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Abstract

The lower Jinsha River has the highest sediment yield rates of the entire Yangtze watershed; these
high yields have previously been attributed to a mix of the local geologic setting as well as intensive
human land use, particularly agriculture. Prior studies have not quantified long-term background rates of
sediment generation, making it difficult to know if modern sediment yield is elevated relative to the long-
term rate of sediment generation.

Using in situ '°Be in detrital river sediments, we measured sediment generation rates for
tributaries to the lower Jinsha. We find that the ratio of modern sediment yield to long-term sediment
generation rate is 5.9 + 2.8 (mean, 1 SD, n = 5), which is significantly higher than that elsewhere in
western China and implies contemporary rates of sediment export far exceed long-term rates of sediment
generation by weathering on hillslopes (1.9 £ 0.9 [median, 1 SD, n = 20]; (Schmidt et al., 2017)). Long-
term (thousand year) rates of sediment generation correlate best with the steepness of the upstream
watershed, a result found around the world. In contrast, modern sediment yield and the ratio of sediment
yield to sediment generation rates correlate best with agricultural land use and distance to the nearest dam.
Modern (1950s-1980s) sediment yield and the ratio of sediment yield to sediment generation also
correlate well with percent of the watershed containing landslides observable today. The significantly
higher modern sediment yield, lack of correlation between percent of the basin with landslides and long-
term rates of sediment generation, and widespread deforestation and agriculture in the region suggest that
landslide scars observable today are at least in part a result of human-induced land use change. Thus, we
conclude that a mix of geologic setting and human activity are-settingcontrol the-high contemporary
sediment yield rates oebserved-in the region-teday.
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Highlights

e Long-term rates scale with basin average slope throughout the lower Jinsha
o ediment yield is an average of five times greater than sediment generation
e People are raising sediment yield with agriculture and lowering it with dams

o Percent of basins with landslides is positively correlated to modern sediment yield



Introduction

Human activity in the environment can change the movement of sediment across the landscape in
varying ways, depending on the scale of the disturbance, size of the watershed, and type of disturbance (
Syvitski et al., 2005). For example, widespread construction of dams can greatly reduce the load of
sediment in rivers and agriculture and deforestation can increase erosion on hillslopes and often increases
sediment yield in rivers (Hewawasam et al., 2003). In areas with high natural erosion rates, large
volumetric contributions of landslides to the long-term sediment budget, and tectonically active geologic
settings, it can be difficult to fingerprint-discern the relative increase in erosion caused by human activity
(National Research Council, 2010). Landslide frequency and distribution can also be strongly influenced
by human activity, including deforestation and road building (Benda and Dunne, 1997; Bierman et al.,
2005). Without both long-term rates of sediment generation (often calculated using in situ '°Be in detrital
river sediment ADDIN EN.CITE (Bierman and Steig, 1996; Brown et al., 1995; Granger et al., 1996))
and modern sediment yields (from river gauging stations records in the region), it is difficult to compare
short-term sediment yields influenced by human action to long-term sediment generation rates controlled
by geologic factors (e.g., Kirchner et al., 2001).

In western China, prior studies find that human activity, in particular agricultural land use, has
increased sediment yield relative to long-term rates of sediment generation by approximately a factor of
two (Schmidt et al., 2017). The lower Jinsha, east of the regions previously studied in China ADDIN EN.
CITE (Chappell et al., 2006; Schmidt et al., 2017; Schmidt et al., 2011), has long been identified as a
region with unusually high contemporary rates of erosion and sediment yield (Jiang et al., 2015; Lu, 2005
). These elevated erosion and sediment yield rates are typically blamed on the effects of land use by
humans (Jiang et al., 2015; Lu, 2005). However, prior research only considers short-term sediment yield
and erosion data rather than considering long-term background rates of sediment generation as a baseline
by which to evaluate the contemporary data. In this paper, we consider the dual effects of geologic setting
and human activity in setting the ratio of modern sediment yield to long-term rates of sediment generation
in the lower Jinsha region of the Yangtze River watershed.
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Figure 1: (A) Location of the study area in Asia. (B) Distribution of rainfall (Yatagai et al., 2012), sample sites, first dams,
and basin boundaries in the study area. Italicized numbers and letters show approximate location of pictures in figures 2
and 6. (C) Slopes in the study area (NASA LP-DAAC, 2012). (D) Carbonate rocks (large orange shapes) (Burchfiel and
Chen, 2012) and landslides (small purple shapes) in the study basins. (E) Land use throughout the study area and




surrounding region (Chen et al., 2015).

