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Abstract Land surface geomorphology plays an
important role in water and sediment dispersal pro-
cesses in wetlands. For wetland practitioners and
researchers to engage with these processes in time
and space, they require topographic data in order
to derive wetland surface gradient, cross-sectional
shape and area, surface and subsurface hydrologi-
cal connectivity, and hydraulic characteristics. A
range of data options, with varying spatial resolu-
tions, are available, ranging from free national and
global resources (e.g. contour data and global eleva-
tion models) to project-specific high-resolution sur-
veys (e.g. Differential Global Positioning Systems
(DGPS), Photogrammetry, Light Detection And
Ranging (LiDAR)). Due to the scarcity of high-reso-
lution and high-accuracy data, especially in develop-
ing countries, data gathering and processing costs can
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be significant. This paper presents a commentary on a
range of topographic data and processing options for
a relatively small (~40ha) floodplain wetland in the
Eastern Cape, South Africa. It critically reviews the
usefulness and shortfalls of various wetland-related
applications ranging from gradient calculations to
more detailed hydraulic modelling, and the data
resolution required for each application. Free, low-
resolution, datasets have a limited representation of
geomorphology at this scale due to the relatively low-
resolution and large vertical error. Field-based sur-
veys (using survey-grade equipment such as a DGPS)
have the benefit of providing accurate terrain results
in areas with dense vegetation and surface water,
while photogrammetry and LiDAR data are useful to
represent the higher resolution morphology across the
wetland, despite shortcomings regarding the penetra-
tion of dense vegetation and surface water. However,
combining DGPS data with LiDAR proves to yield
the best model for detailed process modelling for wet-
lands at the local scale.

Keywords Wetland topography - Wetland
morphology - Elevation model - Data-scarce
environments

Introduction

In fluvial geomorphic studies, detailed topographic
data of bed, bank and floodplain surfaces are required
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to understand systems and to use them as inputs into
process-based numerical models. Land surface topog-
raphy plays an important role in how water and sedi-
ments are distributed along rivers and across wetland
surfaces (Zevenbergen & Thorne 1987; French et al.
1995; Stovall et al. 2019; Xiao et al. 2019; Rajib et al.
2020). The quality of morphology and surface rough-
ness input data used for modelling is critical to flow
and material transport predictions, and the resulting
channel and floodplain morphodynamics (Heritage
et al. 2009). Land surface topography also affects
associated ecosystem service function and conse-
quent environmental risks (Kotze et al. 2009).

Studies delving into morphological changes over
time and characterising morphological features at a
site commonly use Digital Elevation Models (DEMs)
to represent the morphology in three dimensions
(Heritage et al. 2009; Btaszczyk et al. 2022; Li et al.
2022). The quality of a DEM is subject to the accu-
racy of individual survey points, the field survey
strategy and coverage of morphological units, and the
interpolation method used to create the DEM from
the survey data (Heritage et al. 2009). The methods
in which landscape morphology is surveyed have
changed in response to increased development and
availability of suitable hardware and software. Freely-
available DEM datasets such as from the Shuttle
Radar Topography Mission (SRTM), are limited by
coarse-scale data. Increasing the resolution of the
data is commonly carried out through field-based sur-
veys and in-situ measurements.

Over the past 10 years, morphological-based sur-
vey approaches have become more established with
the use of highly accurate survey hardware such as
total stations and Differential Global Positioning
Systems (DGPS). The use of this hardware has sig-
nificantly reduced the error between repeat transects
when surveying morphological change over time
(Heritage et al. 2009). Additional advances in avail-
able hardware include Light Detection And Ranging
(LiDAR), Terrestrial Laser Scanning (TLS) and com-
puting power that can run large models generated by
Structure from Motion (SfM) photogrammetry which
provide high-resolution, fully distributed data of
land surfaces and can cover a larger area in a shorter
space of time. Long-range terrestrial laser scan-
ning is increasingly being used for surveying rough
mountainous terrain (Btaszczyk et al. 2022). How-
ever, an error can be introduced with individual point
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elevations, particularly in complex landscapes where
the optimal elevated positioning of the scanner is lim-
ited, such as broad wetlands. With advances in sur-
vey technology, the difference in error between mor-
phology-based ground surveys and aerial surveys is
becoming significantly reduced (Heritage et al. 2009).
Li et al. (2022) proposed a deep learning model as
a method to improve the validity of reconstructed
DEMs. Blaszezyk et al. (2022) found that the aerial
data used in their study had gaps over the mountain-
ous slopes due to low side overlap during the flight
and reduced the data gaps using a long-range terres-
trial laser scanner. This allowed for a full analysis of
different geomorphic features across the landscape
using a combination of methods.

