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Multivariate correlation analysis between landscape pattern and water quality
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Abstract; Water quality variation is generally linked to the change of landscape pattern in watershed, which represents the
main impact of human activities in macroscopic view. Therefore, identifying the crucial landscape factors that affect water
quality variation is valuable for understanding the mechanism that landscape may affect water quality. Multivariate analysis
tools are effective methods to deal with complex correlations between landscape pattern and water quality. Besides,
advances of remote sensing ( RS) and geographic information systems ( GIS) technologies have made regional and watershed
scale studies much more feasible. This study was conducted along Danshui River watershed, a branch of Dongjiang River in
Guangdong Province. The correlation between landscape pattern and water quality of Danshui River was represented by
using spatial analysis and multivariate analysis methods base on ALOS satellite image and water quality monitoring data in

2007. Landscape metrics, including information of landscape composition and spatial configuration, were used to represent
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landscape pattern. In order to cover overall landscape information, landscape metrics on both watershed scale and riparian
scale were used. Spearman’s rank correlation analysis, multiple linear regression models with step-wise and canonical
correlation analysis (CCA) were used to reveal the linkage between landscape metrics and water quality. The results show
that forest, urban and agriculture land use are accounted for more than 90% of the total area in Danshui River watershed,
while the area proportion of urban land exceeds 20% . Results of multiple linear regression models with step-wise and CCA
showed that water quality indicators were affected by more than one landscape metric. The variation of water quality was
influenced by landscape pattern significantly. The landscape metrics in watershed scale revealed more information of water
quality variation than landscape metrics in riparian scale. The proportion of urban land use proportion had the greatest
impact on water quality. Spearman’s rank correlation analysis and multiple linear regression models showed the proportion of
urban land use was the most important contributing factor to cause variation of oxygen consuming pollutants and nutrients.
However, forest and agriculture land use had less influence on water quality. On the other hand, landscape metrics about
landscape fragmentation were crucial factors to affect indicators of water quality, such as pH, DO and heavy metals. The
result of CCA indicated that the first ordination axis could explain 54.0% of the correlations between landscape metrics and
water quality indicators, and the first two ordination axes could cumulatively explain 87. 6% of the correlations between
landscape metrics and water quality. The result of CCA revealed that water quality had an obvious trend with the varying
landscape gradient. The first two ordination axes mainly represented urbanization gradient and landscape fragmentation
gradient respectively. Landscape characteristics in the study area showed a gradient of urban, urban-rural fringe, rural from
upstream to downstream of Danshui River watershed. The distribution of pollutants concentration was corresponded with the
gradient of landscape pattern in the watershed. Land use and cover change is an integrated result due to human activities,
and change the state of eco-system of river and watershed significantly. It's highly reasonable that the water quality must

correspond to the change of watershed landscape.

Key Words:; landscape pattern; landscape metrics; water quality; canonical correlation analysis
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2.1 7}( Ei‘;}?&:}E Fig.1 Location of Danshui River Watershed , upland catchments
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Fe ) AR B FE B0 ( AWMPED ) ARHbAZ O X380 %5 B ( CAD) WU 3k A3 B (ED) A0l FH b
KBEHLFEEL(LPL) 0] 5 7 SA R FH s, L 450) R 90] 2 i RS- 2 e U A 25 ( MINN ) o 33X S5 53 AR A0 15 1 i R
BRI RO RO AR R R (1)

F1 =WIEHHER

Table 1 Description of selected Landscape metrics

SEULFE %X Landscape metrics 8 /A3 Formulations

b L B8]/ % MR L A8 = (b T AR TR TR ) X 100%

IR b L8] % IR b L A1) = (A Tl TR R i B TR AR ) x100%

AR H 1% M FITHE F 9] = (A Ml ML TR 0 L) x1009%

BUIALRES S 4 e WM SRS = 3, 21 [zml(no(j T ) |
a NPT, P NBEH A m A BERIEHY o S BEHE R