2. Background

In situ-produced '°Be (1°Be;), measured in fluvial sediment, has been used extensively to quantify
rates of erosion and infer background rates of sediment generation mostly, but not exclusively, in small,
headwater basins. '°Be; concentration in detrital sediment is inversely related to erosion rate ADDIN EN.
CITE (Bierman and Steig, 1996; Brown et al., 1995; Granger et al., 1996) and erosion and sediment
generation rates calculated from measured '°Be; concentration are insensitive to human activities if depth
of erosion is shallower than the mixed soil layer (~100 cm) ADDIN EN.CITE (Bierman and Steig, 1996;
Brown et al., 1995; Brown et al., 1988; Granger et al., 1996; Reusser et al., 2015; Schmidt et al., 2016;
Vanacker et al., 2007; Von Blanckenburg et al., 2004).

Many prior studies compare modern sediment yield with long-term sediment generation rates to
understand if and how people are altering erosion and sediment supply to rivers ADDIN EN.CITE (e.g.,
Covault et al., 2013; Kirchner et al., 2001). When modern sediment yield and long-term sediment
generation are similar (e.g., ratio ~ 1), the landscape is interpreted as being in mass steady state ADDIN
EN.CITE (Matmon et al., 2003; Wittmann et al., 2011). When modern sediment yield is significantly
higher than long-term rates of sediment generation (ratio > 1), land use changes are blamed for increasing
contemporary sediment yield ADDIN EN.CITE (Hewawasam et al., 2003; Reusser et al., 2015; Schmidt
et al., 2017); this effect is more commonly seen in smaller watersheds (Vanmaercke et al., 2015). If long-
term rates of sediment generation significantly exceed modern sediment yield (ratio < 1), then the data are
interpreted as dams reducing modern sediment yield (Syvitski et al., 2005), rare but important sediment
transport events being missing by short contemporary records (Kirchner et al., 2001; Tomkins et al., 2007
), and dams raising apparent '°Bei-derived sediment generation rates through selective sourcing of
sediment from below the dam (Reusser et al., 2017).

Prior work in China has focused on major Yangtze tributaries (Chappell et al., 2006) and western
Sichuan/eastern Tibet (Schmidt et al., 2017; Schmidt et al., 2011). The Yangtze tributaries have ratios of
contemporary sediment yield to long-term rates of sediment generation from 0.2 to 2.3 (mean =0.8 £ 0.5,
n = 6) (Chappell et al., 2006) and a study of the main stem of the Yangtze, Mekong, and Tsang Po rivers
finds that only the Yangtze River has a ratio greater than one (1.26), while the Mekong and Tsang Po
rivers have ratios of 0.57 and 0.20, respectively (Schmidt et al., 2011). In contrast, in a large study of 20
gauging stations in Yunnan and eastern Tibet, the mean ratio of sediment yield to sediment generation is 1
.9+ 1.7 (Schmidt et al., 2017). The doubling of sediment yield compared to sediment generation is
attributed to human agricultural land use (Schmidt et al., 2017).

3. Study area

The lower Jinsha River is the region of the Yangtze River upstream of the confluence with the
Min River and downstream of the confluence with the Yalong River (Figure 1); the river forms the divide
between Sichuan (to the north/west) and Yunnan (to the south/east) in this region. The study area is
upstream of the Sichuan basin and appears to have a knickpoint moving through the system (Figure 2, 3),
possibly due to the formation of the Sichuan basin. In the uppermost basins of the study area, the
topography is rolling and the Jinsha flows through a wide open valley. In the middle of the study area, the
Jinsha is incised into a deep gorge inset into rolling topography. In the downstream reaches of the study
area, the landscape is steep and deeply dissected.

A series of four dams are being built along the main stem of the Lower Jinsha, which will
collectively store 41.3 billion cubic meters of water and generate nearly double the electricity produced
by the Three Gorges Dam (38 GW compared to 18.2 GW) (Yonghui et al., 2006). At the time of sampling



, the lower two dams had been closed (Xiangjiaba and Xiluodu) while the upper dams (Wudongde and
Baihetan) were still under construction. Numerous small dams, which likely trap sediment, dating back to
the 1950s are present in most tributary valleys (Lu, 2005).

