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Abstract
In fluvial research, comparisons of laboratory and field data sets are rare or outdated;
therefore, future research would benefit from the integration of laboratory and field
data sets. We use close‐range photogrammetry as a tool to help bridge that interface. Close‐range photogrammetry is a technique that is readily applied in both laboratory and field environments to capture submillimetre topographic data of natural
and replica surfaces of gravel‐bed rivers. Digital Elevation Models (DEMs) of difference (DoDs) are presented to quantitatively assess the replicability of four surfaces,
using the casting process. Replication results with accuracies of <35 mm, including
observed localized areas of particle dislodgement, suggest casting is a suitable process to integrate laboratory and field data sets in fluvial morphology, allowing natural
surfaces (e.g., from the field) to be analysed in a controlled laboratory environment.
This enables the isolation of parameters, such as the microtopography of the surface
or water submergence. Further, we highlight the importance of considerations of the
wider scale morphology required to contextualize patch‐scale field research using
close‐range photogrammetry. We demonstrate this with an example of the influence
of vegetation on DEM quality and roughness statistics. These wider morphological
features are difficult to simulate in the laboratory, albeit have a control on patch‐
scale processes. The successful replication of natural surfaces using casting and the
use of tools such as close‐range photogrammetry provide a bridge for future
research that requires the integration of laboratory experiments, field experiments,
and numerical modelling.
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I N T RO D U CT I O N

are seen as a bridge between complex field experiments and simplified numerical models (Yager, Kenworthy, & Monsalve, 2015).

Fluvial research is undertaken in both laboratory and field environ-

Experimental work is advantageous due to the ability to identify

ments, with an observed increase in the number of field studies

controls on certain parameters (Thompson, Norton, & Hawkins,

(Piégay, Kondolf, Minear, & Vaudor, 2015). Laboratory experiments

1998; Yager et al., 2015). However, laboratory experiments are not

(i.e., experimental work) have enhanced knowledge of several

quintessential of the natural environment, influencing the transfer-

aspects in fluvial science, including grain motion, flow turbulence,

ability of results between environments (Basile, Ciollaro, & Coppola,

bed arrangement, armour layers, and near‐bed structures, and

2003; Klotz, Seiler, Moser, & Neumaier, 1980; Thompson et al.,
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1998), particularly for ecological studies of animal behaviour (Rice,

research is plagued with issues of vegetation, albeit there is limited

Lancaster, & Kemp, 2010).

information in regard to the effect of vegetation on roughness

Bridging the interface between laboratory and field experiments is
facilitated using a casting technique to replicate the natural surface

analysis, and the presence of vegetation is often neglected from
laboratory‐based research.
This paper will address two aims:

topography (Buffin‐Bélanger, Reid, Rice, Chandler, & Lancaster,
2003; Chandler, Buffin‐Bélanger, Rice, Reid, & Graham, 2003). Devel-

1. Evaluate the developed casting technique, and quantify its suit-

opment of the casting technique and materials used produced replica

ability to replicate surface roughness of laboratory and field surfaces.

surfaces that were visually deemed representative of the surface

2. Consider the morphological factors, namely, vegetation, affect-

topography (Spiller, Rüther, & Baumann, 2012). Subsequently, casts

ing patch‐scale dynamics in a field environment.

are analysed in the laboratory to enhance the understanding of how
topography influences flow properties (Rice, Buffin‐Bélanger, & Reid,
2014), with recent quantification of flows over both permeable and
impermeable beds (i.e., casts) providing novel insights into fundamen-

2

M E TH OD O LO GY

|

tal hydrodynamic differences in the near‐bed region of gravel‐bed
rivers (Cooper, Ockleford, Rice, & Powell, 2017).

2.1

|

Natural surfaces

Quantification of the surface topography uses technologies such
as laser scanning, structure from motion (SfM), and close‐range photo-

Laboratory surfaces were created in a 19‐m long, 0.45‐m wide flume

grammetry to obtain a 3D model of the surface (Bertin & Friedrich,

in the Water Engineering Laboratory at the University of Auckland.

2014; Hodge, Brasington, & Richards, 2009a). Close‐range photo-

Two surfaces were armoured naturally for 67.5 hr under constant

grammetry is implemented successfully in both laboratory (Bertin &

flow rate (Q = 95 L/s) and water depth (0.245 m). Sediment size

Friedrich, 2014; Brasington & Smart, 2003; Butler, Lane, & Chandler,

ranged from D16A 5 mm to D90A 25 mm, with a median grain

2001; Chandler, Shiono, Rameshwaren, & Lane, 2001) and field envi-

size (D50A) of 16 mm, and D16A < 2 mm to D90A 41 mm, with a

ronments (Bertin & Friedrich, 2016; Butler, Lane, & Chandler, 1998;

median grain size (D50A) of 17 mm, for Lab 1 and Lab 2, respectively.

