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A B S T R A C T

The Loess Plateau in China exhibited high magnitudes of soil erosion, where multiple soil conservation schemes
have been implemented over the past decades. Understanding the efficacy and rationality of conservation
practices on erosion mitigation is critical for contemporary strategy adjustment, which currently is hampered by
the unavailability of historical observations on sediment yields at most ungauged catchments. Check dams were
built with the primary purpose of sediment retention, while the infilling archives register historical sedimentary
dynamics. A 485-cm long sediment core was extracted from a check dam in a restored agricultural catchment in
the hilly Loess Plateau. Sedimentary stratigraphy was defined at 5-cm resolutions by continuous equivalent
sectioning, and differentiated according to absolute grain-size composition and Cesium-137 (137Cs) profile.
Discernable stratigraphic laminations, featured by a fine-grained layer overlying on a coarse-grained layer, were
observed, which were conducted by particle selectivity associated with soil detachment and sediment transport
processes. Erosion and sediment dynamics across this semiarid landscape is strictly defined by extreme summer
storms with large magnitude, low frequency and short duration. Sediment chronology was determined by as-
cribing the identified laminations to historical storm events. We found that the core profile showed evidence of
at least 11 depositional events, which finally were connected with 11 major storms over the time period
1981–1983. We concluded that integrating stratigraphy differentiation of equivalent core segments along de-
positional profiles with storm records is diagnostic for inferring historical sedimentary dynamics.

1. Introduction

Soil is an important natural resource and represents an essential
component of ecosystems. It provides key substrates and habitats for
organisms, supplies a range of ecosystem services and societal products,
and plays a vital role in modulating global hydrological, biogeochem-
ical, and ecological processes (Dominati et al., 2010). In addition to its
significance as a natural property, its economic value has been in-
creasingly recognized and evaluated to support policy-making tools in
ecosystem management frameworks (Robinson et al., 2014).

Global soil resource has been constantly eroded by divers controls.
The acceleration of modern continental denudation induces excess
amount of soil loss to an unsustainable level, which undermines eco-
system integrity and its functionality. On the one hand, soil erosion
deteriorates on-site land quality by depletion of fertile topsoils and
leaching of biotic agents (nutrients, organic carbon), leading to decay in
soil fertility, physical structure, and water-holding capacity, and

ultimately decreases land productivity (Pimentel et al., 1995; Li et al.,
2006; Quinton et al., 2010), whist, on the other hand, the transport of
eroded sediment and bounded biogeochemical constituents to river
channels imposes many off-site detrimental effects on the aquatic en-
vironment and its societal functions, such as high flooding risk, channel
sedimentation, reservoir siltation, water pollution, aquatic habitat de-
gradation, and increasing cost for water treatment (Collins et al., 2013;
de Vente et al., 2013). Therefore, managing soil/sediment as essential
components of ecosystems is critical for maintaining ecosystem in-
tegrity and sound environmental status, as well as enhancing socio-
economic values claimed by many human uses (Apitz, 2012).

Soil erosion has been extensively studied at multiple spatial and
temporal scales. At catchment scale, for example, sediment yields at a
catchment outlet are integrated products of sediment supply from distal
upland provenance areas and sediment redistribution through drainage
networks, including mobilization, deposition, storage, and remobiliza-
tion (Walling, 1983; Walling, 2006; de Vente et al., 2007). Change in
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sediment dynamics is driven by a complex interplay of climate, li-
thology, topography, land use, and human disturbances. Human’s role
in disrupting sediment signals increases significantly as the expansion
and intensification of multiple human activities. Human practices, on
the one hand, contribute to increased soil production from upland
hillslopes by intensive land disturbance, such as forest destruction, land
reclamation, tillage, grazing, mining, urbanization, whist, on the other
hand, to decreased sediment conveyance ratio in fluvial systems by
water withdrawal and dam construction (Dynesius and Nilsson, 1994;
Vörösmarty et al., 2003; Walling and Fang, 2003; Nilsson et al., 2005;
Petts and Gurnell, 2005; Syvitski et al., 2005; Walling, 2006; Wilkinson
and McElroy, 2007; Syvitski and Kettner, 2011). Erosion mitigation
represents a key regulating ecosystem service that can be reinforced by
conservation practices, such as vegetation restoration, conservative
tillage, land reformation, and crop management (Costanza et al., 1997;
Maetens et al., 2012; Vanacker et al., 2014).