M Az O X IR/ (1/m?) RCHIAZ U DX 3883 = R A O DX S0 i /3ol B T AR

B M A B/ (m/hm? ) IR i P = ( iﬁ%ﬁfﬁl’@iﬂﬁ%ﬂ B/ i R AR ) X 10000

Al IR BES A = [ max (A; ) /R AR ] X100

= SEEL SR /9%
ARSI 7 A N FIHESES TR o M M BE M S

YA A R b L i % YA T S0 R b B 8] = (T S P b TR L/ 2l LTI ) X 1009%
i D,
T R M ST 2 AT AR S/ m T B AR 44 BT AR R B = £

D g4l B(‘JJ%%j‘?MﬁiXIﬁ%ZIEﬂﬁ’JﬂPF% n A AR M B fr) i

2.3 Gt
FH AR W0 W T 4% A 7K B 48 b A AR T AZ S 228 (Standardized coefficients of variation, CV) 27K 7K 548 b5
SRt Ao = 2T g e R/ W
CV = (SD/x)x100% (1)
X, SD KK BUHE bR AR R 22 , v A FEARIAIE
R T FESOWARFAEXS 7K BTHE AR A 520 () Spearman 35 20K 3 77 VA A6 95 50 WL 255 7K 0T 48 A 22 ] 1) A
KM IR AT - IR T 22 T M A0 [ AR RY | AR i PO VA AR AR R I RRME AR 50, 3P 2 A (B bR
HEME N 0. 05, PFHIBIBRE A AR EIE A 0. 10 X8 — /K Bidabs , il it IHSGHHFHE (PR ) R AR
JHHLFIAH 4347 ( Canonical Correspondence Analysis, CCA ) fifF 9% 5 -7 5T P 21 A8 18 22 (8] 5 A2 AR SR S 2R
CCA 2T 53 B A BEHL ) 3 Z [ AH SC R BE 1) — Fh 20088 1107 ¥, R A AR R A Ok b () 2 P o s [ v
A PRl A5 W AR B A DG R B K I — X R AR I AE CCA 25 SR b 15 3 Fm S WLHE B0, 7 Sk 1 4R 1Y
K JERIRIZ IS B RIRAE T I/, 8 3k 142 5 HE il 1) I £ 28 7m 32 5 LR 2505 HE P Sl AR DGR 9 R D
Sk (7 ) Fm 12 WA B AR A BE Dy 1) ST, ol DA oK s b S SOWAE BGE L TR B4R, B
25 JE L AN SE R B B S BOUT , U IZK B B B 0 R T 5 32 S5 WL R TR SC AR B, &b 5y — i U 3R
AR SARICHERR IR . CCA 25 SR IR LA B Wt FE S5 UL G 450 7K T8 s L B AR AR 5[] 2 2 7 HE 1 B 74 A8
17 b, LS AE — 8 1 SoOUUBR BE R K B AR FIAEAS i 20 A 15 L . ] Monte Carlo tests A5 56 35 WL-7K JBURH 5C 5
HOM CCA HEFP i 3, TR SLiH o AT AE SPSS17.0 L J PC-ord5. 0/ 3BT T 58,
3 HRER
3.1 A IR DK BT b SRR
M 2007 AR I 11 A 7K 5 s I W 10 7K B ARG T ST LU, pH A DO AR HAdL K 548 B i
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F2 HRAKA 2007 & LN ETE S BUKRIERISEITHER
Table 2 Water quality statistics of Danshui river watershed in 2007

