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Relationship between water quality and land use at different spatial scales: A case study of the Mun River
basin, Thailand

TIAN Hao-yu', TONG Ling', YU Guo—an®, ARIKA Bridhikitti’

(1.College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2.Key Laboratory of Water
Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China; 3. Department of Environmental Engineering and Disaster Management, School of Interdisciplinary
Studies, Kanchanaburi Campus, Mahidol University, 71150, Thailand )

Abstract: Analyzing the relationship between land use and water quality at different spatial scales is of great value for understanding the
causes and trends of water environment changes and promoting restoration and protection of the basin ecosystem. Taking the Mun River
basin in Thailand as the research object, GIS, Moran’s I, and Spearman correlation analysis were used to explore the spatial distribution
and differences in water quality and the response of water quality to land use patterns at different spatial scales. The results showed that in
the past 20 years(1977—2017), the Moran's I values of dissolved oxygen, biochemical oxygen demand, total phosphorus, nitrate nitrogen,
ammonia nitrogen and suspended solids were 0.86, 0.38, 0.35, 0.40, 0.45, and 0.50, respectively, thereby showing significant spatial

aggregation in the basin. Meanwhile, the Moran’ s T values of total coliform bacteria and fecal coliform bacteria were —0.15 and -0.10,
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respectively, thereby showing discrete spatial patterns. The relationship between river water quality and land use is generally consistent at

different spatial scales, but discrepancy exists in the relevance. The land use pattern at the buffer zone scale can better explain the water

quality change in the Mun River basin; the relationship between water quality indicators and land use at the 5 km buffer scale is more

significant. The relevant analysis results show that agricultural land and urban construction land act as a source of the water quality

pollution load, while forest land intercepts and absorbs pollutants. Therefore, the water environmental protection in the Mun River basin

should be based on non—point source pollution control, and focus on strengthening the control of fertilizers in agricultural production

processes and controlling the direct discharge of pollutants such as domestic sewage into the river.

Keywords:land use; water quality; spatial scales; Mun River basin
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Figure 1 Location of Mun River basin, drainage system and water quality monitoring sites
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Figure 2 Land use in the Mun River basin
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Table 1 The statistical feather values of water quality indicators concentration

TR DO/ BOD/ TCB/ FCB/ TP/ NO;-N/ NH;-N/ Ss/
Indicators (mg-L7")  (mg-L™") (MPN-100 mL™") (MPN-100 mL™)  (mg-L™") (mg-L™) (mg-L™) (mg-L™")
H2/IMH Min 0.50 0 2.00 0 0 0 0 0
Fe K AH Max 13.30 7.90 160 900.00 160 000.00 2.75 3.66 1.87 342.00
SE-14{H Mean 5.89 1.59 4 866.89 1786.35 0.19 0.39 0.23 26.70
PrifE2ESD 1.37 1.02 16 495.63 10 751.82 0.28 0.53 0.31 32.97
BRRBCY 0.23 0.64 3.39 6.02 1.50 1.36 1.38 1.23
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Figure 4 Spatial variations in the average concentration of representative water quality indicators in the Mun River basin from 1997 to 2017
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Table 2 Moran's I value of water quality from 1997 to 2017

A BE(1997—2007 4F) BBt (2008—2017 4F) 1997—2017 4F:
ZH Indicators
Moran's 1 A 14 Moran’s 1 A 14 Moran’s 1 VA P

DO 0.70 3.78%* <0.01 0.81 4.35%* <0.01 0.86 4.58%%* <0.01
BOD 0.46 3.12%% <0.01 0.32 1.88 0.06 0.38 2.30%* 0.02
TCB -0.11 -0.36 0.72 -0.05 -0.02 0.98 -0.15 -0.57 0.57
FCB -0.11 -0.38 0.71 -0.06 -0.19 0.85 -0.10 -0.44 0.66
TP -0.05 -0.02 0.99 0.34 1.91 0.06 0.35 1.93 0.05
NO;-N -0.20 -0.87 0.38 0.23 1.32 0.19 0.40 2.09% 0.04
NH;-N -0.20 -0.78 0.44 0.63 3.14%* <0.01 0.45 2.28% 0.02
SS 0.23 1.36 0.17 0.54 2.97%* <0.01 0.50 2.7 1% 0.01

T A 2R 8 1 0.05 F10.01 B E KA. A .