The Loess Plateau in northwestern China exhibited high magnitudes
of soil erosion, which constitutes a principal source area for sediment
pollution in the Yellow River (Fu, 1989; He et al., 2004). Massive soil
loss threatens sustainable agricultural production and local ecosystem
health (Zheng et al., 2005). Soil conservation represents a major man-
agement priority that has been proposed both by resilience scientists
and policy-makers. During the past decades, multiple soil conservation
measures have been performed, which aimed to reduce the extent and
intensity of human disturbance and restore land cover. Those measures
installed on upland hillslopes (e.g., terracing, conservative tillage,
farmland abandonment, and reforestation) significantly reduce sedi-
ment production from uplands (Li et al., 2002; Huang et al., 2003; He
et al., 2006), while widely-distributed check dams play an important
role in gully stabilization and sediment regulation.

Although great conservation efforts have been made, there remain
large uncertainties in sustainability and rationality of contemporary
conservation schemes. Major concerns are related to: (i) how to main-
tain an optimum scale of reforestation in order to balance the many
trade-offs between conservation and economic benefits in this un-
developed agricultural region (Chen et al., 2015), (ii) the need to refine
replanting strategy to enhance vegetation adaptation to water scarcity
in this semiarid region (He et al., 2003; Ma et al., 2004; Cao et al., 2009;
Feng et al., 2016). Contemporary strategy adjustment depends largely

on systematically evaluation of the effectiveness of these conservation
practices on erosion regulation. But these attempts have been hampered
by the unavailability of historical observations on sediment yield at
most ungauged catchments, which is required as basic reference in-
formation. Although the significance of soil erosion and sediment yield
has been reported either by experimental runoff plots at fixed field
observation stations or by hydrological measurements on large rivers,
observations are extremely scare in small ungauged catchments.

Sedimentary products that infill widely-distributed check dams af-
ford a valuable opportunity to reconstruct historical sediment yields
and infer human impacts (Owens et al., 1999; Bussi et al., 2013; Wang
et al., 2014a), but it depends largely on whether reliable information on
sediment age is available. A variety of dating proxies can be applied as
time marker (Schillereff et al., 2014). 137Cs, with a half-life being 30.17
a, is a fallout radionuclide derived from atmospheric nuclear testing
that began in 1954 and peaked in 1963. It transports globally, deposits
on surface ground mainly through precipitation, and closely bounds on
surface soil particles. Movement and transport of soil particles is can be
represented by 137Cs. Depth distribution of 137Cs along a sediment
profile can be used to determine sediment chronology based on its
temporal atmospheric input pattern. The year 1954 indicates the onset
of detectable 137Cs content along a sediment profile, while 1963 marks
peak 137Cs concentration of sediment horizon (Ritchie and McHenry,
1990). A secondary peak marking the Chernobyl nuclear leak in 1986 is
observable. Numerous previous studies reported the occurrence of 137Cs
peak in check dam sedimentary profiles in the Loess Plateau (Zhang
et al., 2006; Wang et al., 2014a).

Against the above background, this study aims to infer historical
sedimentary dynamics in check dams, using 137Cs chronology in com-
bination with historical storm records. The specific objectives were: 1)
to differentiate sedimentary stratigraphy across a 485-cm long sediment
core, based on depth variation of particle size and 137Cs content; 2) to
determine sediment chronology and reconstruct historical sedimentary
dynamics based on historical storm records; and 3) evaluate the ap-
plicability of continuous equivalent core sampling in sedimentation
reconstruction.