KRR S E (R ) Bt 22 B S R AL
Water quality variables Mean value( range) Standard deviation Standardized coefficients of variation/%
pH 7.26(7.05—7.81) 0.15 2.03
DO/ (mg/L) 4.16(0.60—8.02) 1.64 39.39
CODy;,/ (mg/L) 7.95(1.03—46.05) 8.32 104. 69
COD,/(mg/L) 34.89(5.53—113.93) 26.15 74.94
BODs/(mg/L) 12.42(1.40—77.90) 16.05 129.24
NH;-N/(mg/L) 8.54(0.07—20.17) 5.83 68.28
TP/ (mg/L) 1.31(0.02—5.81) 1.36 103. 61
TN/ (mg/L) 12.93(0.53—26.96) 7.61 58.82
0il/(mg/L) 0.61(0.01—4.78) 0.86 140. 48
Cu/(mg/L) 0.11(0.003—0.37) 0.10 91.57
Zn/(mg/L) 0.17(0.01—0.16) 0.16 95.29
F/(mg/L) 0.59(0.08—1.64) 0.46 78.84
LAS/(mg/L) 0.45(0.02—2.63) 0.49 111.11

FRTREE pH ; IR DO ; SR BRER TR EL CODy,, ;5 H AL 2ETE At BODs s (b2 08 COD, ; B A NH,;-N; M TN S8k TP ; £l 0il; 4
Cu;ﬁ Zn; ALY F; B TR TE PR LAS

3.2 hHFIHZE R

DA 7K 5 W) 7, B VYK XAy X8, 3 53103+ e Sl Rl s P RUBE A o0 282 SR (TR 2) o R iR
e, A% DX i A A AR Ry 32 LR SRR T ., 5 /D 50K sl ARl FH b o 5 K B3] 3 3 v 4 bR 2
AU R AR 5 R AT 90% B vy, YR K IR it Sk BEH L PT o R BITER 3 209% , 7E S BN SR T 30%
WAL RE A g, ] A RO Lt R bkl SR AN Al A b 3 b - iR R 2R D 5 32 b, {H R
JIT o5 B4 BB B2 T SR FH b R Ml P b BT o %) SR R IR ARt BV R DAL 30 T Ui AR b BB AR A AN
R, IR b L9 2 i L, AR ol FH il L 9] 52 T 1A R

2 A 11 ANEHK RSN S ERECKX D3 F A RER
Fig.2 The land use characteristics of those upland catchments of 11 sampling sections in Danshui River Watershed
A TRBURE B R RS, D1—D7, P1—P4 Sy /K 5 Wa I i i

3.4 FOW-KETR) 2 AR AR TS
3.4.1  SOW-/K TR FAHOC AT A5 R

M Spearman kA S M 45 K 0] F i, pH {5 Agr% fiAH %, 5 F_CAD R_Urb% IEHMIZE, DO U5
AWMPFD FAHC , 5 H A S8 BOER T i EAHC K FR . COD,, \BODg Fl TP #/& 5 Urb% #1 U_ED 1EAHC, 1
COD,, TN F1 Oil #§5 Urb% #1 R_Urb% 1FAH5%, Cu I F 2355485 U_ED H1 Urb% 1EAHC, Mi#R5 A_LPI 71
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., Zn 5 AWMPFD 1EAETT S5 For% AR, LAS S5FrA St TEEHC W E LK R A /K Fighn 5
R_F_MNN AR TC B E MR R (F£3),

£3 =W-/kFEH Spearman FEHE X B E

Table 3 Spearman’s rank correlation coefficients of landscape metrics and water quality indices

iiﬁfﬁ Detrics pH DO CODy, COD, BOD; NH;-N TP
LA % 0.273 0.136 -0.391 -0.573 -0.455 -0.455 -0.355
L Hb EE A5/ %% 0.273 0.091 0.855** 0.927 " 0.891 " 0.745 " 0.682"
Al FH Hb EE AL %% -0.800 " -0.382 -0.382 -0.245 -0.355 -0.218 -0.282
T BUIALBE S 53 4 -0.439 -0.693 " -0.018 0. 060 -0.152 0.337 -0.051
ARHAZ 0 X 35 0.724* 0.173 0.200 0.114 0.050 0.415 0.159
I b A 0.127 0.073 0.700 * 0.509 0.755"" 0.373 0.709 "
Al T Hl fre K BEHAR 5L -0.068 0.565 -0.396 -0.264 -0.296 -0.515 -0. 405
V] R SRR T L 461/ %% 0.618" 0.145 0. 500 0.609 * 0.436 0.555 0.236
E;ﬁwi&%ﬁj%ﬁ% 0.073 -0. 464 0.518 0.582 0.445 0.473 0.227
o

