J. Lake Sci.(#H#I=), 2026, 38(1):000-000
DOI 10.18307/2026.0122
©2026 by Journal of Lake Sciences

TP ARE, BEMIAE R AGRK RS RERNE *

A L2 HRE 2 KRR 2, R 2, KL, A4S
(1: =R TYE R H B 23, I 6505000

(2: PEF IR S BEAS SR B T LR T 0, B 6505000

3: BYIWEE b, B 6505000

E: KRS RREES RETIRE. Jii NSRS AT R R R M OB 3R . LRI 287, SRR RS SR A

JEE B EELRAL, XK AR B A B2 5, BRI FEAN RN 28 RS R AR AE 22 5 o ASAIT FE AR IR XA FEXT 4

SEET A A TR AN U, SR 220873 Ht (VPAD) RIBENLARMARAY, 2t R SR SR R SEUMe JR = A4

JER R AT TTRRAN 3 B, R T B R 7 M AT U . 5 SR (DTG =) 2 R MK i A5 Ak 1 55 3= EE A 32
(33-58%) , HUCHEHFIFRT (11-22%) HIBREE (4-16%) : QI A FAM Rx KB S ITE &, M- Tt F) f

SRJE MR AR R Q@M S E. S8% (LUI Con) RUKRMIFRE (LUL Cul) /Z3CHEI/KR AT, Rk HLR SIS

JRFER> TN COD Jr R HE R ZAEH . WIFRIR, IR B RYEA F L3RI RRAE, TR0 5 T IR R Ao

A A ofethl 2 B PR I . R BRI RSO0 S ok 5 A0 5 /K R, TR B A R IR B, TR “ T Es &7 19

EIEIRFR o AT IT Y R 3t R -7 5 5% 2R AR 20 2 B AR AL AP0 RUBE BOREAR AL T B AR SEALE s xS WAtk = B IR R4 A (el AR Ak

g G BB S

KRR LRI KB SRR bR R BREE RN

Multi-scale impacts of land use type, intensity, and landscape pattern on river water quality*

Zhu Jiaying'2, Peng Shuangyun'2"*, Lin Zhigiang'?, Yang Yugian'2, Zhang Rui' & Huang Bangmei?

(1: Faculty of Geography, Yunnan Normal University, Kunming 650500, P.R.China)

(2: GIS Technology Research Center of Resource and Environment in Western China of Ministry of Education, Yunnan Normal
University, Kunming 650500,PR. China)

(3: Kunming No. 10 Middle School, Kunming 650500, P.R.China)

Abstract: Water quality is a key factor in safeguarding ecosystem functions, protecting human health and ensuring sustainable
development. The characteristics of land use (including type, intensity, and landscape configuration) are important indicators of
human activity and significantly impact river water quality, with these impacts varying across different spatial and temporal scales.
This study focuses on the source region of the Chishui River, integrating two spatial scales: the riparian buffer and the sub-
watershed. Using variation partitioning analysis (VPA) and random forest modelling, we quantify the independent and combined
contributions of land use type, intensity and landscape pattern to water quality. This allows us to identify the key influencing
factors and their corresponding spatial scales. The results show that: Landscape pattern is the dominant factor affecting water
quality (explaining 33-58% of the variation), followed by land use type (11-22%) and intensity (4—16%). Riparian landscape

configuration exerts a more significant influence on water quality, while land use intensity at the sub-watershed scale provides
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stronger explanatory power.The proportion of built-up land and the intensities of construction (LUI Con) and agriculture
(LUI_Cul) are key predictors of water quality, while forest cover and landscape connectivity play important roles in reducing
total nitrogen (TN) and chemical oxygen demand (COD) concentrations. These findings suggest that water quality management
in watersheds should consider land use characteristics at multiple scales in order to identify the most effective combinations of
riparian and sub-watershed interventions. Specifically, we recommend prioritising the control of industrial and domestic point-
source pollution at the riparian scale and enhancing agricultural non-point source management at the sub-watershed scale to form
an integrated 'point-source and non-point source' control system. This study provides new empirical evidence on the
multidimensional interactions and scale effects of land use—water quality relationships, offering important theoretical and practical
insights for the protection of watershed resources and the optimisation of spatial planning.
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Fig.1 Location of Chishui River source area, spatial distribution and scale division of water quality monitoring points
(a) The location of the Chishui River source area within the Chishui River basin; (b) Land use types in the Chishui River source area and
the spatial distribution of water quality monitoring points; (c) Riparian zone scale; (d) Sub-basin scale.
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Fig.2 The analysis of seasonal variation of water quality parameters by paired T-test
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Fig.3 The spatial differences of water quality parameters at different monitoring points
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Fig.4 The proportion of land use types at the riparian zone and sub-basin scale
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Fig.5 The spatial distribution of different land use intensity
(a) Intensity of total cultivated land input; (b) forest cover; (c) Pollution intensity per unit area of construction
land
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Fig.6 The landscape indicators at different scales
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Fig.7 The pearson correlation of land use type, intensity and water quality parameters