Fig. 1. Geographical map of the Nizhuang catchment on the Loess Plateau, and location of the check dam that collects the headwater sub-catchment was also
indicated.
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2. Materials and methods

2.1. Site description

The Loess Plateau spreads across the middle reaches of the Yellow
River and covers an area of approximately 650,000 km2 (Fig. 1). This
area is extremely susceptible to large magnitude of water erosion, due
to overlaid loess soil with soft and loose physical structure, regional
hilly and gully landforms, concentrated summer rainfalls, sparse ve-
getation cover and intensive agricultural land use (Fu, 1989). This
study was performed in a restored agricultural catchment in the hilly
Loess Plateau (Fig. 1). The Nianzhuang catchment is a secondary tri-
butary of the Yellow River and covers a drainage area of 54.2 km2. It is
characterized by typical hilly and gully landscapes. Regional landform
is fragmented by prominent hills and down-cutting gullies (Fig. 2).
Average gully density is 2.74 km/km2. Upland hillslopes are char-
acterized by consecutive linear profile, below which lie gullies with
steep slope gradient. The soil derived from Quaternary loess is of high
susceptibility to raindrop detachment and flow dispersion (Fu et al.,
2000). The climate is dominated by temperate semiarid continental
monsoons, with annual average precipitation being 520mm and a
substantial proportion concentrates in the rainy season from June to
September. Discrete extreme storms during the rainy season constitute
a principal driving force for soil translocation and sediment transport.

Soil erosion in this region is performed by splashing, sheetwash,
rilling and gullying, and demonstrates high spatial and temporal
variability, depending on geomorphology, precipitation regime, land
use and vegetation cover. During a storm, erosion begins with raindrop
splashing, but peaks with overland flow occurrence. The processes of
soil erosion are closely related to geomorphological features that
splashing, sheeting, and rilling mainly occurs on upland hillslopes with
homogeneous landform gradient, while gullying mainly takes place on
valley area which generates significant amount of sediment supply. Soil
erosion demonstrates inter-seasonal variability, which is closely related
to rainfall regime (Zhang et al., 2014b). Runoff and erosion events
concentrate in the rainy season when extreme storms can trigger a
significant amount of soil loss.

This catchment is a target area for implementation of multiple soil
conservation and vegetation restoration measures. The present land use
comprises forests, shrubs, grassland, arable land and bare gullies

(Fig. 2). The reforestation and land abandonment campaign trans-
formed arable lands to forests, shrubs and grasslands. Popular species
used for reforestation are Pinus tabulaeformis and Robinia pseudoacacia.
Natural grass species include Bothriochloa ischaemum, Themeda triandra
var. japonica, and Carex filipes. Major crops are corn, potato, bean, and
millet (Wang et al., 2014a). Check dam construction represents a major
engineering measure. 192 dams had been constructed during
1956–2000 (Li and Bai, 2003).

2.2. Description of check dams

Construction of check dams in the Loess Plateau has a history longer
than 400 years (Jin et al., 2012), but it has been accelerated and ex-
panded since the 1950s (Xu et al., 2004). Compared to large- and
medium-scaled dams that are built on perennial channels for water
diversion, hydropower production, and flood manipulation, check dams
are small-scaled transverse barriers placed across ephemeral streams to
interrupt the longitudinal movement of runoff and sediment, finally to
reduce flow and sediment output to downstream perennial rivers
(Nyssen et al., 2004). Well-developed check dam systems are the most
effective engineering measure in mitigating channel incision, sediment
yield, and extending the life span of downstream reservoirs (Xu et al.,
2004; Ran et al., 2008; Huang et al., 2013; Xu et al., 2013). Many other
functions, such as channel slope stabilization, carbon storage, flood
control, water supply, habitat improvement, and farmland formation
have been recognized (Xu et al., 2004; Wang et al., 2011; Lu et al.,
2012; Wang et al., 2014b). Sediment aggradation behind check dams
alters channel cross profile and reduces longitudinal gradient, but en-
hance downstream erosion by increased sediment carry capacity of
outflows. It was estimated that 113,500 check dams have been built in
the Loess Plateau until 2002, which intercepts 21 billion m3 of sediment
and created 3200 km2 of productive farmlands (Wang et al., 2014b).

