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Abstract: Floodplain wetlands are a fundamental part of the African continent’s ecosystem and

serve as habitat for fish and wildlife species, biodiversity, and micro-organisms that support life.

check for

updates It is generally recognised that wetlands are and remain fragile ecosystems that should be subject

to sustainable conservation and management through the use of sustainable tools. In this paper,
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we propose a synthesis of the state of art concerning coupled hydrologic and hydraulic models for
floodplains assessments in Africa. Case studies reviewed in this paper have pointed out the potential
of applying coupled hydrologic and hydraulic models and the opportunities present to be used
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in Africa especially for data scarce and large basin for floodplain assessments through the use of
available open access models, coupling frameworks and remotely sensed datasets. To our knowledge
this is the first case study review of this kind on this topic. A Hydrological model coupled with
Hydraulic Model of the floodplain provides improvements in floodplain model simulations and
hence better information for floodplain management. Consequently, this would lead to improved
decision-making and planning of adaption and mitigation measures for sound floodplain wetland

doi.org/10.3390/hydrology8010044 management plans and programmes especially with the advent of climate change and variability.
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According to [1], wetlands often occur as ecotones (transition zones) between dryland

and a water body (e.g., along the margins of lakes, ponds, reservoirs, rivers, and streams)
or in channels of sluggish or intermittent streams and rivers. Low-lying lands in these
locations may be frequently flooded during high-water periods. Many other wetlands
however, form in areas not adjacent to a water body. These wetlands are found in iso-
lated depressions on the land where water collects, on hill slopes where springs occur or
groundwater seeps to the surface, in low areas with poorly drained soils (with seasonally
high-water tables), and in areas where clayey soils, impervious rock, or other restrictions
near the surface create a perched water table [2]. Wetlands may also form in other altered
landscapes such as mined lands (e.g., abandoned gravel pits). Thus, a wetland can be
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adapted to anaerobic soil conditions. As soil becomes increasingly wet, the water starts
to fill the space between the soil particles. When all the spaces are filled with water the
soil is said to be saturated. In areas which are not wetlands, water drains away quickly
and the soil does not remain saturated. However, in wetlands the water persists or drains
away very slowly and the soil remains saturated or flooded for long periods [2]. These
interactions suggest complex hydrologic-hydraulics processes that need to be evaluated to
sustain wetlands.

Floodplain wetlands, like any other wetland type, impact on climate, hydrology,
geomorphology, and flora (Figure 1). These factors play an important role in determining
characteristics of the wetland catchment, such as its physical form, hydrology, water
properties, biota and soils [3]. Floodplain wetlands have developed around the globe
in different climates, physiographic regions, and hydrologic settings resulting in a wide
diversity of types. No floodplain wetlands are exactly the same, for they differ in size,
shape, biological characteristics, environmental conditions, and human influences [4].
Depending on the geographic location, floodplains can flood as frequently as multiple
times a year (wetter, subtropical climates) or as infrequently as only once every decade
or more (drier, desert climates). Floodplains can also flood for varied periods of time.
In tropical climates floods may persist for multiple months or entire seasons, while in
mid-latitude climates floods last for only a period of days or weeks [5].

A floodplain can also be regarded as a kind of wetland, whereby the land surface
adjacent to a stream or river that is formed, in-part, by river processes and floods during
discharge events, can flow out of the channel and onto the surrounding land surface.
Floodplains are typically characterized by high biological productivity. Aquatic ecosystems
productivity is enhanced in many floodplain areas by the continued import and retention
of nutrient-rich sediments from headwater regions and lateral sources, increased water
supply, and more oxygenated root zones as a result of flowing waters [6]. The flood
pulse advantage has long been recognized based on the extent of the annual flood since
ancient times. It has been argued that there is a very strong relationship that exists between
inundation extent and discharge/water level. This implies that trends in flooding and
inundation extent are mirrored in trends of discharge /water level and the reverse holds
true [7]. Thus, globally, floodplains may be of greater value to society than any other
ecosystem type. This is because of the critical role that interactions between flood-plains
and associated streams play in maintaining supplies of clean water. While that role is
conceptually simple, the processes which define interactions (i.e., floodplain functions)
in aquatic terrestrial ecotones are exceedingly complex [6]. In most rivers, flood-plain
inundation occurs when the discharge exceeds the capacity of the channel and flows
overbank. However, in some settings, flood waters leave the river via flow paths that
laterally connect the river and floodplain and inundate the floodplain prior to filling the
channel. Floodplains wetlands occur in nearly all tributary and main-stem river valleys
(with the exception of channel heads) and can be found in alluvial and bedrock rivers,
though they are most common in alluvial rivers [5].
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Figure 1. Key characteristics of all wetlands (hydrology, physico-chemical environment and biota),
key wetland drivers (geomorphology and climate) and the relationships between them as adapted
from National Research Council by Victorian Department of Sustainability and Environment [8].