Note: * and ** mean at 0.05 and 0.01 significance level,respectively. The same below.
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Figure 5 Spatiotemporal variations in the proportion of land use types based on different spatial scales
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SEENLTASEME A 5 T RAEMLE, — MR 253K
AL KR GE [ FAT R AT, R AR % o XY T P 1Y
AT I K TR RS 7 R, B X
FUBE /N e Flok o A, 78 4 FhOR ] 25 i) R
K AR R
2.3 KEIEHRE Lt F AR B MHEX ST

NI KT S A R AR AR A IR 56 &R
W 2015 45 19 AN K 50 A5 W %) 7K T3 5030 0% oz 119 A
) 2 () RUBE T = b A1 2SR AR T AR 7 BeadEA 7 oG HK , F)
JH SPSS 23.0 # {2k #47 Spearman A JEPE 4> HT , 4N 35 4
FIER o AMFFE HONE 5 Fh 35 2 4 ORI 2R RUIES 74047
RI7K FH 5 D, | 38 B 5 FH b RN 7K 3, At Al
FH H R B FH M A B A A D S AR 28 A 22 3k LA
B ELARXT K BT R s, BRI AN B 7400 o ST AN ]
T AT K S BOR AR R, A IR (6 H &
10 7)) FEEHMI (11 A 2R AE S A da)) AN B B3 |
DO/ QT (=87 e 75 A 7 N [ K 1 D AND - wh: D3 £ S
TR 7 FE A T A0 HT o

24 AT LB 1, 2015 4R 52 3K & DO 75 22
5P HbL T AR B R DE A G AH G RERAE 5 km ZZ i X
A 5 55, 4 0.69 (P<0.01) , 55 3k £ A 150 FH b 1T X o5 e
S AAH G s BOD & 1 5 R0 A HB TR RR 5 b S IR AR OG
EMRH T AR 7 LE SR ARG, HAE S km 0P X RET
At , Mo R B0 -0.58 ; TCB Al FCB 75 5
PR FH T R 7 HE A R IR A G, EL AR VR B A
O F R 5 TP Fr 1 5 R b AT /N BURUBE T 1
I A 1A P AR L SR R G T R L K A
GEpp KR (5.2 1 km) T (34 A 15 b TR | EE

LA G, 5 M b 9 A 56 R B4 XHE B R R 0.72,
BUAE S km 2% # X RUBE N s NOS—N R NHs-N % it 55
A Ml FH b R0 /) 3 3aRORLBE T D 3 B A 5 D e T
Fb 52 A OGS bkh, | /K SORN 22 o DXORUBE T 1 et A
B E R R ORI OG . SZFEM AR SR, VR
NO:—N F1 NHs=N 7 5 5 7K H kb 1o A2 o LG A AH ¢
PR TR U 5 SS % & 5 Wt i A i AR L
FAH S, SOl A AR 7 b 5 DA G, S AR FITK
B X AR 25 WIS o R IEAE,
I = F R AL
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3.1 SRR RE R it R AR BAH X R

TR AR E B, 587K 4& DO .BOD
W B ELAT B 3 1 25 (AL AH DCRRAE , R 43 11, DO
WU N U R, BOD MR B TR it . ik 5 LA
37 5 N Bl L HIZ KR TR ) 5% i 1) 9t 38 A7 1F 22
S, WAEFR [ R T 38, K AR DO Wk B 7E 25 1) b 5
R A1, 25 B DR Y Y S TR, R AR
) o, HAR 22 HE TS 11 ECEL 43 A )
N, 1717 S0 52 K A TR AL/

VIR I, K AR SR 00 i 5 il 1%
SN YIAR S0 5 H A X e i 0 5 45 R (AnFk [ =
FAPEANTEA) AR, 2T K A48 FR 4855 (TP NO:-N |
NH;=N) 55 Al i b T R L 451 8 4 DG 40 B 3,
HK R TP 5 2 S5 A4k I b T AR 7 e ELA 4 A E A
KX FR 1M NO-N FI NH;-N 7 2 5400 5 A
TER I A BOAE DGO 2R, 3X 5 S8 T Yt dul A ol FH b 1) FH 28
RUH 3 SAEP R R B R RE A R R
ST AL 38 = bR 1) 8 2R Rl R b, oK
TR FR SR T AR 50% LMY KRS SR AEY AR
Foasd A g K A R IE . FH e 5T R B OK R
WAL IR R 0 A i T R LT 11 1 ARG 5 55, A %
FATFENT R R B ICR N 177.69~189.09 kg - hm™, 1iij
X Wi 2% B MR T R AY H 36.94~39.80 kg - hm P, Rk

K3 AEAZERETELMARALBEERFH L (%)

Table 3 Average proportion of land use types area at different spatial scales(% )

