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Abstract: Watershed landscape characteristics determine the sources of pollutants and the absorption potential of the
surface landscape, but we still lack the knowledge of their relation from different spatial scales in the whole watershed.
Based on the land use type interpreted by Landsat 8 OLI remote sensing image in 2020 and combined with the water quality
index data of monitoring points, the influence of landscape characteristics on river water quality at different spatial scales
including sub-watershed, river buffer zone and circular buffer zone of monitoring points was discussed using mathematical

statistics and GIS spatial analysis method. The results show that: (1) the landscape composition is different at different
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spatial scales. At sub-watershed scale, forest land is the main land use type. At river buffer zone and circular buffer zone,
cultivated land are the main land use type. (2) The cultivated land, construction land, other land and garden land are
positively correlated with water quality index COD,,,, BOD,, which are the contribution sources of water quality pollution in
the Nanliu River Basin. The increase of grassland, forest land and water area is generally beneficial to the improvement of
river water quality, especially at the scale of river buffer zone. PD, CONTAG, SHDI and SHEI are the main factors causing
river water quality change. (3) Landscape characteristics of river buffer zone had the greatest impact on water quality,
followed by sub-watershed scale and circular buffer scale according the total explanation rate of redundancy analysis. To
economically protect water quality in the Nanliu River, we should focus on riparian zone within 50 m and decrease the

cultivated land area and optimize its landscape structure.
Key Words: spatial scale; landscape features; Redundancy analysis; Nanliu River
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Fig.1 Map of land use types, distribution of sampling points and sub-basin division
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Table 1 Description statistics of average concentration of water quality

KRR $e/ME/ (mg/L) HRE/ (mg/L) I/ (mg/1) FrifEZE AR5 R
Water quality index Minimum Maximum Mean Standard deviation Variable coefficient
pH™ 6.34 8.47 7.30 0.58 0.08
VA4 DO 3.80 9.70 6.64 1.39 0.21
AR ERAE L CODy, 3.00 3.90 3.56 0.33 0.09

H H AL T A BOD, 0.70 1.40 1.16 0.27 0.23

A NH,-N 0.04 1.04 0.36 0.26 0.72

S TP 0.05 0.38 0.17 0.09 0.51

DO . % 4 Dissolved oxygen; CODy, : Fif FRERFH AL Permanganate index; BOD; : i H A= b % Biochemical oxygen demand; NH;-N: 2%
Ammonia nitrogen; TP ; & Total phosphorus; * 7~ Joi 44
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Fig.2 The proportion of landscape composition area under different spatial scales
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2,1 COD,, \BOD i WS, HAORE M E AL 5 H 5K A 56 RN, ik b ifd AR He 5 7K 55 Y 56
X tRe oAy 2, U A ] s B b T B K AT RE X BT KA % COD,,,, \BOD, 54 BT skt K, He - 4300 31l 3k
F'70.708 F10.764, 7KK FRK/INE/NREE |5 7K BT b8 DI e Ay i 3, 9 A SR A BR80T 22 e
X K AR S CoD,,, il BODS Y r 4353k %] T -0.562 Fi1-0.618 , 1 B /K 38 i ALk mT RE 2> i 38 oo 35 B
WK CODy, F1 BOD, 152 FH b [T AR fin vl BB AE 5 K REEXT K AR T i COD,,, T ff A7 B 35 sk, B ok
F Ak A HAt A e % 1 R K S S AR COD,, \BOD A ik 38 IEAH G AR T w0 b 7K sk A 1 A
5HA B EW AR, B N R 2 b F 280 1 AU i mT 5 X6F B S A A A SBR B0 7= A S ) R 8 ) 75 e o
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*2 =MAMSKEH Spearman iK%

Table 2 Spearman rank correlation between landscape composition and water quality