A key concept in understanding floodplain is that floodplains are as a result of a
number of drivers as illustrated in Figure 1. Climate and geomorphology of a landscape do
define the hydrology and initial chemistry of river channels. River channel characteristics
determine the hydrology, soil characteristics, environment of aquatic flora and fauna, and
biogeochemistry of the floodplain. In turn, biogeochemical feedback from floodplains
to river channels helps define the environment seen by aquatic flora and fauna. The
gradations of those interactions form the basis of the role of floodplains as ecotones and
regulators of energy and nutrient exchange. Thus, a strong interdependency exists between
aquatic and terrestrial components of riparian ecotones. It is critical to understand this
relationship for sustainable management of the floodplain wetlands. Interchange of water
between floodplains and rivers is very complex and involves mutualistic influences [6]. For
instance, the widely known global phenomenon is that hydrological models for floodplain
assessments without the inclusion of floodplain attenuation effects tend to overestimate
peak flows. However, a recent study [9] demonstrated that without treating a floodplain
wetland as a pseudo reservoir, hydrological models like SWAT actually overestimates
base flow rather than peaks flows demonstrating further the complexity of modelling
floodplains. Hence, the need to try and understand the feedback exchange processes in
assessing floodplains through the use of coupled hydrologic and hydraulic models.

2. Materials and Methods

In recent years the demand for an understanding the hydrological and hydrodynamic
processes that govern floodplain wetlands is ever increasing, especially with the advent of
climate change-variability and its potential impact on hydrological variables such as precip-
itation, stream flow, soil moisture, groundwater recharge, and evapo-transpiration [10-12].
In the absence of adequate and continuous historical observations for most basins in Africa,
advances in remote sensing and computing power and model coupling frameworks, have
made models an increasingly attractive solution where spatial understanding of hydrology
and hydraulics research of wetlands is required [13]. Thus, research on the hydrological
dynamics of basins in Africa can benefit from these advances and coupling of hydrology
and hydraulics to allow for physically more integrated assessments and to compensate
for their respective shortcomings [14]. Hydrologic models rely on the parameterisation of
watershed properties and rainfall patterns and depths to produce a flood hydrograph of
discharge at discrete time steps. These models have become widely used in flood forecast-
ing, stream flow prediction, and to quantify effects of climate change, land use impacts or
other spatially distributed properties. However, their limited routing methods do have
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some drawbacks in simulating flows in large watersheds. Examples of hydrologic models
include the wflow, Hydrologic Engineering Center-Hydrologic Modeling System (HEC-
HMS), the Hydrologic Simulation Program—FORTRAN (HSPF), Soil and Water Assessment
Tool (SWAT), and MIKE-SHE [15-17].

On the other hand, hydraulic models are based on the solutions to St. Venant equations
to calculate open channel flow. The most commonly used of these models are either one-
dimensional or two-dimensional. Widely used hydraulic models include Lisflood-FP
(1D and 2D models), Water Quality Analysis Simulation Program (WASP), CE-QUAL-
W2, Environmental Fluid Dynamics Code (EFDC), EPDRIV1, Hydrologic Engineering
Center—River Analysis System (HEC-RAS), MIKE11 (1-D model), MIKE21 (2-D model),
and SOBEK [18,19]. Coupling models to share fluxes at each time step as feedback is
important in floodplains and should be accounted for. Hence, it is becoming quite common
to couple hydrologic and hydraulic models for floodplain simulation [20]. One of the
advantages of hydrological modelling that Africa can benefit from, is the free access of
hydrological- hydraulic models, such as The Soil and Water Assessment Tool (SWAT)
model, wflow, Precipitation Runoff Modeling System (PRMS), Lisflood-FP, The CaMa-
Flood (Catchment-based Macro-Scale Floodplain) Hydrologic Engineering Center’s -River
Analysis System (HEC-RAS) in comparison to commercial models are such as Mike II,
MIKE SHE [15-17].

