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Abstract: A new framework is developed to guide the assessment of the sediments deposition from the upland/upstream areas to
island beaches. The study of the coastal sediment supply of insular river basins involves the collection and analysis of
meteorological and geomorphological data, the assessment of climatic trends and the use of erosion models to
estimate the sediment ‘output’ of various management scenarios including the effect of Climate Change on the
erosion processes. Important step in this procedure is the selection of the appropriate tools considering also data
availability. In case of beaches that are fed with sediment by an upstream river, a combination of a semi-distributed
hydrologic and a hydraulic model is suggested. This framework was applied in Eresos coastal basin (Lesvos, Greece)
with a drainage basin of about 57 km?, 26 km? of which are drained through Halandra stream to the Eresos reservoir
(total capacity 2.76 Mm®). Only 17% of the produced sediment is reaching the marine environment, since 73% of the
produced sediment is retained in the riverbed and Eresos reservoir. The findings of the current study show that the
application of the developed framework and the combination of various modelling tools may decrease uncertainty due
to limited or the absence of monitoring.
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1. INTRODUCTION

Beaches are critical components of the coastal system as they provide a buffer against marine
flooding to backshore coastal ecosystems and assets (Neumann et al., 2015) and, at the same time,
have high earning potential. Tourism, an economic sector that contributes an estimated 5 % of the
Global Gross Product and about 6 — 7 % of the global employment (Hall et al., 2013) has been
increasingly associated with beach recreational activities according to the ‘Sun-Sea-Sand-3S’
tourism model (Phillips and Jones, 2006). Aegean archipelago islands are important 3S tourism
destinations, and at the same time face increasing erosion which is projected to intensify in the
future to sea level rise with devastating impacts (Monioudi et al., 2017). However, sea level rise is
not the only (‘natural’) challenge to the island beaches: beach erosion is driven also by decreasing
terrestrial sediment supply (Velegrakis et al., 2008).

Fragmentation of insular watersheds, the intermittent flow character of most island rivers as well
as the lack of monitoring form significant challenges in the estimation of the terrestrial sediment
supply. This short contribution presents results from a study aiming to develop a methodological
framework to estimate the coastal sediment supply of island beaches in the Aegean Archipelago,
focusing on ungauged and/or poorly gauged watersheds. The methodological framework was
applied to estimate the coastal sediment supply of Eresos beach, Lesvos, Greece.

2. METHODOLOGY
2.1 Methodological framework

A complete, integrated approach on the management of beach sediment budgets involves
combination of marine and terrestrial modelling of coastal sediment transport, morphological
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analysis for the assessment of erosion trends, and the design/implementation of a management plan
to address impacts using multi-criteria analysis for different scenarios, and the subsequent
monitoring and revision of the management plan (Figure 1). The methodological framework
attempts to use the processes involved in sediment transport as guidelines in estimations of the
sediment budgets of the Aegean island beaches.
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Figure 1. Conceptual framework for the estimation of the coastal sediment supply, beach erosion and management plan
implementation.

The study of the inland (terrestrial) sediment transport involves data collection, selection of
appropriate modelling tools and/or their combination and projection of future trends, as necessary
constituents of the analysis, synthesis, description and future projection of inland erosion rates and
sediment transport.

The first step includes the collection of available spatial, meteorological, hydrological and
sediment data, and additional fieldwork to evaluate the information and fill gaps. Meteorological
data are available from the Hellenic National Meteorological Service (N.M.S.), while other
meteorological station operators (e.g. Universities), collect also data. Spatial information (satellite
data, digital elevation models, soil maps, land-use and land-cover maps) is mainly available through
EU inventories (http://www.copernicus.eu/, http://www.eea.europa.eu/data-and-maps/data/eu-dem,
http://esdac.jrc.ec.europa.eu/,  http://land.copernicus.eu/pan-european/corine-land-cover/clc-2012)
as well as national inventories (i.e. maps published by the Institute of Mineral and Geological
Exploration (IGME) and Geographical Army Service). Additional fieldwork may be carried out,
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such as topographic surveys of the basin and riverbed, collection of soil samples and recording of
streamflow and suspended sediment. Installation of automatic level loggers is suggested to measure
water level at high frequency and collection of monthly discharge measurements to construct the
rating curves for each station; however, the torrential character of many streams exposes monitoring
personnel and instrumentation to high risks. In the case of a reservoir present in the basin, this
forms a highly recommended monitoring site.