Carbonneau, Lane, & Bergeron, 2003; Groom, Bertin, & Friedrich,

The subscript “A” indicates surface sediment from the armour layer,

2018), with submillimetre accuracies. The roughness of a surface can

rather than the bulk sediment. Sediment size was determined from

be quantified, with multiple scales of roughness existing in a river,

a single vertical photograph in the image analysis tool Basegrain®,

including reach scale (e.g., woody debris and areas of sediment depo-

which uses automatic grain separation and a line‐sampling method

sition), bedform scale (e.g., clusters of particles), and grain scale

to obtain the sediment distribution of over 400 detected grains

(Aberle, Nikora, Henning, Ettmer, & Hentschel, 2010). The distinction

(Detert & Weitbrecht, 2012).

between the latter are reflected in Figure 1, with a focus herein on
grain‐scale roughness.
Patch‐scale roughness research (typically covering 0.1–1 m2)

Field surfaces, Field 1 and Field 2, were obtained from an
exposed gravel bar in the Whakatiwai Stream, which is a small
gravel‐bed river in northeast North Island, New Zealand. Data have

requires context of the wider scale morphological features (Church,

previously been collected with close‐range photogrammetry at

Hassan, & Wolcott, 1998), including vegetation or the presence of

this site, where full details of the field site can be found (Bertin &

man‐made features, for example, as the feedbacks within river

Friedrich, 2016; Groom et al., 2018). The sediment is predominantly

channels result in morphology, sedimentation, and flow properties

gravel, with a range of sediment size (from ~10 to ~200 mm), and

influencing the patch‐scale surface roughness (Ashworth & Ferguson,

includes patches of sand and large boulders. The analysed patches

1986; Hardy, 2006). Vegetation is addressed differently throughout

sediment size ranged from D16A < 2 mm and D90A 58 mm

the existing body of literature. Studies actively avoid areas of vegeta-

(D50A = 18 mm) for Field 1 and D16A < 2 mm to D90A 32 mm

tion (Huang & Wang, 2012), completely remove vegetation from

(D50A = 16 mm) for Field 2. To ensure the gravel bar of interest had

their area of interest (Wickham & Petrie, 2015; Yochum, Bledsoe,

been water worked, data were collected after a significant rain event,

Wohl, & David, 2014) or interpolate pixels deemed to be vegetation

with evidence of trash lines along the banks, suggesting the water

(Lane, James, & Crowell, 2000). Larger scale studies, such as those

levels had been significantly higher than the water levels on the day.

using laser scanning, use filtering algorithms to remove vegetation

Data collection was undertaken during the winter months to ensure

from data (Brasington, Vericat, & Rychkov, 2012). Therefore, field

minimal vegetation presence.

FIGURE 1

Schematic of grain‐scale roughness and bedform roughness [Colour figure can be viewed at wileyonlinelibrary.com]
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Topographic data collection

Once the silicone covered the complete surface, it was left to set
for 1 hr before being peeled off the surface, which destroys the struc-

Close‐range photogrammetry uses two consumer grade (i.e., inexpen-

ture of the natural bed underneath. The negative mould is cleaned of

sive) Nikon D5100 cameras with 20‐mm Nikkor lenses installed in ste-

all stones, to ensure the imprint of the surface topography is reached,

reo above the surface (Bertin, 2016; Bertin & Friedrich, 2014; Bertin,

and placed into a frame with a base before the casting material is

Friedrich, Delmas, & Chan, 2013; Bertin, Friedrich, Delmas, Chan, &

poured into the mould. The casting material was polyurethane resin,

Gimel'farb, 2015) to capture an area of 350 mm (transverse) by

with a fine powdered filler added, which has been suggested to avoid

500 mm (downstream). Cameras were installed on a moving frame

shrinkage. No dye was added to the resin to make the first, white, cast

(laboratory) and tripods (field) (Bertin & Friedrich, 2016; Groom

(Figure 3a). However, subsequently, we experienced that when using

et al., 2018) to facilitate the collection of three sets of stereo images

close‐range photogrammetry, the white uniform colouring of the sur-

(30% overlap) merged together for a larger areal coverage (Bertin,

face and smooth texture required significant adjustments to the set-

Friedrich, & Delmas, 2016).