The structure and storage capacity of check dams differ with design
purposes. Generally, a check dam system consists of an earth dam, a
spillway connected with an outlet (Xu et al., 2004). As for small-sized
dams, there are no spillways and outlets, and inflowing runoff and se-
diment were fully trapped. If a dam is silted up, depositional surface
will be reclaimed as farmland and a side ditch will be put into operation
for storm runoff outflowing. In a catchment, big dams with large con-
trolling catchment and storage capacity are preliminarily built on the

Fig. 2. A typical view of part of the study catchment, showing rugged landforms fragmented by outstanding hills and down-cutting gullies, as well as land use and
vegetation cover. Erosion processes differ spatially depending on hillslope profile and land cover.
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main channels, followed by progressively construction of medium- and
small-sized dams on upstream tributary channels. Finally, cascade
check dam systems are formed (Wang et al., 2011).

2.3. Field sampling

This study focused on the headwater sub-catchment collected by a
check dam on the main valley, with a drainage area of 8.0 km2. A field
survey was carried out in October 2014. According to an interview of
local farmers, the check dam was constructed in 1972 and commenced
in April 1973. No human disturbances to the sedimentary sequences or
dam failure had occurred, only cultivation by hoeing has a mixing effect
on top 20-cm sediment layers. It thus can be assumed that sedimenta-
tion in the dam has begun since the rainy season of 1973 and a sub-
stantial proportion of sediment has been intercepted. The dam was
silted up in 1983 when a side ditch was built to drain storm runoffs and
sedimentary terrace was reclaimed as farmland. Sedimentary deposits
were assumed to be conducted during the period 1973–1983.

A 485-cm long sediment core was extracted at the center of the
check dam, using a gravity corer with an inner diameter of 12mm. The
core was sectioned at 5-cm intervals, and 97 subsamples were obtained.
Friction and pressure during coring compressed sediments. Coring
depths were recorded and were used to stretch the recovered material
to original depths. Samples were put into polythene bags and brought
back to laboratory for analysis. Topsoils (0–2 cm) from upland hill-
slopes with different vegetation types (i.e., woodland, grassland,
shrubs, and arable land) and subsurface soils from gully surface were

collected. 12 samples for each source type were collected, and a total
number of 60 source materials were obtained.

2.4. Laboratory analysis

All samples were air-dried at room temperature, gently dis-
aggregated using a pestle and mortar, and sieved through a 2-mm mesh.
Absolute grain-size composition was measured using a Malvern
Instruments laser granulometer with Hydro-2000 sample injection unit.
Detection limit ranges between 0.02 and 2000 μm. A ca. 0.1 g sample
was weighted, followed by successively pretreatment with 10ml 30%
H2O2 over 24 h to remove organic matter and 5ml 10% HCl for 10min
to remove calcium carbonates. 500ml ultrapure water was then added
in a Malvern Hydro 2000 unit. Two minutes of ultrasonic dispersion
was performed immediately prior to analysis. Measurement of each
batch of sample was run in triplicate and the average value was used.
Bulk sample was grouped into sand, silt and clay fractions in volume
percentage and the median particle size was also quantified.
Radioactivity for 137Cs was measured at 662 keV using a gamma-ray
spectrometer with Ortec EG&G hyper-pure Ge γ detectors in a well
configuration. The counting times were more than 33000 s. The ana-
lytical precision was±5% at the 90% confidence level.

2.5. Data acquisition

Daily precipitation data measured at a nearby meteorological sta-
tion (Yan’an) during 1951–2014 were collected from the National

Table 1
Statistic summary of absolute grain-size composition, organic matter, and 137Cs content of check dam infilling sediments and upland soil materials.

Variables Clay (%) Silt (%) Sand (%) D50 (μm) Organic matter
(g/kg)

137Cs
(Bq/kg)

Grassland soils (n= 12)
Maximum 3.3 34.9 74.7 37.6 18.2 8.3
Minimum 2.3 23.0 61.7 27.8 7.0 1.2
Mean 2.8 ± 0.1 29.2 ± 1.0 68.0 ± 1.1 32.5 ± 0.9 11.3 ± 0.9 3.9 ± 0.6
Extreme ratio 1.4 1.5 1.2 1.4 2.6 6.9
Cv (%) 9 12 5 10 27 52

Woodland soils (n= 12)
Maximum 3.0 33.6 76.6 41.1 54.7 6.2
Minimum 2.1 21.4 63.6 29.1 11.4 1.2
Mean 2.6 ± 0.1 28.7 ± 1.1 68.7 ± 1.2 33.3 ± 1.1 22.3 ± 3.5 3.5 ± 0.4
Extreme ratio 1.4 1.6 1.2 1.4 4.8 5.3
Cv (%) 10 13 6 12 55 41