Heritage et al. (2009) state that the morphological
approach to channel bed surveying is highly accu-
rate and error can be reduced by including morpho-
logical feature outlines, cut banks, breaks of slope
and spot heights on uniform surfaces in the survey.
Errors are commonly associated with the position of
survey points relative to the morphology being sur-
veyed (i.e., the surveyor must have an understanding
of the system that is being surveyed). Btaszczyk et al.
(2022) used both aerial SfM photogrammetry and ter-
restrial laser scanning and demonstrated that combin-
ing several techniques is an option, albeit an expen-
sive one, in remote areas where data acquisition is not
straightforward and data voids are present.

Wetland practitioners and researchers study wet-
lands to assess their ecological state, ecosystem
service provision, the potential impact of planned
activities, as well as to plan restoration activities.
Topography in wetlands is created by physical and
biological processes, and subsequently influences
inundation patterns as well as sediment and organic
matter dispersal (Grenfell et al. 2019; Keen-Zebert
et al. 2013; Tooth et al. 2013; Tooth and McCarthy
2007). Thus, representing topography and geomor-
phology is vital for understanding spatial heterogene-
ity associated with biophysical processes and ecosys-
tem service provision. This is especially important in
wetlands situated along drainage lines, where flood-
ing is associated with a combination of channel flow,
hillslope seepage and direct rainfall.

To engage with landscape processes in time and
space, practitioners require topographically accurate
data such as wetland surface slope, cross-sectional
morphology, variation in topography, location of
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morphological features, floodplain extent, surface
hydrological connectivity and hydraulic characteris-
tics (French et al. 1995). These metrics are essential
for wetland assessments and management decisions
that are based on spatial data. However, due to their
high cost, accurate elevation data or high-resolution
terrain models are often not freely available to devel-
oping countries. Nevertheless, multiple data options
of variable resolution and accuracy are available,
ranging from free national and global resources (e.g.,
contour data, SRTM, Advanced Land Observing Sat-
ellite) and project-specific high-resolution and accu-
racy surveys (e.g., using a DGPS, SfM, LiDAR). The
spatial resolution and accuracy of each dataset limit
its usefulness and often lead to confusion when prac-
titioners need to apply a dataset to a given task.

Using a precise (<2cm Root Mean Square Error
or RMSE vertical precision) DGPS survey of a small
(~40ha), floodplain wetland in the Eastern Cape,
South Africa as a baseline, this study aimed to inves-
tigate the impact of variation in spatial resolution,
precision (reproducibility of the results) and accuracy
(how close the output is to the ‘true’ value) among
available topographical datasets on 1.), wetland mor-
phometrics, such as channel or wetland gradient, that
are commonly calculated for wetland assessments,
and 2.), the accuracy and precision of output surface
elevation models in representing key geomorphic
morphometrics for a floodplain wetland. We also
compared the potential advantages and disadvan-
tages in terms of cost and ease of data collection. The
overall purpose was to determine whether the cost of
certain datasets could be justified for specific applica-
tions, such as hydrodynamic modelling in wetlands,
or whether similar results could be achieved using
low-cost low-resolution alternatives. Answering
this question has particular pertinence to the Global
South, where high-resolution data are either scarce or
excessively costly to commission.

