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Extended Abstract

Introduction

Soil erosion and sedimentation are integral components of natural geomorphological cycles, playing a pivotal role
in regulating watershed functionality, preserving water quality, maintaining agricultural productivity, and ensuring
the long-term sustainability of ecosystems. Under natural conditions, these processes contribute to landscape
evolution and nutrient redistribution. However, human activities combined with climate change have greatly
accelerated erosion and sedimentation rates, causing severe environmental damage and substantial economic
losses worldwide. Factors such as land use changes, deforestation, overgrazing, and improper land management
have intensified soil degradation and sediment transport, seriously threatening both terrestrial and aquatic
ecosystems across diverse regions. In response to these growing challenges, understanding sediment source
dynamics has become critically important. Identifying primary sediment contributors and accurately measuring
their relative impacts are vital for developing effective conservation and management strategies. Additionally,
analyzing the landscape structure through landscape metrics, which assess spatial patterns, connectivity, and
fragmentation of land uses, offers important insights into how landscape features directly affect erosion and
sediment movement processes. Integrating such comprehensive landscape-level analyses significantly improves
our ability to predict erosion risks and design targeted interventions to effectively protect vital soil and water
resources, ultimately supporting environmental health and promoting sustainable land management practices for
future generations.

Materials and Methods

This study aimed to examine the effects of landscape metrics and erosion-related factors on suspended sediment
generation across different land use types in the Kasilian Watershed, located in Mazandaran Province, northern
Iran. The area lies on the southern slopes of the Alborz Mountains and drains into the Caspian Sea. It features a
complex land use mosaic including natural forest, agriculture, rangeland, and plantation forest, each with distinct
structural and ecological characteristics affecting erosion potential. A sediment fingerprinting approach using 59
geochemical tracers was employed. These tracers were analyzed in 36 source samples and 8 suspended sediment
samples collected at the watershed outlet. Discriminant function analysis was performed using the FingerPro
package in R. Potassium, sodium, and lead were identified as the most effective tracers for source discrimination.
These elements were then applied in a multivariate model to estimate the proportional contributions of each land
use type. Simultaneously, spatial analysis using the Revised Universal Soil Loss Equation (RUSLE) was
conducted. RUSLE factors included soil erodibility, rainfall erosivity, topographic slope-length and steepness,
cover management, and conservation practices. These were mapped with spatial data and overlaid with land use
distribution. Landscape structure was also quantified using FRAGSTATS 4.2 to calculate metrics such as patch
density, mean patch size, edge contrast, and nearest neighbor distance.
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Results and Discussion

The sediment source apportionment results revealed a striking dominance of rangelands, which contributed an
estimated 76% of the suspended sediment load. In contrast, natural forests, agricultural lands, and plantation forests
were responsible for only 9%, 6%, and 6% of sediment contributions, respectively. This disproportionate
contribution from rangelands is particularly noteworthy considering their relatively remote position from the
watershed outlet. Several factors account for this observation: (1) Rangelands exhibited the highest values for the
cover-management factor (C), indicating sparse and degraded vegetation cover; (2) The slope-length and steepness
factor (LS) was also elevated in rangeland areas, signaling steep terrain prone to rapid runoff and detachment; (3)
Soil erodibility (K) was greater in these zones, further exacerbating erosion potential. Additionally, a high mean
Euclidean nearest neighbor distance (ENN_MN) in rangeland parcels suggests that these patches are more isolated
and less buffered by adjacent vegetative covers, reducing their resilience to erosive forces. These results underscore
the complexity of sediment production processes and highlight the importance of considering both biophysical and
spatial variables in watershed-scale erosion studies. Despite the geographical distance of rangelands from the
watershed outlet, their structural fragility, topographic exposure, and low vegetative cover make them particularly
susceptible to erosion and significant contributors to downstream sediment loads.