Arable soils (n= 12)
Maximum 3.2 35.7 72.0 36.5 11.2 3.8
Minimum 2.5 25.4 61.1 27.1 5.1 1.3
Mean 2.9 ± 0.1 30.8 ± 1.0 66.3 ± 1.1 31.3 ± 0.9 7.5 ± 0.5 2.1 ± 0.2
Extreme ratio 1.3 1.4 1.2 1.3 2.2 3.0
Cv (%) 9 11 6 10 23 34

Shrub soils (n= 12)
Maximum 3.8 41.3 74.2 38.5 40.9 6.9
Minimum 2.3 23.5 55.0 23.2 6.2 1.6
Mean 2.8 ± 0.1 29.0 ± 1.5 68.2 ± 1.6 33.1 ± 1.3 19.2 ± 2.9 3.3 ± 0.5
Extreme ratio 1.6 1.8 1.3 1.7 6.6 4.2
Cv (%) 16 17 8 14 53 52

Gully wall (n= 12)
Maximum 4.9 59.1 73.9 37.4 4.7 2.1
Minimum 2.5 23.6 36.1 13.6 0.9 1.2
Mean 3.9 ± 0.2 44.4 ± 3.4 51.8 ± 3.6 21.9 ± 2.2 2.6 ± 0.4 1.6 ± 0.1
Extreme ratio 1.9 2.5 2.0 2.8 5.3 1.7
Cv (%) 22 27 24 35 52 16

Check dam infilling sediments (n= 97)
Maximum 5.4 78.0 75.1 37.7 10.1 8.1
Minimum 2.7 22.2 17.1 8.9 1.1 1.7
Mean 3.6 ± 0.1 39.1 ± 1.1 57.3 ± 1.2 25.6 ± 0.7 3.7 ± 0.2 4.1 ± 0.1
Extreme ratio 2.0 3.5 4.4 4.2 9.4 4.9
Cv (%) 17 29 21 27 46 31
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Meteorological Information Center. They were used to describe pre-
cipitation patterns and infer sediment yielding events. Water discharge
and suspended sediment load observed at a final observation station
(Ganguyi) on the lower Yanhe River during 1953–2012 were obtained
from the Yellow River Conservancy Commission, which were used to
characterize the seasonal patterns of discharge and sediment output. All
these measurements are performed following national standards to
ensure their accuracy and consistency.

3. Results

3.1. The sedimentary profile

Absolute grain-size composition of check dam infilling sediments is
dominated by sand materials, with clay, silt and sand fractions varying
between 2.7 and 5.4%, 22.2–78.0%, and 17.1–75.1%, respectively
(Table 1). Comparison of grain-size distribution of check dam sediments
to that of upland source materials indicated that cored sediments are
overall finer than surface soils with different land uses, but coarser than
subsurface soils of gully wall. Organic matter content of cored sedi-
ments ranges from 1.1 to 10 g/kg, which displays similar ranges with
that of subsurface gully materials, but lower concentrations than that of
upland surface soils (Table 1). Organic matter concentration of upland
surface soils from woodlands and shrubs is higher than that of grass-
lands and arable lands. 137Cs content of sediments falls into the ranges
between 1.6 and 7.9 Bq/kg, with an average being 4.0 Bq/kg (Table 1).
They are higher than those of upland soils from arable lands and gully
wall.

3.2. Stratigraphy differentiation

Legacy sedimentary archives captured by the check dam represent
an integrated product of soil erosion from upland source areas and
sediment mobilization, transport and deposition through hydrological
pathways in the upstream catchment. Sedimentary stratigraphy differ-
entiation was performed based on two major assumptions. Firstly,
erosion and sediment dynamics across this semiarid landscape is strictly
defined by large magnitude, low frequency and short duration extreme
rainstorms in the rainy season (i.e., June–September), which produce
overland flows carrying enhanced suspended sediment concentration.
Secondly, Inter-storm and intra-event particle selectivity occurs during
sediment movement processes and its behavior has been well preserved
in check dam’s archives.