2.3.2 23A R LA REAF U B KRG AT TR 54 VPA G5B EoR, IR A, G
KRR BRI T 54-61%MKRAE L (B 8) o Hivh, SUM RIXt /K R A8 Ak ) BB RE s (33-
58%) , HUGRTHFIFAZA (11-22%) AP RE (4-16%) o A HUF]FHRREXT K5 2R 4k (1A
X DURREE LA N Bl . BRI 5, BB R RGN, LR 5 B 0 AR e i i i, R HLAE SR
JRBE B BN R 35 . SR R B AR D TE A= RS R T R, EE =N EIUHR pES. =
bR FF 228 (0 A MUAR o e, e RO BRI A B o ZRATMESRE 428 bR P ARRHE X 7K 2R
WIS A RS RS, THAETRIBRET, MRERS, X2 61%. Hd, R SR K
FRAHIZEN R A A B, MR R E EE 25%; MI/E TSR EE I, SV R RO M5 AR &5
F. LHFIHZE (9-11%) F-EHFIFREE (6%) Mt ZE R B E . SRR, AR iR A
FRIEXS K AR R A Z BRI, RV R ER . R LR £ EA e -
b R Y 588 55 R S A =) (1 AR B R AR AR [, TR R I PE R0 2, R AR A R
WA R ZE AT PR B TR BE K



() FIRERIE %75 (b) AINMITRE %
TIRF RS A T AR B
“26% %
12% S8% 21% 33%
28% 2%
Ll -24% 3% - -IT%
% 1%
3 R B T HpF F
w42 B as%
le) THtRIE %4 Wy THERE 2%
THIBRS RN T AR R
1% 3%
1% 7% 2% 49%
F% 3%
8% -22% -1% =31%
10% 16%
TitHERE T FIERE
e 3% W 46%

P 8 AN IE] - I AR AIE 2 [8] A7 SRR AN 43 45 B2

Fig.8 The independent contribution and comprehensive impact of different land use characteristics
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Fig.9 The relative importance of different indicators to changes in river water quality
3 Wi
3.1 T iF AHFEXT 7K B (LB S
AR E K LR R, SREER S R =F 4G, JFRA VPA BT BATRK BRI AT
GUBRANZR G2, X 5 AU 2 Tt ) 2R R B0 R & B — L R AP AE AT AN [RIBS37), g5 SR
B, KA LA AL SR RSOOSR ROIERIE o ey, SRR JR X AR B AR A B A S7 T iRk fe K
(33-58%) » HUGRTIAER (11-22%) , FaREHAMMEE (4-16%) . X—4R 5O
RIFE—EZER . —SH AR, LR A= R K 5 ) ZER ECS, L DRV TR TS G 58 55N
I 01 53— BORIF 0 ) A I SO0 = /K B4 AT BE A RO PR 1200, 3 8 22 e W] BV T AN AL 8 X1 1 AR 3t
A AN RIS RHE R 22 o AR KRR X AR LI X, St AL R P vy, 3 AT g 3 BBt WS = £ 52 1 7K
AR5 T RS T ORI
SR SO R AR ST DTRR R, (ELAN N S 15 FH b R A FH 580 B2 PR s [ RN 5 20 AR R B, 3R
FAHh AR Fe B AN fE 5 2 HUK R S 480 R B3 R AH0C (B 7, HEEM WS 2 A KRS80 (8 9,
IR ERR AN A RVE B 3 1Y R S BUK BUBAL I 2R R 1X — 45 L 5 song S5 1A 7T 45 R — 3,
AT IRV S SR T P e L A8 0 18 2 . 285 BEAIRURT o Kk s 40T, g B F L 7k 3 R B I AN B K T 3 —
i, BEINAE S G K L RN e TR RIS, TN KRS B e AR R, S AR
TR AR R AT R, el R M, SRR T ] T AR DA R S ST K A FER VEE B R
AERIATIALYS e ZEFE it o A< FHTETAR EL G R B2 5 OB S5 IR 1 R AR O SC MR 2, oW TN AR (L A 3%
TR EE S, R WIRAIE B0 KRR S B RS IR R B R 02 81 KR e R 2, I R R AL
B 5 1E B MR TP SR B NI, IS AROMEBR XS TN & BRI TTIR R 2, P UEsE T AWAEAN