Agriculture in the region is concentrated on less steep slopes, so there is an inverse correlation
between agricultural land use and steepness (R? = 0.50, p < 0.05) (Figure 1). Up to 42% of the basins
sampled are agricultural in land use (mean = 30%, minimum = 13%). The remaining area is a mix of
primarily forest and grassland (basins are up to 72% forested [ mean = 43%, minimum = 13%] and up to
50% grassland [mean = 25%, minimum = 8%]), although there are some significant lakes (one is nearly
3% of the area of one large basin; other basins are <0.5% water), urban areas (including Kunming, which
accounts for >3% of one basin area; other basins are up to ~1% urban [mean = 0.6%]), and shrublands (up
to nearly 5% [mean = 1.4%, minimum = 0.07%]). Although commercial logging is now banned in
western China and agricultural land on sloping hillslopes is being reforested, this has only happened in the
last ~20 years and prior to the late 1990s, both logging and cultivation of steep land were common in
western Sichuan ADDIN EN.CITE (Trac et al., 2007; 2013; Urgenson et al., 2010).

Rainfall varies little over the study area. Basins average 777 to 996 mm/yr of precipitation with
rainfall rates typically higher to the north of the river (in Sichuan) than to the south (in Yunnan) (Yatagai
et al., 2012). The climate is monsoonal and the vast majority of the rain falls in the summer months (June,
July, August, and September) (Yatagai et al., 2012). Mean annual temperature in the study region is 15°C,
with maximum temperatures during the rainy season (mean = 20° C during this time) (Jiang et al., 2015).
With the exception of one watershed (JS09), the region is classified as temperate, dry winter, and either
hot or warm summer. JS09 is classified as Arid steppe hot (Peel et al., 2007).

One subcatchment we sampled, the Xiao River, is the site of the Dongchuan Debris Flow
Observatory, a field site for the Chinese Academy of Sciences State Key Lab for Mountain Hazards
Research (Zhou et al., 2016). This tributary to the Jinsha is considered to be the most debris flow prone
region in China due to a mix of local geology a river flowing along fractured rock in a tectonically active
area and human activity, including both mining and agriculture (Wu et al., 2016).

Prior work in the region focused on modern rates of sediment yield and erosion. The region is one
of the highest sediment-producing regions-areas of the Yangtze basin ADDIN EN.CITE (Lu and Higgitt,
1998, 1999). Typical narratives assert that the mix of geologic setting and human activity (agriculture)
have caused the high rates of sediment yield ADDIN EN.CITE (Jiang et al., 2015; Lu, 2005; Lu and
Higgitt, 1998, 1999). One modeling study finds that highest rates of erosion are on agricultural slopes
between 15° and 35°. --Modelled they+epert-that-while-erosion rates range from 500 to 15,000 tons/km?-
year;; the mean in the study region is 5210 tons/km?-year (Jiang et al., 2015). Focusing on just one
tributary of the study area (the Longchuan River, the farthest west that we sampled), a study of discharge
and sediment yield reports that although soil erosion is severe in the watershed, sediment yield from the
watershed is <1000 tons/km?-year because of widespread construction of reservoirs in tributary valleys
since the 1950s (Lu, 2005). However, they do find a significant increase in sediment yield in the lower
reaches of the watershed, which they attribute to human activity (Lu, 2005). In addition, prior analysis
finds that sediment yield has generally increased in agricultural areas and decreased in urban areas over
the period record for gauging station data ADDIN EN.CITE (Lu and Higgitt, 1998, 1999).




Figure 2: Photos of the field sites going from upstream (A) to downstream (D) that show the increasing incision in the
landscape due to the upstream propagation of knickpoints. (A) Photo taken at site JS09. (B) Photo taken from sample
JS06 towards main stem of the Jinsha. (C) Photo taken of main stem of the Jinsha from road between samples JS03 and
JS04. The cliffs seen are only a few meters tall on the main stem of the Jinsha near sample JS05. (D) Photo taken near
sample JS03. Approximate location of photos shown in figure 1B.
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4. Methods
4.1 Field methods