Conclusion

From a management perspective, the integration of landscape metrics with erosion-related biophysical parameters
provides a comprehensive framework for identifying critical sediment source areas. This approach goes beyond
traditional point-based monitoring and enables a broader understanding of sediment dynamics across the
landscape. The insights gained from this study offer a solid scientific basis for prioritizing conservation actions
such as reforestation, rangeland restoration, slope stabilization, and the implementation of soil conservation
practices tailored to specific local conditions. Moreover, this research contributes meaningfully to the broader
conversation on sustainable watershed management in the face of climatic uncertainty and increasing human
pressures. By combining sediment fingerprinting techniques, geospatial analysis, and landscape ecology
principles, this study presents a replicable methodology that can be applied in other watersheds facing similar
challenges. In conclusion, the findings emphasize the urgent need for integrated assessment frameworks that link
land use, topography, and landscape structure with sediment generation and transport processes. These approaches
are essential for guiding targeted, evidence-based policies and building ecological resilience. As climate change
continues to intensify hydrological extremes and land degradation, proactive sediment management informed by
science and supported by spatial tools will be vital to maintaining the productivity, sustainability, and
environmental health of watersheds.
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Table 1. List of the landscape metrics used in the study

Metric Abbreviation Description Unit
Class Area CA Total area of all patches of a specific land use or land cover class ha
Percent of Landscape PLAND Percentage of landscape area occupied by each class %
Number of Patches NP Number of patches of a specific land use class count
Patch Density PD Patch density (number of patches per unit area) number /100 ha
Largest Patch Index LPI Largest patch index (ratio of the largest patch area to total landscape area) %
Total Edge TE Total edge length of all patches of a specific land use class m
Edge Density ED Edge-to-area ratio for each class m/ha
Mean Patch Area AREA MN Mean patch area for each land use class ha
Mean Shape Index SHAPE MN Mean shape index (average perimeter-to-area ratio) unitless
Mean Euclidean Nearest Mean Euclidean nearest-neighbor distance between patches of the same
. . ENN_MN m
Neighbor Distance - type
Percentage of Like Adjacencies PLADI] Percentage of like adj acenc.ies' (percentage of shared edges between %
similar patches)
Patch Cohesion Index COHESION Measuring spatial aggregation and connectivity unit less
Aggregation Index Al Degree of aggregation or clumping of patches within a specific class %
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Figure 2. Box plots of the optimum tracers (mg kg™) in different land uses, including (R: rangeland, F1: natural forest, F2: hand-
planted forest, A: agriculture) in the Kasilian watershed
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Figure 3. Principal component analysis in different land uses, including (R: rangeland, F1: natural forest, F2: hand-planted forest, A:
agriculture) in the Kasilian watershed
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Figure 5. Contribution of land uses to suspended sediment yield in the study area
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Table 2. Results of erosion factors across land uses in the Kasilian watershed (Kamari Yekdangi et al., 2025)

Parameter
Land Use C K Ls P R
Natural Forest 0.23 0.02 15.34 0.1 313.32
Agriculture 0.27 0.02 12.04 0.7 342.65
Rangeland 0.33 0.03 25.58 0.6 278.99
Hand-planted forest 0.30 0.02 18.21 0.1 268.44
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Table 3. Results of landscape metrics across land uses in the study area

Landscape metric

[ ~ = ) h7 fa
& =] [ R I —~ =
= 2 %2 B % a8 B 3. 3; 33 22 5. %
—~ 8 ~ = 5% &z Z. s — = Z
S is & L i B % ZE % fie 2] 1E &
Land Use 3 = Z = 'z = ) 3 s oyl &A% oL ©dn =
2 © < ~ 5 S o 5 < < o A =) 5 o o O @ g
© gd 3 & F 2 & £g 2% £22 % 2z 2
2 g & 5 = A % 2 S < 7 5) 5 1= 88 éU ?f)
= 3 B 2 - [ ‘S =58 =
© ¢ E &£ & £ F = 57 2 <23 97 37
& z 5 = = <
Natural Forest 4799.25 69.82 21 0.3 65.53 130380 18.97 228.53 1.62 124.82 96.23  99.78 96.81
Agriculture 1226.79 17.84 16 0.23 1549 136981 19.93 76.67 1.98 138 88.34 98.93 89.39
Rangeland 48295 7.02 16 0.23 394 61705 898 30.18 198 575.3 86.37 95.56 88.02
Hand-planted Forest 128.26  1.87 1 0.01 1.87 9553 1.39  128.26 237 N/A 91.28 96.86 94.76