RAGEMRA T EMEIZRIE. X5 Badrzadeh S50 F45 FAHML, R BAE S 4O TR TG 442 sies Wi /K R
PGB 2SR 2 — 14, SR ARSI I TS5 e AN (H R BV R R AR S R GRS R B
A TT YL OO RN, BB I PR R AR . RCE FR P TR TS G R AR, A 0 55 e )
KA LR AR, BT GE KRS, 4k, 11 For. COHESION For #t— AT T ARk i 23 ) 45 Mg Rl 3 A
FAE S 7K 5 IR I o 450 () AR AR S MRS IR A 20 1 RO 38 1 A5 B T O A /K S AR S ek 35 e A2 i 5 DR,
T 225 B AT K A 15 ek F

3.2 AELHF BT KRR ESRM

AT S I A R IS B | S 5 R S MR o e A T 14 R I A7 T . 35 1) 2 ) R 2 o TR ot R b
FOUAE % K AR A A BT AR = s T TR, o R SR AR TR RS B KT B R R B
X2 BRI AT R 1R S W 22 REPE AT A0 2 BE 5 /K R F R AR 00 R B DI7- 481, T FE FIndl RBE T, R P o
TERUE T ANZEIES) R BRI AR o Rpl) & 78 B T AR T AR AR Ry 5 e B B oL, R s
Xof 7K B ) R M I 1) g pe 49 o 3k A b R T - 7K O R B 2 TR RUBE OB AT R DA L BRI S8 ey,
B SR B TV, LR A R A T T B XA A AR S R RE AN T B A B M B i L 15051, g
ST Y R O D 3 R SR R e R S e A R R AR, T R MR KRR 2 K, I
JOEE b, MR 7 ORI 8 R S =Y I S i D B 35 e i e ) S M R o B, A R TR L A5 R A e P
WRIE EE U T AR T RS YRR S, 3R RAM X IR K BRI 54, Ak, S A s F X K R PR A SR 3
JORE b REASER, T A R RRA b 1) R )R] REAT i S A R AR RIS,

SRR R TR BE X K AR A S I il — BEARAE . ARTFRER I, KA 2 R L REH
MEER, BONESSREIER T RS LRI R EMRRE ), (RKFE R 2 RER R ILFEE R M.
[RI, JAD RFJ RORE S TR R AR R 2. dn Xu ZRRO R 3R B, A BRI N R R
SO KR R B R . BATRIBE T —2B5R 10, AR LR ARE T, FiBdIFHREER
FER ARG EKTT . B, T3 ROBE b R 8 B ot 7K BT A8 A (R AR BB, T VT 2l S 1AL P
Eb IR SV SR A B IR BE 28 H o SX R, FEKREE T, RIARE Hbris 28 S LR A =
GiE R 5B R E Ak, DASEEILE B M I SR
3.3 SRR B2 5K R XEE M

SR A M VR Y R AR IR, AT DA R A B R A T AR T T A . ARSI, @I A2
IKBRTG YL BRI, HPTRAEAIE . R A IG5 K KR FHR SRR S e s m LR EES, Hik
FEREE, WRG GRS, MG R BN, BRI RIGERE 5 CODMa BODSZ5{5 Ye)ifk i 2 3% IE
MR (B 7 o E—IRWET @R AR FHE NG S): WA KEHE TR FHEB L K&
ANFEKEY 7% FEERRIE, LEIR TS REN . EFFRXEN, BUE BB RWR NS S2 s
VIR T R0 S3 (B 3) , I, RS ELIRAE i T KRS 9 R S KT 0 5 e 7 A X 3 S i R S R
¥, EEATRE R AR B BRSO . ARl yE Yl N B B B R AL A 0 4 5. ARG HEH
EFXEH TN BEXEEES, ARG IEREE R, SEEEMAERIEAKMAE, TN KK
ERUENEMEE. Wik, KEZABZ R T RS K SRR J It R, 5l masa s
[ A3 AR, FEIAT T RLAR S0 S AR AT M, R VR B SRS s FE ORI, W RS /K SE R
BIMAAG AR R BOE . BB “ RIERAEEE —mIERABE” 2 REEK R AR
3.4 ARERERKRE