iiﬁfﬁ i TN oil Cu Zn F LAS

b L A5/ % -0.545 -0.645" -0.323 -0.636" -0. 400 -0.409

W LG 5 % 0.745 " 0.909 ** 0.574 0.355 0.627" 0.573

Al FH b A1 % -0.073 -0.200 -0.314 0.345 -0.227 0.018

T RUINAL B He 43 46 45 0.531 0.236 0.009 0.656 " 0.208 0.420

RHAZ 0 X3 285 0.410 0.214 0.057 0.096 0.260 0.314

B i S 0.145 0.327 0.715* -0.164 0.418 0.218

Al FH Hb e R B £ -0.433 -0.433 -0.703 " -0.460 -0.665 -0.282

TR L b Le 181 % 0.664 " 0.636 " 0.096 0.073 0.345 0.409
;‘g;%%m%ﬂj%ﬁ% 0.591 0.573 0.278 0.018 0.418 0. 400

# o fE0.05 AP E WM, « # 7E0.01 KV BEME; HATC B E M, ML TA L) For% ; SR Hb EL A9 Urb% ;4 lb T 1l L 451
Agr% ; T BUIAUBRESR 5> I8 50 AWMPTED ; ARHLAZ O XI55 BE F_CAD ; IRAH FH 330 4% B U_ED ; £l I 3 i R BEBRFE B0 A_LPT,; 0] 525 S0 FH
He il R_Urb% 5 ¥l 571 R s - 35 Bl 4B IE 25 R_F_MNN

3.4.1 ZoodMERIH S

T4 SOUE B2r G A T T K B, DR B DR 4 A ) A |, 38647 28 BEAH OG0B, FEAR 2 4k
S 7K B bR AR A ) S B SRR 5K

IR TGRS SIS ELY 2 e B A5 R A RLER 1A 3] B 3 PE K (P<0.05) ,pH (B TN A7 IHIZEH Cu 2
FFMFE M AR (R*>0.8) ,COD,,, .BOD; TP Zn FIFRALY)Z B S WS M 5 /N (R <0.5) . AIRIKFHE bRz 2
AN [ S5 MR 50 118 S e, e A [ S ABE AR ) s XU 50 38 e T e L 451 PR AZZ o DX % | TR RRU AN BRI 73 B g
BT R SRR M LU ) T e A T X B A S P B R FH Ml S B AR FH b A K BE R FIORITM M L
%, COD,, .COD., .NH,-H TP ‘TN {12 ALY LAS #5252 A Hh e 9] i) 5% i | LR -5 S04 4 L
BIIEAHSC, pH TN A HZSA Cu M FRERIERE T 24 SOMR BUE B SO N 7 (% 4) .
3.4.2  BLAUAHSCATHTLE R

SOM-ZK BT A DG R B CCA R I HE P RlE 15 31 &8 35 7K 7 (P<0. 05 ), 25 —HE 7 Sl i B 17 37 - /K A 56
PEY 54. 0% , 1 P HE7 5l 2B RE B SOUL- /K BRAH DGR 1Y) 87. 6% 55— Tl -5 0B b EU B8] T 5 bk b - 29
S AT I RIS Tt L) R R DG v, A DG R R30S —0. 879 . —0. 620 F1-0. 609, FZZRIK T I]
TR K-SR RE B o 55 — b 5 T BUIIA B S 73 U5 0 Al T b e R BRE SRS BRI b A% O X I8l 2% B2 P A DG
PR AR R BTN -0. 784 0. 609 F10.539, FHEEHGE T SOULBEREAL AR BRI (2 5) o IRZK MK
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Table 4 The optimal multiple linear regression models with stepwise of landscape metrics and water quality indices