Wlgs oo ol cpl 08 Jlai )3 plojed 5 1) () baeo
Slelidl anca gyl (Sl u Gble (alolid sl (e lak
5ol gle gl e ) 5o sodpaly 90 g bl
Sl o ye s Swisl, LialS kgl el S
O Fmiee Aol (LS (hdgr CudS dgue 9 (UdS (Stge
el g5 cnl 3 Blae ooy My pials sl bl
oSty oo ki (gl ol ol &l g e sleday
b 55l slaoj > S g Ol wlis 5o ot jlaien,
s e G Shy 9 )l gy e (olad ksl
P Oljer i S Cdl g e b (LS by
ois s )8 (B p VL e Higd Lld g S e
Conl p3Y a5 am3 0o (LS (Blas L) M 53 (B ye ()]
Cogli DyS pbl Gpo cblas 1 518 e cloladl
Jsb 9 F5e cud (Rl (LS (dg (Stwgn 5 BleSs
CutS b gdbcad gl e (I 35k 5l Uy,
il Jl ool Sl b B i seme g «s)ls
a5l xSl jobdr Mlgie e lags)lpo e
Ol &S ely (63,59, M5l Egame 5 bl il
LS Koy LS € s il o slaygsé
50 ool8 li_e g 0dsd odlyl 6 lS (sl S s
3PS olnl Gl plale g Clbbe pials gl )

Al sl slooj

Sl Swlow
@lel Gy 5 Jo lacoles cob oo i olSitily |

b ool T abols 5 Sils @0 o) 43T 392 L
355 3 1) e (ot (DW = AFD) culs 55l (295
Pl ey Candg cpl Db olaid] s 4 sleo g,
pli 5 K LS € Jde Vb polie 35
Jole ol jlade )8 o ginp (e 2Nyl ;3 ENN_MN
Ol Coge a5 Cusl (ans LS b baad ol C
e 550 (gouw jl 09 oo (o il 4 S Couolus
o ol o aily slaasels § 15 glacas ,Sily LS oY
S Pk ) gy Jul g Qllgy Mg Sl &S
Sl Shy & e ol K VL jhde pize
0958 las b ol dxias |y o] Gl le g <l aile oS5
S8y 5 olad cuwnS 4 ENN_MN obj jlade ooyl 5
sl plorad] &5 Ltmds 9 o)l g (glnaS)
Iy gy JEBl 5 Lialod il g o3l il | jlulode
Jolos oS5 o 3 4 cggeme 3 S (e s
B sl 2 Mlede gl 5 (SSee ( Sujglss]
9 481> guy JUH 5 el L5 5> losliS e (285
(295 3 0kj alolh vy e (s )5 ol sl oad el
A8 ) sl (magu) 5 ol i plizen

S 5 Ao €
o)) Blisee (gl g )8 s & b Gl Hiegdy ol s
& Sl ol Cglite (2295 B jebdy Blae Ciguy Mg 5
sy ol (g5 b alol b 1 cusbye Loy i
Mg ol Glagp,l8 s ol elel ool b
Sl Shy s 2lad )il ( S8 Cuxbge y ogMe Ll g,