Globally, with computation power increasing over the past decade, hydrologic—
hydrodynamic coupling has already been applied in numerous studies [21-23]. For exam-
ple, by using GLOFRIM, [20] coupled the global hydrologic model PCR-GLOBWB with
the hydrodynamic models CaMa-Flood and Lisflood-FP. Results show that replacing the
kinematic wave approximation of the hydrologic model with the local inertia equation
of CaMa-Flood greatly enhances accuracy of peak discharge simulations as expressed by
an increase in the Nash—Sutcliffe efficiency (NSE) from 0.48 to 0.71. Flood maps obtained
with LISFLOOD-FP improved representation of observed flood extent. It was concluded
that model coupling can indeed be a viable way forward in more integrated flood simu-
lations. However, results also suggest that the accuracy of coupled models still largely
depends on the model forcing [20]. Ref. [21] linked the hydrologic model HSPF with the
one-dimensional hydraulic model UNET in order to capture the complicated hydraulics of
the Illinois River. They compared the linked model and HSPF alone to see how well the
models reproduced historical flows. Their work found a decrease in error of simulated
flood peaks as compared to observed peaks and slight increases in efficiency of the cou-
pled model in daily, monthly, and annual flows, though this decreased with increasing
time period. These studies show the possible improvements that can be realised through
model coupling. Ref. [21] argues that since flooding inundation is driven by hydrologic or
river routing and floodplain flow processes and are often simulated by different models,
coupling these models may be a viable way to increase the integration of different physical
drivers of simulated inundation estimates.

This article provides a case studies synthesis of the current body of knowledge on
coupled hydrologic and hydraulic modelling of floodplains in Africa. The goal is to address
the opportunities presented by coupled models in the management of floodplain wetland
resources on the continent. This goal is particularly urgent in the face of the continuing
and dramatic deterioration of wetlands resulting from anthropogenic activities, as well as
the projected impact of global climate change on hydrological cycles globally.

3. Results and Discussion
3.1. General Findings

Coupling hydrological and hydraulic model is the combining of hydrologic and
hydraulic models in floodplain modelling. Since floodplain responses highly depend
on the inflow coming from other parts of the basin, floodplain inundation models are
usually forced with observed upstream discharges or coupled (combined) to hydrologic
models, where the hydrologic model is providing the upstream boundary conditions such
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as discharge to the hydraulic model (this can either be done in an offline manner or online
manner) [24]. The coupling of the hydrological and hydraulic models is applied in four
case studies [24-27]. All these studies were conducted in data scarce basins between 2016
to 2019. In particular, studies [25-27] were based on one directional hydrological and
hydraulic coupling, while study [24] applies a two directional coupling of hydrological
and hydraulic models. This is an online coupling that allows a two-directional feedback
between floodplain hydrodynamics and vertical hydrology, since runoff generation and
channel/floodplain dynamics are treated as interdependent processes [24] (Table 1). The
other most important finding is the scarcity of studies using coupled models for floodplain
assessment in Africa.

Table 1. Results of peer-reviewed case studies that used coupled hydrologic-hydraulic modelling in
floodplain studies in Africa.

Reference Form of Aim for Application of Coupled Basin Coupled
Coupling Modelling Applied Model
hydrological modelling;
Komi et al., One-directional flood inundation modelling; Oti River Lisflood &
(2017) coupling LISFLOOD; Lisflood-FP
LISFLOOD-FP [25]
Abdessamed One-directional Ain Sefra; hydrolog%cal modeling; . HEC HMS and
and Abderrazak counlin hydraulic modeling; floods; Ain Sefra HEC RAS

(2019) plng HEC-HMS; HEC-RAS [26]