Study area

The study was based on a small meandering river
floodplain wetland on the Gatberg River in the East-
ern Cape of South Africa (Fig. 1). The Gatberg
River is a headwater tributary to the Tsitsa River and
larger Umzimvubu River and drains into the Indian
Ocean. The wetland area is roughly 40ha and has

a continuous river channel that is 4km long, ~5m
wide and ~2.5m deep. Overbank floodplain areas are
marked by multiple oxbows that are flooded by local
rainfall and lateral seepage, as well as overtopping of
the main channel during periods of high river flow.
The wetland, located within the grassland biome,
is dominated by a mixture of fairly short and dense
vegetation (less than 1m high) (Mucina et al. 2006;
Pakati 2021). Smaller shrubs were present on the
higher topographic features, such as alluvial ridges.
Larger shrubby tree species are excluded from the
wetland by a combination of frequent fires (~ 1 every
2 years), periodic inundation and grazing. Grass spe-
cies occur across the wetland surface except within
areas of permanent water. Common species include
Sporobolus africanus, Eragrostis plana, Andropogon
eucomus and Cynodon dactylon. Cyperus sp., Juncus
sp. and Fimbristylis sp. occur in the damp grasslands
and on the edges of permanent water. Typha capensis
does grow seasonally in some of the flooded oxbows,
but it is kept fairly short by grazing cattle. Other spe-
cies present in the permanently inundated areas are
Persicaria sp., Pycreus sp. and Schoenoplectus sp..
The climate is semi-arid (Aridity Index of ~0.44, as
calculated by Trabucco and Zomer (2018), with an
average annual precipitation of 779 mm which occurs
predominantly during the summer season, whereas
winter is typically dry (Mucina et al. 2006).

Methods

For the study, a few commonly used elevation data
sets were selected for comparison. This included
a DEM derived from the national contours (avail-
able from CDNGI Geospatial Portal (cdngiportal.
co.za)), 30m SRTM (USGS EROS Archive-Dig-
ital Elevation-Shuttle Radar Topography Mission
(SRTM) Non-Void Filled), and SUDEM (an interpo-
lation of national contour data and SRTM data, see
SUDEM-Stellenbosch University Digital Elevation
Model CGA sun.ac.za). In South Africa, contour
data is freely available from the Department of Rural
Development and Landforms database, the National
Geospatial Information (NGI). Contour lines are
available throughout the country at at 5m intervals.
Accurately surveyed spot heights are also available.
SRTM data are freely available around the globe and
can be acquired online. The SUDEM is available for a
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Fig. 1 Locationof the Gatberg wetland in South Africa and
an oblique view of the meanderingGatberg Wetland (flow is
towards the camera) under different flow conditionsand exhib-

nominal fee. The spatial resolution and vertical accu-
racy, cost and sources are described in the Results
section. All datasets were projected to the ellipsoidal-
based World Geodetic System 84 with local Harte-
beeshoek94-L.029 datum and converted to ellipsoidal
height.

In addition to these datasets, four additional data-
sets, including a DGPS survey, a Topo fto Raster
model (called T2R from here onwards) using the
contour and all DGPS survey data, a LiDAR survey,
and a drone-based SfM output were compiled using
a combination of field measurements and subsequent
manipulation in ArcGIS. These methods represent a
range of effort (and therefore cost) to create a wetland
ground surface DEM.

The first entailed a field-based DGPS survey col-
lated in the manner described by Heritage et al.
(2009), where the focus is applied to rapid changes in
slope and breakpoints (i.e., a morphologically-based
survey). The DGPS comprised a base station with a
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KwaZulu-Natal

iting different stages of vegetation growth (A low clear early
winterflow- May 2021 and B high and turbid mid-summer flow
- February 2020).

rover and was not referenced to a local trigonomet-
ric beacon, but a local reference point was established
to ensure relative precision through loop closure
throughout the multi-day survey. The DGPS survey
was composed of five evenly spread transects across
the wetland surface at ~500m intervals. Random
spot heights on the surface and shorter cross-sections
along meander bends were included. The DGPS sur-
vey served as the standard for comparison due to its
high relative precision (<2cm RMSE vertical preci-
sion) and its ability to represent the terrain without
vegetation or water depth affecting the elevation of
the model.