During January 2016, we collected medium sand (250-850 pm) samples from the active river
channels of nine tributaries to the lower Jinsha River (Figure 1; Table S1); five are at or near gauging




stations with previously recorded sediment yield data ADDIN EN.CITE (Lu and Higgitt, 1998, 1999).
Sites were pre-selected for watersheds that span a range of basin-average slope (15° to 25°) and channel
steepness values (190 to 550) in order to capture the range of variability in the region. Samples were
collected from alluvial rivers in landscapes with varying degrees of agricultural land use. River banks
were typically not agricultural, although agriculture on hillslopes in the basins is common. While-
Although we did not see active forestry operation, we observed few forests and many bare slopes. We
also observed few reforestation sites, even though the Returning Farmland to Forest Program had already
been going on for more than ten years ADDIN EN.CITE (Trac et al., 2007; 2013; Urgenson et al., 2010).
In addition, hillslopes frequently had small, shallow landslides and little vegetation. Bedrock appears to
be covered only with shallow regolith or at the surface in much of the study area. The main stem of the
Jinsha River was being dammed with a series of large dams during the time we were doing field work. In
the downstream reaches of the study area, dams were already closed and the main channel of the Jinsha
was a series of large lakes. All samples were collected upstream of backwater from the dams. The results
for one sample (JS11) is the error weighted average of two samples (JS10 and JS11) taken ~2 km apart
from one another and processed separately.

4.2 Basin average parameters

We determined watershed boundaries using the 30 m GDEM topographic dataset (NASA LP-
DAAC, 2012) and then used the same elevation dataset to extract effective elevation (Portenga and
Bierman, 2011), average basin slope, and upstream area for each watershed. Rainfall data are taken from
the APHRODITE dataset (Yatagai et al., 2012). This dataset is coarser than other available datasets for
rainfall in the region, but has better spatial and temporal accuracy (Andermann et al., 2011). Land use was
determined from the Global Land Cover (GLC) dataset (Chen et al., 2015).

The study area has frequent landslides (Wu et al., 2016). To quantify the area of landslides in the
watersheds as a possible control on either long-term rates of sediment generation or modern sediment
yield, we visually mapped landslide scars in Google Earth and then determined the percentage of each
watershed that is covered by landslide source areas. The smallest landslide mapped is 22 m?, suggesting
that the limit to seeing and mapping landslides is ~20 m?.

Carbonate rocks are common in the study area. We determined the extent of carbonate rocks from
existing geologic maps (Figure 1D) (Burchfiel and Chen, 2012) and although up to 57% of watersheds are
underlain by carbonate likely containing little or no sand-sized quartz (Table S2), these rocks are
uniformly distributed across all elevations of the basins and the effective elevation used in determining
basin average erosion rates does not change when we exclude areas underlain by carbonate rocks from the
calculation.

4.3 19Be; data

Quartz from the samples was isolated and purified through a series of acid etches using a
modification of the method of Kohl and Nishiizumi (1992). 1°Be; was extracted from quartz following the
method of Corbett et al. (2016). Each batch contained one process blank and one CRONUS N standard (
Jull et al., 2015). Once the quartz was dissolved in hydrofluoric acid, aliquots were removed and analyzed
by inductively coupled plasma-optical emission spectroscopy (ICP-OES) to measure “Be content ADDIN
EN.CITE (Corbett et al., 2016; Portenga et al., 2015).

Isotopic ratios were measured using Accelerator Mass Spectrometry (AMS) at the Center for
Accelerator Mass Spectrometry at Lawrence Livermore National Labs and normalized to the ICN
07KNSTD3110 standard with an assumed '°Be/°Be ratio of 2.85 x 1072 (Nishiizumi et al., 2007) (Table
S1). Background correction was done using full process blanks, one of which was run with each batch of
10 samples. Samples were processed in two batches at UVM with blank measurements of 6.20x10-10+ 2.
97x1071 and 2.17x10°15+ 2.29x107!°; blank measurements are at least 30 times lower than measured ratios
in samples.



Background sediment generation rates [tons/km?-yr] were calculated from '°Be; concentrations
using the CRONUS Earth online erosion rate calculator version 2.3 using constants file 2.3 (http://hess.
ess.washington.edu/) (Balco et al., 2008) (see table S3 for CRONUS input table). We calculated the
effective elevation of each watershed using the approach of Portenga and Bierman (2011) (Table DR2).
We did not adjust calculations for watersheds with dams, but recognize that this could result in
overestimating sediment generation rates for samples taken in close proximity to dams if those dams
effectively restrict or cut off sediment supply from upstream something unknowable without extensive
fieldwork and details of the dam operations (Reusser et al., 2017). We used the time-invariant scaling
scheme of Lal (1991) and Stone (2000) and the global production rate of '°Be; -of 4.10% 0.35 atoms/g-yr (
Balco et al., 2008).