VoA B AE Olorio V€00 Jlo o) 5ylows T 0,93 [STa o Ol Cag prto 9 55 Lurdibo &y i | 3], 5 831 0bef (5 ST Ve

doi:10.22067/jsw. ¥AD-F54 (YIF (K 5 o o)
v34i2.83911

2l il osas Joloe oy (WWAY) gams (gp08050
doit Y5 ()Y s Copte dlxe oy
10.22092/1mj.2014.100081

LYM) Lo pule S gr 5 dosee (ghite wose i8S plygs (oM
e jlad 9 Uy 2l 3 (LSl )l Syt Sl o)
() cole! csybisel wodigo 5 pole el 550 05>
dor:20.1001.1.20089554.1388.3.9.8.0 .aY—00

IYAQ) MU (Mo 5 g5, osljsibaan g3l lyo)) ¢Sy
SE Glalsd g moj e Sl sloaomin oy byl Jdow
Shblte 5 Loz . Jod)l Gl (B 068 55l o5
A58 (A ol
doi:10.22067/geoeh.2021.67020.0

lglie (Glig)s Glb 5 (e obgls S (oM s oS
b ly sl 50 Glae gy bl oy whes o (VF4))
Voo (PR ightassT  oland s la Sy ) edlina
doi:10.22059/ije.2023.344381.1649 .Y\A

ol ling) s el gl wplh (SIS, (syeS
S U39y 2L (V) Moo el (KBl g ccs090
G pmo 550l ddge ) (Sl Ghbsl (5 0)8 4k dg o
JYFE-TYY (%)~ s jslo ptoST Ol
doi:10.22059/ije.2023.361471.1743

sl bl (WAA) Lo, ¢ uaio g D900 ‘d):{l dudly ¢ ghaine
ol 35l glaojsn 5 3l (B 03 Gy 9 owei Slow
doi: AVNV-300 (P ro0/ Cupde 5 (wdigo . oludS
10.22092/ijwmse.2018.120525.1456

(VAY) el o ys0 gl 5 L phaoms poluaisl o Jla < glivas
whee S moilal 5 (gHIKCST oy, 3)Slas duslio
sobi] kigo 5 pole o Sligwy Sblite > (ol
A (F)Y !
dor:20.1001.1.20089554.1397.12.40.2.9

P Bl ) Mg (0 (W) sodemr (Do g bl Sy

S5l oolinl b cilises Joad )3 ()5 0l (iSa) asg

doi:  AMY=A (VY gilbasT ogwy  (abliie

10.22059/1je.2017.62646

References

Adnan, S., Aldefae, A. H., & Humaish, W. H. (2021).
Soil erosion and the influenced factors: A review
article. In IOP Conference Series: Materials
Science and Engineering. 1058(1): 012041. doi:
10.1088/1757899X/1058/1/012041

Arabkhedri, M. (2014). A review on major water
erosion factors in Iran. Land Management
Journal, 2(1), 17-26. doi:
10.22092/1mj.2014.100081[In Persian]

Astorga, R., Garcias, T., Borgatello, G., Velasco, H.,
Padilla, R., Dercon, G., & Mabit, L. (2020). Use
of geochemical fingerprints to trace sediment

OB N g 28Ln LS
33 corblio 235 4555zt 45 15> o pOMel alis () S Ay
16 g ol gl g Cllae HLisl g 5,15 ogad

Lodly dy o ywd
ol 0dds &l e yio ) ol CleMb] don

OB Ny ¢S )L

295 Mo (¢ ulos dmodly (61,5 r0ljplel (6 ST bl
sl o 5 w5 (Pl ol b I ¢ il by,
b ioligy @B i Wlio ayl Jugie 5
i sh9) (g e M (s o Jood dmodls (65l sospo
9 ey s mliiel (ole ) I3l b S 0y Cope
b elsdly cuge Wlie )il g hilpg deodly puos
9 ilpg ele Ol (il by) (gl (oS (agrda
9% (S (oada (2l i gpal (B e Sk
5 lalpg somilitel (ole )l ljdla i b I ¢ oulid g,
Alie 5,553k

