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Flow and the sediment regime affect water quality and nutrient delivery in all river systems and are fundamental
in sustaining the river ecosystem. This study aims to identify the most relevant factors affecting the flow regime
and the suspended sediment transport in two Mediterranean intermittent rivers: the Buger (Spain) and the
Carapelle (Italy). A set of hydrological indicators were used to characterize and classify the flow regime. High-
resolution data, streamflow and suspended sediment concentration were used to quantify runoff and sediment
yields at different temporal scales (annual, monthly, event). Rainfall, streamflow and sediment variables were
used at the event scale to assess the rainfall-runoff-suspended sediment relationship through the Pearson cor-
relation matrix. Hysteresis analysis provided information on sediment source dynamics. In the Biger River, the
high degree of flow intermittence was mainly due to the presence of carbonate lithology and forest land use at
headwaters promoting low values of runoff coefficient (2-10%) and specific suspended sediment yield (SSY;
0.5-46 t km ~2 y~1). In the Carapelle River, the high values of annual runoff coefficient (14-35%), together with
low flow intermittence and SSY (89-745 t km ™2 y ~!) were related to clay and flyschoid lithology. Most of the
annual sediment yield (SY, t) was transported during floods. In Biger, SSY and maximum suspended sediment
concentration (SSCpax, 8 171) were checked against runoff, peak discharge and antecedent rainfall. In Carapelle,
SSY and SSCyax Were checked against the amount and intensity of rainfall. The catchment size and the spatial
distribution of rainfall, land uses and lithology played important roles in the flow regime, suspended sediment
transport and hysteretic behaviour. Characterization of the flow regime linked to its main physical drivers
improved understanding of the hydrological response and sediment transport variability of intermittent rivers.
This study provided valuable insights into water resource management, improving the prediction of spatial
patterns and of the intensity of sediment transport in river basins.

1. Introduction

The hydrological regime strongly affects water quality, nutrient and
sediment delivery in all river systems (Wohl et al., 2015). The relevance
of the flow regime is also recognized by river ecologists, who know that
the dynamic variability of streamflow is fundamental to sustaining the
ecological integrity of the river ecosystem (Poff et al., 1997). In addi-
tion, the Water Framework Directive (EC, 2000) —aiming at “good
ecological status” for all waters— identified the hydrological and
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sediment regime as important factors in integrated river basin man-
agement (Prat et al., 2014).

Waterways that cease flow for some time of the year are defined as
non-perennial rivers (Skoulikidis et al., 2017). Many definitions can be
found in the literature of non-perennial waterways, mostly due to dry
periods (i.e. temporary rivers, intermittent rivers, ephemeral streams,
episodic streams; Datry et al., 2017). As a result, Datry et al. (2014)
integrated these definitions in a new term: intermittent rivers and
ephemeral streams (IRES), which may account for > 50% of the global
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Fig. 1. Study area. (a) Catchments’ geographical location in the Mediterranean area. Geographical location of (b) Bliger and (c) Carapelle catchment with lithology,
gauging stations, rainfall stations, check dams, water treatment plants, terraces and river network.

river network, including low-order streams. The degree of intermittence
is expected to increase in the future across much of the world due to
climate change and anthropogenic activities (Costigan et al., 2017;
Sauquet et al., 2020, 2019). In IRES, the hydrological regime is the
primary driving force controlling the sediment conveyance processes
from upland to lowland catchment compartments, i.e. the river’s geo-
morphology (Jaeger et al., 2017). Hydrological variability tends to be
greater in IRES than in perennial rivers, due to specific and marked flow
patterns in both wet and dry seasons. During the latter, streamflow
gradually decreases until it disappears (Larned et al., 2010), whilst in
the transition phase, sediment deposition within the channel is the
main process but this is washed out regularly by flash floods (De
Girolamo et al., 2015a; Estrany et al.,, 2011). In addition, as runoff
generation processes are spatially heterogeneous and transmission
losses are predominant (De Girolamo et al., 2015b), the sediment re-
gime in IRES is different from than in perennial river systems.
Measurement of sediment transport enables us to understand fluvial
dynamics better and characterize associated riverine processes gov-
erning water quality and habitats (Vericat and Batalla, 2006). In this
context, sediment transport can be related to environmental impact in
lowland areas and coastal zones (Berkun and Aras, 2012; Gamvroudis
et al., 2015). However, the important role of the sediment regime in
biodiversity, ecosystem functions and services, and its significance for
river basin management, are rarely studied (Wohl et al., 2015). The
main reason for this neglect of the sediment regime is the lack of data, a
lack caused by the difficulty, expense and time required to measure
sediment transport (Ricci et al., 2018). There are very few long-term
measurements of sediment transport, especially in IRES. It is the key
gap in our understanding of river sediment regimes (Bisantino et al.,

2010; De Girolamo et al., 2018).

IRES studies have focused on the temporal and spatial variability of
suspended sediment (SS) concentrations (Garcia-Comendador et al.,
2017; Vercruysse et al., 2017), on the drivers of SS transport (Lopez-
Tarazon and Estrany, 2017) or on evaluating reservoir siltation and the
consequent loss of reservoirs’ capacity for holding water (De Girolamo
et al., 2018). Several studies have also analysed SS-discharge hysteresis
during storm events within agricultural basins to identify dominant
sediment sources and pathways (Gentile et al., 2010; Sherriff et al.,
2016). However, the temporal and spatial dynamics of the hydrological
regime have been generally neglected, especially for IRES (Acuia et al.,
2014). It is essential to assess the relationships between sediment and
runoff dynamics, if the sediment transport that is generated by soil
erosion, a process identified as an environmental problem in the Med-
iterranean Region, is to be measure properly (Gamvroudis et al., 2015).
Furthermore, limitations on hydrological models due to karstic fea-
tures, global change effects and the lack of information about physio-
graphic conditions mean that long-term hydrological data are required
to assess flow and sediment regime in intermittent rivers (De Girolamo
et al., 2015a; Skoulikidis et al., 2017).

