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Relationship between landscape patterns and non—point source pollution processes in the Zijiang catchment
tail, China

JIA Yu—xue'?, SHUAI Hong"*', HAN Long—fei'

(1.College of Geographic Science, Hunan Normal University, Changsha 410081, China; 2.Key Laboratory of Geospatial Big Data Mining
and Application, Hunan Normal University, Changsha 410081, China)

Abstract: In order to identify the critical source areas of non—point source (NPS) pollution and explore the relationship between the NPS
pollution process and landscape patterns in the Zijiang catchment tail, the SWAT model was applied to simulate the spatiotemporal output
characteristics of NPS pollution for total nitrogen and total phosphorus. The landscape pattern metric was utilized to quantitatively assess
the characteristics of the landscape pattern. The relationship between NPS pollution and the landscape pattern was analyzed by the
redundancy analysis(RDA) method from the two levels of landscape and patch type at the sub—basin scale. The R* and Exs values of runoff,
total nitrogen, and total phosphorus were all greater than 0.66 in the periods of calibration and verification, thereby indicating that the
SWAT model has good applicability in the study area. The spatial distribution of the critical source areas of total nitrogen and total

phosphorus was not completely consistent. In the critical period of NPS pollution, the critical source areas contributed 31.64% and 43.73%
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of the total NPS pollution in the study area, respectively. The landscape pattern was significantly correlated with the NPS pollution process.

At the landscape level, the RDA between the landscape metric and pollution load showed that the more fragmented the landscape, the more

complex the landscape type, and the greater the impact of human activities on the landscape, the higher the output value of the NPS

pollution load. At the type level, the aggregation index, largest patch index, average patch area, and patch edge density were the common

indicators that had a significant influence on the source and sink landscapes; the larger the fragmentation degree, the larger the patch area,

and the higher the aggregation degree, the stronger the output of the NPS pollution load. Meanwhile, the sink landscape with small

fragmentation, a complex landscape shape, and high patch connectivity could help to intercept NPS pollution. The study shows that there is

a clear internal relationship between the process of NPS pollution and the landscape pattern of sources and sinks, and the rational layout of

the landscape of sources and sinks can reduce the risk of NPS pollution. This study provides a reference for the prevention and control of

NPS pollution from the perspective of land use.

Keywords : non—point source pollution; landscape pattern; SWAT model; redundancy analysis; Zijiang catchment tail

FL R 5% [ R D3 BSOS E
DTS G [l K PR BT T G B 8 B rp (i B 2R
IS e AR S 2 NS R e 7 EP SO R 7 | B
Wi g B8N HoK B s G i 32 22 4 R 20 [
AT ORISR, AL 07 B SR R R
FARETT LTI, LA R R 5 AR I | SR | P 7 ok
A RS B RS i, ol T HAT R LR AN E Tk
R LA ) SR L A Al RS e S P i B B £
Ko AR RETT G o A ZRKIE R AR K 0 A
YRy, [ I 32 A0 2l (458 S0 S, Green SEPIf 4F
FEIR , e far HE M SR T DX R HE A B g A S B0
MR RRER S AN RRER R R R AR AL . TR
X AR G MR ERAIR Ry 385 2l 36 975 e BTk AR 2
AR DE T AR ARG Y A TS 0 PHLAA 5T LA A
NFETE SR 75 Qe 0 E ko AT L O AR 1 AE
ISR SR SR S (RCE ST /R VN Ny
Ao SR PR DX A PR T G F ek % i (A P it
WFFE IR Ty T, HE AP OGS IR DR AR SIS e R A 1
JRURS: | e B Ay B IXC, P31 SC B YA DX T i T 48R 31
P 450 /I Ay DX I Ay e A il T LA ROR 3R i AR i R TS
LI A BRI R BAR N T Sl 5k 4 % B
DA A AR TS e i SRR PR X1,