&l

Ve v} 56_91...@)9) 9 4[..5).&,\.& 40)])’M)§ 4w.bl.w 4&.\.«.’7@ ‘le> 4&@
S5 = alags cubd o SB ile,d s Sb5,01(VYAY)
SB Gioleyd Sl edd Ja wisg Jae 5l eolatwl b
doi: NA=VEY (V)Y (aub b @ljblbxe (RUSLE)
10.22111/jneh.2017.3216
3P — Seighgke ol edlatul b Alsg, (b (gjle
S g O cblis slb ingy . WanS jul 03> WetSpa
YEN-YOY (F)V
Ohled p B g S )8 b)) (YY) e
Srb g SB S SRy B Golson

sources in an agricultural catchment of
Argentina. [International Soil and Water
Conservation Research, 8(4), 410-417. doi:
10.1016/j.i1swcr.2020.10.006

Collins, A. L. (2020). Sediment source
fingerprinting: Benchmarking recent outputs,
remaining challenges and emerging themes.
Journal of Soils and Sediments, 20(12), 4160—
4193. doi: 10.1007/s11368-020-02755-4

Collins, A. L., Walling, D. E., Sichingabula, H. M.,
& Leeks, G. J. L. (2002). Suspended sediment
source fingerprinting in a small tropical
catchment and some management implications.



YoV e g oo Sloww (gL b Cgany dgi 10 (ool (g g 1 )5 pew bLT I oo

Applied Geography, 21(4), 387-412. doi:
10.1016/S0143-6228(01)00013-3

Dehghani, N., Vafakhah, M., & Bahremand, A.
(2013). Simulation of river flow using the
distributed hydrological model WetSpa in the
Kesilian watershed. Journal of Water and Soil
Conservation Research, 20(6), 253-261[In
Persian]

Fan, S., & Wang, X. (2017). Analysis and assessment
of heavy metals pollution in soils around a Pb
and Zn smelter in Baoji City, Northwest China.
Human and Ecological Risk Assessment, 23(5),
1099-1120. doi:
10.1080/10807039.2017.1300857

Gholami, B., Gonbad, M., Ozodi, M., & Jokar, A.
(2009). Evaluation of the effect of land use
changes on runoff and flood risk in the Kasilian
watershed. Journal of Watershed Science and
Engineering of Iran, 3(9), 55-57. dor:
20.1001.1.20089554.1388.3.9.8.0 [In Persian]

Ghorbani, A., Hezbavi-Mostafazadeh, M., Raouf,
A., & Nazila (2020). Analysis of the relationship
between landscape metrics and soil erosion in
the Kozeh Tapraghi watershed, Ardabil
province. Geography and Environmental
Hazards, 36(9), 65-90. doi:
10.22067/geoeh.2021.67020.0 [In Persian]

Habashi, K., Mohammadi, Sh., Karimzadeh, H., &
Pourmanafi, S (2018). Assessment soil
erotion risk in kohpayeh - segzi plain using
Revised Universal Soil Loss Equation (RSLE).
Journal of Natural Environmental Hazards,
7(15), 163-180. doi:
10.22111/jneh.2017.3216 [In Persian]

Kamari Yekdangi, F., Khaledi Darvishan, A., &
Aghabeigi Amin, S. (2025). Prioritization of
factors affecting annual soil erosion and
sediment yield using combined G2-GeoDetector
approach. Modeling Earth Systems and
Environment, 11(4), 1-17. doi: 10.1007/s40808-
025-02484-y

Kamari Yekdangi, F., Sarouneh, F., Khaledi
Darvishan, A., Mousavi, V., & Aghabeigi Amin,
S. (2023). Efficiency of different methods for
preparing land use/land cover maps in the
representative ~ watershed  of  Kaselian.
Ecohydrology, 10(3), 321-334. doi:
10.22059/ije.2023.344381.1649 [In Persian]

