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1. Introduction

Most tropical and Mediterranean areas, landscapes, soils, and territories are experi-
encing new vulnerabilities, facing global warming [1] and accelerating changes in land-use
in all kinds of ecosystems [2]. Long droughts, dry spells, rainfall intensification, and an
increase in the number of storms and cyclones make agriculture as well as land manage-
ment and water and sediment control more difficult. In many regions, the population
increase is too strong to allow cropping and rural activities to easily reach Boserupian
behavior. The intensification of the climatic cycle induced by global warming commonly
leads to an acceleration of the hydrological cycle, increasing the occurrence of flooding,
inundation, as well as droughts and water shortages [3,4]. Human actions and overall
rural activity can strongly modify water runoff and infiltration, then water balance, by
increasing infiltration and buffering the water cycle, or on the contrary, by reducing the
soil permeability, increasing runoff, and accelerating the water cycle [5–7]. Rural practices
are commonly suspected to decrease the soil water-holding capacity. This could lead to a
rise in flooding occurrence and intensity downstream, and could cause an edaphic drought
even in areas where no climatic drought is observed.

These kinds of changes influence hydrology and erosion/sedimentation processes,
with implications for various risks: food insecurity, natural disasters (landslides, flood
damage), water shortages, and pathogenic contaminations. The accelerating pace of these
environmental changes leaves limited time for adaptation. While the need for “climate
change adaptation” is recognized, there is also a need for land-use change adaptation and
a better assessment of contamination risks [8]. To date, there is limited understanding of
the processes linking land-use management to these risks.

There is a need to understand causal chains of processes, from land-use, vegetation
structure, soil, erosion, hydrological connectivity (surface and subsurface) infiltration, and
their related risks in order to better manage these risks and reduce them [9]. Multi-scale
approaches are relevant because there are multi-scale impacts; micro-plots and hillslopes
are relevant to understanding processes controlling soil detachment and the partition
of rainfall into surface and subsurface flow in relation with interacting land-use and soil
surface dynamics. At the watershed level, local dynamics translate into risks of hydrological
extremes, erosion, and contamination, threatening downstream ecosystems, infrastructures,
and populations [10].
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2. Spatial and Temporal Scales

This Special Issue presents results of studies from many different parts of the world,
mainly from Africa and Europe, including the Mediterranean area, Asia [11,12], and South
America [13]. The papers showcase studies under equatorial, tropical humid, semi-arid,
and Mediterranean climate. All spatial scales are investigated, from the very local scale of
gullies in Spain [14] to the largest rivers of the world, the Amazon and Orinoco rivers in
South America [13] and Congo River in Central Africa [15]. The whole African continent
is also the topic of the paper of Dieulin et al. [16] (2020), presenting a new continental
monthly rainfall dataset at the half-degree square scale covering the years 1940 to 1999,
computed only from observations from ground-based stations. Many time scales are also
investigated, from daily events [17,18] to interannual variability [15,16].

The topics studied cover a large panel of hydrological questions. Many of them
deal with the study of time series variability, rainfall [16], discharges [19,20], sediment
transport [11–13,21], recession coefficient [22,23], climate change impacts [17,24], or anthro-
pogenic impacts [2,11,20,21]. Drought is also a topic of notable interest in Mediterranean
and tropical areas [23–25].

This Special Issue includes several papers dealing with topics at the continental or
subcontinental scale. The quality of rainfall data is, for instance, of very high importance
to improve the efficiency of hydrological modeling through calibration/validation ex-
periments. The HydroSciences Montpellier Laboratory (HSM) has a long experience in
collecting and managing hydro-climatological data. Dieulin et al. [16] present the results of
several years of studies to elaborate a reference dataset in order to build monthly rainfall
grids over the African continent over a period of 60 years (1940–1999). The large quantity
of data collected (about 7000 measurement points) allowed for interpolation using only
ground-based observed data, with no statistical use of a reference period. The mean annual
grid was compared to the Climate Researh Unit (CRU) grid with HSM_SIEREM data
(database HydroSciences Montpellier_Système d’Information Environnementales pour les
Ressources en Eau et leur Modélisation) being closer to the observed rain gauge values.
The statistical tests, computed on the observed and gridded data, detected a rupture in the
rainfall regime around 1979/1980, at the scale of the whole continent, which seems in line
with some results in different parts of Africa (North Africa [21]; Congo basin in Central
Africa [15]). At the monthly time scale, the most widely observed signal over the period of
1940–1999 was a significant decrease of the austral rainy season between March and May,
which has not been previously well documented.