LA % z3 (A R JK 48R Water quality index
Landscape composition Spatial scale pH DO CODy, BOD; NH;-N TP
HHh Forest TR -0.403 -0.315 -0.336 -0.277 0.081 0.267
T % Wy -0.564 " -0.308 -0.295 -0.320 0.152 0.119
[ 2% oft X -0.232 -0.080 0.077 0.192 0.012 -0.037
b Agriculture land TR 0.576" 0.087 0.333 0.282 -0.103 -0.157
ap== 3t 0.133 -0.291 0.708 " 0.764**  =0.142 0.071
[ 2% ot X 0.423 0.126 0.169 0.076 -0.169 -0.243
AL Urban land R/ 0.522* 0.096 0.493* 0.442 -0.211 -0.080
T 5 8wy -0.211 -0.353 0.410 0.302 -0.096 0.137
[ 2% vjt X -0.235 -0.104 -0.141 -0.60 0.333 0.281
KR Water TR 0.314 0.375 -0.284 -0.369 0.078 -0.147
T 5 2 Wy 0.203 0.309 -0.459 -0.549* 0.076 -0.258
BB 22 b X -0.058 -0.244 -0.562* -0.618** 0.409 0.171
[l it Garden R -0.359 -0.055 0.579* 0.585 " -0.255 -0.200
R G2 vty -0.299 -0.136 0.215 0.38 -0.391 0.072
[ 2% oft X -0.374 -0.030 0.405 0.346 -0.388 -0.006
i} Grassland R/ -0.244 0.010 0.264 0.121 -0.145 -0.288
R % vty -0.285 0.119 -0.479 -0.485" 0.118 0.075
[ 2% ot X -0.094 0.005 0.124 0.299 0.160 0.133
HoAlh FH b Other R/ 0.458 0.200 0.189 0.204 0.00 -0.098
T R hoiy 0.104 -0.352 -0.072 0.065 0.282 0.585*
R 2% oft X -0.242 0.279 -0.212 -0.290 0.126 0.012

* 7E 0.05 FUI (WU ) AHCHE W, + 76 0.01 ZU (XU ) AH G 3%

SO SR P55 K BT AR AR DG (3R 3) WTLLE 50U R 805 K itds br Th 9 COD,,, . BODSFE A
SRR TR BEHMHEER, ET B, CONTAG 5 COD,, .BOD,#15 WA, r 435
-0.617 F1-0.586;SHDI 5 COD,,, \BOD 345 i 25 1EAH G, r 43931 2y 0.565 1 0.516;SHEL 5 COD,,, \BOD, ¥
SR EIEMSC, r 43500 0.611 F1 0.587, FEWEEZE vhili RUE,PD 5 TP 2 W IEA X, r 2 0.544;SHEL 5
COD,,, .BOD ¥ 5 B F A r 205 H-0.611 F1-0.697, {EIRITELE vh[X L SHDI SHEI 5 pH 5 | % 11
A r 439 -0.490 F1-0534, A UL, PD CONTAG SHDI 1 SHET AJ &2 5 [ g it 7T /K Bk A8 Ak i 3 3 5
LS [R5
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Table 3 Correlation between landscape pattern index and water quality

ENEINE S SR SRy 46 AL JKJFIHERR Water quality index
Spatial scale Landscape pattern index pH DO CODy, BOD, NH;-N TP
Fid NP -0.393 -0.256 0.178 0.030 -0.059 -0.064
Sub-watershed PD 0.240 0.335 0.402 0.329 -0.343 -0.422
LPI -0.146 -0.216 -0.439 -0.412 0.135 0.178
ED -0.103 -0.129 0.376 0.246 0.150 -0.098
CONTAG -0.254 -0.347 -0.617 ** -0.586 " 0.191 0.252
SHDI 0.126 0.277 0.565* 0.516" -0.162 -0.250
SHEI 0.269 0.383 0.611* 0.587* -0.257 -0.264
R % vpiy NP -0.057 -0.243 0.045 -0.096 -0.146 0.104
River buffer PD -0.231 -0.308 -0.026 -0.054 0.390 0.544
LPI 0.141 0.239 0.099 0.267 0.082 -0.123
ED -0.036 -0.139 -0.256 -0.180 -0.153 0.154
CONTAG 0.030 0.189 0.238 0.280 0.109 -0.093
SHDI -0.311 -0.096 -0.206 -0.325 -0.172 0.126
SHEI -0.379 -0.022 -0.611*" -0.697 ** 0.145 0.065
B 28 v X NP 0.218 0.105 0.137 0.132 -0.199 -0.239
Circular buffer PD -0.204 0.136 0.134 0.080 0.338 0.121
LPI 0.050 -0.230 -0.233 -0.228 -0.031 0.096
ED -0.236 -0.147 -0.140 -0.031 0.048 0.061
CONTAG -0.280 -0.163 0.304 0.177 0.289 0.224
SHDI -0.490 ** -0.150 0.163 0.254 0.112 -0.026
SHEI -0.534** -0.300 0.190 0.224 0.303 0.199

