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Spatial variations in water quality and their correspondence with ecoregions of

the Dongjiang River basin using geographically weighted regression ( GWR)
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Abstract: Water ecological function zoning in a watershed is an important task to perform in our country. How to validate
the rationality of the zoning results has become an urgent problem to solve. In the study, we used the geographically
weighted regression model (GWR) to evaluate the impact of watershed characteristics on water quality in the Dongjiang
River. Our aims were to verify whether the spatial differences in impacts of watershed characteristics on water quality
accorded with the results of primary and secondary water ecological function zoning, and to explore the possibility and
limitation of the GWR model to validate the rationality of the zoning results according to a comparison of the results of the
GWR model with the ordinary least squares (OLS) model. The results showed that; (1) Water quality indexes and Local
R? showed significant differences among the primary and secondary water ecological function zones, respectively. (2)
Compared with the OLS model, there was a higher adjusted R* and lower Moran’s I in the GWR model. These findings

indicated that the results of water ecological function zoning could reflect the relationship between land and streams and the
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spatial differences in water quality in the Dongjiang River. In addition, the total nitrogen (TN) was found to better verify
the zoning results than the dissolved oxygen (DO) and the total phosphorus (TP). The GWR model has wide application
prospects in verifying zoning results, but a difficult problem faced by research into GWR models is reducing the spatial

autocorrelation and improve the distance measure in the future.
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Fig.1 Sampling sites and aquatic ecoregions of the Dongjiang River basin
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Table 1 The description and statistical characteristics of watershed variables

st IR g Fbnbiih e W R MR
Indicator group Indicator  cator Description Code Unit Mean ( minimum—maximum)
category of indicator
T A H Hoy PLAND BEHe il HEb I R 43 L IPLAND % 5.65 (0—19.55)
Land use Hort el . T B 4 H 2PLAND % 4.52 (0.35—14.02)
AL ETAE 43 L 4PLAND % 77.31 (0.95—98.36)
FOH AU 5PLAND % 0.91 (0—3.58)
W E 43 L 6PLAND % 8.97 (0—73.78)
fic & PD B i L B B 1PD n/km? 1.82 (0—5.32)
I7e] 3t BRE e 25 2PD n/km? 3.42 (0.64—7.93)
MR BB i 4PD n/km? 0.99 (0.02—3.88)
b P 5PD n/km? 0.78 (0—2.79)
I PP 6PD n/km? 0.71 (0—3.23)
BT = A ELEVA 3k K X itk ELEVA m 311.83 (0—685.31)
Natural conditions SLOPE W LK XY 3 SLOPE ° 12.42 (1.46—23.1)
+35 HSG + 37k 3cal ﬁffgiéﬂ AER HSGA % 61.25 (10.05—100)
fﬁfﬁwﬂ B son % 4.06 (0—33.26)
;?ffgizﬁ CER HSGC % 33.83 (0—85.85)
%?fféuﬂ DB s % 0.03 (0—1.21)
RAIN eI & i’jll;gijjz) R RAIN m ?22%5—1192.36)
F2 SCS B TEAKTAK DRk
Table 2 The criteria of hydrologic soil group in the SCS model
Ry o] I FasE FB%R/ (mm/h) Bi#ERET
Hydrologic soil group Soil texture Steady infiltration rate Infiltration ability
A Wt R4 R RE L >7.26 i
B Het bt 3.81—7.26 B
C R+ 1.27—3.81 s
D R L B ARG L B ERE L R+ 0.00—1.27 55

SCS Ky [E Al K + 4543 )7 ( Soil Conservation Server,SCS) F & B4 Ji Js 7k SCAR Y

BT B 2 R 25 e/ U AR 90 35 58 SRR A , 18 UK PR 4R 59 5 DA RAE A s [\ 25 57 (&1 2)
R BT S A ORI 25 P 3 A2 /I, SR YT B4 A9 238 [ A {1 AR AS B A B M 8 7 oK PR 9 4 Rl 0 A R AR R
ABFFER T ArcGIS 9.3 A Solar radiation T HASFE Z=IT4h 2 RAEHT (2010 4 4 H—6 ) RRK G
RSP (CRACIRDL B B 3B 5. 0.5 , U U] 0.3) o IR AR AR AR 52 0l 4 45 B (2000 00 43 , B B 5 K
T K H SRS AR IS R R PEAS AR ST i, B0 MRS BB H NG | T TiE 45 2R 3 P B U B DL R B dy
(3), 2010 4F 4 H—6 HF% Mm% (http ://cde.cma. gov.en/ ) AR Gl @ FEVE MU 7 Z 3647 cokriging 45
[EECRERQE A