The Topo to Raster function in ArcMap 10 was
used to interpolate the 1:10,000, Sm contours from
the NGI and field DGPS point data. Two DEMs were
created using the topo to raster feature (no enforce,
with depressions indicated as sinks) at a 1 m resolu-
tion. In the first DEM, a line digitised from 1:10,000
aerial photographs indicating the location of the left
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bank was used as the channel, while in the second, a
line of the right bank was used. The resultant DEMs
were identical except the location of the channel was
slightly offset. These two DEMs were merged using
the Cell Statistics tool, with the mean value selected.
This had the effect of widening the base of the river
channel, while the rest of the floodplain was com-
pletely unaffected. To capture the elevation differ-
ences of meander scars and visible open water, these
features were digitised from aerial images. An assess-
ment of the survey data indicated that areas of open
water were conservatively 0.7m deeper than the sur-
rounding floodplain, while unflooded meander scars
were typically 0.2 to 0.5m deeper than the surround-
ing floodplain. The features were converted to ras-
ter images with values of 0.7 and 0.4 m respectively.
These elevation values were burnt into the DEM cre-
ated by subtracting the elevations of the meander scar
and lake raster using the Raster Algebra tool. The
resultant DEM is not completely independent from
the DGPS cross-section used for comparative pur-
poses as the DGPS data was used as an input. How-
ever, the Topo to Raster feature does not honour input
data values, and instead produces a hydrologically
correct, smoothed surface which is useful for com-
parative purposes.

An SfM surface model was constructed from 757
drone-based aerial images with >80% overlap using
Agisoft Photoscan. A DJI Mavic Pro II with a 20
megapixel Hasselblad camera (L1D-20c with 10.26
mm focal length) was used at an elevation of 120m
in August 2019. The model was referenced using 10
identifiable natural ground control points surveyed
with the DGPS on the same date as the flight, equally
spread out across the wetland surface. As the chan-
nel was inundated during the drone survey, channel
bathymetry was added to the surface model in RAS
Mapper (see the method in the HEC RAS Map-
per manual (Terrain Modification (army.mil)). The
bathymetry was developed by interpolating the 5
cross-sections along the bank lines for the river length
using the Cross-section Interpolation Surface tool.

LiDAR data were captured using a DJI Matrice
300 RTK UAYV and DIJI L1 LiDAR payload in Feb-
ruary 2022. Scans were captured at 100m above the
ground and had 70% side overlap and were captured
at a pulse rate of 148kHz and scan rate of 55 Hz,
with 3 returns. This resulted in a point cloud with 700
points per m? (~8 ground points per m?). The ground

points were converted to a Digital Surface Model
with 0.16m tiles and relative vertical precision of
3-10cm RMSE.

The general parameters of the models were sum-
marised in table form, such as resolution, vertical
accuracy, type of model, the inclusion of bathymetry
and cost estimates (produced by GroundTruth con-
sultants for commercial drone-based SfM and LiDAR
products). The longitudinal gradient of the wetland
surface (difference in elevation/valley length) and
the channel thalweg (difference in thalweg elevation/
channel length) were calculated. To establish the abil-
ity of the different models to characterise geomorphic
features common in the wetland (and important from
a functional perspective), a cross-section of the topo-
graphical surface was extracted along a fixed transect
and visually represented. Furthermore, the depth,
width and cross-sectional area of the channel were
calculated based on the cross-section. The results
were qualitatively assessed against the DGPS survey
and summarised intable format.

Results

The elevation models range in pixel size from 0.12
to 30m (Table 1, Fig. 2). As expected, the vertical
precision improves with increases in spatial resolu-
tion, giving a more detailed and precise representa-
tion of the surface or geomorphology. The major-
ity of the models are surface models and exclude
ground surface and bathymetry. Terrain models
are based on the points that were surveyed/clas-
sified as ground points. The availability and cost
increase for finer resolution models (Table 1). The
SUDEM and drone-based SfM elevation models
are surface models, and thus do not discriminate
between the ground surface, the surface of vegeta-
tion or the water surface at the time of the survey.
This may represent a substantial obstacle if vegeta-
tion is of variable height (e.g., in a surface model,
tall reeds within flooded oxbows may have a similar
surface height adjacent to low floodplain grasses).
An example is the SfM output with 0.12m pixels
and vertical accuracy of 0.027 m RMSE for the con-
trol points and 1.38 m RMSE for the 18 checkpoints
within vegetation. If vegetation height is similar
across the surface, this error is reduced in relative
terms (i.e., while the result may not be precise, the
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Table 1. Characteristics of elevation models explored for the Gatberg Wetland (Conversion rate 1 USD =10 ZAR)