Karimi, N., Gholami, L., Kavian, A., & Khaledi
Darvishan, A. (2022). Determination of the
relative contribution of suspended sediment
sources in the Vaz watershed using geochemical
characteristics. Ecohydrology, 9(4), 705-718.
doi: 10.22059/1je.2023.344381.1649 [In
Persian]

Liu, X., & Zhang, Y. (2022). Landscape analysis of
runoff and sedimentation based on land
use/cover change in two typical watersheds on

the Loess Plateau, China. Life, 12(11), 1688.
doi: 10.3390/1ife12111688

Lizaga, 1., Latorre, B., Gaspar, L., & Navas, A.
(2020). FingerPro: An R package for tracking
the provenance of sediment. Water Resources
Management,  34(12), 3879-3894. doi:
10.1007/s11269-020-02650-0

Lizaga, 1., Quijano, L., Gaspar, L., Ramos, M. C., &
Navas, A. (2019). Linking land use changes to
variation in soil properties in a Mediterranean
mountain agroecosystem. Catena, 172, 516—
527. doi: 10.1016/j.catena.2018.09.019

Masfai Jamal, M., Ekhtesasii M. R., &
Salehpourjam, A. (2018). Comparison of
sediment fingerprinting and field measurement
methods for sediment source apportionment.
Journal of Watershed Science and Engineering

of Iran, 12(40), 1-9. dor:
20.1001.1.20089554.1397.12.40.2.9 [In
Persian]

McGarigal, K. (2002). Landscape metrics for
categorical map patterns.

Mohammadi, M., Khaledi Darvishan, A., &
Bahramifar, N. (2019). Spatial distribution and
source identification of heavy metals (As, Cr, Cu
and Ni) at sub-watershed scale using

geographically weighted regression.
International Soil and Water Conservation
Research, 7(3), 308-315. doi:

10.1016/j.i1swcr.2019.01.005

Motamedi, R., Azari, M. and Monsefi, R. (2019).
Relationship between landscape metrics and
sediment yield in some watersheds of Golestan

Province.  Watershed  Engineering  and
Management, 11(4), 955-971. doi:
10.22092/ijwmse.2018.120525.1456 [In
Persian]

Nahib, 1., Wahyudin, Y., Amhar, F., Ambarwulan,
W., Nugroho, N. P, Pranoto, B., .. &

Karolinoerita, V. (2024). Analysis of factors
influencing spatial distribution of soil erosion
under diverse subwatershed based on geospatial
perspective: A Case Study at Citarum
Watershed, West Java, Indonesia. Scientifica
2024, 1-20 doi: 10.1155/2024/7251691

Nosrati, K., & Jalali, S. (2017). Investigating
suspended sediment yield in Ziarat Drainage
Basin, Gorgan in different seasons using
sediment fingerprinting technique.
Ecohydrology, 4(3), 887-895. doi:
10.22059/ije.2017.62646 [In Persian].

Nosrati, K., Collins, A. L., & Madankan, M. (2018).
Fingerprinting sub-basin spatial sediment
sources using different multivariate statistical
techniques and the Modified MixSIR model.
Catena, 164, 32-43. doi:
10.1016/j.catena.2018.01.003

Owens, P. N., Blake, W. H., Gaspar, L., Gateuille, D.,
Koiter, A. J., Lobb, D. A., Petticrew, E. L.,
Reiffarth, D. G., Smith, H. G., & Woodward, J.



VoA B AE Olorio V€00 Jlo o) 5ylows T 0,93 [STa o Ol Cag prto 9 55 Lurdibo &y i | 3], 5 831 0bef (5 ST VoA

C. (2016). Fingerprinting and tracing the
sources of soils and sediments: Earth and ocean
science, geoarchaeological, forensic, and human
health applications. Earth-Science Reviews,
162, 1-23. doi:
10.1016/j.earscirev.2016.08.012.