. N flood regulation; hydrologic and MGB_IPH_
Fleischmann One-directional ; . hydrologic
etal., (2017) coupling hydrodynamic; flood wave Upper Niger and hydraulic

v attenuation; MGB-IPH 1 [27] Y
model
v it
Fleischmann Two-directional T Y coupung, . hydrologic
. floodplain_hydrodynamics; Upper Niger .
etal., (2018) coupling T . .. and hydraulic
floodplain infiltration; semi-arid model

wetlands [24]

3.2. The Coupled Modelling

The use of coupled modelling in floodplain assessments was mostly performed in four
(4) studies (Table 1). Three (3) [25-27] of the case studies were based on one-directional
coupling of hydrology and hydraulic models, where the hydrology provides the boundaries
for the hydraulic model in an offline manner. Ref. [25] focused on developing flood
modelling approach to simulate flood extent in data scarce regions of Oti River basin,
which is a sub-basin of the Volta River basin of West Africa based on a coupled model
of a calibrated, distributed hydrological model for the whole basin to simulate the input
discharges for a hydraulic model, which is used to predict the flood extent for a 140 km
reach of the Oti River. The results demonstrated that with the use of remotely sensed
datasets, a good hydrological model calibration (Nash Sutcliffe coefficient: 0.87) and
validation (Nash Sutcliffe coefficient: 0.94) was possible. Furthermore, it was evident that
even with coarse scale (5 km) input data, it was possible to simulate the discharge along
this region’s rivers, and importantly with a distributed model to derive model flows at
any ungauged location within basin. While with a lack of surveyed channel bathymetry,
which posed as a limitation, modelling the flood was only possible with the use sub-
grid hydraulic model. Flood models were able to fit the results relative to the observed
2007 flood extent and an extensive sensitivity testing showed that the fit (64%) was likely
to be as good as is possible for this region, given the coarseness of the terrain digital
elevation model that was used. [26] investigated the inundation behavior of Ain Sefra
river in Algeria during extreme flood events. In this paper, the methodological approach
adopted, focused on the hydrologic modeling using the Hydrologic Engineering Center’s
hydrologic modeling system and the hydraulic modeling implemented in the Hydrologic
Engineering Center’s river analysis system. The approach had a combination of watershed
modeling system model and geographic information system. In this case study, three types
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of simulation were performed with the flood return periods of 10, 100, and 1000 years.
The hydraulic modeling simulations highlighted that the region most affected by the flood
is the downtown area and the use of hydrologic and hydraulic modeling improved the
simulation results of the flood area extent. The results obtained were very satisfactory.
They researchers argued that the methodology of coupling of hydrological and hydraulic
models can be adapted for the use of other catchment area of arid zones as it can form
an important tool for the management of flood control and for real-time simulation of
inundation. [27] demonstrated the application of MGB-IPH large scale one directional
hydrologic and hydrodynamic model for the Upper Niger Basin. Model results showed
a fair prediction for calibrated daily discharge and validated water level and altimetry at
stations both upstream and downstream of the delta (Nash-Sutcliffe efficiency > 0.7 for all
stations), as well as for flooded areas within the delta region (ENS = 0.5; 12 = 0.8), allowing
a good representation of flooding dynamics.

However, although offline model coupling may be required to simulate natural or
anthropic influences over wetland inflows, this method (one-directional coupling) is lim-
ited for not allowing two-way feedbacks between floodplain hydrodynamics and vertical
hydrology (i.e., soil infiltration, evapotranspiration, etc.), since runoff generation and
channel/floodplain dynamics are treated as independent processes [24]. Thus, study [24]
extended coupling to a two-directional coupling scheme to obtain a closed feedback loop
between hydrologic and hydrodynamic processes. In this case, exchange feedback pro-
cesses were captured in the coupled model. Evaluation of model structure indicated that
representation of both floodplain channels hydrodynamics (storage, bifurcations, lateral
connections) and vertical hydrological processes (floodplain water infiltration into soil
column; evapotranspiration from soil and vegetation and evaporation of open water) are
necessary to correctly simulate flood wave attenuation and evapotranspiration along the
basin. Such coupled hydrologic and hydraulic models prove to be an important tool
for integrated evaluation of hydrological processes in large scale floodplain and data
scarce areas.