Data type Horizontal Reso-  Vertical accuracy Surface Includes bathym- Cost Source
lution or terrain etry
model
Contours 5m ~2.5m RMSE Terrain No Free National Geo-spa-
tial Information,
South Africa
SRTM 30m 30m tiles 6-26m RMSE Surface No Free Elkhrachy (2018);
Miliaresis and
Paraschou (2005)
SUDEM Sm tiles 2 m mean abso-  Surface No USD 2/km? 5m Stellenbosch
lute error University Digital
Elevation Model
(SUDEM) (geo-
smart.space)
DGPS field Project-specific ~ 0.02-0.1m Terrain Yes Surveyor charges Commissioned for
survey RMSE 2 000 USD per each project
day or DGPS
costs 30 000
USD for the
hardware
T2R Variable, 1 m tiles Unknown Terrain Yes Cost of field Combines National
in this analysis survey + subse- Geo-spatial Infor-
quent process- mation, South
ing time Africa and DGPS
field survey
Drone-based SfM  0.05-0.15m 0.03-0.3m Surface No, but can be USD 300/km? GroundTruth pers
RMSE interpolated comm.
with the addi-
tion of DGPS
survey data
LiDAR 0.05-0.2 m 0.03-0.1m Terrain No, but can be USD 1000/km? Shan and
RMSE interpolated Toth (2018),
with the addi- GroundTruth pers
tion of DGPS comm.

survey data

error is consistent across the wetland surface). In
addition, if the model is to be used for hydrological
modelling, the lack of bathymetry is a major imped-
iment to further use. However, it is possible to com-
bine survey strategies such that bathymetry may be
added to a drone-based SfM survey, as was done in
this study (see Fig. 2).

When looking at the detail presented by the ele-
vation models in Fig. 2, it can be seen that the Sm
contour of the topographic map, SRTM and SUDEM
data poorly represent the more detailed wetland mor-
phology, such as the channel, levees and oxbows at
the scale of the Gatberg wetland (Fig. 2 and 3). The
T2R shows moderate morphological definition,
whereas the SfM and LiDAR models show high
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levels of morphological definition in plan and cross-
sectional view (Fig. 2 and 3).

The wetland gradient calculations deviated by 3 to
459% compared to the gradient calculated from the
DGPS survey (Table 2). The LiDAR performed the
best (3% deviation) compared to the SRTM (459%
deviation). For the river thalweg slope calculation,
the range was smaller, ranging from 13% (SfM with
bathymetry) to 99% (SfM; Table 2). The SRTM and
SUDEM could not be included in the thalweg calcu-
lations as the channel was not defined by the raster
dataset.

With a focus on morphometrics, it can be seen
that the models vary markedly, with the SRTM and
SUDEM datasets producing no detail on the river
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Fig. 2 Avisual representation of the wetland surface with A 5m contours on a 1:50,000topographic map, B SRTM 30m tiles, C
SUDEM 5m tiles, D T2R, E SfM, F SfM with bathymetry and G LiDAR for the Gatberg Wetland

Fig. 3 Across-sectional
example of the various
elevation models for the

Gatberg Wetlandwith some

of the morphological fea-
tures indicated

Table 2. Gradient
calculations based on the
range of data sources for
the wetland surface and
adjacent hillslope
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m
@
=1
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Elevation (m)