The second step involves the selection of the appropriate models. Model selection is strongly
depended on the problem at hand and the available data. Tools include simple empirical erosion
models, simplified conceptual river basin models, advanced hydraulic models, fully and semi-
distributed models and models for reservoir siltation. Simple empirical models consist of simple
empirical equations, require less data, give estimates at monthly and annual scales, often have
similar accuracy with complex river basin models, and are preferred for small runoff basins (runoff
surface <10 km?) which are homogeneous in terms of topographical relief, soil type and land use.
Universal Soil Loss Equation (USLE) is a widely used empirical model to estimate soil loss caused
by surficial run off in small scale, low gradient areas (Wischmeier and Smith, 1965) and has been
used since in various environments (Fistikoglu and Harmancioglu, 2002; Pandey et al., 2007;
Velegrakis et al., 2008).

Hydraulic river simulation models (i.e. HEC-RAS) require, in addition to the available
meteorological data, detailed topographic data of the river bed and the riparian area and the
sediment textural characteristics. Hydraulic models can provide reliable estimates of the sediment
processes (erosion/deposition) along the main river corridor providing necessary information for
decision making on restoration projects and constructions works. River basin models (i.e. SWAT,
HSPF) also require spatial data, DEM, land-use and soil maps, and meteorological information;
such information (in varied spatial resolution) can be abstracted from European Union databases.
These models require discharge measurements at daily scale or lower and at least monthly
suspended sediment measurements that often are not available for calibration and validation
purposes. In case of an ungauged basin, model parameter values may be calibrated using
information from a neighbouring, gauged basin with similar characteristics.

Hydraulic and hydrologic model results can be combined in an effective and integrated
estimation of the hydrological and sediment transport processes. They also provide the option to run
various scenarios in the estimation of flow and sedimentation trends, e.g. scenarios of future
environmental conditions, land-use and water management practices. If a reservoir is present in the
basin, then additional techniques could be employed, such as specialized isotope techniques that can
track terrestrial sediments from soil sources to freshwater systems and assess reservoir
sedimentation rates (Porto et al., 2014). This type of fieldwork demands special laboratory
equipment, but is significant in the verification of model results in the absence of monitoring data in
the catchment.

The third step concerns the study of climatic trends. At this stage, meteorological time series
from global and regional models may be incorporated into calibrated hydrologic models for
streamflow and sediment transport projections under different climatic scenarios. The results may
be used for flash flood analysis and their impact on sediment transport. Flood frequency analysis,
employs different kinds of methods such as the use of stochastic methods, Bayesian analysis and
traditional statistical distributions such as the log — Pearson Type III, the Generalized Extreme
Value (GEV) and Extreme Value Type EV1 (Gumbel).

These three steps are combined in the data analysis, the comprehension of the processes, the
synthesis of the processed results, the description of the current state and future projection of
hydrological processes, erosion rate and sediment transport for the estimation of the inland sediment
transport in the downstream beach (Figure 1).

2.2 Study area

The study area is the drainage area of Eresos (Lesvos, Greece), located to the southwest (SW) of
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the island, 52 km away from the capital of the island, Mytilene (Figure 2). The drainage basin of
Eressos is 57 km®, 26 km® of which are drained through Halandra stream to the Pythari reservoir
with a total capacity 2.76 Mm’, located approximately 2.5 km east of Eresos village and about 5 km
from Eresos beach. Parts of the river and its small estuary are susceptible to intense flood events.
The downstream Eresos beach is characterised by significant erosion, part of which has been
attributed to negative sedimentary balance (Velegrakis et al., 2008). This study is focused on the
flood and sediment transport characteristics of the two main river branches, Karasaris and Halandra
streams, both of which play an important role in the sediment supply of Eresos beach.