REAPF RIS T L ENENEI, BFE— SRR, FEERRFRFMLEE. 5%, &
W90 FEBEET 2021 AR R B AR B B 0T 204, Sk KSR BB AS PRl o AR 58 AT AR
MU ZAERBIE, TFREHEFEF 0, IRANR T L HR H- K5 % R I0Eh AR . Hak, A FRKR
FEARBE NS PR Eh A FEH EARN B IR, FAE— & RRME . AR ANEE Y SORBEIRL, BN TIsys Jeft
MESASL ML, PRI A R IR S) R 0 R K R B 4510 (] St S 5e 8tk . Bz, THA|
SRR RBLEELR, A AT RS IIR AR R R 8, )R =S RS GE IR R, iR
K A A IR B (R PR AT R 2 TRt B AR 2 R ST



4 L5ip

FEAB T, BATATH 734 1 R FRFEXT KBRS, 2235 N S0 3l Sk 55 7K 5T Wi 2 2 [A] ) L
FRAMK, SINLIR I REEAE R EA R, R 7 LR SR SR EE RSO Ja 0 K 5 AR AL )
ST TTHRANZR & RO o RATAH L S58, JATFRly SR R X 7 R R s B 2, it sk ) T 56 B S 7K 5
AR L T e o A, FRATTRAR AR VAT Rl AN TR E K B PR 7 R RE E L BT AN A ) 3 A
FIRAE, TR R H A RIMK TR . BEHUARAMR EZPE AP, @M L. LUI Con AN
LUL Cul /&FMIK RIS E R, FF7E LPI Con. LJI Con. PD Cul Al LPI Cul Z 5 W5 s 1EH Fit
—IBTRORBLEENA,  TTARAK o EEASROUAR R m] A R Tt o TN COD S5 ik i o IX I T #o T
3R FARFAE A AT AE AN TR) 2 () RUBE R SR B AL, FFAR Y T SRS MR bR A5 Qe e A RO it
KT PR IE B SR T kS
5 £33k
[1]  Miller JD, Staddon C, Salzberg A et al. Self-reported anticipated harm from drinking water across 141 countries. Nature
Communications, 2024, 15(1): 7320. DOI: 10.1038/s41467-024-51528-x.
[2]  Liu MJ, Graham N, Wang WY et al. Spatial assessment of tap-water safety in China. Nature Sustainability, 2022, 5(8): 689-698.
DOI: 10.1038/541893-022-00898-5.
[3] HuanglJ, Zhang Y, Bing H et al. Characterizing the river water quality in China: Recent progress and on-going challenges. Water
Research, 2021, 201: 117309. DOI: 10.1016/j.watres.2021.117309.
[4]  Giri S. Water quality prospective in Twenty First Century: Status of water quality in major river basins, contemporary strategies
and impediments: A review. Environmental Pollution, 2021, 271: 116332. DOI: 10.1016/j.envpol.2020.116332.
[51  Scanlon BR, Fakhreddine S, Rateb A et al. Global water resources and the role of groundwater in a resilient water future. Nature
Reviews Earth & Environment, 2023, 4(2): 87-101. DOI: 10.1038/s43017-022-00378-6.
[6] LiusS,RyuD, Webb JA et al. A Bayesian approach to understanding the key factors influencing temporal variability in stream water
quality - a case study in the Great Barrier Reef catchments. Hydrology and Earth System Sciences, 2021, 25(5): 2663-2683. DOI:
10.5194/hess-25-2663-2021.
[71  Lintern A, Webb J, Ryu D et al. Key factors influencing differences in stream water quality across space. Wiley Interdisciplinary
Reviews: Water, 2018, 5(1): €1260. DOI: 10.1002/wat2.1260.
[8]  Guo DL, Lintern A, Webb J A et al. Key factors affecting temporal variability in stream water quality. Water Resources Research,
2019, 55(1): 112-129. DOI: 10.1029/2018 WR023370.
[91 LiSY, GuS, Liu WZ et al. Water quality in relation to land use and land cover in the upper Han River Basin, China. Catena, 2008,
75(2): 216-222. DOI: 10.1016/j.catena.2008.06.005.
[10] Teixeira Z, Teixeira H, Marques JC. Systematic processes of land use/land cover change to identify relevant driving forces:
Implications on water quality. Science of the Total Environment, 2014, 470: 1320-1335. DOI: 10.1016/j.scitotenv.2013.10.098.
[11] Zhang Q, Liu R, Zhang J et al. Effects of land use on river water quality under extreme weather in the Three Gorges Reservoir area.
Journal of Lake Science, 2019,36(04):1096-1114. [FKIx, X2, FREFE MR T =0 2 X bR BT K5 14 22 I 25 RUBE 5%
Wi SR 2,2024,36(04):1096-1114.]
[12] Zhang XD, Han X, Sun CS et al. Effects of land use on water quality in Wuding River and Yanhe River basins at different temporal
and spatial scales. Environmental Science,2024, 45(08):4540-4552. [FKJEIA, i1, PMINEE JC el S SE kA Rl 28 RN £
HOF PR KR 5. FREE AH2,2024, 45(08):4540-4552.]
[13] Wang YB, Junaid M, Deng JY et al. Effects of land-use patterns on seasonal water quality at multiple spatial scales in the Jialing
River, Chongqing, China. Catena, 2024, 234: 107646. DOI10.1016/j.catena.2023.107646.
[14] WuJH, Lu J. Spatial scale effects of landscape metrics on stream water quality and their seasonal changes. Water Research, 2021,
191: 116811. DOLI: 10.1016/j.watres.2021.116811.
[15] Zhang F, Chen Y, Wang WW et al. Impact of land-use/land-cover and landscape pattern on seasonal in-stream water quality in