3.3. Coupled Models for Floodplain Management: Opportunities and Challenges

Ref. [28] argue that discharge is a fundamental floodplain management variable, as
well as being the primary input to the hydraulic model. All the reviewed case studies agree
that discharge in floodplain processes was important in understanding the behavior of
flood dynamics in floodplain. Ref. [29] reasons that proper estimation and management of
flood characteristics and dynamics play a significant role in environmental assessments
and the protection of floodplains. However, in Africa, understanding of flood magnitude
estimation and management has not yet reached advanced stage yet either due to scarcity
of data, especially in large basin that are poor gauged, or due to a lack of technological
knowledge and tools for this kind of assessments. Thus, Africa can benefit from continued
advances in accessibility of global remotely sensed datasets, open source hydrologic and
hydraulic models for large basin and free versatile coupling framework that have been
developed leading to improved and accurate assessment of floodplains for sustainable
development. For example, as [30] states, openly available computational framework such
as GLOFRIM makes a valuable contribution to current inundation modelling on the large
scale by enhancing the integration of hydrological and hydrodynamic model processes,
which eventually may lead to improved decision-making and planning of adaption and
mitigation measures for sound floodplain management. Ref. [31] emphasis that detailed
understanding of the hydrological and hydraulic characteristics of wetland hydrology is
essential in order to develop sustainable ecological and hydrological management plans.
The ecological status of the floodplain may be threatened by the increasing development
of upstream catchments, as this affects the amount and timing of water delivered to the
floodplain. Hydrological and hydraulic modelling of the floodplain wetland can form a
basis of ecological studies and assessments in floodplains [28,32,33].
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In Africa, among some of the limitations for developing effective coupled models is
the lack of reliable and up-to-date in-situ data in many regions of the continent. Fortunately,
opportunities exist for using remotely sensed datasets. This has led to increased use of
satellite and reanalysis precipitation datasets in hydrological modelling [34]. Precipitation,
for example, is one of the key drivers of watershed models. Currently there are many
open-access precipitation datasets at different spatial and temporal resolutions over global
or quasi-global scale [35]. Some commonly used open-access precipitation datasets in
Africa include CHIRPS (Climate Hazards Group InfraRed Precipitation with Station data),
TRMM (Tropical Rainfall Measuring Mission) and CFSR (Climate Forecast System Reanal-
ysis) [36]. For example, Tropical Rainfall Measuring Mission (TRMM) satellite monthly
rainfall product 3B43 and the Global Precipitation Climatology Centre full-reanalysis grid-
ded precipitation dataset have proved to be useful for precipitation monitoring in regions,
such as areas of central Africa, for which station data are difficult to obtain or in which
there is poor station coverage [37]. Moreover, TRMM precipitation products have been ex-
tensively validated at ground sites around the world, some of these in Africa. [38] showed
that TRMM estimations are in excellent agreement with gauge data over West Africa on
monthly to seasonal time scales, with a root-mean-square (RMS) error of around 1 mm day
21 at monthly resolution [35]. It is also worth noting that the CHIRPS (Climate Hazards
Group InfraRed Precipitation with Station data) precipitation dataset released in 2015 [39]
provides daily precipitation at the finest spatial resolution of 0.05° (one grid representing
around 25 km?) from 1981 to present day. This high spatial resolution enables it to better
define the spatial variability of precipitation and favors its application in hydrological
studies at wider scales, including the lesser basins [36].

Modelling in hydrology typically involves the investigation of landscape and hydro-
logical features such as terrain slope, drainage networks, and watershed boundaries. Tradi-
tionally, these features were determined from topographic maps, field surveys and some-
times photographic processing and interpretation. These traditional techniques are tedious,
time consuming and prone to errors. GIS technology is being used exhaustively to over-
come the challenges in spatially and temporally varying data to successfully model different
hydrologic phenomena for different watersheds [40]. Digital Elevation Models (DEMs),
including Advanced Spaceborne Thermal Emission and Reflection Radiometer-Global
Digital Elevation Model (ASTER GDEM), Shuttle Radar Topography Mission (SRTM), and
Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) are freely available for
nearly the entire earth’s surface [41]. Open-access global Digital Elevation Models (DEM)
have been crucial in enabling flood studies in data-sparse areas such as on the continent of
Africa. For example, in a study conducted in the Densu River Basin in Ghana applied the
globally freely available DEMs; Advanced Spaceborne Thermal Emission and Reflection
(ASTER) 30 m DEM and SRTM 90 m in their study of Densu River Basin. The results
indicated that both DEMs have a good representation of the watershed of the Densu River
Basin. The coarser resolution, SRTM, produce a better closeness in terms of watershed
area and representation compared to the ASTER. For sensitivity modelling, such as flood
forecasting, on the contrary, ASTER is apparently better as a result of high accuracy in the
estimation of the longest flow length of the river. Particularly if considering the challenges
for Africa that arise due to climate change and intensifying rainfall variabilities, remotely
sensed products datasets discussed above can provide valuable up to date information
beneficial for developing coupled hydrologic and hydraulic models [42].