This study analyses the hydrological regime and SS transport in the
Buger and Carapelle catchments, located in Spain (Mallorca Island) and
Italy (Apulia Region), respectively. Both are prone to flow inter-
mittence. These basins, which share Mediterranean climate, have dif-
ferent physical features (i.e. catchment size, land use, soil, lithology).
The complex interactions among these physical features are funda-
mental in influencing the flow regime and SS transport (Pagano et al.,
2019). A set of hydrological indicators were used to characterize and
classify the flow regime. High-resolution data, streamflow and
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suspended sediment concentration were used for analysing floods. The
sediment transport dynamics of the Carapelle have been investigated in
part (Garcia-Rama et al., 2016; Pagano et al., 2019): hydrological re-
sponse and SS transport were assessed and compared at the event scale
between Carapelle and an Alpine catchment. However, the analysis was
not complete and SS transport was not measured at different time
scales. The general objective of this study was to investigate the pro-
cesses and the relationships between flow regime and SS transport in
two streams under different degrees of flow intermittence. The specific
objectives were to (a) quantify SS transport, (b) analyse the temporal
variability of SS transport in response to the hydrological regime, and
(c) identify the drivers of SS transport. The study contributes to better
understanding of sediment transport dynamics in IRES in Mediterra-
nean climate. It can be useful for water resources management, by
predicting the spatial patterns and intensity of sediment transport in
river basins.

2. Materials and methods
2.1. Study areas

The study areas are two Mediterranean catchments with inter-
mittent river networks. The Btiger catchment is located in the north of
Mallorca (Spain, Fig. 1a), with its headwaters in the Tramuntana Range
and the main course in the piedmont area known as Raiguer County.
The Carapelle catchment is located in southern Italy, with its head-
waters in the mountainous Dauno Sub-Apennine (Campania region)
and the main course on the “Tavoliere delle Puglie” plain (Puglia re-
gion, Fig. 1a).

The Btger River (Fig. 1b) drains a catchment area of 68.2 km? at the
gauging station. The altitude ranges from 55 to 1360 m a.s.l. with an
average catchment slope of 31% (Fig. A.la, Appendix A). The river is
21.6 km long with an average channel slope of 5% (13% in the first
7 km and 1% downstream). The lithology in lowland areas is alluvial,
with clays and gravels (Fig. 1b). The catchment headwaters are char-
acterized by massive limestone, marls and breccia (Table B1 Appendix
B). Climate is classified as Mediterranean warm-summer (Csb) at
headwaters and hot-summer in lowlands (Csa) on the Képpen climate
classification (Kottek et al., 2006). Mean annual rainfall in lowland
areas is 760 mm (1985-2006, Selva-Moscari AEMET station) and at the
headwaters is 1201 mm (1985-2006, Lluc AEMET station). Rainstorms
with a recurrence period of 2 years (headwaters) and 10 years (low-
lands) may generate 100 mm of rainfall in 24 h (YACU, 2002). Agri-
culture is the main land use of the catchment: this is, mainly located in
lowlands, while forest mostly covers mountain areas (Fig. A.1b
Appendix A, Table B2 Appendix B). The main headwater subcatchment
is regulated by the presence of check-dams constructed in the 1980 s.
Traditional farm terraces occupy 20% of the catchment (i.e., 485 km of
dry-stone walls). Furthermore, there are two water treatment plants at
the villages of Selva (4014 inhabitants; INE, 2019) and Mancor de la
Vall (1509 inhabitants; INE, 2019), which are located 6 and 10 km
upstream of the hydrometric station (Fig. 1b). These plants spilled into
the main channel during the period 2013-2017 an average monthly
wastewater volume of 12,727 m® and 4267 m®, respectively (GOIB,
2020).

The Carapelle River (Fig. 1c) drains a catchment area of 506 km?
with a main channel length of 52.2 km that flows with an average
channel slope of 1.8%. Altitude ranges between 120 m and 1089 m a.s.1
and the average catchment slope is 16% (Fig. A.1c Appendix A). In the
mountainous part of the catchment, the lithology (Fig. 1c) is mainly
characterized by clayey-limestone and limestone-marly units which
make up the flyschoid unit, while on the plain the main lithological
classes are sands and conglomerates, clays and alluvial terraces (Table
B1, Appendix B). The climate classification (Kottek et al., 2006) is
Mediterranean, varying between warm (Cfa) at the headwaters and arid
(Bsk) at the basin outlet. The mean rainfall at the headwaters is
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778.9 mm (1921-2012, Bisaccia, Department of Civil Protection sta-
tion) and 531.4 mm (1921-2012, Castelluccio dei Sauri, Department of
Civil Protection station). The maximum 24 h-rainfall, with a recurrence
period of 25 years, is about 110 mm day ~*. The Carapelle catchment is
characterised by a strong presence of agricultural activities, occupying
79.5% of the catchment (Table B2, Appendix B), mainly winter wheat.
In terms of area covered, forests follow agriculture (Fig. A.1d, Appendix
A). In the mountainous areas of the Northern part of the catchment,
many check-dams were built in the period 1960-1980 (Fig. 1c). There
are four water treatment plants in the basin (17,302 inhabitants), which
contribute with an average monthly wastewater volume of 105,180 m®.

2.2. Data acquisition

Streamflow (Q) and suspended sediment concentration (SSC) were
measured at the Bliger gauging station near Bfger village
(39°45’7.548”N, 2°58’43.301”E) from 2013 to 2017. The water stage
was continuously measured using a pressure sensor (Campbell CS451).
Turbidity was recorded by a turbidimeter (OBS-3 + turbidimeter with a
double measurement range of 0-1.000/1.000-4.000 NTU) connected to
a Campbell Scientific CR200X data logger, which performs a 1 min
reading and records an average value every 15 min. A rising-stage
sampler modified from Schick (1967) was installed to provide more
information on SSC. Water stage calibration, flow velocity measure-
ments and stage-discharge rating curves were developed in line with
the procedures of Fortesa et al. (2019). Water and SSC determination in
samples were treated and used to calibrate turbidity records. Suspended
sediment yields (SSY, t km? yr™!) at annual, seasonal, monthly and
event scales were calculated by combining the SSC and the Q. Daily and
ten-minute rainfall data were obtained from AEMET-the Spanish Me-
teorological Agency (6 rainfall stations) and the MEDhyCON research
group (2 rainfall stations).

Continuous measurements of Q and SSC were recorded from 2007 to
2011 at the Carapelle gauging station, located near the village of
Ordona (41°17/50.347”N, 15°36’2.583”E) (Gentile et al., 2010). An
electromechanical and ultrasound stage meter was used for Q mea-
surements (Department of Civil Protection-National Hydrographic
Service) and an infrared optical probe (Hach-Lange Solitax) was used
for SSC. The probe was housed in a protection case to avoid the impact
of flowing coarse material. The monitoring was controlled by a data
acquisition set and a telemetry system for remote measurements was
also provided. Both systems recorded data every 30 min. Daily Q data
from 1970 to 2011 and daily and sub-daily (30-min) rainfall data were
obtained from the Department of Civil Protection. Additional details
about the instruments can be found in Gentile et al. (2010).