small watersheds. Journal of Cleaner Production, 2022, 357: 131907. DOI: 10.1016/j.jclepro.2022.131907.



[16] Gu, Zhang PJ, Qin FY et al. The influence of landscape pattern evolution on river water quality: A case study of Nanfeihe River
in Chaohu Basin. Journal of Lake Science, 2024, 36(06): 1769-1781. [, 5K-F7, Z8 WL, JFdd Sk J5 8 285 W /K 5 152
Wi —— LA EEHIR A IR A . WAL, 2024, 36(06): 1769-1781.]

[17] Cheng X, Song JP, Yan JZ. Influences of landscape pattern on water quality at multiple scales in an agricultural basin of western
China. Environmental Pollution, 2023, 319: 120986. DOI: 10.1016/j.envpol.2022.120986.

[18] Zhang HS, Jiao YM, Chen F et al. Multi-scale effects of human activity intensity on water quality in nine plateau lake basins in
Yunnan Province. Journal of Lake Science, 2024, 36(02): 430-442. [kt A%, MM, BRNSE. = UK R EMITA TN 2890 2h ok i
XK 2 FROBERZ . IV, 2024, 36(02): 430-442.]

[19] Julian JP, De BM, Owsley B et al. River water quality changes in New Zealand over 26 years: response to land use intensity.
Hydrology and Earth System Sciences, 2017, 21(2): 1149-1171. DOI: 10.5194/hess-21-1149-2017.

[20] Xu QY, Yan TZ, Wang CY et al. Managing landscape patterns at the riparian zone and sub-basin scale is equally important for
water quality protection. Water Research, 2023, 229: 119280. DOI: 10.1016/j.watres.2022.119280.

[21] Mainali J, Chang H, Chun Y. A review of spatial statistical approaches to modeling water quality. Progress in Physical Geography:
Earth and Environment, 2019, 43(6): 801-826. DOI: 10.1177/0309133319852003.

[22] Xiao HB, Su RL, Luo Y et al. Effects of land cover patterns on pond water nitrogen and phosphorus concentrations in a small
agricultural watershed in Central China. Catena, 2024, 237: 107800. DOI: 10.1016/j.catena.2023.107800.