KPR bR B A R 2 P
Water quality indices Multiple linear regression models with step-wise

pH pH=8.651+0.617 X, -1.297 X, 0.959 <0.001
DO DO=1.970+8.171 X, 0.610 0.005
COD,,, CODy;, =-0.976+0.590 X, 0.476 0.019
COD, COD, =-36.046+2.364 X, 0.695 0.001
BODj BODs =-17.696+0. 820 X, 0.419 0.031
A A =-8.480+0.567 X, 0.759 <0.001
TP TP=-1.716+0.101 X, 0.451 0.024
TN TN=-134.064+0. 574 X,+108.230 X, 0.847 0.001
Ak A2 =-0.996+0. 110 X;-0.009 X 0.802 0.002
Cu Cu=-0.603+0.053 X,—0.073 X,-0.0008 X 0.881 0.001
7n Zn=0.907-0.014 X, 0.449 0.024
AL FALH =-0.507+0.036 X, 0.391 0.040
LAS LAS=-0.362+0.027 X, 0.565 0.008

FRTRIE pH ;4 DO I AR IR LKL CODy,, ;5 HAEML2ETT B it BOD; ; (275 i COD, ; BVA TN BV TP #d Cu; &Y Zn; BHES PRI
P LAS; AR O XIS X 5 TBUIACBES A BUFE R X, § AP0 Hb A X 5 00 9 SAR P 4t L 091 X, 5 YT R PR b S R B AT A B8 X 5 it
FA AL B BE X s Al T M5 R BEEFSEL X, 5 bt L 1] X

[l 3 S e 145 e 0 W v 9 9K DX 5 A Sy £5 BRWEHS CCA MMM ARBR RS
BRAE . Walilr e P1. D7 0 P4 {3 T55 —%FR,iX 3 />  Table5 The canonical correlation coefficients of landscape metrics

WMV 0 1073 b S ST ST (R i 209 st tvo CCA ordiations

WERE /N SO R, P I LSS SR G
At P 000 D TET ) 3 A1 1X 1 B 2 W B T G K 5 B LG A % ~0.879 ~0.084
DRI T A 32 R S5 OO B #0 A IK F JFEAh y M  Br #ed oe 0.437 0.259
. W D3 D4 DS D6 il P3 A FHEREIEE AU % 0.7 0.3
ZAR BB LA I IR K kT f e PIROERE AR 0055 ~0.784
B (S s, B TR e, p2, LRt O
DI D2 fr THERE B9 55 PG TR AR 85 R e st 0,082 0609
SRR AN 15 o IR AT ISR S AR AE N RSN T A e ) ~0.609 0.323
AT ST TR, e LR ST PSR A0 0620 -0.097
WA S P38, S — AR & SE % A

Fl S L

P 4 R T K TR bR -5 5O0AK R RRAE I D& 21 o /KBS A 78 110 1 1l 79 40 A1 28 B 17 /K B A8 1k 32 S LA
JEEAS AR S WA 1O, PR A S0 1 K B Bkt S L AR A AT AL MR ., DO A pH B F CCA HEFF 5
—% R, TN .Cu . Zn F F1 LAS {57 THEFF R 04 468 NH,-N ,0il F1 TP 3 T-HEF B RS S =488, BOD, .COD,.,
1 COD,, 3 P mFESTE YW K T8 Ao T-HE P R A S DU 52 KR
4 itig

5T R , Spearman AR &AM AN AEAS 30 5 WL BURUK T8 bR Z M SRR RAH G R, Z ek iz P
[ U 4347 T LAAE AR 22 57 OLFE 450 B BB HR 552 M) B — K T4 s 1) S8 50U PR, CCA HEJF W] LA 00 4t 2 3 o
PAES =9V =R OOPI kit ININE X (LT
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F T HE K RGEaE— 20 80 T 0 R4 T TS g Pk
W AR R T2, ZE LA B S o Ak s Al o
i Lo 5 6 73 Ak 2 B K R AR Ak Y R LR 2 — 00 ‘
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Fig.4 CCA ordination plot of landscape metrics and water quality indices
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