Climate change and variability is having significant impacts on the freshwater ecosys-
tems and the frequency and severity of flooding, with major implications for society and
aquatic ecosystems such as floodplains [43]. On the continental level, there have been
several climate impact studies focusing on water resources in Africa. In a study, Ref. [44]
modelled the whole African continent with the SWAT (Soil and Water Assessment Tool)
model. The authors compared the effects of climate change on streamflow results to the
available literature sources on future projections of streamflow in Africa and several projec-
tions for smaller regions. They generally found similar trends in the studies, with decreases
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in the Sahel region and southern Africa between 10% and 20% and an increase in central
and eastern Africa between 10% and 20%, but with significant spatial variability. The sign
and magnitude of future streamflow changes in studies conducted on the African continent
vary between climate simulations and river basins, highlighting the uncertainties in the
hydrologic projections on the continent. For example, overall in Ethiopia, the streamflow
projections indicate large (seasonal, long-term mean and extreme) streamflow decreases for
all major rivers in Ethiopia and increases in the equatorial parts of the region at the end of
the century [45]. Therefore, in order to have a better understanding of present and future
impact of climate change and variability on stream flow, coupled models for floodplain
assessments need to be verified for their credibility of simulating extreme flows [46].

3.4. Model Validation in Africa: Challenges and Opportunities

Water resources managers are facing challenges in many river basins across the world
due to limited data availability [47]. A particular problem in relation to validation of
hydrological models in Africa is that, spatial data are seldom available for calibration and
validation models. Therefore, models are mainly calibrated and validated against discharge
data, which is fundamentally limits the documented performances of such models [48].
Specifically, in Africa discharge data are needed to validate both hydrological and hydraulic
model simulations or as inputs to hydraulic models. Unfortunately, many rivers in Africa
are not gauged, and where rivers are gauged, data are generally of poor quality (i.e.,
short periods and contain outliers), and in some cases, are affected by upstream water
resource developments [49]. Moreover, many gauging stations in the wetlands are based
on rated natural river sections rather than flow gauging structures which increases the
possibility that channel hydraulic characteristics might change over time due to scouring
or sedimentation especially in floodplains [50,51]. This, therefore, necessitates frequent
updating of the stage—discharge rating curves. However, most of the stage—discharge
rating curves are not updated frequently due to lack of resources and the remoteness of the
gauge stations, and this inevitably introduces uncertainty in validation of model simulation
results [52,53]. Nevertheless, the data-scarce nature of river basins in Africa due to the
absence of ground-based observation data has been addressed using earth observation
(EO) data which also help with model validation. The use of EO data coupled with a GIS
has made substantial contributions to wetland studies [54,55]. Remote sensing products of
different spatial resolutions and temporal coverage such as Landsat, SPOT (Satellite Pour
I'Observation de la Terre), NOAA-AVHRR (Advanced Very High Resolution Radiometer),
SAR (Synthetic Aperture Radar), LIDAR (Light Detection and Ranging), Radar systems,
and TerraSAR-X are suitable for different wetland studies [53,54].