# 7E 0.05 L9 (BUR ) HESEME B2, # =+ 78001 205 (WU ) AP B2 ; NP BEBEL H Number of patches; PD; BEHLZEFE Patch density; LPI;
e RBEH S Largest patch index; ED. BUE. &35 Edge density; CONTAG: = GE RE AR A Contagion index; SHDI, ZFEVEFE %L Shannon’s diversity
index; SHEI; 5] FEE48%L Shannon’s evenness index

3.4 FOWEHIE 5K TR BRI TUAR ST

SOULZE AN SO Sy e R0 7K BT e AR 22 Ak i i BERE T A3k 4 7R . SO AL B AR |5 LU AE Ikl i 2 42
I R B 2% v DX R JBE P B R0 M 51.3% . 57.0% Fi1 40.9% 5 S5 WA JRi 46 BO7E 1 T 38 0] 5 2 o A [
T 2 i X R 0 BRI N 57.2% 64.7% F1 43.9% , 5 WLAE 15 WA SR 8 00T 37 7K B 46 s B4 5% i
213 ) RO 34 28 IR J s > F I > [RDE G2 b X, S BRAE VAT 2 2% oy RUBE I S OLRRAIE X BRF 30 7K AR 7K
FEPREE M 5 A 83, O T I R BE , [RS8 i X RUBE 5 i R B /DN, ELAE — s o] RUBE B 500l s 25 L
SEULZE R AR G K R A R R R

SrOLZEL TR RR 7 LRSS R 8BS AN R RUBE /K B b RDA HEFy 18 (1 3 R 4) s, 78 F I BlOR
B, Kt FR COD,,, \BODy S #kh 5 bb gt i A b & b el 5 L PD NP (ED SHDI 1 SHEI £ 1E 4 ¢, NH;-
N.TP 54k 5 H .CONTAG . LPI F1 NP £ IEAHSE, pH DO 5K 5 e B & b a5 F#b 5 kb . PD  SHDI,
SHEI 5 & IFAHSC , HAR SO IE S8 5 HAR oK BT e b 2 AOAH G, 28T 2 22 vpaly RUBE, COD,,, . BOD S5k (5
Fe R R M B Bl B L CONTAG F LPT 2 1IEAH X, PH DO 57K48,5 A CONTAG 2 1EAHC,NH,-N 5
M G He kst H HAl I & He ED SHDI AT SHEI 52 T AHSG, TP 5 HAl FH M o5 e EE 5 e Akt 5
[t .PD NP ED SHDI #l SHEI 2 iEAH ¢, AR FOWAFE S 205 HA K BT br 2 A G, 7EIRDE 28 o X R,
COD,,, .BOD 5 Fel#h 5 He w5 b AR &5 . CONTAG . PD NP SHDI il SHEI % IEAH5¢, PH DO 5k 5
L FEHE A7 LU NP 2 IEAHE  NH,-N TP 57K Lt #E F il & bE CED \LPT SHDI A1 SHEI £ 1IF AH ¢, Hig
FOAFIE S S HAK Bs bR 2 DG, X5 50 0ERIE 5 /K B8 #R Y Spearman FAAH ST (6 2 FEk 3 ) 4%
F—,
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Table 4 Redundancy analysis results of the interpretation rate of each sorting axis
SR E & 23 ) R S8 Hi—Hh o5 SRR /%
Landscape characteristics Spatial scale Parameters Axis 1 Axis 2 Total explanation rate
FOULZH BT L F i FRAE A 0.3756 0.1200 51.3
Landscape composition MM B3 E 4 H 73.01% 69.32%
MaJeki e LR IEN 0.4426 0.1104 57.0
AHCME B E AL 81.22% 62.58%
[ 2% X FRAEAE 0.2824 0.0964 40.9
A BT E A H 67.46% 54.97%
SO S8 4L F s LERNRE] 0.3889 0.1677 57.2
Landscape index AHCE BT E 4 L 74.53% 81.35%
TR FRAEAE 0.5425 0.0925 64.7
A BT E A H 88.18% 60.09%
B 2% v X LR IEN 0.2681 0.1508 43.9
AHCE B E 4L 63.26% 72.88%
1.0 K 5 b T
DO
pH N
B 5
Hitite gop,
Mn
L Rya
NH;-N
TP
At b
-1.0
-1.0 1.0
1.0 2B o 1.0 T 529 o X
DO
pH KI5 K3 e
BB G Y
TP
e 3t 5 bl
CODMHB 2 NH3-N +— N\ ODy, W3 5 B
By b P T NH;-N pH BODs
HEB R 7 AR i H
Aty F 4t 5 L A FH Hb o5 b
TP DO
At 5 b
“10 -1.0
-1.0 1.0 -1.0 1.0
B3 SWMARERSGLESARRENKRIERTRSFTHIFEE