AR UEBE 1 PSRRI A 2 405300 B AT B BRI, 43 AR BRSOk K DR BOH: ik X2 IR T
BEAE A AR K DX Bl 43 ) A = MR R RN B 4R S dg b, H R 612 B2 T 258801,
1.4 GitJiik

AR X 35k 2% 5 40 >R Kruskal-Wallis JES5007 225087, 54T Dunn 25 HLEE (post hoc test) 438, B3
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Fig.2 The spatial distribution of land use, elevation, slope, hydrological soil group, solar radiation and rainfall during the early stage of

rainy season in 2010 in the Dongjiang River basin

IR P<0.05, J5 22508 HF SPSS21.0 i s 8

BT Origin9.0 $/ izl o[
1.4.1 FEZANERIFEA OLS :.EE iggg -
K FHE 38 fz /N — 3% (Ordinary Least Squares, OLS) g g 3000 o gewgs

LRPEIISRIR PG AR T bR S i 2 ] B s 2000 | e e

HIAR AR A T R | . |
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y =B, + Zﬁixi+8 (1) Fif ] Time/d

i=1

Kol B x %ﬁ@lﬁgi;p ST A T8 B3 FAPA SRS R S S A b

BO j@é‘zﬂﬁ’ ﬁi j@[ﬁ]ﬂﬂ%%ﬁ[, . ﬂ\ji&]{ﬁ j%] 0. jj‘% j%] o’ i ’\J Fig.3 The comparison between measured and simulated daily

BRZEI, KBHEFR WU HEAT Ln (X +1) B fe | fif B

K Z btk SRHIE A 22 70 11 A Bkt 1 385 0% g e A2 g ABBE AR o AR IR G0 s v P a2 2% /K B4 A 1) e £
OLS 584 . 1) BRI IE R (adjusted R*) i ;2) BRI S H BB RS8R % (P<0.05) ;3) iR BAL 5 5 21
ik X7~ ( Variance Inflation Factor, VIF) /NF 3, DL E#AETE SPSS21.0 528K,

1.4.2 MBI R AR GWR

Ho BRNAL [ AR 7 ( Geographically weighted regression, GWR ) J& X 1718 £ 14 [\ 5 A% AU i) B Ha P

solar radiation
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=B, (u;,v;) + Z,B(u,,v)x +eg (2)

K, (uy,v)) jﬂ%]’l\ﬁﬁﬁﬂﬁLﬁ( SHRARR) 5 B(u J0;) AR S SRAE R B RERS §AS I AR, R R
LB R RREL & URZET, ARG /N 3%, B, (u;,v,) P E
2 wy, (v, = Bo(w,v,) - E,B(uv)x) (3)

BN K w, A %Hﬁﬁa’ﬁnm{w IR 22 TR B s D R 0, L AR 3 R B
B AR ) SO e SRR A 30 1T 1 2R Ay o A B 1 O R RN o, A S A R L
HA BT A R I B (1 HE B I Hei%:  Gauss BRI M bi-square BREE S ARBFSEVE ] Gauss pREL
T AR AR, AT R .

w, =exp(—dj2k/b2) (4)

b, dy, IS j b Z A HEES b A58, ABESELL AIC,(IEIERY Akaike 15 BIEN) i AR HERY 8 BT
oIt 2, UM B A [ 38 I SR 540, RIVEE B3 2 A 1 >R A/ N )ty 5 T 2 25040 s i 1) b R A8 R ) e
TEo AR EIR AL R | R T RSB A OLS BRI Pk ) A4 B R AE B AL GWR #5551
1.4.2 OLS Bifl 5 GWR BIRIPFHy