A RIS Y i R AR I E A AR AR - IR
AR SR LA TR A A s ] P A R ) U S K S
NI e YN CIE S AR SR 23 U PUR IS s
WURS S5 Al SRS Qe R A G R A IS RO, o
B ATASTR 04 #1y BEXS HEREAT T 4R ety S B
LA AT -l R 2 AR A HY B TR T 5
SR S AR TS R AT I G R WIFSE R I
GE S A Ml S A5 AN [ 2K 1 B8 1B B b AR it R LAAS ]
JEE 58 ARG SR A 75 77 4k DA 5 Billmire S5 75 k970 fif

1% WHART]

(A RE AR B8 1 B AT T 3 /K I A% 1Y) o T8 A , 285
TS 7R LR bR AT LA G b G % 0T AL R e ) A
b5 ST TOUAE T ™ A 5 B AR AR R A
JEE A A LA AR A5 2 T X S ] A A X EL 48 B8Ok
iy USRS AR S Y BRI R R IR 2
TN LR FH B TR K PEAR G S5O0 R 5K TR E R
Zhang S A A6 SO0AS Jay , AR 90 SOULRE AR |
WSS G, A R 7= A 1R T e W Ak S g R
SRS R AT A ik . BRTHE SRS
SO JR 5C R I ST Hf, R o 32 (A2 S WA SRy
FEEL, SO R B80T LAAT A 2 B A B A v
JFE | ZREVESE 2 B SR AE S IURRAE , DR I B e
SO0 S5 RE R | 2 W] V4 S0 R 2R B 450 43 1) 3k B
SOULKS SR8 B AT T AT R DX B N
S A S 5 A s RS G g 0 R R LA R
A S A AT Z B OC R 25 R R HE ST g
RS FOWEE R AR BIAEE VIR . (L Bt
FER 22 22 A~ = 1R FH 2T (%) £ B2 43 )5 BT 1 )
FH S AR AR5 YL 2Z B 56 2R T 20 b2 R X A
U35 Gl b A ELA AR R 00E , A 5 IR = SR 1
TR A SR g — ) 4y, B I R ST
25, o B P LA 25 1) 235 ) 50 o V75 e oy i o)
FIGETT I FR AT LR T 48 5 00 SRy 5 Al i s
e 2 ] I o REAIE

T JE 150 R 3 25 — IR AN, A Ry AR BRI e
TEPY K A VT A s AT T RO A R A S
&5 Yrdr A AV 55 5 T EAT SRR A OCE
R, 1991—2015 45l Jg2 I 7K ot S AR 52 1 Rt 34
T SR R T KR R 1 32 DR Al R RS
Yy IR T 5 Y B A I T DX R B Y T
AR, BT K SRR T , K TP 45 SRR 43



TR 4 VLR K RS 3 5 A B R 835

h M2 R A28 ) AL 7T R 1A 1 B Sl 7 s 1
WK PR 25 5 R IV 2, E2UEAR 7k i . Bl
N Tl SEA T g i AR HE TS 0 A T R, Al R
SR TS G 5 A 3 T Y A I 0K BT R G v Y B
ST R TRU A DX 358 =l i V5 7 G 1 DG B X -
AR LIS 25 3 A R X i ek 75 YL b vA B A T
S BLAN, Bl WAL S NS S B 25, 2 X 35
- R AR AR AR Z 58 A% SR S R S RS Y
1L R ) 56 ZR T DA AR IS PR BE LR Ry i 1) - Hi R &5
PR S04 BAT — 2 48 5 8
ARSI RS TR BT B AR 5 5 TS Ytk o LA
JeAE sSE 5 Y B far 5 o0 R I O R R SWAT #5%
RUREHUAIE 2T X 2009—2017 4F BUVAL . S IE s 5 Y
FRIRE 28 S AR, 0E— 25 PR R A 55 e 1) B R
X5 JE - FOULAE A2 VAR, A5 e 7= A 5 BHAR I A
R PR T W, s AR5 R I 2R K
A T B S AR R R IR IR TS Y R
VTSRO SR Z AT DG 2R, Rz i DX A iR FH 2854 )8
3 5L KA 5 IR PREE L AT A S A