tings (e.g., aperture and exposure) to obtain a high‐quality DEM, due

Cameras were calibrated (Zhang, 2000) with a mean rectification

to a lack of contrast between pixels, limiting the success of SDPS

error of <0.5 pixel. Images were rectified and stereo matched (using

matching (Bertin et al., 2015). Therefore, we varied the amount of

the symmetric dynamic programming stereo (SDPS) algorithm) to

black dye in the other casts, partly to see the effect on the resultant

produced point clouds (Gimel'farb, 2002) that were interpolated onto

DEMs and finally, to obtain a cast similar in colour to a natural river

grids of 0.2 mm and subsequently 1 mm to generate digital elevation

bed (Figure 3b–d). Once the resin had set (>12 hr), the mould can be

models (DEMs). Quality assurance on each DEM included the removal

peeled easily off the cast to leave the replica surface.

of outliers using a mean elevation difference parameter and bi‐cubic
spline interpolation (Hodge, Brasington, & Richards, 2009b). Finally,

2.4

|

DEM comparisons

DEMs were detrended bi‐linearly to remove planar trends larger than
the grain‐scale topography, such as experimental setup misalignment

To quantitatively assess the quality of the casting technique, DEMs were

or bed slope (Bertin et al., 2015)

obtained of each cast when placed into the laboratory flume. Obtaining
DEMs of both the natural surface and the replica surface for each studied
topography allows for a DEM of difference (DoD) to be calculated by
calculating the differences in elevations between each surface (e.g., the

2.3

|

Replica surfaces

replica surface was subtracted from the natural surface). Surfaces were
aligned during the calculations using corresponding particles in each

The casting materials used and process undertaken followed that
outlined in previous work (Spiller et al., 2012). A liquid two‐component

DEM before the DoD was detrended linearly to remove any effect of
experimental setup misalignment between DEM collections.

silicone rubber was used to create negative moulds of the surfaces
(Figure 2). Mixing was completed for 8 min to increase the viscosity
of the liquid before it is poured slowly onto the bed. The surface

2.5

|

Roughness statistics

was outlined by an acrylic frame, with any gaps between the frame

Roughness statistics are frequently calculated to provide information

and the surface (resulting from the topographic irregularities), reduced

regarding the surface aside from grain size and can be used as input

by using plastic sheets taped to the side of the frame, and weighed

parameters for hydraulic and morphodynamic models, along with flow

down by sand. This was to minimize the seepage of moulding material

resistance models (Aberle & Smart, 2003; Tuijnder & Ribberink, 2012).

and keep the silicone confined to the area within the frame. The same

Here, bed‐elevation distribution moments contained in probability

frame was used in both the lab and the field, ensuring the replica sur-

distribution functions are calculated for both the natural and replica

faces were the same dimensions (900‐mm length and 350‐mm width);

surface. These include skewness (indication to the degree of water

in the flume, this ensured the effect of flume walls was removed.

working), kurtosis (measure of the degree of regularity of the bed),

FIGURE 2 Negative imprint from the moulding process of Lab 1 (left) and Field 1 (right), which demonstrates a difference in the grain sizes
replicated. For reference, the pen is 13.7 cm in length
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FIGURE 3 Photographs of all four casts presented throughout the paper: (a) Lab 1, (b) Lab 2, (c) Field 1, and (d) Field 2. The ruler is 30‐cm long
for reference [Colour figure can be viewed at wileyonlinelibrary.com]
standard deviation of elevations (vertical roughness length of the sur-

similarities between the two surfaces. For all DoDs, the mean vertical

face and indication of surface variability), and inclination index (I0).

absolute error lies approximately in the range of 3–4 mm, the

Inclination index is a characteristic of grain imbrication analysed from

maximum vertical error between 4 and 35 mm, and aggradation and

the signs of elevation changes between successive pairs of DEM

erosion across the surface are between 37 and 43% (Table 1). Due

points, where a positive value reflects particle imbrication (Millane,

to the similarities in values, it demonstrates there is no overall aggra-

Weir, & Smart, 2006; Smart, Aberle, Duncan, & Walsh, 2004). These

dation or erosion across any cast, and these values are attributed to

surface metrics are outlined and have been used in several studies

particle dislodgement. All casts, except Field 2 (which has 46%), have

to characterize the bed (Aberle & Nikora, 2006; Aberle & Smart,

>50% of values within a 3‐mm difference that is larger than the 37%

2003; Coleman, Nikora, & Aberle, 2011; Noss & Lorke, 2016).

found in previous studies (Buffin‐Bélanger et al., 2003). Overall, the
statistics are consistent across the casts, suggesting consistency
within the casting procedure. The dislodgement of individual particles

3

RESULTS

|

at 350 mm (Lab 1), 300 mm (Lab 2), and 200 mm downstream (Field 2)
is observed, likely from the moulding material knocking the particle