1300

——SRTM 30m

——SUDEM 5m

——T2R

sfM

=== SfM with bathymetry

1295 Flood channel .
Main channel
1290
0 50 100 150 250
Distance (m)
Data source Wetland longitudinal surface River thalweg gradient
gradient
m/m Deviation % deviation m/m Deviation % deviation
DGPS (standard) 0.00224 - - 0.000375 - -
SRTM 0.01253  0.01029 458.7 - - -
SUDEM 0.00343  0.00119 52.8 - - -
T2R 0.00250  0.00025 11.3 0.000617 0.000241  64.2
StM 0.00180 —0.00044 19.6 0.000746 0.000370  98.5
SfM with bathymetry 0.00180 -0.00044  19.6 0.000386 —0.000049 13.1
LiDAR 0.00233  0.000072 3.2 0.000436 0.000060  16.1
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channel (Table 3). The width of the bankfull chan-
nel deviates by 0.05 (LiDAR) to 91% (T2R), whereas
depth deviates by 10 (T2R) to 60% (SfM) from what
was surveyed. These deviations are evident in the
cross-sectional area, with deviations of 26 (SfM with
bathymetry) to 58% (T2R).

The topographic survey produces a highly precise
terrain model including bathymetry but is limited
in the representation of the wider wetland surface
(Table 4). An increase in the interval of cross-sec-
tional transects which incorporate the wider wetland
surface can address this limitation. However, this is
dependent on both the cost and time constraints of
a specific project. The DGPS survey data produce
accurate slope and cross-sectional representations.
The T2R represent many of the surface features, such
as the channel and oxbows moderately well and will
be useful for slope and plan view area calculations.
The SfM output has a high resolution of morpho-
logical features, but it represents the wetland surface
(with vegetation) and shows some distortion (dishing
or doming) along the cross-section, introducing some
uncertainty in vertical accuracy along the cross-sec-
tion. This model can be used for slope and plan view
area calculations, it visually represents the morpho-
logical features (but includes vegetation elevations)
and can be used for hydrodynamic modelling of flood
flows when the bathymetry is included. The LiDAR
model represents the terrain well (similar to the topo-
graphic survey), but lacks bathymetry.

Discussion

There is a range of free elevation products available
that have the potential to answer some of the basic
questions, such as wetland setting (macro topogra-
phy), valley gradient, wetland surface gradient and

valley width for smaller wetlands without significant
resource investment. The ability of a dataset to model
a particular characteristic, such as channel cross-sec-
tional shape or wetland gradient, can be considered
in terms of precision and accuracy. The precision and
accuracy of the datasets are illustrated in Fig. 4 and
described hereafter.

In general, vertical precision and accuracy improve
with increases in spatial resolution (Stovall et al.
2019). Unfortunately, the freely available resources in
developing countries (mostly national to global cover)
are of low-resolution and not useful for detailed stud-
ies of smaller wetlands (no morphological features
represented and a high error for wetland gradient
calculation), as seen in the case of the Gatberg Wet-
land (area of 40ha). For these smaller wetlands, field-
based data are needed to improve cross-sectional or
terrain models to include the topography of charac-
teristic geomorphic features such as river channels,
oxbows and flood channels.

From our experience, free data sources, such as
SRTM, are ideal for a preliminary assessment of the
wetland setting, especially on the Google Earth plat-
form that combines satellite images with the DEM.
Based on the findings one can use the low-resolution
data to plan a field survey to improve the elevation
model, keeping requisite simplicity in mind. Calcu-
lations of wetland surface gradient can be inaccurate
by four-fold (~400%) due to the low vertical preci-
sion and accuracy across the large tiles. Care needs
to be taken when calculating wetland surface gradient
based on relatively low-resolution elevation models
and results should be treated as preliminary.

The topographic survey along cross-sections and
for targeted morphological features produced high-
precision data, despite a fairly low spatial resolution
of the larger wetland surface. This method is ideal
for monitoring purposes, as it measures the terrain

Table 3. Summary of channel depth, width and cross-sectional area at transect 4

Data source Channel width Channel depth Cross-sectional area

m Deviation (m) % deviation m  Deviation (m) % deviation m? Deviation (m?) % deviation
DGPS (standard) 836 - - 241 - 10.75 - -
T2R 1596 7.60 90.97 2.16 —0.24 -10.16 17.03  6.27 58.36
StM 8.01 -0.34 —4.12 097 —-1.43 —59.54 453 -6.22 -57.85
SfM with bathymetry  7.59 —0.77 -9.23 268 0.27 11.19 13.54  2.78 25.90
LiDAR 8.36  0.00 0.05 1.14 -1.27 -52.72 6.19 —4.56 —42.45
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Table 4. Summary of possible dataset applications, benefits and drawbacks in terms of representing a floodplain wetland surface