3. RESULTS - DISCUSSION

Hydraulic modelling (with the model HEC-RAS) showed that the Halandra stream generally
experiences calm/river flow. However, rainfall events with short return period may lead to serious
flood events at junctions where the flow passes from subcritical to critical. Sediment deposition is
projected in a small plateau located downstream of the reservoir and in the small river estuary,
which in the summer period is blocked by a sand beach barrier. It appears that the aforementioned
plateau operates as a sediment trap during both low and high flows, whereas the sand barrier
facilitates sediment entrapment in the estuary during low flows; in high river flows the sand barrier
is breached and riverine sediment is flushed out, forming river plumes in the sea. These processes
have been also validated by the long-term, video imaging of the beach.

Figure 2. Riverbed change for peak discharges with return period 2, 100, 1000 yr, scale from blue to red shows
relevant erosion and deposition. Modified by: Image © 2016, CNES / Astrium; Data SIO, NOAA, U.S. Navy, NGA,
GEBCO; © 2016, Google

Hydrology, erosion and sediment transport was modelled on a daily time-step for the period
2009/09/01 - 2016/08/31 (Figure ), as well as three-year warm-up period for two scenarios, with
reservoir and without reservoir operation. SWAT hydrological calibration was transferred from a
neighbouring calibrated basin and irrigational demands (affecting the reservoir water storage) were
calibrated using the water level records of the reservoir for the periods 2014/05/07 — 2014/10/10
and 2015/12/05 — 2016/06/19 (Figure ); it should be noted that the recorded reservoir water height,
at full capacity, differs for each period, due to the water level logger forced relocation at different
altitude. Personal communication with the reservoir operators suggests that the irrigation demand
ranges from 0.7 to 1.2 Mm® of water during the summer season, SWAT tends to underestimate the
irrigation needs from 0.6 to 0.7 Mm”.

SWAT estimates an erosion rate of 8 t/ha — yr that generates 45 kt/yr of sediment, out of which
only 17 % reaches the beach. The sediment generated by the reservoir drainage area was predicted
5.7 kt/yr by the SWAT model, whereas the reservoir siltation rate was estimated around 14.5 kt/yr.
However, the modelled erosion rate appears to be underestimated when compared with the siltation
rate of the reservoir estimated from the comparison of sequential detailed bathymetric surveys with
historical topographic information. Finally, the comparison of the two scenarios outputs (with and
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without reservoir) shows that the reservoir retains only a fraction of the sediment generated in the
basin with high sediment volumes retained in the small plateau downstream of the reservoir and in
the NATURA area of the river delta.

It should be noted that the above simulation results involve uncertainties, since they have not
been compared with suspended sediment observations and only the hydrological part of the model
has been calibrated. Nevertheless, they can provide an estimation of the erosion and deposition
processes within the basin, as well as an estimate of the percentage of sediment that eventually
reaches the beach. HEC-RAS results indicate two sediment traps along the riverbed downstream of
the reservoir, supporting the results of the SWAT hydrological analysis. Combination of HEC-RAS
with river plume imagery and precipitation records also allowed an initial estimate of the threshold
over which the stream ceases to function as a sediment trap and releases sediment to the sea.
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Figure 3. Modelled discharge results at the mouth of the river and the dam vs precipitation, and comparison of
modelled reservoir storage vs observed water reservoir water height (water height corresponds to different altitude for
each period due to instrument relocation)

4. CONCLUSIONS

The terrestrial sediment supply module of a methodological framework proposed to assess the
coastal sediment supply, beach erosion and management of island beaches has been tested in Eresos
basin (Lesvos). The results show that the combination of different tools can increase our knowledge
on the sediment dynamics of the coastal basin and provide assessments of the terrestrial sediment
supply to downstream beaches. HEC-RAS incorporating detailed riverbed topographical data has
revealed two additional sediment deposition sites along the riverbed downstream of the reservoir,
the river estuary that operates as a sediment trap in low-flows and a small plateau downstream of
the reservoir that can trap sediment also during high river flows. SWAT also managed to adequately
model the Eresos basin hydrology, although the lack of flow and sediment observations may affect
the accuracy of its results. Finally, a series of steps proposed in the framework were utilized to
overcome the absence of monitoring information and reduce uncertainty. However, it appears that

systematic monitoring of river systems should be employed to reduce uncertainty in estimation of
floods and the terrestrial sediment supply to coastal areas.
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