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Collaborative research: Deciphering connections among land management, soil erosion, and sediment 
yield in large river basins 

Project Summary 

Using a unique, and unusually complete, daily record of sediment yield from the major rivers of western 
China, along with a fluvial network analysis of meteoric and in situ 10Be, 137Cs, and 210Pb, we will 
decipher the connections between land use, soil erosion, and sediment yield in 4 large rivers draining the 
Tibetan Plateau. Sediment yield data, measured daily for 44 stations in Yunnan and Tibet, each with up to 
27 years of daily sediment concentration and discharge record, suggest that in these basins there is no 
systematic increase in sediment yield over time despite significant land clearance. Tracing sediment 
sources and sinks will allow us to understand why 30 years of extensive deforestation did not change 
sediment yield. Such work is critical for understanding the response of the landscape to land management 
decisions in high relief areas that support a growing number of the world’s expanding population.  

We propose to leverage the record of sediment yield in Yunnan and Tibet and known dates for major land 
use changes with isotopic measurements in detrital sediments at locations for which we have sediment 
yield data. We will use a nested and phased sampling approach where we first focus exclusively on three 
small sub-basins of the Mekong River with at least 20 years of daily data – one of which is in a region 
experiencing rapid climate change. Our second field season will be framed by results from the first. We 
tentatively expect to sample broadly at each of the sediment gauging stations. The in situ 10Be samples 
will allow us to calculate basin-wide background erosion rates for each location – rates integrated over 
millennial time scales. The meteoric 10Be samples will be a tracer for sediment mixing from heavily 
disturbed and less-disturbed regions. The meteoric 10Be, in combination with sediment yields, will be 
used to calculate erosion indices for each basin, a measure of soil loss. Short-live nuclides, 137Cs and 
210Pb, will suggest how much of the sediment in transport comes from deep gully/landslide erosion and 
how much comes from near surface sources. This project will provide background erosion rates against 
which to compare modern sediment yield data and will provide a robust means of identifying sub-basins 
that have been heavily disturbed and are losing soil, even if much of that soil is not making it into the 
river network. Geomorphic mapping, both in the field and through remote sensing, will determine where 
and how much eroded sediment is stored on the landscape as colluvium and in terraces.  

Intellectual merit – Relying on a daily record of sediment yield, a chronology of government prescribed 
land-use changes, and new developments in isotope geochemistry, this will be the first study to rigorously 
and quantitatively approach the question, “How much sediment moves, where does it come from, and 
where does it go when land-use changes in heavily populated mountain areas”. Such data have the 
potential to transform the way in which we understand both short- and long-term dynamics of sediment 
movement within and out of mountain ranges in response to disturbance. The team doing this research 
brings deep experience in isotope analysis and application, familiarity with fieldwork in China, and 
established scientific contacts within the study area.  

Broader impact – This project will provide information about how land-use affects soil erosion and 
sediment yield at different spatial and temporal scales, critical data for implementing meaningful land-use 
policies in mountainous regions around the world. The Chinese government is building a series of dams 
in the study area, the source of fresh water for nearly 2 billion people. Understanding the time scales over 
which sediment moves off slopes, into channels, and downstream is critical for determining the life span 
of these and other dams in mountainous areas worldwide. This project will bring together an early career 
faculty member at an exceptional undergraduate institution, a senior researcher who directs a state-of-the 
art R-1 research facility and a scientist at a research facility in order to achieve maximum enrichment of 
both undergraduate science education and pedagogical training for the doctoral students.  International 
exchanges are key to this project – a Chinese student will do science at UVM and Oberlin; Schmidt, the 
UVM PhD student, and Oberlin students will do field work in China with our Chinese collaborators. 



Collaborative research: Deciphering connections among land management, soil erosion, and sediment 
yield in large river basins 

Project Description 

This proposal describes a systematic, multidisciplinary study of the relationship between land-use and 
fluvial sediment transport in a mountainous region of western China. In this region, a unique hydrological 
dataset provides a framework to relate sediment transport changes to land-use, in the context of rapid 
urbanization and climate change. We will use hydrological observations and isotopic measurements to 
estimate sediment transport over a variety of temporal and spatial scales, determine the sources and sinks 
of the sediment, and tie our findings to regional land-use history. In this proposal: 

1) We will show that understanding the source and fate of sediment is important because it will 
allow us to unravel the effect of land-use on sediment transport in sensitive mountain regions 
undergoing population expansion, provide critical information for development and 
environmental conservation projects, and better allow us to use sediment flux measurements on a 
variety of time scales to estimate geological-time-scale rates of mass export from the landscape; 

 

2) We describe the methods and datasets we will use and explain what information about sediment 
sources, transport and sinks we will gain from each of these methods; and, 

 

3) We explain how we will use this information to achieve the overall goals.  

The PI, Amanda Henck, changed her name to Amanda Schmidt as of fall 2010; therefore references to 
her work may appear under both last names. 

1. Introduction 

Rugged mountains and the rivers draining them are dynamic systems where erosion varies over time and 
space. Human impact can be significant. Land-use changes, such as clearing slopes for timber and farm 
land, rapidly mobilize hillslope sediment (Hooke, 1994; Bierman et al., 1997; Hooke, 2000). Some of this 
sediment moves directly to river channels, where it can cause rapid and massive aggradation (Reusser and 
Bierman, 2010), impair water quality, and prematurely fill reservoirs. However, much of this material is 
trapped on footslopes, in colluvial wedges, and in alluvial and debris fans (Costa, 1975; Trimble, 1977). 
Understanding how quickly steep hillslopes respond to land-use change and where the sediment they shed 
goes is not only scientifically important but also of great practical importance as Earth’s exponentially 
growing population usurps increasingly marginal steeplands for food and timber production. 

Sediment budgets (a quantitative means of reporting where sediment comes from, where it is stored, and 
where it goes) are a fundamental tool in the study of Earth surface processes (Dietrich et al., 1982). Yet, 
until recently, quantifying rates of sediment production, storage, and delivery to the channel from 
hillslopes were difficult, if not impossible, tasks that required specific, unique settings and techniques 
(i.e., Dietrich and Dunne, 1978). Suspended sediment data provides a means of measuring sediment yield 
over short time intervals (c.f., Judson and Ritter, 1964) and are often used to estimate long-term rates of 
mass loss (erosion) from drainage basins. Such data, however, are usually fragmentary in nature, e.g., 
grab samples collected at varying time intervals, and rely on assumptions of steady state. Furthermore, 
extrapolating short-term sediment yield data is uncertain and may be biased by irregular sampling, use of 
sediment rating curves, sediment storage in dams, and sediment generated from development/agriculture.  