3. Hydrosedimentary Regimes of the Three Largest Rivers of the World

Laraque et al. [13,15] also deal with very large scales, as they cover the three largest
rivers of the world by discharge value, all located in equatorial-tropical areas, the Amazon
and Orinoco rivers in South America and Congo River in Central Africa. These papers
highlight low-documented areas. In South America, the study is focused on the very
curious and much unknown Casiquiare Canal, linking both the giant Orinoco and Amazon
rivers, investigated during a dedicated international expedition in 2000 [13]. The results
presented for the Congo River cover more than one century of measurements and represent
the most recently documented synthesis on the Congo River water, with an investigation
of dissolved and suspended matters fluxes [15]. In the flat basin of the Congo River, the
absence of mountain chains and the extent of its coverage by dense rainforest explains
how chemical weathering (10.6 t km−2 year−1 of total dissolved solids) slightly predomi-
nates physical erosion (9.3 t km−2 year−1 of total suspended solids), followed by organic
production (4.5 t km−2 year−1 of dissolved organic carbon). As the interannual mean
discharges are similar, it can be assumed that these interannual averages of material fluxes,
calculated over the longest period (2006–2017) of monthly monitoring of its sedimentology
and bio-physical-chemistry, are therefore representative of the flow record available since
1902 (with the exception of the wet decade of 1960). Without neglecting the indispensable
in situ work, the contributions of remote sensing and numerical modelling should be
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increasingly used to try to circumvent the dramatic lack of field data that persists in this
basin.

Regarding the South American rivers, the aim is to present a review and synthesis of
the hydrological and sedimentological knowledge of the world’s longest natural defluence,
the Casiquiare channel, including its first hydrosedimentary, which was conducted 9–12
September 2000 at the bifurcation and mouth during the expedition ‘Humboldt-Amazonia
2000′. This fluvial system connects the two largest river of South America and the main
conclusions of this study explain why the Casiquiare can be qualificated of a ‘cameleon’
channel which is taking a significant proportion of flow (20% to 30%) from the Upper
Orinoco basin to the Amazon basin.

4. Climatic or Anthropogenic Impacts on River Regimes

In several studies, authors search for the possible origin, climatic or anthropogenic,
of the interannual variability observed in the times series of rainfall and discharges. In
Central Africa, Ebodé et al. [20] study the impact of anthropization and climate change on
two forested watersheds (of Ntem and Nyong) in the south of the country, under equatorial
and sub-equatorial climates. The results of this study show that in Central Africa, annual
discharges have decreased significantly since the 1970s, and yet the decline in annual
rainfall does not become significant until the 2000s. The discharges of the rainy seasons
(spring and autumn) recorded the most important changes, following variations in the
rainfall patterns of the dry seasons (winter and summer) that preceded them. Winters
experienced a significant decrease in precipitation between the 1970s and 1990s, which
caused a drop in spring flows. Their rise, which began in the 2000s, is also accompanied
by an increase in spring flows, which nevertheless seems to have been very moderated in
the case of the Nyong. Conversely, between the 1970s and 1990s, there was a joint increase
in summer rainfall and autumn flows. A decrease in summer rainfall was noted since the
2000s, and is also noticeable in autumn flows. Maximum flows have remained constant on
the Nyong despite the slight drop in rainfall. This seems to be a consequence of changes in
land-use patterns (diminution of forest and increases in the amount of impervious areas).
The decrease in maximum flows noted on the Ntem could be linked to the slight drop in
precipitation during the rainy season that generates it. Natural factors, such as the general
decrease in precipitation during the winter and the reduction in the area occupied by water
bodies, could justify the decrease in minimum flows observed in the two watersheds.

Amoussou et al. [17] study the impact of climate change from regional climate model
outputs on extreme rainfall events for the Mono River, between Benin and Togo. This
research characterizes the future changes in extreme rainfall and air temperature from
observational datasets and regional climate models (RCMs) that were used to analyze
climatic variations in space and time and fit a generalized extreme value (GEV) model to
investigate the extreme rainfalls and their return periods. The authors show that the annual
maxima of daily precipitation is expected to increase by 2050 and could be of benefit to the
ecosystem services and socioeconomic activities in the Mono River basin, but could also be
a threat due to unpredictable consequences of more extreme events.

Bodian et al. [18] investigate the recent trend of hydroclimatic variables in the Senegal
River basin based on 36 rain gauge stations and three hydrometric stations not influenced
by hydraulic structures. They concentrate on the description of insight views regarding
the consequences of the changes in rainfall regimes on the hydrological characteristics of
several stations of the Senegal River over several decades. The Mann–Kendall and Pettitt’s
tests were applied for the annual rainfall time series from 1940 to 2013 to detect the shift
and the general trend of the annual rainfall. In addition, trends of the average annual flow
rate (AAFR), maximum daily flow (MADF), and low flow rate (LFR) were evaluated before
and after annual rainfall shift.
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5. Changes in Hydrological Cycle and Water Quality

Descroix et al. [24] explore the evolution of the salinity in the inverse estuaries of two
Senegalese rivers in West Africa since the end of the 1968–1993 drought. The results show
that in both estuaries, the mean water salinity values have markedly decreased since the
end of the drought. However, the Saloum estuary remains a totally inverse estuary, while
for the Casamance River, the estuarine turbidity maximum (ETM) is the location of the
salinity maximum, and it moves according to the seasons. The West African mangroves
are among the few in the world that have been markedly increasing since the beginning of
the 1990s and the end of the peak of the dry period in West Africa, as mangrove growth is
favored by the relative salinity reduction in this area.