2.3. Hydrology and SS transport

The hydrological regime was characterized by means of a set of
hydrological indicators (HIs; Richter et al., 1996). The selected HIs,
computed on measured daily Q, proved to be relevant in IRES as
pointed out by Oueslati et al. (2015), who classified temporary rivers in
gauged Mediterranean catchments, and by D’Ambrosio et al. (2017),
who characterized hydrological regime of gauged and ungauged in-
termittent rivers in Southern Italy. In-stream monitoring data (Q, SSC),
were used to characterize the intra- and inter-annual variability of SSC
and sediment yield.

2.3.1. Annual and monthly analysis

The flow regime was classified in relation to the degree of inter-
mittence, the long-term mean annual relative number of months with
flow (Mf; Arscott et al., 2010) and the 6-month seasonal predictability
of the dry period (Sd6, Eq. (1); Gallart et al., 2012). Both HIs were also
used as coordinates in a plot, in order to classify the streams visually on
the basis of their degree of intermittence.
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where Fdi is the multi-annual frequencies of zero-flow months for the
contiguous six wetter months of the year and Fdj is the multi-annual
frequencies of zero-flow months for the remaining six drier months.

This classification divides the river regime, and thus the river types
(Gallart et al., 2012), in four classes: perennial (P), intermittent-pools
(I-P) (in dry season, only subsurface flow occurs), intermittent-dry (I-D)
(surface and subsurface flow are absent for at least 1 month a year) and
episodic-ephemeral (E) (water flow and pools are occasional). The
present study classified the Carapelle River with daily Q data from 1970
to 2011; and data and the Blger catchment, with data from 2013 to
2017.

Flow magnitude was described through the median annual runoff
(R,; mm), the runoff (R; mm) for each month and the groundwater or
subsurface contribution to Q, the baseflow index (BFI). The BFI was
calculated as the ratio of the annual baseflow to the total annual flow.
In ephemeral streams, the BFI may be close to 0, whereas in catchments
with high groundwater contributions the BFI is close to 1 (Smakhtin,
2001). The Richards-Baker Flashiness Index (FI, Eq. (2)) (Baker et al.,
2004) was used to calculate the rate of changes in Q. The median of the
annual values was taken as the representative value.

2qi—qi, .
Fl="——1—=
% a @

where qi is the daily Q at the time i, and qi_; is the daily Q at the time i ;.

The maximum annual flow of 1-day duration (DH1), and the
number of days without flow (number of zero-flow days, DL6) were
analysed to describe extreme flow conditions. Finally, the timing of
maximum and minimum flows was computed (TH1, TL1).

The temporal variability of SY was analysed for both streams.
Annual and median monthly specific SY (SSY, t km ™ 2) were estimated
over the study period. Magnitude and timing of extreme sediment
transport conditions were calculated and a flashiness index for sedi-
ment (the Sediment Flashiness Index; SFI) was computed to calculate
the rate of change in the SY in order to evaluate the response of sedi-
ment transport to the streamflow. The SFI was calculated using Eq. (2),
where daily SY was used instead of daily Q.

Flow duration curves (FDC) were also developed for specific R and
SSY per unit area by using data measured at the gauging stations. The
FDCs and sediment duration curves (SDCs) graphically characterize the
time during which a specified flow or SSY is equalled or exceeded
(Kannan et al., 2018).

2.3.2. Event scale analysis

A number of floods were selected on the FDC by using a distribution
frequency of 95%. The beginning of floods was identified as the time
that showed a significant increase in Q; while the end was taken as the
breakpoint of the recession limb (Custodio and Llamas, 2005). More-
over, flood events after the dry period were added to this analysis due
to their relevance during the storage and release periods of SS in IRES
(De Girolamo et al., 2015ab; Vercruysse et al., 2017). Events in which
sediment data were missing (particularly in 2009 for Carapelle and in
2015 for Btiger) were discarded, since a complete analysis was not
possible. As a result, 25 and 23 events were selected for the Biger and
Carapelle rivers, respectively. Flood events were analysed by 12 vari-
ables divided into three groups: rainfall, R and sediment variables
(Table 1). The relationships between rainfall, R and SS transport vari-
ables were assessed through a Pearson correlation matrix using the
statistical SPSS software.

According to Baker et al. (2004), the flashiness index equation (Eq.
(2)) was adapted to the sub-daily data as indicated in the following
equation (Eq. (3)):
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_ 2 |ghri — ghri |
2qi ()

where ghri is the sub-daily Q at time i (15-min for the Biiger and 30-min
for the Carapelle).

SFI was also calculated for the events analysed by the SSY in Eq. (3).

The relationship between Q and SSC was investigated by means of
the hysteresis analysis reported by Williams (1989). Hysteretic loops
are classified as linear when Q and SSC peaks (Quax and SSCp,ax) occur
at the same time; the clockwise loop when SSC,.x occurs earlier than
Qmax; and counter-clockwise loop when Q,,x occurs later than SSCpax.
Clockwise and counter-clockwise loops are circular in case of single
peaks, while multiple peaks of Q or SSC create a combination of these
loops that are called eight-shaped.

FI

3. Results
3.1. Classifying streamflow regime

The time during which a specific flow or SSY is equalled or exceeded
is represented as a percentage in Fig. 2 through the FDC and SDC on a
daily time scale. The flow permanence observed at the Btiger River
gauging station was < 30% of the time. The FDC assumed a very sharp
shape in extremely high flows (0-2% exc. freq.), in high flows (2-5%
exc. freq.), and also in normal and low-flow conditions, demonstrating a
rapid response in both the rising and recession phase. From extreme-
high flow to high flows (0-5% exc. freq.) specific R ranged from 0.23 to
0.003 mm km 2.

The FDC of Carapelle is characterized by a steep slope in extreme-
high flow (0-5% exc. freq.). In high flow (5-20% exc. freq.) and normal
flow, a gentle slope was observed. A few days without flow were re-
corded from 2007 to 2011. The specific R ranged from 16.07 to
5.03 mm km ™2 in extremely high flow and decreased rapidly in the
high flow phase, reaching 0.69 mm km ~ 2. In normal flow (20% of exc.
freq.), specific R was between 0.69 and 0.07 mm km 2.