Over the past 20 years, isotopic analysis has opened new ways of quantifying the amount and source of 
sediment moving over the landscape and through fluvial systems. Measurements of in situ and meteoric 
10Be in fluvial sediments have been used to estimate rates of sediment supply (Brown et al., 1988; Brown 
et al., 1995; Bierman and Steig, 1996; Granger et al., 1996), for sediment budgeting (Nichols et al., 2005), 
and to trace sediment sources (Clapp et al., 2001; Reusser and Bierman, 2010). Similarly, 137Cs and 210Pb 
have been measured in fluvial sediment to identify sediment sources (Walling and Woodward, 1992).  
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We propose to apply these well-tested isotopic analyses to understanding the effects of Chinese policy on 
sediment yield in the International Rivers of Yunnan and Tibet (IRYT). The IRYT are the rivers that drain 
the eastern and southern Tibetan Plateau. The region includes the Tsangpo, Salween, Mekong, and Red 
Rivers and lies between 20o and 34oN and 80o and 105oE at elevations ranging from 200 to over 6000 m; 
has mean annual rainfall between 180 and 1500 mm/yr; and mean local relief between 150 and 3000 m. 

The IRYT are of particular interest because: 1) they contain part of the Three Parallel Rivers (TPR) 
UNESCO World Heritage Site, where proposals for dams along the Salween and Mekong Rivers (Feng 

and He, 2004; Magee, 
2006) may result in the 
TPR being moved to 
the World Heritage 
Sites at Risk List 
(IUCN, 2006); 2) the 
Yangtze River has 
been extensively 
studied during 
planning for and 
construction of the 
Three Gorges Dam; 
and, 3) there is a long 
record (up to 27 years) 
of daily sediment yiel
measurements for 44 
stations in th

d 

e region 
igure 1). 

f 
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We propose to use these Chinese hydrology data as a framework on which to combine a variety o
modern isotopic measurements and land-use-history observations into a coherent story about the ef
land-use changes in a region that is culturally, environmentally, and geologically important. 

Figure 1: Location of stations in the dataset. The brown boundaries are the 
unique area sampled by each station. Stations we will focus on in the first 
field season are noted (11, 35, and 49).IRYT rivers are also labeled. 

2. Justification of Research 

Our proposed research approaches a fundamental issue in the hydrologic sciences: the movement of 
sediment in large river systems and the effect of land-use change on sediment budgets in mountainous 
terrain. Previous research in western China suggests that on large scales sediment yield does not correlate 
with land-use, population density, or geomorphic/climatic parameters such as mean local relief, monsoon 
rainfall, or mean annual rainfall (Henck et al., in press). We propose to determine why this lack of 
variability occurs. Specifically, we will use an exceptional and unique suspended sediment load dataset 
from four major Chinese rivers in conjunction with new isotopic data to address these questions: 

1. Do mass fluxes estimated using sediment yield data and in situ 10Be measurements differ, and if 
so, how and why do they differ? 

2. Are mass and isotope fluxes out of basins in mountainous terrain related to specific land-use 
histories over the past 50 years?  

3. Has climate change affected these fluxes? 
4. Do specific areas of the landscape function as sources and sinks of sediment? If so, is the location 

of these areas related to land-use, underlying geology, or topography?  

In addition to these fundamental issues in hydrologic sciences, broader impacts of our work include 
addressing methodological issues in the application of sediment isotopic tracers to river systems such as:  
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1. Can sediment fluxes and sources be more reliably determined by measuring multiple isotopic 
systems in each sediment sample (in situ 10Be, meteoric 10Be, and the short-lived radionuclides 
137Cs and 210Pb)?  

2. Given the monsoonal nature of precipitation and runoff in the region, do seasonal changes in 
erosion processes and sediment sources cause sediment deposited during the monsoon to have a 
different isotopic composition than sediment sampled from the channel during low flow? 

3. What, if any, effect does grain size have on the concentration of meteoric 10Be and short-lived 
isotopes in fluvial sediment? 

3. Experimental Design 

To answer the questions posed above, we will combine analysis of sediment yield data collected daily 
over periods of up to 27 years at 44 stations with isotope data for sediment collected at each station. We 
propose a three-pronged, phased approach where data from year one inform the sampling in year two. 

1) During field season one and the following year, we will perform detailed analysis of two 
watersheds which are similar in topography, climate, and land-use but have extremely different 
calculated sediment yields. Our work will use remote sensing and Chinese land-use data (checked 
in the field) to determine land-use change over time, Chinese sediment data for modern sediment 
yields, and meteoric and in situ 10Be, 137Cs, and 210Pb for sediment fingerprinting and long term 
denudation rate calculation. Samples will be collected from both the previous year’s flood 
deposits and from the active channel to allow us to determine the different sources and sinks of 
sediment during the monsoon and non-monsoon seasons. We will also split some samples for 
analysis of grain size effects on the short-lived isotopes and meteoric 10Be.  
 

2) During field season one and the following year, we will focus on a small basin where climate 
(temperature) has changed rapidly in order help us to separate the relative effects of climate and 
land-use. We will perform detailed sampling for all isotopes as well as determine pre-settlement, 
paleo-erosion rates (from river terrace sediment) in this basin where county weather station data 
suggest that MAT is changing at a rate of 10oC/100 yrs over the last 25 years (Haynes, 2010). 

 

3) During field season two and the following year, Phase 2 of the project will include collection of 
samples for meteoric and in situ 10Be and the short-lived isotopes at the sites of all Chinese 
gauging stations combined with land-use analysis based on remote sensing, Chinese government 
land-use data, and field checking of these data sources. The specific distribution of samples (in 
channel and previous year’s flood deposits) will be determined by the results from year one. 

 
Figure 2: From left to right: A basin heavily altered by human use, a typical distribution of land-use in 
the upper Salween watershed, and a relatively pristine section of the upper Mekong watershed. 

4. Background – Study site 

Environmental degradation is well documented in modern Chinese history (Figure 2). Three major 
Communist government policies, known as the “three great cuttings”, are blamed for mass deforestation 
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since 1949: 1) the Great Leap Forward (1958-
1960), when widespread “backyard” steel 
furnaces induced extensive deforestation; 2)
the “Grain as a Key Link” policy (1966-197
to clear land for expanding cropland; and, 3) 
“Opening and Development” in the early 
1980s when free markets opened and people 
could benefit financially from trees they cut 
and sold (Shapiro, 2001; Hyde et al., 2003). In
response to concerns that upstream land-use 

was causing downstream flooding, a 1998 policy banned logging in western China and the 2003 Grain to 
Green and Sloping Land Conversion plans banned farming on slopes with angles greater than 20o and 
mandated tree planting on these slopes (Trac et al., 2007) (Figure 3).  

 
6) 

 

137

described by Henck at al. (2010a; http://depts.washington.edu/shuiwen).  

Figure 3: A reforestation project in Sichuan on former 
agricultural land. 

Analysis of regional data leads to complicated 
conclusions regarding the impact of these 
logging events on erosion in western China. For 
example, up to 40% of forests in Sichuan were 
cut in modern times (Winkler, 1996) and this 
has been blamed for increased sediment load 
and subsequent flooding in the Yangtze Basin 
(Chen, 2000; Yin and Li, 2001; Yi, 2003). In 
contrast, a number of studies conclude that 
human activity and modern policies have not, 
on average, increased sediment yield in the 
Yangtze River (Lu and Higgitt, 1998; Higgitt 
and Lu, 1999; Lu and Higgitt, 1999; Lu et al., 
2003a; 2003b) or have decreased sediment yield 
to the river (Xu, 2000; Chen et al., 2001a; Xu, 
2005; Wang et al., 2007a; 2007b). On a finer scale, Higgitt and Lu (1996) use Cs to show that although 
soil erosion was increasing in the Upper Yangtze watersheds over the period from the late 1940s to the 
late 1980s, sediment yield in rivers did not increase, suggesting that sediment is being stored and not 
leaving the basins. Other studies found sediment loads increased in mountainous tributaries and decreased 
in urban tributaries (Zhang, 1999; Zhang and Wen, 2002; 2004).  