Fig.3 Sequence Layers of redundancy analysis of landscape composition area proportion and water quality index at different scales

DO . % % Dissolved oxygen; CODy, : i4f AR ER 54X Permanganate index; BODs: . H A 4L % & Biochemical oxygen demand; NH;-N:

Ammonia nitrogen; TP . S8 Total phosphorus
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H

#H B

1.0 T

-1.0 1.0

Lo I J2 ot 0 W 5 X

SHEI LPI

-1.0 1.0 -1.0 1.0

B4 S=UEBEBEFRRENKRIERTRITHRFE
Fig.4 Sequence Layers of redundancy analysis of landscape pattern index and water quality index at different scales
PD . BEH B Patch density; ED: W% Edge density; SHET %7 45 40 Shannon“s evenness index; SHDI; £ #4540 Shannon s diversity
index; CONTAG : £ %E 541 Contagion index; LPT; it KIEHFGEL Largest patch index; NP BEHELH Number of patches

4 i

4.1 SEUURFIEXS K B

RSBk IS Rk e SR R SRR EE 7/ NLIA N ae s I I SN KR IR E S U RS S IRSPIN
SR bR Z I AFAE AR DG , T ARG b K ORI AE A, A B T3/ B A S A HEA PR 00 ) 5 3
B A HA P 0 el 3t A T AR o L5 K SR A TEAR SC G R, XK BT A 5 e 7 i BTk, v
RPN B3 MR R A A A A~ it LA B R R B 37 20 BEAR R AR KA 5 | R 7K 3 22
S E SAT BY) 75% LA YD W B A R A A TR A% . St i T e T AN K i AR ELN H A5l R
A AT RN TR K 5 e R, B K (AT Yo e BE T v 20 LA P st N el b oK 2252 3 N2 0 5
(TG, WAFTETS Y 5 27 A R bRt K8 KSR AR A SR D66 B, L R i e v b
M RARTNS AR AL RE | BT e i 1 070, i B AT PP A T S AT K Ay A fE A . BT
S TR | B R BRI, T i K A A A
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4.2 SO R K B