The SDC was matched with the FDC in the Biger River. The SDC
showed a sharp decrease in the FDC for extreme-high flow (0-2% of
exc. freq.) and high flow conditions (2-5% of exc. freq.). Specific SSY
ranged from 32.1 to 0.03 t km~2 day ! and 0.03 to 0.007 t km 2
day !, respectively. During normal flow conditions (5-22% exc. freq.)
low values of SSY, ranging from 0.007 to 0.0004 t km ™2 day ', were
seen. The SSY contribution during extreme-high flows and high flows
represented the 97% and 1.3% of the total SSY, respectively.

The SDC for the Carapelle River showed a rapid decrease in SSY for
extreme-high flow conditions, ranging from 304 to 3.78 t km ™2 day ~ .
A prompt decrease from 3.78 to 0.21 t km ™2 day ~ ! was also recorded
in high flow. Under normal flow conditions, SSY was between 0.21 and
0.025 t km~2 day~'. The contributions to total SSY in extreme high
flow and high flow conditions were 90% and 7%, respectively, whilst
this contribution to total SSY under low flow conditions was 0.15%.

By using the metrics Sd6 and Mf as coordinates in the plot reported
in Fig. 3, the Bager and Carapelle rivers were classified in average
conditions as an I-D and I-P stream, respectively. In the study period,
the Bliger ranged between I-P and E and the Carapelle from P to I-P.

3.2. Analysing hydrology and sediment transport

The hydrological parameters, SSY and the selected HIs calculated on
a yearly basis, are summarized in Table 2. The pattern of daily rainfall
(mm), Q (m® s™') and SSC (g 1™ 1) recorded on the daily time scale are
analysed and reported in Fig. 4(a, b).

In both catchments, rainfall and hydrological regimes were char-
acterized by a wet and a dry season. Both the annual rainfall amount
and the number of high rainfall events (> 25 mm) recorded in the
Btiger catchment were higher than in the Carapelle. On the contrary,
the runoff coefficient (3%, ranging from 2 to 10%) in the Biiger was
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Table 1
Rainfall, runoff and sediment variables considered in the event scale analysis.
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Rainfall variables Runoff variables Sediment variables
Piot Total precipitation (mm) Qdur Flood duration (h) SSCrax Max. susp. sed. conc. (g171)
1P, 30 Max. 30’ prec. intensity (mm h) Qmax Max. discharge (m® s~ %) SFI Sediment flashiness Index
AP1d Antec. Prec. 1 day before (mm) Qo Discharge at time 0 (m® s~ 1) SSY Specific sediment yield (t km~?2)
AP3d Antec. Prec. 3 day before (mm) FI Flashiness Index
R Runoff (mm)
Re Runoff coefficient (%)
100 3 1000 1005 — 1000
i a — SR: Specific runoff F 1 b) F
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=100
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Fig. 2. Specific runoff (blue line) and specific suspended sediment yield (red line) duration curves at (a) Biiger and (b) Carapelle Rivers based on daily values. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

lower than in the Carapelle (16%, ranging from 14 to 35%) (Table 2).
Streamflow in the Carapelle was higher than in the Biger catchment.
The hydrographs of both rivers are characterized by steep rising and
recession limbs, although the latter is less accentuated in the Carapelle
(Fig. 4a, b). The R, contribution was 25.38 mm (from 11.38 mm to
91.11 mm) in the Btiger and 90.6 mm (from 75.0 mm to 307.8 mm) in
the Carapelle (Table 2).

Seasonal rainfall patterns can be seen on a monthly scale in the
Biger (Fig. 5a), where the rainiest months (November to January)
reached 300 mm. On the contrary, monthly rainfall was < 100 mm
from mid-spring to early autumn (May to October). In the Carapelle
(Fig. 5b), the rainiest months were from autumn to the beginning of
spring; the maximum monthly amounts (i.e., 170 mm) were lower than
in the Bager. The lowest monthly rainfall amounts were recorded in
July and August in the Btger and Carapelle, respectively (i.e. <
50 mm).

The wet season generally ran from November to May in the Biger
catchment, with 84% of the R, in three months: January (46%),
February (19%) and December (19%) (Fig. 5¢). In the dry season, flash

flood events occurred, except in July and August. The Carapelle river
was characterized by a longer wet season (October to June; R > 5 mm)
(Fig. 4b) with a monthly R ranging from 4.8 mm to 66.5 mm (Fig. 5d).
The major R contributions were recorded in March (21%), January
(17%) and April (15%). The dry season, from July to September, was
characterized by an average monthly R < 5 mm.

As Table 2 shows, the median annual BFI was 0.45 (from 0.30 to
0.59) and 0.54 (0.36-0.58) in the Buger and Carapelle, respectively.
Higher inter-annual variability in the rate of changes in streamflow was
recorded in the Buger, where FI ranged from 0.22 to 0.76 as against
0.31-0.56 in the Carapelle River. While DH1 reached four orders of
magnitude in the Biger, it had a higher value and less variability in the
Carapelle River. In both study areas, the period of high flow was gen-
erally from December to April (TH1 varies from 315 to 120, see
Table 2). Extreme low flow conditions occurred mainly between early
spring to early autumn, with TL1 ranging from 112 to 153 in the Buger,
with the median DL6 of 237. Very few low number of DL6 was recorded
during 4 years of measurements in the Carapelle (from 0 to 54 days).

In the Btger, SY was limited to a few events (R > 20 mm), which
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1 - Fig. 3. River regime by flow permanence (Mf) and
} six-month seasonal predictability of dry period
b i (Sd6) (Gallart et al., 2012). Red lines stand for the
0.9 - separation between the different regime types. The
Ca rapelle grey triangle shows the area where the metrics are
incompatible. Bars show the standard errors. Flow
0.8 - , regime acronyms: (E) episodic-ephemeral, (I-D) in-
BUger termittent-dry, (I-P) intermittent-pools and (P) per-
A ) ennial. (For interpretation of the references to
07 - ’ ) 4 ’ colour in this figure legend, the reader is referred to
© the web version of this article.)
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Flow occurrence (Mf)

accounted for almost the total annual SY of the catchment. The mag-
nitude of the Q was between 0 and 17.9 m® s~ ! and the SSC ranged
between 0 and 1.2 g 1! (Fig. 4a). The largest flood occurring in the
Buger during the study period generated a runoff of 23.6 mm and a SSY
of 35.5 t km ™2 with a rainfall amount of 55.7 mm. The Carapelle River
was characterized by a higher SY caused by R events lower than 20 mm.
Indeed, Q ranged between 0 and 94.1 m® s~ ! and SSC varied between
0.01 and 35.6 g 17! (Fig. 4b). The largest flood, recorded on 10th
November 2010, generated a runoff of 18.2 mm and a SSY of

Table 2

303 t km ™~ 2 with a rainfall amount of 14.4 mm.