Figure 4: A widening channel draining 30 km2 basin 
which was extensively logged during all three great 
cuttings.  

In a rural township in Sichuan, local slash and burn agricultural practices striped the hillslopes of 
vegetation and deposited sediment into the main river valley (Collins et al., 2011). When the watershed 
was then heavily logged during all three “great cuttings” (Trac et al., 2007), the single river channel set in 
a wooded floodplain was transformed into a widening channel actively eroding into hillslopes and 
undercutting roads and houses (Urgenson et al., 2010) (Figure 4).  

5. Results of our preliminary research in the region 

To date we have completed a study of trends in sediment yield data over the period of record and have 
measured in situ 10Be in 6 detrital sediment samples from gauging station locations in the upper Salween, 
Mekong, and Tsangpo Rivers, and find little to no effect of land-use change on sediment yield (Henck et 
al., 2006a; 2007; 2009; in press).  

Sediment yield data 

We used daily mean total suspended sediment and discharge data compiled for 44 stations in the IRYT 
operated by the Ministry of Hydrology of the People’s Republic of China from 1953 to 1987 (Ministry of 
Hydrology, 1962-1989); data after 1987 are not publicly available. The data are compiled in a database 
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th Figure 5: Mean annual sediment yield for unique area 
sampled by each station and averaged over all the 
years of data available for each station. 

stations, which individually have one to 
twenty-seven years of data available. For the 
seventeen stations with stations upstream
them in the same basin, we calculated the 
sediment yield for both the intermediate 
reaches between stations and the entire 
upstream area (Figure 5).  

We find no systematic trends with time
sediment yield at any stati

stations, which individually have one to 
twenty-seven years of data available. For the 
seventeen stations with stations upstream
them in the same basin, we calculated the 
sediment yield for both the intermediate 
reaches between stations and the entire 
upstream area (Figure 5).  

We find no systematic trends with time
sediment yield at any stati
correlation between sediment yield and bo
rainfall and fraction land under cultivation 
(from county-level Chinese data) (Figure 6).  
 

correlation between sediment yield and bo
rainfall and fraction land under cultivation 
(from county-level Chinese data) (Figure 6).  
 

 

Figure 6: Variation in sediment yield decreases with increasing area (a), and there is no correlation 
between sediment yield and relief (b), a weak correlation between sediment yield and rainfall (c), no 

he upper reaches of the Salween, Tsangpo, Yangtze, and 

where on the 
y landscapes shed sediment over time were 

stems, 

correlation with population density (d), a weak correlation with fraction of agricultural land from 
Chinese data (e), and no correlation with crop land from satellite land-cover data (f). 

Erosion rates measured from in situ 10Be 

Using the measured concentration of in situ produced 10Be, we estimated basin-scale erosion rates in 6 
detrital sediment samples collected from t
Mekong Rivers at approximately the same location as four Chinese hydrology stations and find no 
systematic difference between the short- and long-term erosion rates (Figure 7).  

6. Background – Tracing river sediment with isotopes 

Streams and rivers move large amounts of sediment; yet, until recently, determining 
landscape river-borne sediment originated and how rapidl
both largely unanswerable questions. Now, by combining proven techniques in multiple isotopic sy
hydrologists have the data and analytical techniques to begin answering these questions.  
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Figure 7: Erosion rates inferred from sediment yield data 
compared with those measured from in situ 10Be in detrital 

r sediments. Error bars are shown. We use reported errors fo
10Be data and estimate 50% errors on sediment yield data. 
Salween, Mekong, and Yangtze River 10Be data are from 
Henck et al.(in revision), Tsangpo River 10Be data are from 
Finnegan et al. (2008), and Yangtze River sediment yield 
erosion rates are calculated from Higgitt and Lu (1996).  

Measuring suspended sediment loads allows estimates of contemporary sediment yield – the rate at which 
sediment moves through river systems over a period of record. Initially, fragmentary sediment yield data 

 

ent 
on 

, 

 
ilar 

(discrete samples of suspended sediment concentration convolved with discharge data) were used to 
estimate long-term rates of landscape change assuming a balance between sediment generation (erosion) 
and sediment transport (Dole and Stabler, 1909; Judson and Ritter, 1964). Soon, more detailed work 
showed the situation to be far more complex. First, much of the eroded sediment never made it into the 
fluvial network, at least over human time scales (Trimble, 1977). Second, the extrapolation of sediment 
discharge through the use of sediment rating curves was fraught with error because sedigraphs typically 
display significant hysteresis (Jansson, 2002). Third, there are, in some locations, effects of basin size on
sediment yield – the sediment delivery ratio (Walling, 1983). Fourth, sediment is often delivered to river 
systems in pulses due to stochastic events such as landslides, which occur infrequently but greatly affect 
long-term erosion rates; short-term sediment yields often miss these events (Kirchner et al., 2001). 

Enter isotopes. The ability to measure a variety of rare nuclides associated with river sediment has 
dramatically improved our understanding of sediment generation rates and large-scale, fluvial sedim
transport over the past several decades. Specifically, three isotope systems have seen wide applicati
monitoring sediment generation and tracing sediment as it moves into and through river systems. 

1. Meteoric 10Be (t1/2 = 1.38 My), produced in the atmosphere and delivered to Earth’s surface in 
precipitation and dry-fall, sticks tenaciously to sediment (Valette-Silver et al., 1986b) and 

10accumulates in soil A- and B-horizons. The concentration of meteoric Be provides a means to 
determine whether soil production and soil loss are in balance (the erosion index of Brown et al., 
(1988)), estimate rates of landscape erosion over millennial time frames (Helz and Valette-Silver
1992; Bierman et al., 2009), and, through the use of sediment cores in receiving bodies, detect 
erosion events tapping the meteoric 10Be-enriched, soil horizons (Valette-Silver et al., 1986a). 
Meteoric 10Be is also useful as a tracer of sediment sources provided a contrast in concentration 
exists between potential sources (Helz and Valette-Silver, 1992; Reusser and Bierman, 2010).  
 