Data type

Geomorphic application

Benefit

Drawbacks

Contour data - National dataset

SRTM 30 m

SUDEM

Field survey with survey equip-
ment

Contour and point interpolation
(T2R)

Drone-based SfM

o General wetland/valley floor/
river gradient.

e WET ecoservices (Kotze
et al. 2009).

o Desktop phase of project.

e General wetland/valley floor/
river gradient.

o General wetland/valley floor/
river gradient.

o General wetland/valley floor/
river gradient.

o Cross-sectional representa-
tion.

e Survey targeted features in
detail, such as strand lines,
bar size, levee elevation,
water levels, etc.

® Monitoring of morphologi-
cal change using fixed point
transects.

o General wetland/valley floor/
river gradient.

o Cross-sectional representa-
tion along surveyed cross-
sections.

o General wetland/valley floor/
river gradient.

o Cross-sectional representa-
tion.

o Survey targeted features in
detail, such as bar size, levee
elevation.

e Monitoring of morphological
change.

e Hydrodynamic modelling if
bathymetry can be included.

e Represents the macro topog-
raphy.

e Freely available.

e Can be used to calculate
slope for large/steep systems.

e Broad overview of a system.

o Freely available for the globe.

e Useful for assessing the
macro topography surround-
ing wetlands.

e Improved resolution com-
pared to SRTM.

o Useful for assessing the
macro topography surround-
ing wetlands.

o Survey detail is defined by
the project.

e Freedom to collect detailed
information based on field
observations (recent flood
strand lines, water levels).

o Close representation of
wetland surface gradient due
to use of DGPS data.

o Extrapolation of contour,
map and point survey data to
represent the wider wetland
surface and channel.

e High-resolution surface
model and orthophoto.

e Large vertical inaccuracy

e No data between contour
intervals, unless interpolated
to create a DEM.

e Available based on national
survey departments.

e Low-resolution and high
vertical inaccuracy.

o Poorly represents the wetland
microtopography.

o Surface model with no
bathymetry.

o Significant smoothing of the
topography results in a loss of
topographic detail for smaller
wetlands.

e Can be time-intensive in the
field.

o Possible low coverage of
wetland surface due to time or
cost constraints.

e Access to wetted areas can
be challenging during the wet
season.

e Equipment and field compo-
nents can be costly.

e Some distortion of the banks
due to smoothing.

o Terrain is obscured by water
and vegetation.

o Equipment, field survey
and data processing can be
resource-intensive and costly.

o Prone to distortion away from
ground control points.
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Table 4. (continued)

Data type Geomorphic application

Benefit

Drawbacks

LiDAR e General wetland/valley floor/
river gradient.

o Cross-sectional representa-
tion.

e Survey targeted features in
detail, such as bar size, levee
elevation.

o Monitoring of morphological
change.

e Hydrodynamic modelling if
bathymetry can be included.

e High-resolution and accurate
surface model and ortho-
photo.

e Terrain is obscured by water.
e Equipment, field survey
and data processing can be
resource-intensive and costly.

with precision. However, surveys have to be carefully
planned to monitor relevant sections of the wetland
surface as the coverage of the data is spatially lim-
ited depending on the number of transects/points sur-
veyed. Data collection is normally time-consuming,
but additional notes, such as vegetation type, surface
substrate, etc., can be invaluable for representing the
wetland in a model and also contributes to a sound
baseline description and understanding of a system
that can be used for monitoring.

The T2R method produced a useful surface that
provides a good representation of the wetland gra-
dient and floodplain features. A limitation to this
method is due to smoothing which occurred dur-
ing the processing that lowered the bank gradients,
increased the channel area and resulted in the sur-
veyed points protruding above the general bank
surface on the elevation model. This might lead to
additional errors if this surface model is used for
monitoring or hydrodynamic modelling.