The first assumption was verified by analyses of monthly distribu-
tion trend of precipitation and rainfall days, using long-term daily data
recorded at a nearby Yan’an Meteorological Station. Mean annual
precipitation is 520.1 mm, of which 73% (381.5 mm) falls in the rainy
season (Fig. 3a). Mean annual rainfall days are 78.2 days, of which 58%
(45.2 days) occurs in the rainy season (Fig. 3b). Monthly distributions
of rainfalls with different magnitudes were also analyzed. 21%
(16.3 days) of annual rainfall days have intensity larger than 10mm,
which contribute to 70% (364.6mm) of annual precipitation, while 8%
(6.6 days) of annual rainfall days have intensity larger than 20mm,
which contribute to 44% (226.8mm) of annual precipitation. Of rain-
fall days with magnitude larger than 10mm and 20mm, 74%
(12.1 days) and 86% (5.7 days) occur during the rainy season, respec-
tively, which account for 80% (293.4mm) and 88% (200mm) of the
corresponding annual total precipitation (Table 2). It confirms that
precipitation varies greatly between seasons in this region. Annual
rainfall mainly occurs in the rainy season by extreme storms with large
intensity, low frequency and short duration. In order to relate the
linkage of sediment yield to precipitation regime, long-term sediment
load measured at Ganguyi (the final observation station of Yanhe River)
was analyzed to show its seasonal pattern. Mean annual discharge is
0.2 billion m3/yr, of which 47% concentrates in July and August. Mean
annual sediment is 0.37 billion t, of which 86% occurs in this two

months (Fig. 4). It thus can be deduced that the magnitude of erosion
and sediment yield, as well as its seasonal patterns are predominantly
determined by regional precipitation regime. But runoff and sediment
yield demonstrated a much more concentrated pattern than precipita-
tion.

Particle size variation can be observed according to the depth dis-
tribution of grain-size composition and 137Cs activity (Fig. 5). In this
core profile, 11 major sedimentary sequences can be identified ac-
cording to grain-size variations, with depth varying from 20 to 135 cm
(Fig. 5). In each structural unit, grain-size differentiation can be iden-
tified according to the distribution of sand fraction. A coarser layer is
overlaid by a relatively finer layer. Sampling at 5-cm equivalent in-
tervals indicates the resolution of our study. Flooding events with se-
dimentation depth less than 5 cm was masked by mixture of inter-event
sediment materials.

3.3. Chronology determination

Sediment chronology was determined by ascribing the identified
stratigraphic units to dates with occurrence of storms recorded by
historical daily precipitation data. Sedimentation history of the check
dam established by an interview with local farmers was applied as
complementary information. Chronology determination was carried out
on major assumptions: (i) storm runoffs from upstream catchment di-
rectly flow to the check dam. A major proportion of inflowing sediment
was retained by the dam, and sediment outflow was neglectable. (ii) No
historical human disturbance (e.g., sand dredging) and dam failure
have taken place, implying that sediment accumulation in the check
dam followed the natural temporal sequences of flooding occurrence.
(iii) The top layer of check dam infilling deposits was assumed to cor-
respond with the time (i.e., 1983) when the dam was silted up and a
side ditch was put into use for discharge outflowing. Consequently,
stratigraphic laminations across the 485-cm long sediment core showed
evidences of at least 11 significant depositional events in associated
with extreme rainstorms over the time period 1981–1983 (Fig. 5). A
date was assigned to each stratigraphic unit according to historical
rainfall records. Sedimentation rates for the 11 storm events were re-
established as ranging from 25mm to 135mm.

4. Discussion

4.1. Hydrological selectivity associated with sediment yielding processes

Absolute particle size is a conservative property that can be well
preserved in association with soil detachment and sediment redis-
tribution. Grain-size difference between check dam sediments and up-
land source materials reflects particle selectivity that took place in as-
sociation with different erosion processes. Fine fractions of upland
surface soils are preferentially eroded and removed by sheeting and
rilling processes during overland storm runoff events, resulting into
gradual enrichment of coarse particles in immobilized soils, while gully
erosion is mainly conducted in the forms of mass failure during which
all fractions of bulk soils are physically moved away in a single event.
Historical high magnitudes of surface erosion on farmlands contribute
to significant depletion of 137Cs content which is preferentially enriched
in surficial soil horizons. Soils from gully wall derived subsurface layers
also demonstrate relatively lower levels of 137Cs content. 137Cs activity
is significantly negatively correlated with particle size (Table 3), which
is consistent with the fact that 137Cs is preferentially absorbed on fine
particles which have relatively larger specific surface area.