2. In situ 10Be (t1/2 = 1.38 My), produced in rock and soil by the interaction of cosmic rays with 
atoms in mineral lattices, is found primarily within a meter or two of Earth’s surface (Lal and 

10Peters, 1967; Lal, 1988; 1991). The concentration of in situ-produced Be in river sediment is 
inversely proportional to the average erosion rate of the basin (Brown et al., 1995; Bierman and
Steig, 1996; Granger et al., 1996). On the scale of hillslopes, in situ 10Be concentrations are sim
over the top several decimeters as soils tend to be well mixed by both physical and biological 
processes (Figure 8); in situ 10Be concentrations decline exponentially over the next several meters 
as isotope-producing neutrons are attenuated. Over the past decade, over 1000 basin-scale erosion 
rates have been estimated using 10Be concentrations measured in fluvially transported quartz 
(Bierman et al., 2001; von Blanckenburg, 2005; Portenga et al., in review). Similar to meteoric 
10Be, in situ 10Be can also be used as a tracer of sediment source (Clapp et al., 2002).  
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3. Short-lived radionuclides, 137Cs (t1/2 = 30 y) and 210Pb (t1/2 = 22.2 y) are delivered to Earth’s 
surface both in dry-fall and by precipitation. 137Cs is an artificial radionuclide, produced and 

960s. 
ration 

 

 and 
).  

released primarily by the atmospheric testing of nuclear weapons in the late 1950s and early 1
210Pb is produced in the 238U decay series and is thus present in all soils, its measured concent
“supported” in part by the decay of 226Ra to 222Rn and then to 210Pb. “Unsupported” 210Pb is 
delivered from the atmosphere where 222Rn, having escaped as a gas from soil and rock, decays to 
solid 210Pb and falls out. Because both 137Cs and unsupported 210Pb are short-lived and are deposited
on Earth’s surface, they accumulate primarily in near-surface soil (Walling and Woodward, 1992; 
Kaste et al., 2007). Sediment derived from deeper than a few decimeters (from gully erosion, 
landsliding, or river cut-bank failure) rarely contains measureable levels of either 137Cs or 
unsupported 210Pb (Wallbrink and Murray, 1993). Thus, 137Cs and 210Pb are excellent markers for 
the depth of soil erosion providing sediment to river networks as shown by Olley et al. (1993)
Whiting et al. (2001) and summarized by Walling and Woodward (1992) and Bierman et al. (1998

Figure 8: Compilation of “typical” depth 
profiles for three isotopic systems proposed 
in this research. A. 137Cs and unsupported 
210Pb in English pastureland; penetration 
depth ≤ 30 cm, maximum activity 5 to 10 cm 
(Walling and Woodward, 1992). B. Meteor
10Be in Merced River terraces; penetration 
depth > 300 cm, maximum concentration 150 
cm (Pavich et al., 1986). C. In situ 10Be, 
Santa Cruz marine terraces; well mixed 
upper 50 cm, penetration depth ~200 cm, 
maximum concentration ~50 cm (Perg et
2001

ic 

 al., 
).

Although the three isotopic systems described above have 
best of our knowledge, they have not yet been applied to th  fluvial sediment samples in order to 

t 

Bank failure of 
Holocene river 

been employed repeatedly in isolation, to the 
e same

understand better, on a variety of temporal and spatial scales, the variability of erosion rates and sedimen
sources. Because each of these systems has different depth/concentration relationships (Figure 8), we 
hypothesize that different erosional processes (sediment sources) should result in identifiable 
relationships between measured isotope concentrations as illustrated schematically below (Table 1).  

Table 1: Expected isotopic fingerprints for different catchment sediment sources 

 Shallow Surface 
Erosion 

Deep 
Landsliding 

Rills/Shallow 
Gullies 

terraces 
In situ 10Be Unchanged 

(hom  ogenized soil)
Low 

(parent material) 
Unchanged Unchanged 

(homogenized soil) (hom ) ogenized soil
Meteoric 10Be High 

(A-horizon) 
Low 

(parent material) 
High 

(A-horizon) 
Unchanged 

(homogenized soil) 
137Cs and 210Pb High 

(A-horizon) 
Low 

(parent material) 
Low 

(p ) arent material
Low 

(parent material) 

We propose to combine measurements of mete Be, in situ 10Be, and short-lived nuclide
210Pb) in the same sedi . Alo ill seful u 

the real power of our approach is illustrated by

oric 10 s (137Cs and 
ment samples ne, each isotope w  provide specific, u  information: in sit

10Be will allow calculation of millennial, basin-scale erosion rates, meteoric 10Be will suggest the basin-
scale magnitude of soil loss, 137Cs and 210Pb will suggest whether sediment is derived from surface or 
deeper erosion, and suspended sediment concentration will allow calculation of sediment yield; however, 

 Table 1. By examining multiple parameters together, we 
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will be able to understand better how the fluvial system as a whole responds to outside forcing, both la
use and climate change. Multiple isotope systems, when teamed with the suspended sediment load data, 
reduce the degrees of freedom and thus will allow us to better constrain our interpretation.  

7. Can multiple isotopic systems combined with extant sediment data and remote sensing 
potentially distinguish between human impact, biased land-use data, and climate change effects?  

nd-

istory and 

al., 

 
. Below we address these 

ho 
 sediment  

, 1999; 
01; Lu 

 

n rate 
the in 

t 

m the 
onsoon rainfall has little influence on basin wide 

at 

nges. 

By measuring multiple isotopic systems throughout a pair of watersheds with known land-use h
current land-use (determined from remotely sensed data, Chinese records, and field checking of the 
previous two lines of evidence) during Phase 1, we will be able to isolate the fingerprints of sediments 
from different sources and then track those fingerprints as the sediment moves downstream throughout 
the system. The Chinese sediment records will enable us to calculate erosion indices (e.g., Brown et 
1988) and thus further quantify levels of soil loss as well as the major sources and sinks of sediment in 
the Phase 1 watersheds. Once we understand the system for these smaller (103 km2) watersheds, we can 
then apply our knowledge to the larger gauged watersheds (Phase 2).  

Potential complicating factors – Although first principles analysis suggests that the combination of 
remote sensing, Chinese sediment data, and analysis of multiple isotopic systems will help us understand
the sediment system, there are potential complications to this approach
complications and explain why we believe they will not interfere with the proposed research.  

A. Are the Chinese sediment data reliable? The Chinese Ministry of Hydrology operates numerous 
hydrologic gauging stations throughout the country. Each station is staffed by 12 hydrographers w
measure cross-sections, discharge, and suspended sediment concentration daily. The suspended
concentration is measured using a Jakowski sampler and the 0.2-0.8 method (Ministry of Water 
Conservancy and Electric Power, 1962; 1975). Although the quality of these data has not been 
independently assessed, they have been used extensively in publications on Chinese erosion (Liu and 
Zhang, 1995; Higgitt and Lu, 1996; Lu and Higgitt, 1998; Wang and Wang, 1998; Higgitt and Lu
Lu and Higgitt, 1999; Zhang, 1999; Lu and Higgitt, 2000; Chen et al., 2001b; Higgitt and Lu, 20
and Higgitt, 2001; Yin and Li, 2001; Jing, 2002; Zhang and Wen, 2002; Lu et al., 2003a; 2003b; Yi, 
2003; Li et al., 2004; Zhang and Wen, 2004; Lu and Siew, 2006; Wang et al., 2006; Wang et al., 2007a; 
2007b; Yang et al., 2007; Chen et al., 2008; Hassan et al., 2008; Wang et al., 2009; Hassan et al., 2010). 

