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Article history: Worldwide, sedimentation represents a major problem for reservoir and dam management due to the
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study to highlight an assessment technique for sustaining effective soil conservation strategies by pro-
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viding an insight into the spatial variability of sediment loss rates at the watershed scale. The assessment
method employs the Soil and Water Assessment Tool (SWAT) and the Modified Universal Sediment Loss
Keywords: Equation (MUSLE) to quantify sediment losses in a case study for the Somerville reservoir, located in
Reservoir watershed Texas. The SWAT model was employed to simulate upstream inflows in the studied reservoir watershed.
Sedimentation The goodness-of-fit analyses suggested a realistic representation of the watershed behavior and sa-
Runoff . . . . . . . .
SWAT tisfactory values of Nash-Sutcliffe Efficiency were obtained during the calibration and validation stages
Soil conservation (0.76 < NSE < 0.69). Then the calibrated SWAT was used to generate MUSLE estimates of soil losses
under undammed conditions. A weight-average formulation was developed to evaluate the rates of se-
diment loss at the sub-basin level. Meaningful contrasts were outlined between the sub-basins located at
the downstream, the midstream, and the upstream. The study was able to pinpoint sub-basins with
critical needs of soil conservation (sediment loss > 4 t/ha/year). Overall, the outcomes of the case study
demonstrated the value of the methodology and that the outcomes may be used to address the complex
problem of sedimentation in watersheds with reservoirs.
© 2018 International Research and Training Center on Erosion and Sedimentation and China Water and
Power Press. Production and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction with this seasonality and poise water resources’ availability at the
watershed scale, human societies have often considered water

In general, the hydrologic behavior of a watershed is the re- control systems such as dams and reservoirs. Historically, the first
sultant of multiple biophysical factors interplaying diversely in the constructed dams and reservoirs date back to thousands of years
time and space (Sohou]ande Djebou‘ 20‘17) However, the under- ago (Shaw & Sutcliffe, 2003) For instance, Speciﬁc reservoirs are

standing of the watershed functionality is critical for achieving a ~ reported in several ancient manuscripts, and one of them is
realistic water resources planning. For most catchments, the in-  Probably the famous reservoir of Siloam mentioned in the Bible
flowing water originates from atmospheric precipitations. Thus, (Ussishkin, 1976). Exceptionally, reports asserted that several dams
when the precipitation is highly seasonal, this seasonality often constructed during Ancient Egypt and the Roman empire time are

, s . still operating these days (Mays, Koutsoyiannis, & Angelakis, 2007;
affects freshwater resources’ availability during the year. To cope Shaw & Sutcliffe, 2003). Over generations, dams and reservoirs

have served for multi-purposes including energy production (e.g.
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Peer review under responsibility of International Research and Training Center streamflow network. As a result, reservoirs frequently drive critical
on Erosion and Sedimentation and China Water and Power Press. environmental concerns (Zhang, Degroote, Wolter, & Sugumaran,
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2009). Particularly, the problem of sedimentation is a common
concern for reservoirs as it affects the storage capacity and de-
pletes the water quality (Fan & Morris, 1992; Palmieri, Shah, &
Dinar, 2001). Whereas the cumulated sediments can be periodi-
cally removed, the subsequent dredging activities generally ne-
cessitate a large investment of money and human resources. In
addition, the management of dredged materials is often a puzzle
as it raises serious environmental concerns. In that situation, it
seems reasonable to encourage environmentally friendly solutions
which would reduce or decelerate sedimentation in reservoir
watersheds.

Reservoir sedimentation is, in most cases, caused by water
erosion occurring at the watershed scale. However, the extent of
sediment losses varies from one location to another depending on
the watershed's biophysical characteristics (Williams, 1975). Thus,
it is desirable to envision soil conservation strategies which exploit
effectively the spatial disparity of sediment loss rates. Indeed, at a
given location of the watershed, water erosion depends on several
factors including the local rainfall patterns, the surface runoff, the
type of soil, the land-cover, the soil conservation practices, the
slope, and the watershed shape. Universally, sediment losses are
often estimated and interpreted using the Universal Sediment Loss
Equation or its modified formulations (Neitsch, Arnold, Kiniry, &
Williams, 2011; Williams, 1975). Especially in watershed model-
ling, the Modified Universal Sediment Loss Equation (MUSLE) in-
corporated into the Soil and Water Assessment Tool (SWAT) has
been successfully used to address water erosion in different wa-
tersheds across the globe (Arnold et al., 2012; Bonuma et al., 2014;
Xu, Pang, Liu & Li, 2009). However, the reliance on SWAT for se-
dimentation assessment depends primarily on the capacity of the
model to realistically simulate the hydrological behavior of the
targeted watershed. While this seems to be a common fact in
hydrological modelling, a realistic quantification of water erosion
at the watershed level may turn to be more complex when the
spatial disparity is to be highlighted. Hence, case studies and
methodologies development are needed to support soil and water
conservationists.