| MRS

1.1 AREXER

P A A TUKZ — BB 25 FH , T 42 FH
M HREEE A ER . PR BT P AL, P
7B M 111.95°~112.37°E28.21°~28.66° N, HiJE LA
IR 7 P R b X3 A L M = AR 18.5~
874.6 m, FULIY R /K ZE LI 5X X, ZE i 191 B 12
AR BE W o WFFE DX 2B S kAR VT R, B
KGR 129114 km® (1) o WS8R T84 R
Bl P 2 XN A e, DU 20 B A TR R, 24574
N 17~19 °C; ZAEF- &K M 1 400~1 500 mm, [
JK TR, JE TR X . A ] R 2R DL R AR
3 BT & 32.1% , Mo TET R (5 49.4% , Ml PR
FE AR BT 8 o il AR, 2B D028 20 A+ Bk |
KH B LD R X R ) e IR
LSO LA O

T IXA T 9 K g BH AT RO RR VT B kL X 55 9%
PHIX., ABKYT B AR 07 L K, 3K 60.0% , #f 11X 5 5%
X 5 H6 0 510 2.6% . 10.4% . XIS A 77 % 3 LA
L2017 AERIEFE X N AR N T 25 BH TR T Y
14.6% , AAEDFEFNE L & & FR 8 & 0 5 T
5.3%.21.8%,

ARG DX AL FE P AN 2K Sk 1, 20 BIAE R F 5T XA K

5K il sl , BRI K G SRR AE XA AOK T, 288
B S TR TT. VR S AT, e A AE 25 FH
() 7K SO B Al 11 K (B 1) .
1.2 SWAT#EE {2 37 5840

SWAT A5 TR (14 — T 3 A 3y 8 el 2l R 7 e
L, BALE E NS 2 o B AT A ) P P
fitlh, T DAL K 70 Ak 24 5 R 23 R i S RS R
Eefbad AR . BIRR FK P 7 B L SCN AR TR T 26 7y
T2 \MUSLE J5 43 SIS BIAR L VR VDo A, T) Bsf P ik
TRA R EY AR SE M SRS,
Al ARSI R 5 2 0B SR i e FE
1.2.1 Fdi e 5 K sk

HRH B A 2R T KRR 8 1 7 5 2 s o
R Ve 55 v A . S (R BOE 32 A TS M P L
s A A A | RO — K2E  DEM Jy i B 2
[ %54 =~ ASTER GDEM %4 , 53 #3430 m; - Hu Al
FHECH AR 25 BE T 1 A5y, 40 B8 4 30 m; - 355K
PR A - S B I LU R A 1:100 7 . @ PE%L
s = TS R T RS DL AR A R
P o o MR S A B DL R 1 I Y X
S ML T AR DX, AT YRR BN T A A A A
TEE R B A A B RS G, DR IR VR G AR AR 2

S /N [ s 2 FRERCH 4 mT AR, R AR A 5

SR A ST AT K A R B kTS G A B LA

o 9|

MR

B i sl i
o KTk
A gﬁﬂ;ﬁ:{myﬁﬁ
— BV
.
O 7
TR XS ]

0 35 7km

TEH

BT AR SCl 52 25 BH () 7K Sl 5 3 VAT T IAT 5 4 < JE 1L T 1
1: Taojiang Hydrological station; 2: Yiyang (Second) Hydrological
station; 3: Zhixihe Section;4: Longshangang Section

1 R RE AR E

Figure 1 Basic situation of the study area

WWW.QEs.0r9.CN




NEG°

URETR Rt Y F 405 E 45

x1 BEAMNEE
Table 1 Model input data

B4 44 FX Data name U B Information

B4k i Data source

DEM ¥ & i A B K

M2 A5 2 (hitp < //www.gscloud.cn/)

A R TSR A R T2 23 (8] 43 A1 2 PHTE 1R
AR ST A3 ] A3 A | AR B HWSD ##in
KL R KRG MR K PR CMADS V1.0 $c#i 8
IR SRS E IR SO AT BT A R AR M S £ BT AR | 5 BT 7K SR
R A Tl A TR TS KAL) A S A R A HE R TEBATT IR O R 2 E A RIS Y A R4
B R LAY SR A CRVLZ T RIS AT 25 PR T =2 — 55 5 4
Al A B YEY 2 FR BRI B BHEERE ALt 5 B S Hb A 5 A ] b A