B. Can the relative effects of climate change and land-use be distinguished? We recognize that 
disentangling these drivers will be difficult. Our task is made simpler for in situ 10Be by repeated 
observations that climate change appears to have no significant effect on long-term, integrated erosion 
rates (Riebe et al., 2001; Portenga et al., in review). We will investigate the possibility of erosio
changes over time by 14C dating and sampling buried sediment from multiple river terraces; using 
situ 10Be content of these dated and shielded sediments we will estimate paleo-erosion rates (e.g., Cox e
al., 2009) over space and time. In Phase 1, we will focus our work in basin 35, where temperature is 
changing rapidly. By detailing paleo-erosion rates here, and considering the established timing of the 
land-use and climate change in this region, we will attempt to decipher the importance of human-induced 
and climatic change affecting this one watershed. In Phase 2, we will apply this knowledge to our 
sampling and interpretation approach in other regions.  

C. Does the monsoon strength vary over time? Several lines of evidence indicate that varying monsoon 
strength probably has little effect on erosion rates although it may affect the source of sediments fro
landscape. Previous research in the IRYT suggests that m
sediment yield (Henck et al., in press) and detrital in situ 10Be samples from around the world suggest th
climate has little effect on basin-wide erosion rates (Riebe et al., 2001; Portenga et al., in review). 
Furthermore, the monsoon has varied 2-fold in strength on cycles of 35 years (Tan et al., 2009) over the 
millennial-scale time-period recorded by in situ 10Be in detrital sediments. In situ 10Be averages over the 
entire time when sediments were within 2 meters of the surface thus blurring the effect of these cha
Similar to the different sediment sources apparently tapped during glacial and inter-glacial periods in 
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Australia (Dosseto et al., 2006), we expect that monsoon and dry-season sediment sources may differ. To
test for this, at all sample sites we will collect both in-channel sediments and flood deposits from the 
previous year. Using this information, we can understand the contemporary effects of the monsoon on
sediment sourcing and extrapolate our findings to the effect of variations in monsoon strength.  

D. Sediment in rivers is a mixture of different sources. We realize that sediment moving down the river
system is a mixture of material derived from different sources; thus, our approach will be most effective
one sediment source or another dominates. However, examining how the three different isotope 
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ds 

ments with in situ Be-
and sediment fingerprinting provided by other isotope systems 
proach is as follows. First we will complete analyses for a small 

or 
.  

parameters and the sediment yield data cluster should identify similarities between regions as well as 
downstream trends in sediment sourcing and erosion. 

E. The area may not be in steady state. The validity of the steady state assumption depends on the tim
and spatial scale of observation in dynamic mountain watersheds like those we propose to study. In sit
10Be is well buffered due to deep penetration of cosmic
(Jungers et al., 2009). The short-lived isotopes are less well buffered because of their shallow penetratio
depth and the buffering of meteoric 10Be will depend on its depth penetration and the rapidity of 
pedogenic redistribution (Jungers et al., 2009). It is possible that a rapidly eroding, steady state landsc
could have landslides sourcing deeper material. However, the more rapidly the landscape is eroding, and 
thus the more likely it is to have extensive landsliding, the less likely it is that the landslides will 
situ 10Be concentrations (Niemi et al., 2005). Thus, if the region is out of steady state we will see the 
signature of deeply sourced erosion most clearly in small basins and in short-lived isotopes (Table 1).  

F. Are Chinese land-use data reliable? We recognize that there are cultural and political biases present in 
the land-use data. Thus, we will use the Chinese land-use data in conjunction with remotely sensed data
and field checking of land-use. This way we will compile a complete picture of land-use in the watershe
we are studying and identify any systematic biases in the Chinese land-use data.  

8. Proposed research and work plan 

The goal of this work is to leverage detailed and extensive sediment yield measure 10

based, long-term erosion rate estimates 
(137Cs, 210Pb, and meteoric 10Be). Our ap
number of samples already in our possession and conduct GIS-based land-use analysis and field planning 
for our first field season. During the first field season we will sample three basins with long sediment 
records – two for network analysis of isotopes, end-member basins, and grain-size effects and one for 
paleo-erosion rates in a region experiencing rapid climate change. During the following year we will 
process and analyze the samples and then conduct the GIS-based land-use analysis and field planning f
the next field season. During the second field season, we will sample at the sites of all gauging stations

Winter 2011 – We will start the project by acquiring, installing, and testing the cryo-cycle for Schmidt’s 
gamma counter. In addition, we will start isotopic measurements on the 45 samples already in Schmidt’s 
possession from dissertation research, six of which are from sites near gauging stations (Figure 7). 
Processing samples from sites where we already have in situ 10Be measurements will inform our 2012 
field work. For example, combining these analyses with land-use analysis will enable us to start testing 
isotopic signatures from samples for watersheds with different land-use. These samples are from ba
ranging in size from 2 to over 300,000 km2, allowing us to test our procedures for basins spanning a lar
range of areas. These samples will also be processed by the PhD student at UVM for meteoric 10Be and a
Oberlin for short-lived isotopes. All these samples have already been analyzed for in situ 10Be.  

sins 
ge 

t 

Spring 2012 – Planning for fieldwork will begin with extensive remote sensing analysis to determine 
land-use/land cover for basins upstream of stations 11, 35, and 49. Stations 11 and 49 have a reported 
order of magnitude difference in sediment yield but are in similar climatic regions (southe n Yunr nan), in 

ll the same drainage basin (the Mekong River), have long records of data (≥20 years), are relatively sma
watersheds (<3000 km2; this is on the small side of the watersheds with hydrology stations) and have 
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similar population densities, fraction agricultural land from Chinese data, mean local relief, basin relief 
ratio, drainage density, mean annual rainfall, and mean monsoon rainfall. We will use station 35 for 
analysis of climate effects on sediment yield. We chose station 35 because it is in a region with 
documented extreme climate change over the last 25 years (a rate of 10oC/century; Haynes (2010)) and i
a small watershed (200 km2) with a long record of sediment data (18 yrs).  

We will use this GIS-based analysis, done over the time period of the sediment yield data and beyond, to 
determine which small sub-basins are heavily disturbed and which are pristine and to locate and map 
large terraces and colluvial deposits within these two watersheds. We will w

s 

ork with the China Data 
Center online database (http://chinadataonline.org/) to determine when land was under cultivation or 
whether it was logged and allowed to regrow. Initially we will focus on the land-use data in the Eurasi
Land Cover Characteristics Database v. 2.0 using the USGS classifications for land cover (USGS, 200
In addition, to control for possible variations in geology across the watersheds, we will digitize a geol
map of the region already in Schmidt’s possession. Digitally available geologic layers for the area 
(USGS, 2001) are not diagnostic of rock type and thus are not useful for our analysis.  

We will work with Liang Chuan at Sichuan University to apply for research permits for hydrology 
sampling and to arrange travel logistics (see letter of commitment). The permits and visas will be 
processed through Sichuan University, building on a collaborative network Schmidt has

a 
8). 

ogic 

 established there.  

r one) (year two) Total 
Samples at sediment yield stations  –  
over bank deposits 

3 41 44 

Table 2: Sample collection plan for both field seasons. 