The scope of this study is to use a case study to present a co-
herent approach adequate for quantifying the patterns of water
erosion in a complex configuration of a reservoir watershed (i.e.
watershed representing the drainage area of a reservoir). Hence,
the assessment approach developed focused on the Somerville
reservoir, located in the State of Texas. Firstly, the study evaluates
the suitability of SWAT at simulating the hydrological behavior of
the targeted catchment. Thus, SWAT (Arnold et al., 2012; Neitsch
et al., 2011) is employed to model the inflow and outflow within
the drainage area of the Somerville reservoir. The assessment
technic exploits the contrast between the upstream and the
downstream flows. Especially, SWAT is calibrated and validated
based on observed reservoir's inflows, thereafter the parameter
setting is considered to simulate outflow under an undammed
condition. Both runoff and sediment loss rates were addressed in
the study. Besides this introduction, the paper is structured in four
sections including: a) data and method's section which provides a
description of the study approach and the data used for the case
study, b) results’ section which outlines the outcomes of the study,
¢) discussion section which examines the results from a practical
prospective, and d) conclusion section which summarizes the
practical implications of the study.

2. Data and method
The methodology developed in this study comprises three

stages. The first stage consists in a multi-site parameter setting for
SWAT based on the inflow. The second stage consists in an outflow

simulation under an undammed condition. The third stage ad-
dresses the spatial pattern of sediment loss rates at the watershed
level. These three stages are inter-related, but they also exploit
specificities such as the biophysical characteristics of the studied
reservoir watershed. This section is structured in three distinct
sub-sections which provide successively a description of the stu-
died reservoir watershed, the data used in the study, and the de-
tailed study method.

2.1. Studied reservoir watershed

The studied catchment corresponds to the drainage area of the
Somerville reservoir, located in the State of Texas (Fig. 1). The
Somerville reservoir, is a multipurpose reservoir operated since
1967 by the United States’ Army Corps of Engineers (USACE). The
reservoir primarily serves for flood control, water conservation,
recreation, and fishing. The dam retaining the impoundment is
elevated at a height of 85.4 m above sea level, but the emergency
spillway is at 78.7 m above sea level while the conservation pool is
at 72.6 m. At the conservation pool level, the Somerville lake has a
total storage capacity of 197 million m® and a surface of 47 km?.
However, historical records show that during the year, the re-
servoir is often below its storage capacity. In that circumstance,
the outflow at the downstream of the reservoir is essentially man-
controlled and the related records can hardly be considered to
mimic the natural hydrological behavior of the watershed. Alter-
natively, the dendritic stream network at the upstream of the Lake
is essentially free flowing. This consideration is particularly valued
in the present study. Thus, the SWAT model was calibrated then
validated for inflow simulation using historical records at up-
stream streamgages. The model setting was later considered for
outflow and sediment loss estimates under an undammed condi-
tion. The details of the data and the modelling approach are pre-
sented in the next sub-sections.

2.2. Data

Five categories of data are involved in the modelling framework
reported in this paper. The first category consists in weather data.
A total of five weather stations were targeted across the studied
catchment. Thus, daily time series of precipitation, maximum and
minimum temperature were considered for both calibration and
validation periods which are respectively 2008-2011 and 2012-
2016. The weather data were retrieved from the National Oceanic
and Atmospheric Administration (NOAA) database. The second
category of data consists in time series of stream discharge col-
lected from the United States Geological Survey (USGS) database.
Precisely, the series of monthly discharge of the period 2008-2016
were obtained for a total of three streamgage stations. In ac-
cordance with the scope of the study, two streamgages were se-
lected at the upstream side of the reservoir and the third
streamgage at the downstream (see Fig. 1). Each of the two
streamgages spotted at the upstream correspond to the outlets of
the two major tributaries flowing into the reservoir. The locations
of the weather stations and the targeted streamgages are illu-
strated in Fig. 1, but Table 1 outlines their geographic coordinates
and some of their descriptive statistics. The third category of data
involved in the study consists in digital elevation model (DEM).
Specifically, the study used a 30 m spatial resolution DEM devel-
oped by the United States Environmental Protection Agency (US-
EPA) (www.epa.gov). The fourth category of data consists in the
most recent National Land-Cover Database (NLCD) developed by
the Multi-Resolution Land Characteristics MRLC Consortium
(www.mrlc.gov). The NLCD has also a 30 m spatial resolution and
its classification is based on 16 classes of Land-Cover types (Homer
et al., 2015). Finally, the fifth category of data used in the study is
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