SSY was matched with R and showed high variability in both basins.
The median annual SSY in the Biger catchment was 1.51 t km ™2y~ 1,
which was lower than in the Carapelle (267.78 t km ™2y~ '). Analogous
behaviour was found in the rate of change of SSY, where differences of
up to two and three orders of magnitude are shown in the Carapelle and
Buger respectively (Table 2).

Fig. 5e shows the monthly SSY for both basins. In the Btiger
catchment, most annual SSY was delivered in January (87.0%),

Annual rainfall, Annual runoff (R,), runoff coefficient (R.), Zero-day flow (DL6), Specific Sediment Yield (SSY), Base Flow Index (BFI), Flashiness index (FI), Sediment

Flashiness Index (SFI) and HI for the Biger and Carapelle catchments.

Buger
Year Rainfall (mm) R,(mm) R (%) DL6 SSY (t km ™2 yr'l) BFI FI SFI DH1 TH1 TL1
2013 1019.35 26.86 3 204 0.79 0.44 0.22 0.36 0.23 120 153
2014 719.10 11.38 2 237 0.49 0.55 0.76 0.92 1.26 356 133
2015 606.30 25.38 4 212 1.51 0.59 0.51 0.60 2.76 36 153
2016 867.88 16.73 2 329 3.92 0.30 0.48 0.52 0.058 46 140
2017 870.20 91.11 10 250 45.97 0.45 0.25 0.38 17.68 21 112
Median 2013-17 867.88 25.38 3 237 1.51 0.45 0.48 0.52 1.26

Carapelle
Year Rainfall (mm) R, (mm) R. (%) DL6 SSY (tkm~2yr™1) BFI FI SFI DH1 TH1 TL1
2007 542.01 75.00 14 0 89.31 0.56 0.45 1.53 38.93 96 268
2008 546.00 93.50 17 54 123.70 0.58 0.31 1.44 20.25 67 193
2009 785.74 - - - - - - - - - -
2010 888.98 307.80 35 4 745.40 0.52 0.49 1.17 94.09 315 206
2011 546.04 87.70 16 1 411.86 0.36 0.56 1.31 67.46 65 262
Median 2007-11 546.04 90.60 16 2.5 267.78 0.54 0.47 1.38 53.19

** The year 2009 was not included in this table due to the lack of data on both runoff and sediment load (maintenance of the gauging station).
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Fig. 4. Streamflow and SSC on a daily time scale: (a) Btiger and (b) Carapelle Rivers. The numbers located at the peak of each hydrograph indicate the ID of the
events recorded during the study period. Selected events for the hysteresis analysis are denoted with the asterisk (*).

December (8.3%) and February (3.1%), when monthly R runoff was 3.3. Variability at the event scale
high; whilst the SSY was very low in the rest of the year. In the Car-

apelle catchment, the SSY was recorded throughout the year, with the Rainfall, runoff and sediment variables calculated at sub-daily time
largest values (i.e. SSY > 100 t km~2) recorded in November (40.6% steps (15-min and 30-min for the Biiger and Carapelle, respectively) for
of annual amount), March (16.5%) and December (13.6%) (Fig. 5f). the selected flood events are summarized in Tables 3 and 4. The R and
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Fig. 5. Box plots show the minimum, median and maximum monthly rainfall, runoff (R) and specific suspended sediment yield (SSY) contributions of the Biger (a, c
and e) and Carapelle (b, d and f) catchment.
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SSY contributions recorded in the selected events were 48% and 90% of
the annual amount in the Blger; and 14% and 80% in the Carapelle,
respectively. In the Buger, the largest event (Table 3) generated an R of
25.0 mm and an SSY of 35.45 t km ™2 (Qqy: 24 h), which were 27% and
77% of the R and the SSY recorded during 2017. In the Carapelle,
however, during the largest event in terms of R (18.15 mm), a SY of
242.07 t km ™2 was recorded (Qgy,: 31 h, Table 4). The contributions of
R and SSY for 2010 was 6% and 32% respectively.

A wide range of runoff response and sediment transport was found
in the two study areas. The variables controlling hydrological response
seem to be different between basins. Analysis of the rainfall variables
make clear that the threshold of rainfall needed to generate runoff is
different in the two basins. As Table 3 shows, P, and IP.,,,30 were
higher in the Blger catchment than in the Carapelle. This was expected,
as both the infiltration capacity of soil and the lithology of the two
basins differ.

The pre-event rain (rain recorded before flood), which was analysed
here through the precipitation recorded 1 day before the event (AP1d)
and 3 days before it (AP3d), and Q at time 0 (Qo) seem to be the main
factors contributing to the streamflow in the Btger catchment. Indeed,
as Table 5 shows, there was a strong correlation between pre-event
variables (AP1d, AP3d and Q) and Q. R and R..

In the Carapelle, Q,.x and R correlated with Py, IP1ax30 and Qo,
whilst AP1d and AP3d did not correlate with any variable (Table 6).
This is probably because rainfall events are generally localized in small
areas, which means that use of the Thiessen polygons to calculate mean
precipitation in a large drainage area misses some relevant information
such as the correlation with floods. The median value of flood duration,
Qqur, Was about 20 h in both basins, although in the Blger greater
standard deviation was found.

Both catchments showed a non-linear relationship between rainfall
and runoff. In the Bliger, rainfall events of 60 mm may generate a runoff
response from 0.1 to 25 mm, depending on the season and the ante-
cedent precipitation of the runoff event (Table 5). This variability was
also seen in the Carapelle catchment, where rainfall events close to
15 mm generated a runoff response from 4 to 18 mm (Table 6). In both
catchments the FI had strong positive correlation with SFI and strong
negative correlation with Qg,,. Furthermore, in the Buger the FI also
correlated with IP,,,30.