Number to collect Number to collect  
Type of sample (yea

Samples at sed ns  –  
channel deposits 

iment yield statio 3 41 44 

Samples in end-member basins within basins 
rbed 

20 0 20 
11 and 49; 10 pristine, 10 heavily distu
Samples at tributary junctions in basins 11 17 0 17 
and 49 – over bank deposits 
Samples at tributary junctions in basins 11 
and 49 – channel deposits 

17 0 17 

Samples from datable fluvial terraces – 10 0 10 
sediment samples 
Samples from channels adjacent to fluvial 10 0 10 
terraces – sediment samples 
Samples from datable fluvial terraces 20 0 20 
(2/terrace) – radiocarbon samples 

Total 100 82 182 

June 2012 – Field work will be done p
easily across the countryside. We w

rior to the onset of the summer monsoo o that we can e 
ill c  total of 100 samples from 3 w e

samples will be from both active channel and overbank sediments deposited during the last an
s, 

 
n 

n s mov
ollect a atersheds (Tabl  2). These 

nual 
monsoon flood at all three of the gauging stations (11, 35, and 49), as well as major tributary junction
and end-member basins upstream of stations 11 and 49. In the watershed upstream of station 35 and in 
other areas where we find appropriate terraces that expose older sediments (along with 14C-datable 
organic material) we will collect samples of sediment and organic material in the terraces and modern 
sediment in adjacent channels in order to estimate variability in the in situ 10Be concentration over time.
This approach (taken by Cox et al. (2009) in Madagascar) allows estimation of pre-settlement erosio
rates from in situ 10Be content. During our time in the field, we will also be field checking our remote 
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sensed maps of historic terraces, land-use and colluvial deposits and measuring thicknesses of these 
deposits wherever possible to constrain volumes. 

We will spend approximately one week in each of the watersheds in Yunnan. We will fly to Kunming 
then travel by rented car with a driver. Schmidt has a Chinese driver’s license and so can drive if nee
in China. We will be accompanied by one of Liang

and 
ded 

’s graduate students. We will stay in hotels in larger 

ples.  

towns and cities, making day trips to collect samples.  

Samples will be sent from Kunming to UVM by airmail and the end of field work, ensuring that samples 
arrive in the United States in a timely manner. Geologic materials are not restricted from leaving China, 
so we do not anticipate any customs delays for our sam

Summer 2012 – When samples arrive from China, the PhD student will dry them and sieve them to 
specific grain sizes. Aliquots will be removed for gamma counting (137Cs and 210Pb) and meteoric 10Be 
and powdered using UVM’s SPEX mill. Samples for gamma counting will be mailed to Oberlin for 

ld analysis. While the samples are being prepared at UVM, the undergraduate students will compile fie
notes and revise the remote sensing analysis based on ground-truth data gathered during field work.  

Samples for in situ 10Be analysis will be treated using UVM’s established laboratory protocols 
(http://uvm.edu/cosmolab) including multiple hot HCl etches to remove Fe and Al oxyhydroxides, 
repeated 1% HF/HNO3 heated ultrasonic etches, density separation, and burning to remove organic 
material. During the summer, we will select a variety of samples (n=10) in which to measure an
influence sediment grain size has on meteoric 10Be, 137Cs, and 210Pb content. Samples will come from
variety of different landscape settings, including disturbed and undisturbed basins, large and small b
and basins of different steepness as well as those with and without large mass movements.  

Simultaneously, a PhD student from UCSB will be in residence at LLNL learning to run the AMS and 
reduce the data produced. The UCSB student will work with Rood to design AMS experiments aimed at 
developing a rapid analysis approach for high-ratio meteoric 10Be samples that increases thro

y 
 a 

asins, 

ughput and 

 

alyze 10Be 10Be 
13

reduce cost of measuring meteoric 10Be. This would reduce cost of analysis and thus increases the number 
of meteoric 10Be samples that we can measure for this project. Experiments will be conducted on 
synthetic standard materials, then applied to real meteoric 10Be samples processed in the UVM lab (IRYT
samples either collected in June 2012 and archival samples from Schmidt’s collection).   

Table 3: Sample analysis plan following first field season. 

Number to In situ Meteoric 7

Type of sample collect Grain size to an
Cs 

210Pb 
14C 

Channel sediments 20 Sand (250-850 µm) 20 20 20 0 
Overbank sediments Sand (250-850 µm) 20 20 20 20 0 

Grain size dependence 

G

0 N/A Silt (63-250 µm) 
Sand (250-850 µm) 
ravel (850-4000 µm) 

0 30 30 

End member land-uses 10 pristine 
10 disturbed 

Sand (250-850 µm) 20 20 20 0 

Paleo-erosion samples – 

and adjacent channels 

20 20 20 20 0 
sediment from terraces 

Sand (250-850 µm) 

Paleo-erosion samples – 
radiocarbon 

20 N/A 0 0 0 20 

  Total 80 110 110 20 

Fall 2012/January 2013 – 
 and meteoric

Worki t UVM, the PhD ent and Bierm  will sp  the fal ocess
in situ  10Be samples in the UVM cosmogenic laboratory, which is set up so that multiple 

ng a  stud an end l pr ing 
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atches of samples can be processed concurrently (http://uvm osm b.edu/c olab ). Refinement of our 

les 
 

L. 

ts of the samples and grain size splits.  

extraction techniques now allows one person to process either two batches of meteoric samples (15 
samples and a blank) or a batch of in situ samples (11 samples and a blank) in a week or less, on average. 
Given the sample load this project will generate in the first field season (80 in situ and 110 meteoric 
samples, Table 3) it would take about 16 straight weeks of work to complete sample preparation. 
Accounting for other responsibilities and lab downtime for Fall GSA and AGU, we anticipate that all 
isotope extraction will be completed by February 2013. We will make our first AMS isotope 
measurements at LLNL during fall 2012. At least one batch of meteoric and one batch of in situ samp
will be processed during January 2013 when Schmidt and the two undergraduate students visit UVM to
participate in sample processing. During this time, 14C samples will be processed and analyzed at LLN
We plan to complete isotope analyses by the end of winter 2013.  

Simultaneously, Schmidt and the undergraduate students will collect gamma spectroscopy data for one 
sample each day. The undergraduates will spend their January term, aside from their time at UVM, 
processing the gamma spectroscopy data and making measuremen

Winter/Spring 2013 – The UVM PhD student will spend spring semester 2013 in residence at Oberlin 
College. During that time Schmidt will mentor him/her. The student will learn to process, measure, a
analyze gamma spectroscopy data for 137Cs and 210Pb while teaching the undergraduate students to 

10

nd 

 

 and 
 and over-bank deposits derived from in situ 

137 s, , 

 

e 

to the 

 
ized meteoric Be-poor 

ward 

urface will have 

determine if there are any grain size dependencies in the concentration of these isotopes in sediments. To 

analyze Be data and conducting remote sensing analysis to plan for the second field season. The UVM
PhD student will also teach at least one unit of Schmidt’s Applied GIS class and work on an initial 
publication with Schmidt and the undergraduate students.  

