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1. Introduction

The Yellow River used to be one of the most sediment-laden rivers in the world. To trap eroded soil, large-
scale soil conservation measures such as tree-planting and terrace-land construction have been put into practice
since the 1970s, which may inevitably change the land surface conditions, and thus lead to the regime shift of
sediment transport. However, a reinvestigation for the regularities of suspended sediment yield (SSY) has not
been extensively conducted based on the newly released hydrological data on river discharge (Q) and
suspended sediment concentration (SSC) for the years 2008-2012 on the entire Yellow River Basin. Besides,
many previous studies examined SSY using suspended sediment load (SSL), defined as the product of SSC
and Q, instead of examining them separately. This approach may obscure the true reasons behind the changes
of SSY, since SSC and Q can contribute separately. To address the scientific issues mentioned above, this
research is conducted with three objectives: 1) to reinvestigate the spatial variation of Q and SSC over the
Yellow River Basin using the newly available hydrological data for 2018-2012; 2) to correlate environmental
factors on. topography and land use with Q and SSC for watersheds delineated using GIS; and 3) to detect
meaningful contributing factors for Q and SSC. The obtained results may help people better understand the
regularities of suspended sediment yield in the Yellow River Basin under the current topographic, land use
and climatic conditions.

2. Methodology

This research quantifies watershed characteristics from the perspective of hydrology, topography and land use.
Daily SSC and Q data are available for 94 watersheds in the Yellow River Basin, and 70 watersheds can be
successfully delineated in ArcGIS 10.5. The quantification of hydrological characteristics are performed for
all the watersheds, whereas the topographic and land-use characteristics are quantified for the 70 successfully
extracted watersheds.

To quantify the hydrological characteristics, mean daily Q (Qmean, m3/s) and the maximum daily SSC
(SSCmax, kg/m3) during the flooding seasons (July to September) were calculated. To quantify the topographic
characteristics, 25 topographic variables were originally selected based on the literature review, of which 14
variables were finally picked up after the removal of some strongly correlated variables. To quantify the land-
use characteristics, the percentages of cropland, grassland, forest, and shrubland were calculated.



Considering the complex geographic settings of the Yellow River Basin, this study classified the watersheds
into different groups using the Density-Based Spatial Clustering of Applications with Noise (DBSACAN)
method before conducting Pearson correlation analysis among the selected variables. For analyzing the effect
of watershed area (A) on Quean, the DBSACAN was applied to classify 94 watersheds into small and large
ones based on the base-10 logarithm of Aand Q,ean; for analyzing the relationship between Quean and SSCpax,
the DBSACAN was applied to classify 70 successfully extracted watersheds into watersheds with high
SSCmax and those with low SSC,.x based on the base-10 logarithm of Qpean and the decimal value
of SSCax- After the DBSCAN analysis, the Person correlation analysis was employed for each cluster to
explore the relations between Quean. SSCmax and the selected topographic and land-use variables described
above.

3. Results and discussion

Qmean tends to increase with A for small watersheds, while it tends to be constant for large watersheds. The latter
observation may reflect that the increase in baseflow with A due to channel deepening becomes limited after A
reached a certain value, and evapotranspiration increases with A in response to the increase of gentler areas. SSC,ax
in the tributary watersheds is not correlated to A probably due to limited change in sedimentation space among small
watersheds as well as the complex physical and land-use settings that cause highly variable characteristics of small
watersheds. However, SSC,.x tends to be positively correlated to A for the mainstream watersheds, which suggests
increasing sediment supply for large watershed encompassing the Loess Plateau.

Both topography and lithology affect the spatial distribution of watersheds with different SSC,,.x values. Based
on the SSCy.x threshold of 200 kg/m3 detected by the DBSCAN, 70 successfully extracted watersheds were
classified into watersheds with high SSCp,.x (> 200 kg/m?3) and those with low SSCp.x (< 200 kg/m3). Both
topography and lithology affect the spatial distribution of the watersheds with high SSC,,.x and those with low
SSCmax- The former are located mostly in the central part of the Yellow River Basin, where the surface is covered
by thick unconsolidated sediment, serving as abundant sediment sources; whereas, the latter are located mostly in
the marginal part where the surface is characterized by either resistant bedrock or gentler topography favorable for
sediment deposition.

For the 70 watersheds, the effects of topography on Qnean are more evident than those on SSC,,.x, for both
watersheds with high SSC,,.x and those with low SSC,, ... Of the 14 topographic variables, Qnean is affected by
A, maximum elevation, circularity ratio, relative relief, mean slope, percentage of slopes less than 9% and
percentage of slops larger than 9% and less than 18%. In contrast, SSC,,.x is only affected by mean elevation and
maximum elevation. Compared with topography, the effects of land use onboth Qean and SSC,.x are weak. Of
the four land-use variables, only Qn.an iS correlated to the percentage of grassland. However, this correlation
could be superficial without a cause—effect relationship.

This study has utilized the newly available data and reinvestigated the regularities of water and suspended sediment
yield in the Yellow River Basin in terms of the effects of watershed size, topography and land use. The results have
revealed the major influence of topographic factors. The Yellow River Basin is also known for intensive human
activities in recent years, including the implementation of large-scale soil conservation programs. Future research
is needed to investigate the impacts of such activities in the basin.
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