Rainfall variables depicted difference in sediment transport between
the basins. In Biger AP1d and AP3d correlated with SSC.,., and SSY.
These sediment variables correlated strongly with Qg, Qmax, R and R.. In
the Carapelle, P,y and IP,,,4,30 were correlated with the SSY, with the
correlation with rainfall intensities being more significant. IP,,,30 also
correlated with the SSC,,.x, which also correlated with Q,,.x and the FL.
Closer correlations (p < 0.01) were observed between SY and Qpax
and R. In both catchments SSC,,,x depicted close correlation with SSY.

Catena 196 (2021) 104865

In the Biger, higher contributions of the SSY were found in those events
with SSCpax > 1817 1. most of which were in autumn or winter. In the
Carapelle, the highest contributions of the SSY were seen when
SSCmax > 30 g 177, events generally occurring in autumn and winter.

Different hysteretic loops were observed in the two basins. For the
25 analysed flood events in the Btger, predominantly clockwise hys-
teresis behaviour (72%) was found (Table 3). Among these 67% were
circular while 33% were eight-shaped. Events with clockwise hysteresis
generated 93% of the total R and 97% of the total SY. In the Carapelle,
however, the prevalent hysteresis loops (74%) were counter-clockwise
(Table 4). In particular, 82% were circular and 18% were eight-shaped.
In these kinds of events, the R contribution was 51% while the SY
contribution was 49% of total recorded amounts. Differences were seen
for the Carapelle in the largest floods, which had a predominantly
clockwise hysteresis loop.

Fig. 6 reports some hysteresis loops (events after dry period,
Q > 95%). In both catchments, the hysteresis in events after dry
period and Q > 98% were counter-clock and clockwise, respectively,
showing eight-shaped loops in multi-peak events. Besides, in events
after dry period and Q > 95% the SSC,,.x values were similar in each
catchment. However, in Q > 98% evens, the largest values of Q and
SSCpax were found in both catchments, being in Biiger SSC,,.x one order
of magnitude higher than events after dry period and Q > 95%.

4. Discussion

Hydrological regimes are clearly influenced by fluctuations in the
groundwater table and the nature of the flow pathways into and out of
the river channel, exerting controls on sediment transport (Sear et al.,
1999). Disentangling these control mechanisms in IRES is a crucial issue
because the number and length of intermittent rivers in regions that
experience drying trends are likely to increase under global change
scenarios (Larned et al., 2010). This paper analyses hydrology and se-
diment transport in two IRES in Mediterranean environments. Soil
permeability, lithology and geological features were the most relevant
factors affecting the flow regime and the intermittence of the rivers,
while climate had a minor influence. Indeed, although the mean annual
rainfall was higher in Biger than Carapelle, karst areas of the Buger
headwater catchment caused a high threshold for runoff generation due
to high transmission losses (Calvo-Cases et al., 2003). In addition, the
spatial distribution of land uses in the Btiger —forests at headwaters and
agriculture in lowlands- reduced R, as the steepest part of the catch-
ment (i.e., headwaters) is covered by natural vegetation, which in-
creases rainfall interception (Buendia et al., 2016). In the Carapelle,
80% of the catchment is covered by seasonal crops, with arable land the
driver for R generation (Cerdan et al., 2004). The medium size and
elongated shape of the Carapelle, due to the heterogenization of

Table 5
Pearson correlation matrix for the Buiger catchment. Significant correlation at p < 0.05 (italics) and p < 0.01 (bold)
Peot IP,nax30 AP1d AP3d Qaur Qo Qmax FI R Re SSCrnax SFI Ssy

Piot 1 0.30 0.36 0.61 0.20 -0.05 0.18 —-0.25 0.37 0.02 0.32 -0.15 0.14
IPhax30 1 -0.18 —0.04 -0.51 -0.29 —-0.14 0.70 -0.18 -0.35 0.02 0.66 -0.11
AP1d 1 0.87 0.42 0.56 0.58 -0.35 0.76 0.64 0.49 -0.29 0.55
AP3d 1 0.33 0.54 0.58 —-0.33 0.74 0.58 0.51 —-0.25 0.54
Qdur 1 0.01 0.01 —-0.65 0.29 0.20 —-0.12 -0.69 0.00
Qo 1 0.82 —-0.22 0.80 0.96 0.65 —-0.03 0.78
Qmax 1 —-0.15 0.91 0.81 0.84 0.04 0.99
FI 1 -0.30 -0.33 -0.12 0.87 -0.11
R 1 0.87 0.76 —-0.14 0.88
Re 1 0.62 -0.16 0.76
SSCinax 1 0.15 0.85
SFI 1 0.08
SSY 1

Correlation p < 0.01.
Correlation p < 0.05.
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Table 6
Pearson correlation matrix for the Carapelle catchment. Significant correlation at p < 0.05 (italics) and p < 0.01 (bold).
Piot 1P 1ax30 AP1d AP3d Qdur Qo Qmax FI R Rc SSCnax SFI SSY

Piot 1 0.77 0.17 -0.11 0.72 0.10 0.54 -0.12 0.62 —-0.42 0.29 0.03 0.50
IP1hax30 1 0.36 0.10 0.28 0.24 0.77 0.22 0.60 —0.40 0.52 0.28 0.60
AP1d 1 0.461* -0.13 0.10 0.36 0.19 0.15 —0.08 0.31 0.13 0.19
AP3d 1 —0.04 0.28 0.27 -0.01 0.24 0.34 0.02 —-0.05 0.24
Qaur 1 0.23 0.30 -0.61 0.66 -0.21 -0.09 —0.40 0.46
Qo 1 0.46 —-0.38 0.62 0.09 0.18 —-0.32 0.43
Qmax 1 0.10 0.85 -0.21 0.49 0.07 0.88
FI 1 -0.23 —-0.21 0.51 0.81 0.01
R 1 —-0.15 0.37 -0.16 0.91
R, 1 -0.13 —-0.28 -0.11
SSCrnax 1 0.63 0.54
SFI 1 0.01
SSY 1

Correlation p < 0.01.
Correlationp < 0.05.

precipitations, influenced the streamflow. In such catchments, rainfall
events of the same magnitude may generate different Q, depending on
their distribution (Garcia-Rama et al., 2016). These results confirm the
research of Lopez-Tarazén and Estrany (2017) and Pagano et al. (2019),
who pointed out that comparing catchments with different features
leads to better studies of the hydrological regime. However, among all
the features of basins, geology, land cover, soil type and slope were
relevant drivers of hydrological processes, partitioning waters between
horizontal and vertical pathways (i.e. overland flow, infiltration) and
determining the connectivity of the drainage network and storage
(Chiverton et al., 2015; Borg Galea et al., 2019). Thus, due to the above-
mentioned factors, the Biger River was characterized by greater flow
intermittence and lower R,.