S B g IR 2 A B A
1.2.2 BERIAYRE Bk

Sk O UEASE Y B A UK B2, A5 A H 2019 B
SWAT-CUP k4, F JH SUFI-2 )5 vE i FEAR I i 75 e
PIRIp EA T3 I IE , FE e IO e R E(RY) (AT
B R B (Exs) 2488 0 23808 25 A TV, PRAN bR
Bt E AT

R2= [2?:1(va”_0_"’)(0sti_Q_.\»)]z
ZL 1( Q"” - Q_m) Z;: ]( Q.s,i - 03)

n

Y(0.-0.)

Ex=1-——""— (2)

n

Y (Qui=0u)

i=1

2 Qu W BEHIME , m* 575 QR SEFRIIE , m 575 Q1
S  m? -5 QL R ST, mP -7

FE R E Z SR BT M ST 7 A 51T S 4K
RO 2 B, AR E X AR T BV L R A O R
2 H . 08 kYR T BB, A 58 LA
I K ET BRI R 28 BH () K SC ik 2009 4E 1 H &
2017 4 12 J1 By A% Ui o S B 20 47 428 O o oK 08 L 0w
WE, DL 1L W7 18 2009 4F 1 % 2017 4F 12 7 1K
JTEHE AT BRI R E I, L AR
gt T TET 5040 S 32 ) W DAL B R TET T P Y K e
S, B AR o T R T R R R S A7
ff TS RN

A 15 YW AR A s e (keg) =TT 7K 5 1 0 i
(mg- L)X i (m+s7)x3 600x24x H N KE/10°,

2008 4 1—12 J S 1570 g il P | 3 = 520 4%
P , 76 8 WA E B BUR S HOE T Z2 AR AR
WriE g AR
1.3 =g F/IEEATIER

S X SR JRa E BT 2017 4F - oA

(1)

1% WHART]

Bt A SWAT AR b - h 1] FH S #4328 e B
AR | el 38 A U b K R A b 6 26 53 25 45
I R Fragstats 4.2 0 T 2 A8 R0 1165 . AR 3
AR T A SO R SO IR B SR SR
JELL e ZREPER O D EAR M SO 5 2 BUK P B35t
SA AR SRR, OO R B BRI & IR 2,
1.4 JURGH(RDA)

JUAR 53 1 (Redundancy analysis, RDA) J&—ff1 2
SOV B B HEY 3BT 5 1 BRSNS A i R R
Wi 1oy A% 5 AT 22 7T I 2 A, 7R P ARl B T ALk
P DG ZR , WL 2 1 mig 1y 78 e 5 figp e 8 a5 22 [A] 1Y
SRIRAR FEC A SCR I TUAR 3 M7 7 v, L SWAT A 2
EEHDLAS B R S5 2R LBl T Yt i 3 Ay g iy AR
i, LIS R 8 800 i B2 5, D 60 A -3 3800t 1
I ECE RFEAS | 15 B Canoco 5.0 #EFT43HT , 35 22
R A2 455 1) BT 0 A SR A A Al AR OC
IR

2 #R5EWR

2.1 EERIBETTRIEMUGE R
2.1.1 SWATHERY R E B0 UEL,

TRV VAL R ) U S B U L3 3,
MRS B TR RIE, 45 R LK 2. 78R,
B A BB R E KT 0.85; I UE ) —
B R* K F 0.78, Exs KT 0.66. Fil25 K20, 50 1E
MR A VB RO T /)N , AR T
BRI T A BB AR
2.1.2 e TE Y 2= AR AR REAE

FI A HE 5 A9 SWAT #5270, L erch ST H i ek i
(85 U ) BV R BBl Hh 25 R A BT o IX
A TG G (R R (R AR AR RRAE , AR SO K TS Y gt
S5 R A RS YR A TERI R AL B v 2 X