[23] W ang YB, Junaid M, Deng JY et al. Effects of land-use patterns on seasonal water quality at multiple spatial scales in the Jialing
River, Chongqing, China. Catena, 2024, 234: 107646. DOI: 10.1016/j.catena.2023.107646.

[24] ZhangJ, Li SY, Dong RZ et al. Influences of land use metrics at multi-spatial scales on seasonal water quality: A case study of river
systems in the Three Gorges Reservoir Area, China. Journal of Cleaner Production, 2019, 206: 76-85. DOI: 10.1016/j.jclepro.2018.09.179.
[25] Wang H, Xiong X, Wang K et al. The effects of land use on water quality of alpine rivers: A case study in Qilian Mountain, China.
Science of the total environment, 2023, 875: 162696. DOI: 10.1016/j.scitotenv.2023.162696.

[26] Xu S, Li SL, Zhong J et al. Spatial scale effects of the variable relationships between landscape pattern and water quality: Example
from an agricultural karst river basin, Southwestern China. Agriculture Ecosystems & Environment, 2020, 300: 106999. DOI:
10.1016/j.agee.2020.106999.

[27] Zhu JY, Peng SY, Shen XJ et al. Multiple scale impacts of land use intensity on water quality in the Chishui river source area.
Ecological Indicators, 2024, 166: 112396. DOI: 10.1016/j.ecolind.2024.112396.

[28] Zhang XD, Wang X D, Zhou Z X et al. Spatial Quantitative Model of Human Activity Disturbance Intensity and Land Use Intensity
Based on GF-6 Image, Empirical Study in Southwest Mountainous County, China. Remote Sensing, 2022, 14(18): 4574. DOIL:
10.3390/rs14184574.

[29] Zhuang DF and Liu JY. Research on regional differentiation model of land use degree in China. Journal of Natural Resources, 1997,
(02): 10-16.FE K77, X4, o 3R] R L ) DX ST 7. 19 AR BERAK, 1997, (02): 10-16.]

[30] Xu EQ, Zhang HQ. Aggregating land use quantity and intensity to link water quality in upper catchment of Miyun Reservoir.
Ecological Indicators, 2016, 66: 329-339. DOI:10.1016/j.ecolind.2016.02.002.

[31] LiN, Han WZ, Shen MN et al. Agricultural non-point source pollution load estimation in reservoir catchment area based on output
coefficient model. Transactions of the Chinese Society of Agricultural Engineering, 2016, 32(08): 224-230. [Z5F, Sh4ils, JhAS %%,
F T RO 7K B K XA TS G e fl . ARolk TRE244R, 2016, 32(08): 224-230.]

[32] Li YN, Zhang BL, Qin SY et al. Study and application of canopy density and its determination method. World Forestry
Research,2008,(01):40-46. [Z= 7 T, 7K 7€ =2, 22 W05 S5 AR P & S FL 5 7 325000 78 45 B Pt MO AE 9¢,2008,(01):40-46.]

[33] Oksanen J. Vegan: community ecology package. http://vegan r-forge r-project org/, 2010.

[34] Breiman L. Random forests. Machine learning, 2001, 45: 5-32.

[35] Peng S, Li S H. Scale relationship between landscape pattern and water quality in different pollution source areas: A case study
of the Fuxian Lake watershed, China. Ecological Indicators, 2021, 121: 107136. DOI: 10.1016/j.ecolind.2020.107136.

[36] Wu AP, Ma CZ, Huo SL et al. Influence of riparian landscape pattern on river water quality in Miyun Reservoir basin. Acta



Geographica Sinica, 2019,80(03):724-741. [ 5 BE, B35 7 B SF 5L 55 ] 5 FOULAS J5 %G 25 25 7K R IR0 358 ] 9 7K T 1) 5 i) 1 38 27
#%,2025,80(03):724-741.]

[37] Wang W, Yang P, Xia J et al. Impact of land use on water quality in buffer zones at different scales in the Poyang Lake, middle
reaches of the Yangtze River basin[J]. Science of the Total Environment, 2023, 896: 165161. DOI: 10.1016/j.scitotenv.2023.165161.
[38] Wang L, Han X, Zhang Y et al. Impacts of land uses on spatio-temporal variations of seasonal water quality in a regulated river
basin, Huai River, China. Science of the Total Environment, 2023, 857(Pt 2): 159584. DOI: 10.1016/j.scitotenv.2022.159584.