During this time we will analyze results from the first field season. We will consider the differences 
between basin-scale erosion rates estimated from in situ 10Be and sediment yield data for stations 11
49. We will compare erosion rates calculated for in-channel
10Be analyses for the major tributaries sampled upstream of stations 11 and 49. We will examine C
210Pb, and meteoric 10Be data for the same samples to determine if the concentration of short-lived 
nuclides is related to any seasonal discordance in the in situ 10Be concentration. This analysis will answer 
the question of whether sediment sources and apparent erosion rates are related to the time at which the 
sediment was transported. In other words, does sediment transported during the monsoon have a different
isotopic signature (and thus a different source) than sediment transported during the dry season?  

Using the methods of Brown et al. (1988), we will determine meteoric 10Be erosion indices for each of th
station locations and compare them to land-use classifications determined from remote sensing analysis 
and ground-truth data collected during the first field season. This will provide information related 
relative soil loss for each watershed and help to relate soil loss to land-use. It will also provide a test-of-
concept for this process in conjunction with the Chinese sediment data.  

We will estimate sources and sinks of sediment in the region from the meteoric 10Be data using network 
analysis (Reusser and Bierman, 2010). This is an important supplement to erosion rate and erosion index
data because heavily disturbed areas, those where deep erosion has mobil 10

sediment, will have an apparently low erosion index despite heavy disturbance. Identifying sources and 
sinks of sediment will provide an important control on erosion index calculations.  

We will consider the short-lived nuclide data as binary tracers (fingerprints, ala Walling and Wood
(1992)) for sediment sourcing. Sediment sources by deep erosion (gullies, landslides) will have low 
concentrations of these nuclides whereas sediment sources from at or near the soil s
higher concentrations. By considering short-lived nuclide activity in concert with land-use parameters as 
well as with meteoric and in situ 10Be concentration, we should be able to indentify confidently basins 
affected by deep-seated erosion or failure of once-stable stream banks from incision.  

Finally, we will analyze meteoric 10Be, 137Cs, and 210Pb measurements taken from different grain sizes to 
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date there has been little analysis of such grain size dependencies in meteoric 10Be (only Brown et al., 
1988) and none for 137Cs and 210Pb. If there are grain size dependencies, it is important to understand them 
as these isotopes become increasing common for tracking of sources and sinks of sediments.  

These analyses will frame our field work plan for 2013. Beyond refining our sampling plan based on our 
results, our planning for the second field season will be similar to that outlined for winter/spring 2012. 
However, logistics will require more planning as we will be traveling extensively in Yunnan and Tibet.  

June 2013 – As with 2012, field work will be done prior to the onset of the summer monsoon. Although 

e 

results from 2012 will inform our sampling strategy, we plan to collect samples from both active channel 
and overbank sediments the 41 gauging stations (Table 2, Figure 1). As in 2012, if we find dissected 
terraces that expose older sediment (along with 14C-datable organic material), we will collect samples of 
both sediments and organic material to estimate the variability in in situ 10Be concentration over time.  

We will spend 3 weeks in Yunnan and 1 week in Tibet. Logistics in Yunnan are the same as outlined for 
the first field season. In Tibet, we will be accompanied by Liang’s graduate students and contacts at th
Ministry of Hydrology. We will be based in Lhasa and make day trips to the sample locations. Sample 
shipment to UVM will follow the same procedure as during June 2012.  

Summer 2013 – As in summer 2012, the PhD student will dry, sieve, separate, and grind the samples 
prior to shipping samples for 137Cs and 210Pb to Oberlin where the undergraduate students will be 
consolidating field data. Our summer plan for 2013 will be similar to summer 2012.  

Fall 2013 – Liang’s graduate student who accompanied us for field work will be in residence at Oberlin 

raduate 
her the Fall GSA or 

and UVM (approximately six weeks in each location). He/she will learn to process samples and analyze 
results for all four isotopic systems we are using. In addition, Rood, Schmidt, Bierman, the underg
students, the UCSB and UVM PhD students, and the Chinese student will travel to eit
AGU to meet as a team and present preliminary results from the project.  

Winter 2014 – We will complete isotope analysis and continue gamma spectroscopy measurements.  

Spring/Summer 2014 – Data analysis and dissemination of our results will occupy the last year of project 
activities. Analysis will parallel that done in spring 2013 but this time for samples from all sediment 
gauging stations. In addition, for 17 of the stations, there are other stations upstream in the same basin. 
For these locations, we will calculate both the erosion rates for the entire upstream are as well as by 
difference for the intermediate reaches between stations. This will yield important information related to 
how sediment is sourced and transported over different time and length scales in the field area.  

Fall 2014 – Schmidt, Bierman, Rood, the undergraduate students, and the UVM student will present the
findings at either or both GSA and AGU fall meetings. Data dissemination and archiving will continu

Personnel responsibilities – This project is a fully collaborative effort between Schmidt, Bierman, and 
Rood. To further collaborations and training experience for students, Oberlin students and Schm

ir 
e.  

idt will 

l 

storage facility and made freely available to the community. We will strive to publish our data as soon as 

travel to UVM and LLNL, the UVM student will travel to Oberlin and LLNL, and the Chinese graduate 
student will travel to UVM and Oberlin. Schmidt will mentor undergraduate students, lead field 
expeditions to China, complete short-lived isotope analyses, and mentor the PhD student and Chinese 
graduate student when they are in residence at Oberlin College. Bierman will mentor the PhD student as 
well as the Chinese graduate student and undergraduates when they are in residence at UVM. He will 
supervise the sample preparation, processing, and analysis of meteoric and in situ 10Be samples. Rood wil
measure isotopic ratios in the meteoric and in situ 10Be and 14C samples at LLNL, performe necessary 
data reduction, and mentor a UCSB graduate student in AMS experiments at LLNL. Liang will complete 
in-country logistics for field work and advise the Chinese graduate student. 

9. Data distribution and archiving 

As Bierman’s lab has done for the last 17 years, all samples will be archived in their secure, off-site 
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possible in widely accessible journals, as all three collaborators have a record of doing. We will continue 
our established protocol of publishing on the lab web site (http://uvm.edu/cosmolab) information about 

s, and initial data reports. Schmidt will incorporate the results of the 
and Society class. 

er research during these fellowships was based 
 on tectonic geomorphology and human-landscape interactions. 

interdisciplinary, international, and inter-
logy, 

 

t 
 
 

the sample collection sites, site photo
project into a case study for her Soils 

10. Results from prior NSF support 

NSF Graduate Research Fellowship and NSF IGERT Multinational Collaborations on Challenges to the 
Environment Traineeship (Schmidt, graduate support) 

PI Schmidt is a beginning investigator. She was supported in graduate school by an NSF Graduate 
Research Fellowship and an NSF IGERT Traineeship. H
primarily in western China and focused
She worked extensively with Chinese hydrology data, in situ 10Be measurements of erosion rates in large 
watersheds in western China, and smaller-scale projects focusing on the effects of land-use changes on 
small watersheds in Sichuan. The IGERT program encouraged 
institutional work and she has thus published in a variety of disciplines (including archaeology, geo
environmental science, environmental engineering, and ecology). Her research has been collaborative 
with Chinese colleagues and included training opportunities for Chinese National Park staff and Sichuan
University graduate students. Research supported by these two grants resulted in 8 abstracts (Dryer et al., 
2005; Gaulke et al., 2005; Henck et al., 2006a; 2006b; Feathers et al., 2008; Taylor et al., 2008; Henck e
al., 2009; Lu et al., 2010) and 9 papers (Trac et al., 2007; Gaulke et al., 2009; Henck et al., 2010a; 2010b;
Urgenson et al., 2010; Henck et al., in press; Combs et al., in review; Feathers et al., in revision; Henck et
al., in revision).  