Palazon, L., & Navas, A. (2017). Variability in
source sediment contributions by applying
different statistic test for a Pyrenean catchment.
Journal of Environmental Management, 194,
42-53. doi: 10.1016/j.jenvman.2016.07.058

Pulley, S., Foster, 1., & Antunes, P. (2015). The
uncertainties  associated  with  sediment
fingerprinting suspended and recently deposited
fluvial sediment in the Nene River basin.
Geomorphology, 228, 303-319. doi:
10.1016/j.geomorph.2014.09.016

Ramos, M. C., Gaspar, L., Lizaga, 1., Catala, A., &
Navas, A. (2025). Geochemical composition of
suspended sediments generated after erosive
rainfall events in nested agroforestry catchments
with  Mediterranean climate. Journal of
Hydrology, 650, 132486. doi:
10.1016/j.jhydrol.2024.132486.

Sharifi, A., Shirani, H., Basaltpour, A., &
Esfandiyarpour ~ Boroujeni, A.  (2020).
Assessment of the effects of forest and
rangeland land use on interrill erosion and some
physical soil properties in southeastern Iran. Soi/
and Water, 34(2),  455-469. doi:
10.22067/jsw.v34i2.83911 [In Persian]

Thakuriah G. (2023). GIS-based revised universal
soil loss equation for estimating annual soil
erosion: a case of lower Kulsi basin, India. SN
Applied Sciences. 5(3):1-13. doi:
10.1007/s42452-023-05303-0.

Tiecher, T., Minella, J. P. G., Evrard, O., Caner, L.,
Merten, G. H., Capoane, V., & dos Santos, D. R.
(2018). Fingerprinting sediment sources in a
large agricultural catchment under no-tillage in
Southern Brazil (Conceigdo River). Land
Degradation & Development, 29(4), 939-951.
doi: 10.1002/1dr.2917

Vale, S., Swales, A., Smith, H. G., Olsen, G., &
Woodward, B. (2022). Impacts of tracer type,
tracer selection and source dominance on source
apportionment with sediment fingerprinting.
Science of The Total Environment, 831, 154832.
doi: 10.1016/j.scitotenv.2022.154832

Vercruysse, K., Grabowski, R. C., & Rickson, R. J.
(2017). Suspended sediment transport dynamics
in rivers: Multi-scale drivers of temporal
variation. Earth-Science Reviews, 166, 38-52.
doi:10.1002/esp.4682

Walling, D. E. (2005). Tracing suspended sediment
sources in catchments and river systems.
Science of the Total Environment, 344(1-3),
159-184. doi: 10.1016/j.scitotenv.2005.02.011

Walling, D. E., Collins, A. L., & Stroud, R. (2008).
Tracing suspended sediment and particulate
phosphorus sources in catchments. Journal of
Hydrology, 350(1-2), 274-289. doi:
10.1016/j.jhydrol.2007.10.047

Xu, Y., Tang, H., Wang, B., & Chen, J. (2017).
Effects of landscape patterns on soil erosion
processes in a mountain—basin system in North
China. Natural Hazards, 87(3), 1567—1585. doi:
10.1007/s11069-017-2810-3

Zakeri, E., Mousavi, S. A., & Karimzadeh, H.
(2020). Scenario-based modelling of soil
conservation function by rangeland vegetation
cover in northeastern Iran. Environmental Earth
Sciences, 79(5), 107. doi: 10.1007/s12665-020-
08703-3

Zhang, Y., Bi, Z., Zhang, X., & Yu, Y. (2019).
Influence of Landscape Pattern Changes on
Runoff and Sediment in the Dali River
Watershed on the Loess Plateau of China. Land,
8(12), 180. doi: 10.3390/1and8120180

Zhao, C., Li, P, & Yan, Z. (2024). Effects of
landscape pattern on water quality at multi-
spatial scales in Wuding River Basin, China.
Environmental Science and Pollution Research,
31, 19699-19714. doi: 10.1007/s11356-024-
32429-