N3 7K H it Fofiu el 4y s A B i A I
Spatial scale Paddy Field Other agriculture Forest Urban built—up Water Miscellaneous
N 48.54 11.05 6.52 16.11 7.99 9.03 5.09
5 kmZZ X 38.95 4.08 6.11 13.64 13.75 7.55 16.85
2 kmZZ X 27.22 2.00 6.62 19.42 18.38 14.86 20.05
1 km ZZifi X 18.48 1.50 11.97 21.32 27.49 17.54 22.47
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x4 BEFAEAZEREMN 2015 FKFRIBIRS TR ARBHHEX M

Table 4 Correlation between water quality indicators and land use types in 2015 based on different spatial scales

JUBE Scale MR Land use i 1 Period DO BOD TCB FCB TP NO:-N NH;-N Ss
/NI K H T 0.42 0.19 -0.34 -0.08 0.22 -0.63%* -0.52% 0.01
FET 0.10 -0.16 -0.18 -0.24 0.18 -0.17 -0.28 0.06
it W -0.58* 0.19 <0.01 012 0.62%%* -0.06 -0.28 <0.01
BN -0.79%%  0.60% -0.18 -0.04 0.44 -0.15 -0.26 0.48*
PN T -0.07 -0.30 0.24 0.03 -0.46 0.65%* 0.69%% 0.06
B 0.21 -0.13 0.02 0.15 -0.34 0.24 0.57* -0.38
LR W -0.06 0.23 -0.02 0.04 0.28 -0.13 -0.20 -0.46
B[R0 -0.08 0.16 0.17 0.02 0.06 -0.05 -0.35 0.12
K3, TR 0.49% -0.11 0.03 0.12 -0.43 0.12 0.30 0.19
U 0.52% -0.38 0.31 0.19 -0.38 0.18 0.12 -0.41
5 kmZZ X K H T 0.03 0.30 -0.31 -0.45  0.62%%  -0.59%%  —(.73%* -0.15
Ay -0.22 0.14 -040  -0.51%  0.56* -0.59% -0.56* 0.36
b T -0.29 0.07 0.13 0.18 0.28 -0.10 -0.23 0.19
AT -0.21 0.21 -0.18 -0.02 0.39 -0.32 -0.19 0.23
Mt T 0.48% -0.24 0.09 -0.09  -0.72%* 0.27 0.50% 0.29
EIRER ] 0.69%%  -0.58* 0.11 0.24 -0.43 0.21 0.48% -0.48%*
I B A F T -0.46 0.29 0.29 0.41 -0.05 0.40 0.14 -0.21
A -0.38 0.51%  0.59%%  0.48* -0.22 0.33 0.04 -0.03
K, I 0.16 0.07 -0.11 0.08 -0.37 0.22 0.48% 0.05
A 0.02 -0.07 0.04 0.21 -0.51% 0.46 0.45 -0.43
2 km ZEIX K H A 0.27 0.18 -0.14  -024  0.69%%  -0.63%F  -0.79%*%  -0.14
JETHIN 0.03 0.05 -0.28 047  0.67%F  —0.70%* —0.54% 0.32
i W -0.19 0.23 -0.22 -0.10 <0.01 -0.14 -0.09 0.50%*
LTI -0.32 0.15 0.05 -0.07 0.44 -0.18 -0.20 0.38
b WA 0.38 -0.34  -0.05 -0.14  -0.62%* 0.24 0.35 0.13
BN 0.49 -0.55 -0.23 0.12 -0.45 0.20 0.36 -0.47
WL T -0.16 -0.02 0.49% 0.27 -0.25 0.63%* 0.37 -0.24
BN -0.13 0.40 0.59%%  (0.55% -0.42 0.55% 0.24 -0.19
K3, T -0.03 0.35 -0.26 0.08 -0.26 0.01 0.24 0.09
B[R0 -0.05 0.05 -0.01 0.22 -0.24 0.14 0.13 -0.35
1 km ZZih X K H I 0.51% 0.23 -0.21 -0.17 0.28 -0.45 -0.53* 0.02
EEe ] -0.05 0.01 -0.42 -0.43  0.66%%  -0.69%* -0.38 0.41
M I 0.41 -0.27 -0.21 -0.26  -0.53% 0.20 0.37 0.01
iR 0.65% -0.57 -0.33 -0.03 -0.03 -0.14 -0.08 -0.60
WL W -0.21 0.12 0.27 0.29 -0.30 0.36 0.14 -0.11
Ay -0.13 0.30 0.65%*  0.63%*  -0.41 0.42 0.04 -0.13
JK Ik W -0.22 -0.03 0.24 0.31 -0.44 0.52% 0.62%% 0.06
E[RiNic] 0.01 -0.05 0.08 0.25 -0.41 0.56* 0.27 -0.44
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