[39] Xiao HB, Jiang MD, Su RL et al. Fertilization intensities at the buffer zones of ponds regulate nitrogen and phosphorus pollution
in an agricultural watershed. Water Research, 2024, 250: 121033. DOI: 10.1016/j.watres.2023.121033.

[40] SongY, Song XD, Shao GF et al. Effects of land use on stream water quality in the rapidly urbanized areas: A multiscale analysis.
Water, 2020, 12(4): 1123. DOL: 10.3390/w12041123.

[41] Bernhardt ES, Band LE, Walsh CJ et al. Understanding, managing, and minimizing urban impacts on surface water nitrogen loading.
Annals of the New York Academy of Sciences, 2008, 1134(1): 61-96. DOI: 10.1196/annals.1439.014.

[42] Basu NB, Van MK, Byrnes DK et al. Managing nitrogen legacies to accelerate water quality improvement. Nature Geoscience,
2022, 15(2): 97-105. DOI: 10.1038/541561-021-00889-9.

[43] LiuY, Wang P, Gojenko B et al. A review of water pollution arising from agriculture and mining activities in Central Asia: Facts,
causes and effects. Environmental Pollution, 2021, 291: 118209. DOI: 10.1016/j.envpol.2021.118209.

[44] Badrzadeh N, Samani JM, Mazaheri M et al. Evaluation of management practices on agricultural nonpoint source pollution
discharges into the rivers under climate change effects. Science of the Total Environment, 2022, 838: 156643. DOI:
10.1016/j.scitotenv.2022.156643.

[45] Turunen J, Markkula J, Rajakallio M et al. Riparian forests mitigate harmful ecological effects of agricultural diffuse pollution in
medium-sized streams. Science of the Total Environment, 2019, 649: 495-503.

[46] Shah N W, Baillie B R, Bishop K et al. The effects of forest management on water quality. Forest Ecology and Management, 2022,
522:120397. DOI: 10.1016/j.foreco.2022.120397.

[47] LiK, Chi GQ, Wang L et al. Identifying the critical riparian buffer zone with the strongest linkage between landscape characteristics
and surface water quality. Ecological Indicators, 2018, 93: 741-752. DOI: 10.1016/j.ecolind.2018.05.030.

[48] Shen ZY, Hou XS, Li W et al. Impact of landscape pattern at multiple spatial scales on water quality: A case study in a typical
urbanised watershed in China. Ecological Indicators, 2015, 48: 417-427. DOI: 10.1016/j.ecolind.2014.08.019.

[49] LiYY, Wang H, Deng YQ et al. How climate change and land-use evolution relates to the non-point source pollution in a typical
watershed of China. Science of The Total Environment, 2022, 839: 156375. DOI: 10.1016/j.scitotenv.2022.156375.

[50] Council NR, Earth DO, Studies L et al. Riparian areas: functions and strategies for management. National Academies Press, 2002.
[51] Kuglerovd L, Agren A, Jansson R et al. Towards optimizing riparian buffer zones: Ecological and biogeochemical implications
for forest management. Forest Ecology and Management, 2014, 334: 74-84. DOI: 10.1016/j.foreco.2014.08.033.

[52] Huang L, Chen XH, Yuan Z et al. Impact of Landscape Patterns on Water Quality in Urbanized Rivers at Characteristic Scale: A
Case of Pearl River Delta, China. Environmental Management, 2024, 74(4): 715-728. DOI: 10.1007/s00267-024-02017-w.

[53] Xu HX, Tan XX, Liang J et al. Impact of agricultural non-point source pollution on river water quality: evidence from China.
Frontiers in Ecology and Evolution, 2022, 10: 858822. DOI: 10.3389/fev0.2022.858822.

[54] Wang SH, Wang YQ, Wang Y7 et al. Assessment of influencing factors on non-point source pollution critical source areas in an
agricultural watershed. Ecological Indicators, 2022, 141: 109084. DOI: 10.1016/j.ecolind.2022.109084.

[55] De MK, Taniwaki RH, De PF et al. Multiscale land use impacts on water quality: Assessment, planning, and future perspectives in

Brazil. Journal of Environmental Management, 2020, 270: 110879. DOI: 10.1016/j.jenvman.2020.110879.