Collaborative Research: Detrital cosmochronology of the Greenland Ice Sheet (Bierman, ARC-0713956, 
9/15/2007-8/14/2011, $273,052)   

Bierman and his laboratory (http://uvm.edu/cosmolab) have been funded numerous times by NSF over 
the past 16 years; he has received funding from Hydrologic Sciences, Geomorphology and Land-use 
Dynamics, Geography, Polar Programs, and Arctic Sciences for research and graduate research training. 

ent in the landscape – research which is directly applicable to this 
d 

ant 
 

nal Laboratory (LLNL) for 5 years 

 Amos et al., 2010; Behr et al., 2010; Reusser et al., 2010; 

 

Bierman has received support for equipment from Instrumentation and Facilities, and from DUE for the 
Director’s Award for Teaching Scholars. Much of this work involves using in situ and meteoric 10Be to 
quantify and trace sediment movem
project. These awards have supported two dozen graduate students at the MS and PhD levels and resulte
in nearly 50 publications and over 100 abstracts. Some recent publications (all student authored) relev
to this proposal include: Reusser and Bierman (2010), Graly et al. (2010), Pearce et al. (2010), Reusser et
al. (2010), Jungers et al. (2009), Cox et al. (2009), Reusser and Bierman (2007), Reusser et al. (2006), 
Safran et al. (2005), Bierman et al. (2005), and Reusser et al. (2004).  

EAR-PF: Geologic Age Constraints for Seismic Hazard Assessment of Critical National Infrastructure 
(Rood, 04/01/2010-03/31/2012, $170,000) 

Rood is an expert in the application of accelerator mass spectrometry (AMS) to the measurement of 10Be 
for isotopic studies in the Earth Sciences. He has performed AMS measurements at the Center for 
Accelerator Mass Spectrometry (CAMS) at Lawrence Livermore Natio
(mentored by Dr. Robert Finkel), and currently directs the GeoCAMS program at LLNL. He is a 
promising early career scientist and has published extensively on research conducted at the LLNL 
GeoCams facility (i.e., Amidon et al., 2009;
Rood et al., 2010; Scherler et al., 2010; Rood et al., in press-b; in press-a; Young et al., in press; Borg et 
al., in review). Rood’s recently begun NSF Fellowship has already resulted in a paper based on the
research from the fellowship project (Balco et al., in review). 

11. Intellectual merit 
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ltiple 
rosion and sediment dynamics. The project 

rporates a unique daily record of sediment yield at 44 different sites over several 
of government-prescribed land-use changes, and combines 

0Pb, 

g 

s. 

g 
r 

t sourcing because of the potential detrimental downstream impacts of sediment-
 is the headwaters for rivers that supply water to nearly 2 billion people. 

 

faculty 
 

rch and 

 

, 

collaboration with Liang Chuan at Sichuan University and expand that collaboration to the University of 
Vermont and Oberlin College, enabling stronger connections for future projects.   

This project addresses both significant scientific questions in Hydrologic Sciences related to human-
landscape interactions as well as methodological questions related to tracing sediment movement in 
fluvial systems using multiple isotopic systems. Our study is transformative because it integrates mu
techniques at different spatial and temporal scales to address e
is timely because it inco
decades, a well-documented chronology 
techniques in multi-isotope fluvial sediment geochemistry including measurement of meteoric 10Be, 21

and 137Cs in fluvial sediment (e.g., Walling and Woodward, 1992; Whiting et al., 2001; Reusser and 
Bierman, 2010). We will approach rigorously and quantitatively questions such as “How much sediment 
moves and where does it go when land-use changes in mountainous regions” in a region with previously 
collected sediment yield data to provide a framework for our isotopic analyses. The data we collect have 
the potential to transform the way we understand both short- and long-term dynamics of sediment 
movement in mountain ranges as they respond to disturbance. In addition to these specific hydrologic 
questions, this project will also advance isotope tracing and fingerprinting methodologies by providin
the first seasonal variance data for in situ and meteoric 10Be, 210Pb and 137Cs concentrations of sediments 
allowing us to identify seasonal differences in sediment sources in this monsoonal climate. We will also 
investigate grain-size dependencies in meteoric 10Be, 137Cs, and 210Pb – something we have done for in 
situ 10Be (Bierman et al., 2007) but so far, little data exist for the other isotope systems in sediment

12. Broader impacts 

This project has scientific and cultural broader impacts. As Earth’s population continues to increase, 
people alter large tracts of land formerly considered too steep, marginal, or erodible to use. Understandin
how land-use affects soil erosion and sediment yield at different spatial and temporal scales is critical fo
implementing meaningful land-use policies around the world. The IRYT is particularly important for 
understanding sedimen
laden water. The IRYT

This project will provide information essential for determining the life span and operation of dams 
currently being planned for the project area. The project is timely; it cannot be done after the dams are 
built, cutting off the free flow of the rivers and the free movement of sediment. Previous dam building 
projects in China, such as the Sanmenxia Dam on the Yellow River, have quickly fallen out of operation
because of poor knowledge of the sediment load in the river and the speed at which the reservoir filled.  

In addition, this project has human resources broader impacts. It will bring together an early career 
at a top undergraduate institution, a senior researcher directing a state-of-the-art lab at an R1 institution
and an early career scientist at a world-class research facility. Through the combination of a 
teaching/mentoring residence at Oberlin, work in UVM research labs and visits to LLNL, the project will 
uniquely train a PhD student interested in positions that integrate teaching and research. The project will 
also support undergraduate students for research-intensive summer and academic year experiences. 
Undergraduates will experience field work in addition to processing and analyzing samples for 137Cs, 
210Pb, as well as meteoric and in situ 10Be. It also provides a unique training opportunity for a graduate 
student studying at a relatively isolated university in western China to gain exposure to resea
teaching in the United States. Although China is rapidly developing, Western China lags behind in 
academic opportunities, leaving universities in western China with fewer resources than those in the east. 

Beyond directly mentoring students, this project will be integrated in Schmidt’s teaching. For example
one of the classes Schmidt teaches, Soils and Society, is an introduction for non-majors to basic soil 
science, hillslope geomorphology, and anthropogenic impacts to these systems. Schmidt will use the 
results of this project as a case-study unit for the class. 

This project will facilitate important international collaborations. It will continue Schmidt’s existing 
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