SO SR PR BRI IR 15 Yo Z MAF AR AR KA AH e, HR I TR 257 . CONTAG 7EF i RE 15
IK BTG A AR, R R & B ] R 5 BEAT K B2 B TE S 52 i3/, PD TR 5245 92 v
X RE 5K FHa AR IEAH I IE R, 28 B R I VL30T a2 B b B e 28 3 A R i 1 /K 445 e £ f . SHIDI #E ik
R I 5K AR bR A IR IE R, SHDT (B K SoULB I i, FRAK T 55 0L A0 W MAC A BA P T, 7K BT bl ™ o
SHDI 78 BTE 2% vh X R | 57K R T bR A U 5656 25, SHDI {H B, 5ol 2R AL BB A, e 2 Al v )
R FH b R by 32 (0 AR A 0 DI AR B R 2 SV R I, D T K R A R I, 3 5 T BRI AT — 50
SHEI TR B I 57K B bn A IE A GG R, BB, SOULBRAE AR 38 hn 1 Bk 5 J) PR 422 Ml i AR, #2205
15 Y I A T REME LR 2 380, eI % op RN R 2% b X RUBE , SHEL 57K i A A &R, HyE
K, A SO N 53 A0 B 50 R K AR T Y B BE ARG 8% . SHDT, SHET 7K J5i i AR DG ZEAS [ RUBE b A7 7 22
S KA RIZE S A B AT 8 5 AN ) RUBE b oWl 2H sl 2 TR A O | 5 1EAH DG DX 3 32 A b | i3 FH b 46 | ke vl
Tk BB Ak ; 52 UM 56 X Ssbth K BRRAR 1 HE AT 75 e 7
4.3 A[alAs (A RUBE SRR IR R 7K B 5

FEANTR] R T SOMRRIE XA K B s i EL AT 22 50k o S TR) A iR S 80 = S 1 3 S EL 5000 J) 57K I
FEbR S R AN, B 23 A5 PR A 28 Ak, 26 Rl — R S UG SR S K IR R AR i 56 Rt & R AR AR AR L ARHIFSE
FERRIAT R 28 i DXORUBE SO MURRAE XK B s i fe R, I R 2, B 5% o X RUBE fie /N, 33X S A bR 2= 8
020 X6 137358 LA R ST 2 7K T S 3 S 5 L DX AR S 458 — 3K L 2 ) 8 XV AT 7
¥ 2 BH = b ORI FH 28 280 78 7 URUBE 5 7K 5 P R e I 3 T S5 ARG s 8 O] e IRUE X 7K I 1 ik e e
FIHERY ISl 25 T R IR TR IR U A [ SR JE A NS Bl DA B S R ) 25 5,
Al BES FTAE R R/NE 56, ARSCHHE T BT TLIAT A4 50 m 100 m 200 m 300 m £ 400 m 5t WA Jards Boxt K
S PR B R | BRI 64.7% 31.5% 48.1% 45.7% F1 49.3% , Ui F 1 VT 50 m I j 2% vhafs 5
WA S 2 XoF 7K S B 52 M 4 o A 205 DX 3, Rl DR VT L X RUSRT , SWAE A FE 2 WAl A A A 8 K, 50 m ]
2 28 i B 7 E R, A S e s 1 S AR R K ISR A 1) S DX, A DU 58 YT 2 B T A
HES I 28 W T A T S A AL A T KRR L

5 it

ARSCRAT VAL FR b A T B A LR O B S X, W ] Spearman K AR 570 A Hl RDA 3 H LLEE T 13
Sl TR G i X R BT 2 v X 3 s i) RUEE S AR HE X 7K SR I R WA 22 5, AR AR

(1) PRI AN [R] 2 18] RUBE LA AT Fr 22 51, S5 LA R Tvd AR o L LAAR s ARk 3t o 3=, Hof i fe /b, A
VRSO PR 2 T A R IR AR R 2 o IDXORUBE R B 2 i DXORUBE , Bk b 2 3 22 Y L st 4
LSt

(2) Bt Bt At 3t | Pl M5 K AR e SR G , AN R BE 3 I 17 A MR 3 e A7 £, T e 3t b
b RIS RE B A TR K TG | R TR G i XN AR B R AT

(3)PD,CONTAG ,SHDI I SHET J2it Ji i Pt VTt 4k o A2 A 1 = 2 50 0% Jridi b, Herpy, SHET XK i
PREYFZ I FROR

(4) V38 A BN [+ 7 3 ) S5 A 2 5, X6 BRI /K A K TR o 2 W A A 225 T ROBE AN, T 2
i G i X RUE SRR AR X 7K BRAR AR i e K, T R 2 R 8 nh X N /)
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