Particle selectivity also occurs in association with sediment sorting
processes. Coarse-grained fractions of eroded sediments are more likely
to be trapped by filters or geomorphologic sinks. Particle size of sus-
pended sediment transported by streams is sensitive to discharge
magnitude. Discharge magnitude and flow velocity reflect the ability of
flows to remove and carry different portions of particles. Grain-size
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characteristics preserved in sedimentary archives in combination with
discharge measurements have been conventionally used as effectively
tracing proxies to infer the timing, frequency, and magnitude of his-
torical floods (Draut and Rubin, 2013; Schillereff et al., 2014). Coarser-
grained laminations preserved in sedimentary archives are indicative of
the occurrence of historical floods based on the theory that fluvial
discharge with higher hydrodynamic energy is capable of mobilizing
and transporting coarser particles, leading to the concomitant sedi-
mentation of coarser particles in fluvial depressions and stores (Toonen
et al., 2015).

The presence of sedimentary laminations in check dams of the Loess
Plateau has been documented by previous studies, which can be vi-
sually discriminated according to sediment texture (Zhang et al., 2006;
Wang et al., 2014a). Typical sedimentary lamination structure is

composed of fine deposits overlying on coarse layers. Difference in
particle size determines varying settling velocity and duration of sedi-
ment settling, which finally introduce lamination structures that follow
the natural sequence of sedimentation occurs. Typically, each strati-
graphic unit represents sedimentary product during a flooding event
(Zhang et al., 2006). Longitudinal particle size differentiation along
check dams has also been documented (Wang et al., 2014a). Grain-size
composition of sediment displayed a longitudinal fining trend. Large
particles preferentially settle in the upstream area when flow velocity
declines, while small particles can be transported further.

4.2. Impact of precipitation regime on sediment dynamics

Sediment dynamics is sensitive to rainfall characteristics in the

Fig. 3. Monthly distribution of rainfall variables at a nearby Yan’an Meteorological Station.
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semiarid Loess Plateau. Although the magnitude of soil erosion may be
governed by a series of factors, such as rainfall, topography, land use,
vegetation cover, seasonal pattern of soil erosion is predominantly de-
termined by intra-annual variability of precipitation regime. Many
rainfall variables (magnitude, duration and frequency) play different
role in governing sediment supply and redistribution across a range of
spatial and temporal scales, but historical daily precipitation can be
used as an effective indicator to infer the occurrence of erosion and
sediment events in paleo-environment studies. Sedimentation rates re-
produced from check dams are obviously correlated with daily rainfall
amount (Fig. 6). However, it is difficult to figure out specific criteria for
erosive rainfalls in view of their total amount. A former study revealed
an average rainfall amount for erosive events was 20mm in a catch-
ment with a similar drainage area of 8.97 km2 (Wei et al. 2015). In our
study, sedimentary stratigraphy was defined at 5-cm resolutions, which
means that rainfall events with sedimentation rates less than 5 cm may
be masked by the sampling approach.

4.3. Implications for future conservation strategy adjustment

Water discharge and sediment yield in the Yellow River have de-
clined significantly, of which a major proportion originate from the
Loess Plateau (Miao et al., 2010; Zhao et al., 2014). The same trend was

also observed for the Yanhe River (Fig. 7). Precipitation undergoes a
constant decline trend (Zhang et al., 2014a), which provides partial of
contribution to the observed hydrological changes. However, abundant
evidences suggest that the many human practices have much more
significant impact on water discharge and sediment yield than climatic
variability. But the specific contribution from each trajectory of human
activities needs to be quantitatively evaluated.