Going further inside the hydrological cycle, Descroix et al. [23] discuss the recent
dynamics of the Fouta Djallon’s hydrological functioning. The evolution of the runoff and
depletion coefficients are analyzed as well as their correlations with the rainfall and vegeta-
tion cover. The latter is described at three different space scales and with different methods.
Twenty-five years after the end of the 1968–1993 major drought, annual discharges continue
to slowly increase, nearly reaching the long-term average, as natural reservoirs which were
emptied to sustain streamflows during the drought have been replenishing since the 1990s,
explaining the slow increase in discharges. However, another important trend has been
detected since the beginning of the drought, namely the increase in the depletion coefficient
of some of the Fouta Djallon upper basins, as a consequence of the reduction in the soil
water-holding capacity. After observing that this increase and subsequent decrease in
the depletion coefficient is localized in parts of the Upper Niger basin and the Konkouré
basin, this paper identifies the factors possibly linked with the basins’ storage capacity
trends. Two pieces of “good news” are highlighted: first, the densely populated areas of
the summit plateau are also shown to be the ones where vegetation cover is not threatened
and where the ecological intensification of rural activities is ancient; second, most of the
river basins providing the Sahel with freshwater have recovered the discharge and soil
water-holding capacity levels that they had before the drought.

Bader et al. [22] develops a methodology to compare the evolution of the runoff and
depletion coefficients in the Senegal Niger and Gambia rivers. The seasonal flow recession
observed at 54 gauging stations in these basins from 1950 to 2016 is represented by empiri-
cal and usual conceptual models that express the daily depletion factor (K). Compared to
conventional conceptual models, an empirical model representing K as a polynomial of the
decimal logarithm of discharge (Q) is shown to provide better representations of K and
better discharge forecasting at horizons from 1 to 120 days for most stations. The relation-
ship between specific discharge (Qs) and K, not monotonous, is highly homogeneous in
some sub-basins but differs significantly between the Senegal and Gambia basins on the
one hand and the Niger basin on the other.

Concerning the Mediterranean, three studies deal with complementary topics: rainfall,
runoff, and erosion.

Cavus and Aksoy [25] study the spatial drought characterization for the Seyhan River
in Turkey, investigating the spatial and temporal characteristics of drought using stan-
dardized precipitation index and different spatialization techniques. They primarily use
the standardized precipitation index (SPI) from monthly precipitation data at a 12-month
time scale for 19 meteorological stations scattered over the river basin. The drought with
the highest severity in each year is defined as the critical drought of the year. Frequency
analysis was applied on the critical drought to determine the best-fit probability distri-
bution function by using the total probability theorem. The sole frequency analysis is
insufficient in drought studies unless it is numerically related to other factors, such as
the severity, duration, and intensity. Yilmaz et al. [19] use statistical methods for daily
streamflow estimation at ungauged basins in Turkey. The single donor station drainage
area ratio (DAR) method, the multiple-donor stations drainage area ratio (MDAR) method,
the inverse similarity weighted (ISW) method, and its variations with three different power
parameters (1, 2, and 3) are applied to the two main sub-basins of the Euphrates basin
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in Turkey to estimate daily streamflow data. Each station in each basin is considered in
turn as the target station where there are no streamflow data. Their results show that
MDAR and ISW give improved performance compared to DAR for estimating the daily
streamflow for seven out of eight target stations in the Middle Euphrates basin and for four
out of seven target stations in the Upper Euphrates basin. Higher Nash-Sutcliffe Efficiency
(NSE) values for both MDAR and ISW are mostly obtained with the three most physically
similar donor stations in the Middle Euphrates basin and with the two most physically
similar donor stations in the Upper Euphrates basin. Hout et al. [14] use lidar data to
survey the evolution of the morphology of gullies on the slopes of a lake in semi-arid
southern Spain. Due to the nature of the geological formations at the lakeshore level, gully
erosion is very high and leads to silting up of the dam. This study was conducted to
estimate the sediment input from the bank gullies. The combination of two configurations
of nadir and oblique photography allowed the authors to obtain a complete high-resolution
modeling of complex bank gullies with overhangs. They develop a complex methodology
to allow erosion to be quantified between two dates at the gully scale. The results reveal
significant lakeshore erosion activity by bank gullies, since the annual inflow from the
banks is estimated at 39 t ha−1 year−1.