Different studies [12,55,56] have applied EO data to calibrate and/or validate models
used to understand channel-wetland exchange processes and wetland dynamics. Ref. [57]
used satellite images to establish river cross-sections, as well as to validate the calibrated
model results in the Niger Inland Delta. Ref. [53] validated simulated inundation extents
by comparing with the available Landsat level 1 images. Water pixels from the selected
Landsat level 1 images were extracted using the Modified Normalised Difference Water
Index (MNDWI) and the results were used to represent the observed inundation extents.
The extracted water pixels together with the simulated inundated extents were used to
calculate the Flood Area Index (FAI) [58] in order to assess the model performance [53].
Another study [7] demonstrated the linkage between discharge and inundation extent over-
time in the Barotse floodplain by using optical satellite imagery MODIS. The Desert Flood
Index, a surface water extraction algorithm, was used to generate time series of inundation
extent. For validation of the inundation extent, they used a flood mask extracted from a
supervised classification land cover map using Landsat imagery. The land cover map was
validated using the error matrix method with ground truth data. The estimated inundation
extent time series enabled them to test the inundation correlation with discharge and water
level using Pearson r correlation, a parametric statistical test. Based on the established
correlation they used the Mann—Kendall, a non-parametric test, to analyse trends in the
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inundation extent and discharge and water level time series from which we made infer-
ences on the direction of the historical trend in inundation extent. Meanwhile, Ref. [59]
conducted a study in Ogun River Basin, Nigeria, and the main objective of this study
was to calibrate and validate the eco-hydrological model Soil and Water Assessment Tool
(SWAT) with satellite-based evapotranspiration (ET) data from the Moderate Resolution
Imaging Spectroradiometer Global Evaporation (MOD16). Especially for the fact that
evapotranspiration (ET) is the second most important element in hydrological modelling
after precipitation as it facilitates the continuation of precipitation by replacing the vapor
lost through condensation, hence very important for hydrological modelling. The stud [59]
demonstrated the potential use of remotely sensed evapotranspiration data for hydrologi-
cal model calibration and validation in a sparsely gauged large river basin with reasonable
accuracy. The results from this research contributed to a better understanding of the ease
and suitability of using freely available satellite-based ET datasets for model calibration
in tropical ungauged basins where the main limitation of setting up hydrological models
for discharge simulations is the lack of calibration and validation data. In addition to the
evaporation products from MOD16, the European Organization for the Exploitation of
Meteorological Satellites Meteosat Second Generation (EUMETSAT MSG) ET product is
also available. However, MOD16 ET product has a finer spatial resolution of 1 km and a
temporal resolution of 8 days, monthly and yearly ET. The EU-METSAT MSG ET product
is available at 3 km spatial resolution every 30 min or daily. However, these products have
been calibrated and validated mainly in the Northern hemisphere, with sites located in
North and South America, Europe and Asia [60]. Hence, there is a need for more studies to
evaluate global remote sensing ET products at long term monitoring sites in Africa [60]. It
is kind of application of remotely based products and techniques as discussed that can be
utilised to overcome challenges and limitations associated with validating hydrologic and
hydraulic coupled models results in data scarce river basins in Africa.

4. Conclusions

Case studies reviewed in this paper have pointed towards the potential use of coupled
hydrologic—hydraulic models and the opportunities present to be used in Africa especially
for data scarce and large basin for floodplain assessments. Model coupling is necessary
to better understand hydrological processes in floodplain wetlands especially the two-
directional model coupling. Coupled hydrologic and hydrodynamic modelling has proven
to be an important tool for integrated evaluation of hydrological processes in poorly gauged,
large scale basins. Representation of both floodplain channels hydrodynamics (storage,
bifurcations, lateral connections) and vertical hydrological processes (floodplain water
infiltration into soil column; evapotranspiration from soil and vegetation and evaporation
of open water) in coupled models are necessary to correctly simulate flood wave attenuation
and evapotranspiration in floodplain modelling. Many wetlands in Africa are currently
under pressure due to building of reservoirs, irrigation schemes, land use and cover
changes, climate change, and variability. To give their environmental value, it is thus
fundamental to apply coupled models in floodplains assessments, in order to advance
knowledge of their main hydrological processes, where both modelling techniques and
remote sensing-based methods may be useful. In Africa it is necessary to understand the
flood dynamics of these complex systems (floodplains) to improve prediction capabilities
of the floodplain wetlands response under current and future alterations. The availability
of open access models, coupling frameworks, and remotely sensed datasets as presented
in this paper, offer timely opportunities for application of coupled models in data scarce
basins on the continent of Africa, for improved hydrological assessment in floodplains,
especially with the advent of climate change and climate variability experienced across the
continent.
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