AT (34]
U FR AT 2 T3 YW AN, 4,145 25
SR S I AT TR AR I 5 WK S 1o LG/ THT
Mo L. P. R, D. N, S. F, A5 32+ Hl/ih 3k
B, WO, BERR. AROEES . MR RHek
B AR NRL AN 1A RO A T B 1E RAL

W, and W), are the weights of the output pollutant x of
source landscape unit 7 and the receiving pollutant x of
sink landscape unit j, respectively. 4; and 4; are the areas
of the source landscape hydrological response unit 7 and
the area of the sink landscape hydrological response unit
J, respectively. L, P, R, D, N, S, F, A are the correction
coefficients of land use / land cover, slope, rainfall,
effective distance, vegetation index, soil type, chemical
fertilizer and soil available water capacity, respectively
DFND 5353112 U K A ) o e R B 25 % e
L, SIS, J3- 512 WUAR B E B Hofse R AL, W I 5%
S 75 G P AR, m Al IR SO 5
WRIZEIE H , AFNAS IR+ A P2+ b
FA B IR L]

D and D, are the shortest surface distance from the grid
to the water body and its maximum value, respectively. S
and S,,,, are the grid slope and its maximum value,
respectively. W, refers to the weight of the pollutant x
output from the source landscape. m and n are the number
of types of source landscape and sink landscape,
respectively. 4, and 4, are the area ratios of land use type i
and land use type j, respectively

Source FlISink 43 il & F- UL A 558 BRI 5L, (38]
Source F1Sink 73 & FL I Y I — Ak V55 B ANH —
AR, Co b M FHZE AL iR B R Sl 1 2R

44, slope Flldistance; 73] 2 - ] FH 1 B ) 35 B2 LR

VAT YIRS, slope,. Aldistance,,. 73 )2 + 31 ) i E 5

RS 2 Fe B RN VA P P e AL, L ANV S35 5oL
TEBUREAVECE, AF1A4/5350) 2 1A FI2E AL 1 b

FIFHIZE R Y TR

Source” and Sink” are the source intensity and sink

intensity of the sub-basin, respectively. Source and Sink

are the normalized source intensity and normalized sink

intensity of the sub-basin, respectively. C; is the total

nitrogen or total phosphorus output coefficient of land use

type i. slope; and distance, are the slope and distance from

the river of land use patch j, respectively. slope,,, and

distance,,, are the maximum slope and distance from the

river of land use patch j, respectively. L, and W, are the

value and weight of landscape index i, respectively. 4,

and 4; are the areas of land use type i and land use type j,
respectively

[36-37]
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