6. Erosion, Land Cover, and Land Use

Three more papers investigate erosion surveys and their relationships with land cover
and land use. Two of these studies use spatial data to retrieve land-cover characteristics.

In northern Laos (Song et al. [12]), the replacement of traditional crops by tree plan-
tations, such as teak trees, has led to a dramatic increase in floods and soil loss and to
the degradation of basic soil ecosystem services, such as water filtration by soil, fertility
maintenance, etc. The authors [12] hypothesized that conserving understory under teak
trees would protect soil, limit surface runoff, and help reduce soil erosion. It is shown
that teak planting does not have an anti-erosive power at all; this land cover shows the
highest runoff coefficient and soil loss, associated with the highest crusting rate; this is
due to the kinetic energy of rain drops falling from the broad leaves of the tall teak trees
down to bare soil, devoid of plant residues, thus leading to severe soil surface crusting
and soil detachment. Hence, teak tree plantation owners could divide soil loss by 14 by
keeping understory, such as broom grass, within teak tree plantations. Overall, promoting
understory, such as broom grass, in teak tree plantations would (1) limit surface runoff
and improve soil infiltrability, thus increasing the soil water stock available for both root
absorption and groundwater recharge, and (2) mitigate soil loss while favoring soil fertility
conservation.

Ma et al. [11] study the hydrological impacts of expanding rubber plantations on a
watershed of 100 km2 in the Xishuangbanna prefecture, Yunnan Province, China. The
influence of land-cover change on streamflow recorded since 1992 was isolated from that
of rainfall variability using cross-simulation matrices produced with the monthly lumped
conceptual water balance model GR2M. Their results indicate a statistically significant
reduction in wet and dry season streamflow from 1992 to 2002, followed by an insignificant
increase until 2006. Analysis of satellite images from 1992, 2002, 2007, and 2010 shows a
gradual increase in the areal percentage of rubber tree plantations at the watershed scale.
However, there were marked heterogeneities in land conversions (between forest, farmland,
grassland, and rubber tree plantations), and in their distribution across elevations and
slopes, among the studied periods. Possible effects of this heterogeneity on hydrological
processes, controlled mainly by infiltration and evapotranspiration, are discussed in light of
the hydrological changes observed over the study period. The authors suggest pathways to
improve the eco-hydrological functionalities of rubber tree plantations, particularly those
enhancing dry-season base flow, and recommend how to monitor them.

In Morocco, North Africa, Ezzaouini et al. [21] assess the sediment inputs into the
dam’s lake on the Bouregreg River. They apply the Modified Universal Soil Loss Equation
(MUSLE) model to predict solid transport, calibrated by two years of solid transport
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measurements from four main gauging stations at the entrance of the Sidi Mohamed Ben
Abdellah dam. The application of the MUSLE on the basin demonstrated relatively small
differences between the measured values and those expected for the calibrated version;
these differences are, for the non-calibrated version, +5% and +102% for the years 2016/2017
and 2017/2018, respectively, and between −33% and +34% for the calibrated version.
Furthermore, the measured and modeled volumes that do not exceed 1.78 × 106 m3/year−1

remain well below the dam’s siltation rate of 9.49 × 106 m3/year−1, obtained from a
continuous bathymetry survey, which means that only 18% of the dam’s sediment comes
from upstream. This seems very low because it is calculated from only two years. The
main hypothesis that is formulated is that the majority of the sediments of the dam most
probably come from the erosion of its banks.

7. Concluding Remarks

This Special Issue shows the great interest of the scientific community in investigating
how to characterize the environmental impact of anthropogenic and climatic changes, and
also determining which is the main source of changes depending on the regional situations
and thematic issues. This first issue might lead to following issues on more specific topics,
according to, for instance, the 23 unsolved problems in hydrology [26], or future issues that
are focused on different regional areas. Future issues on this topic might also focus more
on water resources challenges in urban tropical and Mediterranean areas, which constitute
increasing shares of the populations in these areas. These densely populated areas are also
often localized near the coast, which brings up specific concerns about the coastal damages
caused by human interventions (such as dams and irrigations) and sea level rising on the
inland water cycle [27]. The impact of global warming and the increasing occurrence of
extreme events on runoff generation and discharge dynamics must also be addressed in
the future. Changes in the water-holding capacity of soil (at the point scale) and basins (at
the regional scale) will impact river regimes through the evolution of runoff and recession
coefficients as indexes of these major possible dynamics.

Conflicts of Interest: The authors declare no conflict of interest.
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