BRSOV B MU 5 51l A Yt B R B 5 837
R2 =M BIEEIR R HE
Table 2 Description and characteristics of landscape pattern index
N RUEE e ik FNEF X
Application scale Index name Description Representational meaning
SO/ KEYL% B (PD) B RN BEH R WRERE
SO/ T D% (ED) R SIS TIREI Fr B RO RE TR
By SERBEHLRI L (AREA-MN) SO El SR rp B -2 TR TR L
SOW/ T TR BEYFEH(LPD) T RBEH A A FO0LE RIFR 19 43 b TR E
SO/ SME IR £ (LS S WL T AR S A e KL
ol HAEEHR A (CONTAG) TR WS SR 34 S RAZ
HAY RETIRHL(AD WS T (g SR A T RAZ
ol A 5 5198 % (101 AN [+ 55 WS B 1) 25 18] 3 A1 G 52 B oL B A 5 R B2 S
ol AR ZFEPESE U (SHDD) AR BEP IR AL UL B 5 2R ZHEE
®3 HERSHHRF
Table 3 Ordering of sensitive parameters
SRR, T i Runoff S Total nitrogen S Total phosphorus
Parameter 2R filiik SR ik e filik
sensitivity level Parameters Discriptation Parameters Discriptation Parameters Discriptation
1 SOL_AWC  LHZWIAADK G/ SOL_NOs HIRPYIAENOWHREE/,  GWSOLP  Ji i b 3ty R /K HE 138
(mm-mm™) (mg-keg™) A R/ (mg - L)
2 EPCO R KM 3 2 NPERCO RHINB BRI RSDCO [ER7 L3 AHE Yy Y4
3 CH_K2 T E K T e I ERORGN APLAE AR pSp AN ES 3
(mm-h™)
4 REVAPMN 7K R 2% % i /mm SOL_7 LARF A LTS HRU_SLP SR8
J£/mm
5 CN2 A3 2 K BIOMIX VIR R ERORGP ALy A
6 ALPHA_BF & SURIEFEES Ol SHALLST_N it id Ho T /KHE i 9 SOL_ORGP 1) shjti A HLAS Bk
PR ER R 4/ (mg - L") B/ (mg-kg™)
7 SOL_ALB 0 AR S R SOL_ORGN 4z EPT}J LGES) m))ﬁﬁ%/ CH_OPCO V3K EP(E’JH m?werg/
mg- kg™ mg- L

SRS TR, AL SWAT B 2009—2017 4EE A&
P55 YL ki A GE TR PR T LR 3, MR AR S
TRIR KT B, RN 4—6 H Ak S IR ACE
FRER A P R IR BE kAR b . IR b PISRE IR
B e (B R K 2 AR AR S B, o 42
Ui UEVA SR Y AT R B0 0 R 0.56.,.0.90 (1A
4), T 4—6 J1 4y Wi 25, A AE AR A L BB
15 YL W R SR, R AR S A A AR )
57.03% .50.55% . K&K i 2 AE 5 U575 G A ML AR i) 3K
AT AR R S ) AR T R AR
Tt H AR KA H I R (R S5 T8 SR SR = (R
A, o1 F 4 7t A RN 5 A I AR S
NE, 5 Gy AT K R A A 8, B 4—S5 Bk i
AR AR e A 3 A s 5T Y fr DR B
7 g IR, VR R R B0 D R AR BT B

P 2h 4 82 0 B R - 35T E AR TS e 1 A A o
HAEATES Abr.
2.1.3 RIS YL 23 [a] S A R B AR IR DX ) PR )
AT, AR ARG Y S B DX A e TS e
i+ 5RO B TR TS e e R AR i TS i
AE S #R A I I, DA TR X LK e sub SC
HlE SRR B R LS R T IR E
PR A S R TS e e R S R 2R T
Yy e o B 5 3R RS HI A, K @ sub SCF 1 2009—2017
ARG A A VR R R L SRR 1 A ) LA TR R AT L
SV S08, AR S 2R 1.2.3 =459, 25 ()
AT UL S, MR R 4, AR OKOE B F R X
18.45% (¥) T FL 5T ik T 24.50% 4 & 75 Ye B o
26.70% ) THI L BT 1 37.45% 1) TS Y i Ay, 4F 34
KAV 155 = A R TR b 5 B ok L 1]