5. Results and discussion

Using a combination of '°Be;j-derived sediment generation rates and previously published
sediment yield data for the region, we explore the relative influence of agricultural land use, topography,
and climate on the high sediment yield in the lower Jinsha River compared to other parts of the Yangtze
River system. In this section, we consider the controls on long-term rates of sediment generation, modern
sediment yield, and the ratio of sediment yield to sediment generation. We then further compare our
sediment generation data to a prior study modeling hillslope erosion in the lower Jinsha (Jiang et al., 2015
). Given the small number of watersheds we sampled in this study region, formal statistical tests have
little power, especially for the sediment yield values and the ratio of long-term sediment generation to
short-term sediment yield, where only five watersheds have data. However, qualitatively plots of such
data still provide qualitative insight into the behavior of the system. Quantitative statistical data are
available in the data repository (table DRS).

Long term, background sediment generation rates in the study region vary from 25 to 418
tons/km?-yr (mean = 190 129 tons/km?-yr, n = 9), but there are no systematic patterns of through the
study area (Figure 4A; table S4). Long-term rates of sediment generation correlate best with the distance
to the first dam upstream of the sample and the mean hillslope steepness in the watershed (Figure 4); both
are positive correlations. In studies elsewhere, distance to dams is inversely correlated with erosion rates (
and sediment generation rates) because dams bias sediment to come from lower altitude locations with
lower 1°Be; production rates (Reusser et al., 2017). We interpret the positive correlation with distance to
dams as an indication that both higher sediment generation rates and dams are found in steeper areas.

The positive correlation between the hillslope steepness in the upstream watershed and sediment
generation rates suggests that steeper hillslopes typically have higher rates of sediment generation, a result
that has been found in other studies using '°Be; to derive sediment generation and erosion rates (as
summarized in Portenga and Bierman, 2011). This could be related to the knickpoint moving through the
region high, flat, and undissected parts of the watershed are less likely to have dams and likely to have
lower erosion rates, while incised and steeper parts of the watersheds are more likely to have both dams
and higher erosion rates.

Five of the basins also have sediment yield data (1950s-1987) from Chinese gauging stations
ADDIN EN.CITE (Lu and Higgitt, 1998, 1999), which vary from 624 to 2792 tons/km?-yr (mean =
1297+ 873 tons/km?-yr, n = 5). These data eorrespond-were collected during a te-period s-of expanding
agriculture and deforestation throughout China (Schmidt et al., 2011). As with the long-term rates of
sediment generation, these-sediment yield values are not systematically distributed in the study area (
Figure 4b). In addition, sediment yield does not correlate significantly with any metrics we analyzed (
Figure 5). This is likely due to the small number of gauging stations included within our study area and
noise in the sediment yield record. The strongest correlation is with distance to the first dam, where
sediment yield rates are positively correlated with distance to dam. Dams date to as early as the 1950s and
sediment yield data from the 1950s-1987 (Lu and Higgitt, 1999). Dams trap sediment and thus will




artificially lower sediment yields; a longer distance to dams will thus increase sediment yield from
intervening hillslopes. We also see an inverse relationship between sediment yield and basin area due to
increased trapping of sediment and overall lower sediment delivery ratios with increasing basin area (
Trimble, 1977). Finally, we see a direct relationship between percent agriculture in the upstream
watershed and sediment yield. Agriculture typically increases erosion and thus sediment yield, as ;this-
has been observed elsewhere in China (Schmidt et al., 2017; 2011).

Figure 4: Maps showing (A) long-term sediment
generation rates, (B) modern sediment yield rates
ADDIN EN.CITE (Lu and Higgitt, 1998, 1999), and (
C) the ratio of sediment yield to sediment generation.
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When considering the ratio of long-term rates of sediment generation to short-term rates of
sediment yield, ratios range from 2.9 9.4 (mean = 5.9+ 2.8, n = 5); the highest ratio corresponds to the
basin with the highest short-term sediment yield and second highest long-term sediment generation rate (
Figure 4C). The ratio of modern rates of sediment yield to long-term rates of sediment generation does
not have any significant correlations with the parameters considered, although generally the data follow
the same patterns as the modern sediment yield data direct correlations with area in agriculture, distance
to the nearest dam, slope, and percent of the basin with landslides and inverse correlations with basin area
and mean annual precipitation (Figure 5). In terms of geologic control, we see that slope steepness is
directly related to the ratio of modern sediment yield to long-term sediment generation. In terms of human
effects on the system, it seems that dams are artificially lowering the modern sediment yield ADDIN EN.
CITE (e.g., Covault et al., 2013; Syvitski et al., 2005) and thus the ratio between modern sediment yield
and long-term sediment generation. In contrast, agriculture appears to be generally raising the ratio of
modern sediment yield to long-term sediment generation in the study area.