The statistical relationships between the selected HIs and sediment
transport regime indicators, along with the analysis of the hysteretic
loops, indicate that hydrology was the most important sediment
transport driver. On the annual scale, the SSY recorded in the Buger
(0.5-46 t km~2 y_l) indicated sediment delivery lower than the
average rate of soil erosion (200-400 t km ~% y ~ 1) generally recorded in
the Mediterranean region as reported by Van Rompaey et al. (2005),
and also lower than the values for Spain (Avendafio Salas et al., 1997;
De Vente et al., 2005; Vanmaercke et al., 2011). However, the annual
SSY was similar to the soil formation rate (i.e., 0.2-55 t km ™2 y_l)
observed in karst areas (Cao et al., 2020). In the Carapelle catchment,
the SSY (89-745 t km 2 y- 1) was higher than the rate of soil formation
of 140 t km 2 y_1 (Panagos et al., 2015; Verheijen et al., 2009). Ricci
et al. (2019, 2018) highlighted that the soil erosion rate is critical in the
basin, where catchment management is needed to reduce soil erosion.
The large number of terraces in the Btger catchment contributes to
decreasing water and sediment fluxes and preventing sediment de-
tachment from the slopes, thus causing low amounts of SSY
(Calsamiglia et al., 2018).

At the event scale, the close correlation between FI and SFI means
that in Btiger the increment or reduction of SY follows variations of Q,
whereas in the Carapelle the low correlation observed between these
variables indicates that sediment can be released later than the runoff
peak. This result is confirmed by counter-clockwise and complex hys-
teresis loops characterizing the Italian basin.

Overall, 48 flood events were analysed for the Biger (25) and
Carapelle (23) basins. In the Buger, the pre-event variables (i.e., AP1d,
AP3d, and Q,) meant that the drivers for runoff response confirmed
previous studies (Estrany et al., 2010; Lana-Renault et al., 2007; Latron
and Gallart, 2007). Furthermore, accordingly to Lana-Renault et al.
(2007) and Fortesa et al. (2020a), seasonality was a key factor as all
events with runoff > 4.9 mm occurred from December to February

11

(the wet season). In addition, rainfall events between 36 and 46 mm
had runoff yields between 0.04 and 4.9 mm. Among these events, a
greater response in runoff and Q,,x was seen in events with antecedent
rainfall events, especially in the winter months. As in the Buger, the
importance of favourable conditions over Q,,x was reported in other
Mediterranean catchments where antecedent wet soil conditions gen-
erated the greatest Quax (Estrany et al., 2010; Zoccatelli et al., 2019).
The importance of pre-event conditions suggests that runoff response is
most probably the result of saturation excess processes (Dunne and
Black, 1970). However, infiltration excess overland flow occurs in late
spring and summer when precipitation exceeds the infiltration capacity
of the soil (see events 6, 7, 8, 13, 25 in Fig. 4a).

Discriminant analysis indicated that in the Carapelle, R generation
and Qpuax were clearly influenced by Py, (Latron et al., 2008) and
IP;,2x30 (Manus et al., 2009), which were more significant than the pre-
event variables. This behaviour is probably due to both rainfall char-
acteristics (local and intense) and soil features (low permeability).
However, the number of gauging stations in the basin is low, use of the
Thiessen polygons to calculate the mean precipitation could lead to
missing some important information (i.e. spatial distribution). Indeed,
the hydrological response for rainfall events between 11 and 18.4 mm
was non-linear, as observed in other Mediterranean basins (Latron
et al., 2008; Lopez-Tarazon et al., 2010). The highest values of R were
recorded in events with very high Qua., (i.e., 100 m® s™') due to the
combination of the total amount and the intensity of the rainfall event.

In the Buger, most of the SSY was transported during flood events
characterized by high R and Q. which controlled large SSY and
SSCiax values. These were the situations of greatest sediment transport,
as they were very energetic events (Lopez-Tarazon and Estrany, 2017).
Analogous with the hydrological response, these events occurred under
wet antecedent conditions (i.e., AP1d, AP3d and Q,), as moisture
conditions, not rainfall intensities, promoted the main runoff and se-
diment load contributions (Fortesa et al., 2020b; Seeger et al., 2004).
However, 72% of the SSCpax was < 0.5 g 17! and only in 5 events was a
SSY > 1 t km™ 2 recorded. This was because of low sediment avail-
ability due to the karst coverage at the headwater’s catchment (Li et al.,
2019).

In the Carapelle, rainfall amount and intensity controlled the SSY
contribution (high correlation coefficients) in the events with
SSY > 200 t km ™2 In addition, the larger area of the Carapelle could
be a factor explaining the high temporal and spatial rainfall variability
(Ricci et al., 2018). This factor may explain the lack of correlation that
was found in the Carapelle for the FI and SFI, due to a longer con-
centration time than in the Btiger (Fig. 6). Furthermore, Q,.x Was a
good indicator of the highest SSC,.x and SSY, as pointed out by Duvert
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Fig. 6. Rainfall, discharge and suspended sediment concentration for the selected events on the Biiger and Carapelle rivers and their respective hysteresis.
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et al. (2012).