K RSPl Koenker (BP) St X OLS BRI 1745 (] F-Fa AR 16, #5 K(BP) —Prob<0.05 /R H5

HLA I 2 AR RS BB R AR 1 (0] OC R AEAE A5 M) 25 5, Ul AU AE 45 A7 M BB IA [m1 0 ( GWR) 4347

I HL#E OLS Al GWR AU adjusted R*FN5%2525 0] [ AH G L (Moran's 1) , 43 B GWR A5 78 78 Tt I K
FERb PR A 0] [ AH G i R R A UL T OLS BEAY, SR 28 (8] A AH 5C T B i FR B bR o Ak 0] 15 5% 22 1) 42 )
Moran's T 6%, Hit8 AR 40F .

i 2_ w, (X, = X) (X, = X)
I= = (5)
ZLI(X“_X)Z iZw,
b, X, X BN EER R A 0 N EERANEG w, NEER RN 20 A AR, G SOk TR 22 [ Y £
., NS Moran's | F8EUME A IEFE 75 SR A R 3, HLAE A 67 0 48 7R B ok 34, B2 R W 5 7R B AL
GWR BAUE DL K23 [8] 3 AH AT 7E AreGIS9.3 B4 iff AT,

2 HREHS

2.1 KAEBIIRESF XK BT 25 SRR

K] 4 1 Kruskal-Wallis #5045 5 7R . 25 K BTE bR (Bg NO,-N AN FEKAES —H X RF I 5 RFII .RFI1 5
RFII 2 8] 24 5+ .3 ( P<0.05) ;DO ,COD,,, \TN il NO,-N 7£ RF I N 4% [X 2 [A] 22 5+ 5. # ( P<0.05) ; TEM EC .
TN F1 NO,-N 7£ RF Il P 4 IX 2 [8] £ 53 i 3 ( P<0.05) ; EC TP \TN \NO,-N Fil Chl-a 7£ RF Il P§ — 4% [X 2 [i] 2%
FRE (P<0.05) , VI — ZZUKAEBTEE > XS5 R AR RIS b S W oK B 25 W] 22 5%, HeAh TN fE— R IX 2
), DA S — 2 X N R X 2 0] WA 3 25 5, i R W TN 2 AR A 43 X I TS A
2.2 HT GWR BIRIPEAL KT 552 m [ 2= 6 &R

B L2 T AT e AL OLS #AY (3% 3) , 45 R W /RBR T TEM il Chl-a & 7Y fif B R BRI Cadjusted
R*<0.4) , FLAbHE bAs B i B R 85 5 (adjusted R*>0.4) , U6 H I 3052 ) X 22 B A R R0 70K i 25 5 . GWR
TSI JR) A 6 (Local R*) 25 (] 25 55 150 R I 358 R 2R X6 7 ot Ay s i) 7 B I 19 25 ) 25 5 ) HLaX D2 ) 22 7
KRR X R HA = S (B S fE 6) . 7K IEHE AR Local RP7E =K AES—ZIX(RF T |
RFIL A1 RFIN) 22 6] 22 53 5.3 (P<0.05) ;B% EC 76 RF [, FI RF [, Z 8] 22 55 AR 8 340, %4845 Local R*FE—Z% X
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Fig.4 The differences of water quality parameters among ecoregions

N R IX A AR 3 25 57 (P<0.05) o IXUEHEE TRt A Aty 7K A 25 E E 20 DX 45 R A5 3T kP 358 PR 30T 7K o
SR G FR Y A5 A 22 SR B0 — B0, SR GWR BRI AL SR AE 55 7K B ¢ 2R (025 1] 22 53¢ | BETRT A R i K
A S TIRE Y XA BRAE

£3 BESEREMEAREERSY
Table 3 The best Ordinary Least Squares models based on stepwise approach

J5 2k
[R5 KIE R? M BB LA ] AR [HF VIF
Dependent variable Adjusted R P Ordinary Least Squares models Variance

inflation factor

K LnTEM 0.367 0.047 LnTEM = 3.387+0.024x4PD-0.018x5PD-0.019xELEVA 1.788
#RE LnDO 0.506 0.013 LnDO = 1.906-0.201x4PD+0.116XSLOPE+0.077x2PD 1.906
H$5 LaEC 0.609 <0.001 LnEC =4.473-0.320x4PLAND+0.314x4PD 2.794
FATRRER R %L LnCOD,, 0.516 <0.001 LnCOD,,, =1.157+0.190x4PD-0.163xSLOPE 2.013
M LnTP 0.589 <0.001 LnTP =0.159+0.186X6PLAND 1.000
MA LoTN 0.653 0.007 LnTN = 1.023+0.324X6PLAND+0.316x4PD+0.124xSOLAR 1.982
Z A LoNH;-N 0.649 0.001 LnNH;-N =0.620+0.430x6PLAND+0.239x4PD 2.394
% LnNO,-N 0.403 0.004 LnNO;-N=0.55-0.232xSLOPE+0.212xHSGC+0.130x4PD 2.097
4% 2 a LnChl-a 0.220 <0.001 LnChl-a=2.305+0.274x6PD 1.000