The SfM product has a detailed surface texture,
but removing the vegetation from the surface model
would be challenging as the grass cover was thick and
varied in height across the surface. This would be a
common challenge in all wetlands as they are often
characterised by dense vegetation. The dense grass
cover and distortions associated with the inaccurate
geolocation of cameras, a rolling shutter and lens
distortions introduced a significant reduction in ver-
tical precision and accuracy when compared to the
control points. With the added bathymetry along the
river channel, this layer proved to be fairly detailed,
but distortion is visible along the cross-section. This
method is unfortunately susceptible to dishing and
doming (negative or positive distortion of the surface)

@ Springer

which is a function of lens distortions that are not
well corrected during the SfM process (Carbonneau
and Dietrich 2017). This method has the potential to
be used for hydrodynamic modelling provided that
the surface vegetation can be removed or the survey
is conducted following vegetation die-back or a veg-
etation fire (low biomass) and the bathymetry can
be included (or when a survey can be done during a
period where the channel and wetland features are
dry).

The LiDAR model performed well in representing
the terrain with minimal distortions. However, areas
with very dense grass or water were not well repre-
sented and introduced misrepresentations of the sur-
face. Adding the bathymetry to the LiDAR surface
model could improve the results significantly and
would make it ideal for hydrodynamic modelling.

These comparisons of the various elevation mod-
els that could be used in developing countries helped
to show their optimal use and at what scale the data
should be interpreted. For each method, the user
needs to be aware of the limitations and factor this
into their interpretation of a system. The question at
hand will guide the user as to which model should be
used. For large wetlands and basic wetland descrip-
tions, the free or low-cost datasets should be sufficient
if combined with high-resolution overhead imagery.
For detailed morphometrics and monitoring, field-
based surveys are needed. The costs are high, but the
benefit of precise data will show once comparisons
are made after repeat surveys to monitor morphologi-
cal change. The same applies to hydraulic modelling,
where precise terrain data, such as DGPS or LiDAR
(with bathymetric survey) would result in the most
realistic hydraulic models.
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Channel cross- Floodplain

section gradient
a. SRTM (30m)

@‘

b. T2R 5m Contour and DGPS survey interpolation

c. Drone-based SfM with surveyed bathymetry

d. LiDAR

Fig. 4 Schematiccomparison of accuracy and precision of
channel cross-sections and wetland longitudinalgradient
derived from output digital elevation models produced from a.
SRTM(30m), b. T2R 5m contour and DGPS survey interpo-
lation, c¢. Drone-based SfMwith surveyed bathymetry, and d.
LiDAR. X marks the exact location, red dotsthe observed loca-
tion and the circle size indicates the magnitude of the error

Conclusions and recommendations

This paper summarised some of the main elevation
model types that were available for a small floodplain
wetland in a resource-poor developing country. The
free resources are generally of low-resolution and
have high vertical inaccuracies. These elevation mod-
els are useful for understanding the general landscape

setting and the general gradient and width of the val-
ley floor for smaller wetlands. Studies that necessitate
detailed wetland surface gradient, morphometrics
and elevation data of specific topographic features
will require field-based surveys. Field-based surveys
(using survey-grade equipment such as a DGPS) have
the benefit of providing accurate terrain results in
areas with dense vegetation and surface water. SfM
and LiDAR data are useful to represent the higher
resolution morphology across the wetland, despite
shortcomings with dense vegetation and surface
water. Combining DGPS data with LiDAR proves to
yield the best model for detailed process modelling.

The method and data used should be determined
by the question at hand and the resources available.
Users should be aware of the constraints of different
resolution data when constructing monitoring plans
or project findings. Based on the experience of the
Gatberg floodplain wetland, detailed topographic sur-
veys and SfM or preferably LiDAR processing was
required to characterise the wetland along transects
and develop a terrain model with bathymetry that
could be used for hydrodynamic modelling. It is rec-
ommended that wetland studies should include suffi-
cient resources for field surveys to represent the wet-
land topography as accurately as possible to improve
the modelling, monitoring and adaptive management
of these valuable natural resources.
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