The Btger had predominantly clockwise loops, while in the
Carapelle the counter-clockwise loops were more frequent. This dif-
ference occurs for several reasons, such as the size of the catchment, the
pattern and distribution of the rainfall and the geological characteristics
(Smith and Dragovich, 2009). Smaller catchments like the Biiger are
usually characterized by the prevalence of clockwise loops (Bezak et al.,
2016; Garcia-Rama et al., 2016) because the lag between Q and SSC
decreases in small catchments and when the rainfall event is close to the
gauging station (Heidel, 1956). The lithology of the headwaters, which
is composed of 27.7% limestone (Table B1, Appendix B), allows the
infiltration of rainfall and limits the detachment of sediment. Carbonate
rocks and karst features promote low R and SSY due to high trans-
mission losses and low SS availability (Li et al., 2019). Furthermore, the
forested areas at the headwaters reduced soil detachment, protected by
rainfall interception. In general, forest causes a decrease in annual va-
lues of 20% in R and 80% in SSY (Buendia et al., 2016). Lowland areas,
characterised by agricultural land uses, were more exposed to the im-
pact of rainfall drops causing larger amounts of R and SSY (Zuazo and
Pleguezuelo, 2008). Hence, the sediment sources that most contribute
to SY are the areas close to the outlet of the basin. This feature is often
associated with clockwise behaviour (Garcia-Rama et al., 2016).
Moreover, the conservation practices adopted in the Biger (i.e. terraces
and check-dams) played an important role in reducing sediment
availability (Estrany et al., 2012). Therefore, it can be assessed that
clockwise hysteresis is mostly related to the fine material detached from
the streambed (De Girolamo et al., 2015b). Accordingly, the contribu-
tions of the water treatment plant may be favourable to clockwise
hysteresis behaviour due to the direct spills into the streambed. The
Carapelle, being a medium-size catchment, showed a predominance of
counter-clockwise loops since the catchment has an elongated shape
and some concentrated rainfall events occur far from the outlet, in-
creasing the lag between Q and SSC (Garcia-Rama et al., 2016). The
extensive agricultural activity, where conventional practices included
ploughing up and down the slopes, and the fine composition of the soils
(Table B1, Appendix B) led to sediment generation from source areas all
over the study site (De Girolamo et al., 2015b; Garcia-Rama et al.,
2016; Ricci et al., 2020). The greater presence of agricultural fields in
the Carapelle than in the Biiger promoted higher R and SSY due to the
predominance of bare soils with low vegetation cover (Lana-Renault
et al.,, 2014; Romano et al., 2018). Moreover, sediment was also sup-
plied by processes of streambed erosion detected in some areas of the
catchment that caused by the malfunction of the broken check-dams
(Ricci et al., 2019). This high availability of sediment is frequently re-
lated to counter-clockwise behaviour (Lopez-Tarazén and Estrany,
2017). For big storms, the Carapelle showed clockwise loops confirming
that in semi-arid environments, like Mediterranean areas, intense
rainfall caused clockwise hysteresis (Alexandrov et al., 2007,
Brasington and Richards, 2000).

5. Conclusions

The relevance of the different degrees of flow intermittence to river
ecosystems led to an evaluation of the flow regime’s effects on sediment
transport in two Mediterranean streams during a 5-year study period.
By using HIs, the Btger and Carapelle streams were classified by flow

Appendix A

See Fig. A.1.
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occurrence and seasonal predictability: the two streams were
Intermittent-Dry and Intermittent-Pool, respectively.

lithology and geological characteristics were found to be the main
drivers controlling the hydrological regime and river type classification,
while rainfall was less relevant. The hydrological regime was the most
important driver of SS transport. The many terraces in the Buger
catchment contributed to the sediments being retained. Meanwhile,
agricultural management practices in the Carapelle made a lot of se-
diment liable to erosion. Indeed, the high SSY recorded in the Carapelle
(89-745 t km 2 y’l) indicated a critical soil erosion rate in the basin,
while in the Biiger the SSY was lower than the rate generally recorded
in the Mediterranean region.

Most of SY was transported during extreme flood events. At the
event scale, the SY recorded in the Carapelle was up to 4 orders of
magnitude greater than in the Biiger. Non-linearity in the rainfall-runoff
relationship was found for both catchments. Runoff response may be
due to saturation or infiltration excess. In the Btger, SSY and SSCpax
correlated with the runoff, peak discharge and antecedent rainfall;
whereas, in the Carapelle, SSY and SSC,,.x correlated with the amount
and intensity of rainfall.

Hysteretic loops provide useful information concerning the source
of sediment. Loops are greatly affected by the size, shape, lithology and
land uses of the basins. A prevalence of clockwise loops for the Bager
indicated that the sediment sources contributing to the SY are areas
close to the outlet of the basin. Counter-clockwise loops prevailed in the
Carapelle where the whole basin contributed to the SY.

Characterization of the flow regime of Mediterranean catchments
and of its main physical drivers will help us to improve our under-
standing of the variability of the hydrological response and sediment
transport of Intermittent Rivers and Ephemeral Streams (IRES).
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Appendix B

See Tables B1 and B2.

Table B1
Lithology of Buiger and Carapelle catchments.
Buger lithology (%) Carapelle lithology (%)
Silt, clays and gravels 29.7 Flyschoid units 39.0
Massive limestone and 27.7 Sands and conglomerates 21.4
breccias
Conglomerates and limestone 16.1 Clays 16.1
Limestones and marls 14.5 Alluvial Terrace 11.0
Marls 9.8 Clays and marls sometimes with 5.9
olistostromas
Bioclastic limestones and 1.7 Debris, Alluvial Terrace 3.0
marls
Clays, evaporites and marls 0.4 Sandstone and Clays 2.5
Sandstone-Marly units 1.1
Table B2
Land use % based on Corine Land Cover 2012.
Corine Land Cover 2012 Btiger Carapelle
% %

Agricultural land 43.7 79.5

Forests 34.9 8.4

Sparsely vegetated areas 9.5 3.0

Olive groves 9.0 3.2

Natural grasslands 1.3 1.2

Urban 1.3 1.1

Land principally occupied by agriculture with significant 0.4 3.6

areas of natural vegetation
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Glossary

AP1d: Antecedent precipitation 1 day before (mm)
AP3d: Antecedent precipitation 3 day before (mm)

BFI: Base Flow Index

DHI: Maximum annual flow of 1-day duration

DL6: Number of zero days

E: Episodic-ephemeral

FDC: Flow Duration Curve

Fdi: Multi-annual frequencies of zero-flow months for the contiguous six wetter months
Fdj: Multi-annual frequencies of zero-flow months for the remaining six drier months
FI: Richards-Baker Flashiness Index

I-D: Intermittent-dry

IHA: Indicators of Hydrologic Alteration

I-P: Intermittent-pools

IP,,0,30: Maximum 30’ precipitation intensity (mm h™hH
IRESs: Intermittent Rivers and Ephemeral Streams

P: Perennial

Py, Total precipitation (mm)

Quawr Flood duration (h)

Qumax: Peak discharge (m® s™1)

R: Runoff (mm)

R, Annual Runoff (mm y’l)

R.: Runoff coefficient (%)

SD6: 6-month seasonal predictability of dry periods
SDC: Sediment Duration Curve

SFI: Sediment Flashiness Index

SSC: Suspended Sediment Concentration (g 171)

SSCimax: Maximum suspended sediment concentration (g 17 %)
SSY: Specific Sediment Yield (t km~2y~1)

SY: Sediment yield (t)

TH1I: Date of maximum flow

TL1: Date of minimum flow
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