WWW.Qes.019.CN




m@g 838

URETR Rt Y F 405 E 45

3000

(a) 2 i Runoff
SRE W Calibration
R*=0.97
Exs=0.93

2 000

1 000

AL Runoff/(m?-s™")

541 Validation

R=0.98
Exs=0.96

NS B . S
0 O~ — O~ — O~ — N — O — N~ — )~ — 0~ — )~ —
T T2 ITST TS ITSYSISYISSITERITS S
DD DNO OO —~——~—~A A AN OO NN OO O~~~
S O O m o e o o o e o e e e e e o e e o e
S O O 000000000000 000000000 D
AAAAAAAAAAQAAQAAAAAAAAAAAaaQaQaaAaA
- Year—Month
200007 (b) 4% Total nitrogen :
= s . . ! ¥ . .
%’“ HE W] Calibration 1 IFEHA Validation
S 2 ! 2
= = =
R=0.91 I R*=0.82
= 15000 |
gﬂ EN5:0.89 : EN.\.ZO.67
o 1
= '
= !
1
—= 10000 |
3 |
(=) 1
= '
E 1
& 5000F |
=
O 1 I 1 II 1 1 1 >‘ 1 1 1 1 1 1 1 1 1 0
AV O A VW O A YW O A O M > — O > — O > —
T 7T 7T ITYTISISSITSSSTIYSYST
QAN O OO~ —~ —~ A <+ WV N O O O~~~
s S < < S = = e N e e e e i
S & & 0 9 © 9 9 9 9 9 9 9 9 O O 9 9O © 9O
A A A 8 aAddaaaadaaacaacaaaaaaaa
4~H Year—Month
4001 (¢) Bu Total phosphorus
Z5E A Calibration IFHA Validation
300 F R*=0.86 R*=0.79
Exs=0.86 Exs=0.67

faf Total phosphorus load/t

\

H

H

H

!

H

H

H

H

H

H

H

H

H

5

H

H

200 [ :

H

5

H
: [}

100 - :

E :

2 Pey

> L [ | I
it e ) < -
S ) S, N . = A, el N A S R N e ST R
O~ — > =~ =N =0 S 0NN QA — 10— 1
TY7I9971I9979979T7997999999¢9°7
PPN O OO~ = —=A A AN OO NN OO O~~~
S S SO = o o e o o o e e e e e e et e e o o =
S O O O O O OO0 OO OO0 OO0 O OO0 o000 oo oo
AAAAAAAAAAAAAAAAAAaAAAAaAaAAA

4F-F Year—Month

-+ WIMAE Observed value
2

Vo & -—3—%
TERE.B

@ FELH Simulated value

A SBREHERITAMNS L

Figure 2 Fitting chart of runoff, total nitrogen, and total phosphorus in periods of calibration and validation
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Figure 3 Seasonal trends of precipitation , runoff, total nitrogen,

and total phosphorus
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Table 4 Statistics of area and pollution load in highly polluted non—point source pollution zone
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percentage/% period/t critical period/%
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fsyi: 344.67 26.70 93.48 37.45 152.70 43.73
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Table 5 Description of RDA analysis parameter at landscape level 016 517
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Figure 6 RDA analysis between nonpoint source pollution load

and landscape pattern at landscape level
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Table 6 Characteristic value description and correlation analysis

between the ordination axis and landscape pattern index

AR U5 5 Source landscape JC S Sink landscape
Variables  #11 Axis I 2 Axis2 il 1 Axis 1 %2 Axis 2
PD 0.404 0.076 -0.011 0.053
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P (P) 0.002 0.002
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Figure 7 RDA analysis between landscape pattern and pollution load at the type level
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