Human disturbance to sediment supply and transport has been de-
coupled by different trajectories of human practices. Soil conservation
practices (e.g., terracing, conservative tillage, land abandonment, re-
forestation) decelerated soil erosion from upland regions since the
1980s. Specifically, The reforestation campaign increases soil carbon
stock through land cover enhancement and litter input, especially in
surficial soils (Chang et al., 2011; Chen et al., 2007; Lu et al., 2013;
Wang et al., 2010). However, increasing concern has been raised on
overuse of soil water resources by vegetation rehabilitation (Feng et al.,
2016), which, in turn, will threatens vegetation succession and eco-
system sustainability. Contemporary conservation strategy should be
adjusted to focus on enhance conservation sustainability rather than
simply expanding its scale (Chen et al., 2015). For example, vegetation
pattern (suitable species selection and their spatial configuration) may
be improved to balance the trade-off between erosion control and soil
water consumption.

Table 2
Monthly distribution of rainfall variables at Yan’an Meteorological Station.

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual average

Precipitation
Total precipitation (mm) 1.7 3.2 12.0 27.4 44.2 62.6 121.5 117.4 80.0 37.0 12.0 1.3 520.1
> 10mm precipitation (mm) 0 0.2 4.0 13.6 27.8 45.3 93.6 94.9 59.5 20.7 4.9 0 364.6
Proportion 0 6% 33% 50% 63% 72% 77% 81% 74% 56% 41% 0 70%
>20mm precipitation (mm) 0 0 1.1 2.3 14.1 23.9 71.2 67.6 37.3 8.9 0.5 0 226.8
Proportion 0 0 9% 8% 32% 38% 59% 58% 47% 24% 5% 0 44%

Rainfall days
Total rainfall days 1.3 1.9 3.8 6.2 8.0 9.2 13.0 12.2 10.8 7.4 3.4 1.1 78.2
> 10mm rainfall days 0 0 0.3 0.9 1.5 2.0 3.6 3.7 2.8 1.3 0.3 0 16.3
Proportion 0 0 7% 14% 18% 22% 28% 30% 26% 17% 10% 0 21%
>20mm rainfall days 0 0 0.1 0.1 0.5 0.8 1.9 1.8 1.2 0.3 0 0 6.6
Proportion 0 0 1% 2% 6% 8% 15% 15% 11% 5% 0 0 9%

Fig. 4. Monthly distribution of discharge and sediment measured at Ganguyi Hydrological Station.
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Check dam construction is a major contributor to streamflow and
sediment reduction in the Loess Plateau. 163,000 check dams are
planned to be built mainly on tributary channels till 2020. Construction
of small- and medium-size cascade check dams on ephemeral streams
on perennial channels significantly changed the hydrological con-
tinuity, and brought about complex effect on runoff and sediment yield.
More specifically, in addition to the many functions of direct sediment
retention, gully stabilization and carbon sequestration provided by

check dams, water storage reduces sediment carrying capacity of
downstream reaches, which can also contribute to declines of sediment
discharge. However, significant reduction of water and sediment yield
leads to active channel incision and water shortage in the lower Yellow
River Basin. It has been claimed that check dam construction should not
be expanded, while maintaining the functionality of existing dams
(Wang et al., 2016a,b).

5. Conclusions

This study provides an alternative approach to infer historical se-
dimentary dynamics in a restored agricultural catchment of the Loess
Plateau, using legacy sedimentary archives that infill a check dam.
Sedimentary stratigraphy of the 485-cm long sediment core was defined
at 5-cm resolutions by continuous equivalent sectioning and differ-
entiated based on depth distribution of particle size composition and
137Cs profile. Discernable stratigraphic laminations, featured by a fine-
grained layer overlying on a coarse-grained layer, were observed.
Erosion and sediment dynamics across this semiarid landscape is
strictly defined by extreme summer storms with large magnitude, low
frequency and short duration. The identified laminations were then
assigned to 11 major storm events during 1981–1983 according to
historical storm records. Event-based sedimentation rates were re-
constructed to range from 25mm to 135mm. It can be concluded that
continuous analysis of core sediments extracted from the check dams
affords a diagnostic tool for determining the timing and magnitude of
historical sediment dynamics in combination with historical storm re-
cords, although sampling was not adjusted to follow the visual flood
sequences in our study.
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