Landslides could be entirely a natural geologic control or increased by human activity (
deforestation, road building, and agriculture) in the region Gneclading deforestationroad-building and-
agriculture)-(Benda and Dunne, 1997). If the landslides were entirely geologic in origin, we would expect
the '°Bei-derived sediment generation rates to account for these slides because the basins are large enough
to integrate the sediment from landslides (Niemi et al., 2005). However, we see-find a significantly higher
modern sediment yield compared to long-term sediment generation. In addition, although the region is
classified as a humid temperate climate, we-seethere are few trees in the study area. Thus, it appears that
landslides in this region are in large part caused by current and/or previous deforestation and agriculture
and the eentreleffect of landslides enin raising sediment yield eresion- is a human facterrather than
geologic factor. Thus, we conclude that the ratio of modern sediment yield to long-term sediment
generation is driven by a mix of both human and natural factors.

We find that previously modeled RUSLE erosion rates (Jiang et al., 2015) correlate to our new
long-term sediment generation rates (R? = 0.51, p < 0.05), but the mean of modelled rates is 28 times
higher (17-166 times). Similarly, the RUSLE-derived erosion rates are a mean of five times (1.9 to 6.3
times) greater than sediment yield values in the region. Since land use, topography, and precipitation are
inputs into the RUSLE model, it is not possible to further explore parameters controlling this ratio they
would be auto-correlated. However, these data suggest that modern hillslope erosion is several times
higher than modern sediment yield which is, in turn, several times higher than sediment generation rates.

The high rates of modern erosion and sediment yield relative to long-term rates of sediment
generation suggest unsustainable erosion in the study area, as previously found in the eastern United
States (Reusser et al., 2017). The sediment being eroded off the hillslopes must be accumulating
somewhere in the watersheds because it is not all making it to the rivers (Trimble, 1977). It seems likely
that the sediment is accumulating in reservoirs as well as in terraces, alluvial fans, and toe slope deposits
throughout the watershed, a hypothesis confirmed by observations of sediment choked channels and
alluvial fans observed in the field (Figure 6).
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Figure 5: Correlations between measures of erosion (from top to bottom: sediment generation rate, sediment yield
rate, and the ratio of sediment yield to sediment generation) as a function of basin average parameters (from left to
right: % agriculture in the basin, basin area, distance to first dam, % landslides in the upstream basin, mean slope of
the basin, and mean annual precipitation). All correlations discussed are detailed in table S5.




Figure 6: Pictures in the study area showing the vegetation, landslides, and sediment storage. (A) Large rocks, small toe
slope storage, and bare hillslopes near JS07; (B) Shallow landslides, deforested hillslopes, and sediment storage near JS11
5 (C) In channel sediment storage near JS05; (D) Alluvial fan and sediment storage in the main stem of the Jinsha near
JS05; (E) Shallow landsliding and in channel sediment storage at JS08; (F) Shallow landsliding, bare hillslopes, and in
channel sediment storage near JS08. Approximate photo locations shown on figure 1B.

6. Conclusions

Using long-term rates of sediment generation from nine tributaries to the lower Jinsha and
sediment yield data from five gauging stations with data from the 1950s-1987 located near those
tributaries, we find that the ratio of modern sediment yield to long-term sediment generation is controlled
by a mix of agriculture, dams, and landslides in the watersheds. Agricultural activity does not seem to




play as large a role in setting those ratios as dams and landslides despite known increase in local erosion
due to agriculture. At the basin scale and on short time scales, human activity decreases sediment yield in
rivers through dam construction. Slope steepness appears to control long-term rates of sediment
generation while the frequency of landslides, which may-bat least in part are due to human activity s-in the
watershed, am-controls both the ratio of long-term to modern and the modern sediment yield.
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