2.3 OLS Fll GWR B RIM:RETEA
Koenker( BP ) B2 5K 5045 5 (£ 4) M EC TP \NH,-N .NO,-N , Chl-a () OLS [5] )45 BU 77 7 25 ] 9F fa 2%
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(P<0.05) , UtBH X 6K FiFR bR 18 G217 GWR A8, 3l i LAY adjusted R*F1 Moran's 1 {8, X} F & 324k
G BTG SR 7, GWR FERY L OLS B HAG W m (i B gk 2225 A] A A DG HE I . R GWR HiAIfE
W3 OLS AR ALEE 22 23 AR PE () B, HAT B A LA RICR

{HARFE B AV, DO AL OLS #1 H A7 25 [a]F- A2 (P>0.05) , H: OLS ) adjusted R* T GWR A1 H.
OLS 5% 2% A M SRR AL 55 T GWR BLAY, L HHE AT OLS BRI T, Ibah, R4 TP BIRUfA7E i 35 1Y 2 [m]
SRR (P<0.05) , {HH: OLS FERIAT GWR BLAY [m] 9 5% 25 35 2 MARRAS , VLA AL SR T 3 S R AR
FHTRESR AR e AR S TRHER A, R, DO A TP A REAE A 1E 4 X B UEFE AT

£ 4 OLS 5 GWR #AIMEELL B

Table 4 The comparison of statistic characteristics between OLS and GWR models

KSR Fa s iEAl K IE R? Adjusted R? B 2225 18] H AHSCHE B Moran's 1
Water quality parameters K(BP) -Prob 018 GWR 01S GWR
K LnTEM 0.179 0.367 0.372 0.14 0.12
B4 LnDO 0.076 0.506 0.498 -0.21 -0.22
5K LnEC 0.040 0.609 0.689 0.31 0.00
R EAE B LnCOD,, 0.090 0.516 0.521 0.14 0.12
M LoTP <0.001 ** 0.589 0.601 1.43 1.43
MA LnTN 0.157 0.653 0.665 0.07 0.05
A LnNH;-N <0.001** 0.649 0.653 0.20 0.18
%A LnNO;-N 0.019* 0.403 0.450 0.13 0.00
4% a LoChl-a 0.004 ** 0.220 0.217 0.46 0.44

P<0.05; = = P<0.01.
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BRGMTEHIME R,

3 g

IRV AS 7K B bR (BR NO,-N S0 FE KA — K X Z 8] 2% 7 2% ; DO .COD,,, \TN 1 NO,-N 7£ RF I
THIX Z[E) 25 53 TEM (EC TN F1 NO,-N 7£ RF Il N — 4 IX Z 6] 22 5% . % ; EC \ TP \.TN \NO,-N FI Chl-a 7£
RF I N =X 22 0] 22 55 0 2. U AR VK AR AR DI BE 4 X 45 SR R 68 A g b S W i Sk Bl =5 R 22 5%, BT
GWR B ZIKJTFEHRIY Local RPFEKAER—RIX Z 0] 22 57 W35 ; B EC 4b, #4845 Local R*FE—ZR X N %%
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P ZS [BERE TP i F OLS ALRUFT GWR LAY [l 59 5% 25 4 2 AR, N iE G VE N XK UEFE AR, GWR
FERUAR b OLS SR HA7 B 4 R A BRI B 3R , %23 [R1ESC 20 A A s () i e 2L A B S DL 38, 793 X 5 rh 2L
BTz TR, FEAREE 2 (8] 15 AR DGR e S et BE 250 B2 7 2R ok GWR A AU 5 () wfE o [
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Fig.5 The spatial distribution of local R? from Geographically Weighted Regression models
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