3.1

|

Assessing the quality of replica surfaces

during pouring, which we will explore in Section 4.1 below.
Roughness statistics for each surface (i.e., natural and replica)

Figure 4 shows DoDs for each surface, allowing an assessment to the

were compared with further assess the replicability of casting in the

accuracy of the surface replication. In all casts, there are strong

context of grain‐roughness (Table 2). We observed changes in

FIGURE 4 Digital elevation model of difference for each cast: (a) Lab 1, (b) Lab 2, (c) Field 1, and (d) Field 2. Colour bar represents the bed
elevation difference in millimetres, where positive values represent aggradation on the replica surface
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TABLE 1 Digital elevation model of difference data for each cast.
Aggradation and erosion values demonstrate the percentage of the
surface in which there were increased elevations on the cast (aggradation) or decrease in elevation on the cast (erosion)

Figure 5c demonstrates the differences in the distribution of
bed elevations for the cropped DEM and the DEM containing the
vegetation. The presence of vegetation results in a longer tail of the
histogram (with bed elevations up to 60 mm) and an increased

DoD data

Lab 1

Lab 2

Field 1

Field 2

fraction of the surface containing negative bed elevations (Figure 5

Mean vertical absolute
error (mm)

3.05

2.93

3.15

4.09

c). Subsequently, roughness statistics were calculated for the raw

Maximum vertical absolute
error (mm)

25.37

34.91

4.33

24.36

Percentage of values
within +/− 1 mm (%)

24.5

25.5

19.8

16.3

Percentage of values
within +/− 3 mm (%)

60.9

63.0

55.8

46.3

Aggradation occurred
across surface (%)

37

37

40

41

Erosion occurred
across surface (%)

38

38

40

43

DEM (with vegetation) and the cropped version. Higher skewness
(1.0 compared with 0.7 without vegetation), kurtosis (22.7 compared
with 4.1 without vegetation), standard deviation of elevation
(10.7 mm compared with 8.9 mm without vegetation), and range in
elevations (100.4 mm compared with 59.9 mm without vegetation)
were observed in the DEM with vegetation present. The effect of
vegetation is not assessed on inclination index; however, it is expected
to have an effect. These roughness statistics were statistically similar
(using Mann–Whitney tests), meaning that the cropped patch still
adequately measured the grain roughness of the surface, yet without
the areas of vegetation, there is a loss of detail in sediment patterns.

skewness across the replica surfaces, an increase in kurtosis (except

However, as the focus of this study was on grain‐scale roughness,

Field 2) and a reduction in both standard deviation of elevations and

the removal of vegetation was deemed appropriate.

range in elevations (except Lab 1). Inclination index switched direction
(i.e., from negative to positive inclination index) for both Field casts,
whereas Lab 1 remained negative and Lab 2 remained positive

4

|

DISCUSSION

between surfaces. Mann–Whitney statistical testing demonstrated
that these differences between the natural and replica surface are
not statistically different (p < 0.05 confidence level). Using the rough-

4.1 | Evaluating the replication of gravel‐bed
surfaces

ness statistics, we therefore conclude that the casts are suitable replica of the roughness of the natural surfaces, both in the laboratory

We present the DoD between replica and natural surfaces, which

and the field.

previously have not been presented in those studies that have utilized
the casting technique (Rice et al., 2014; Spiller et al., 2012), except in
the initial outlines of the casting process (Buffin‐Bélanger et al., 2003;

3.2 | Morphological considerations for patch‐scale
studies

Chandler et al., 2003). No DoDs for casts made of silicone rubber have

Figure 5 demonstrates how the construction of DEMs, obtained

marized in Table 3, with advances to the technique enabling smaller

been presented previously.
Subsequent use of the casting technique in experiments are sum-

through close‐range photogrammetry, is influenced by the presence

grain sizes to be replicated. Work into evaluating the accuracy of the

of low‐level scattered vegetation (Figure 5a). Figure 5b demonstrates

casting technique involved replicating golf balls and sandpaper, using

with distortions in the DEM from 800 mm downstream, with higher

laser scanning to obtain DEMs, and presenting the differences

elevations than the surrounding gravel followed by a region of high

between the surfaces as histograms, before assessing hydraulic

elevations resulting from noise in the DEM (~1,000 mm downstream).

parameters between surfaces (Navaratnam, Aberle, & Spiller, 2016).

Distortions in the DEM could only be ascertained through visual

Recent developments found good agreement between a gravel bed

inspection, as there is no ground truth available of the surface that

and cast, with the majority of the surface distributed within a range

can be used to assess DEM quality (Bertin et al., 2015). The DEM

of 10 mm of surface elevation differences, with a total range of

was cropped just prior to the vegetated area, making the DEM

40 mm in the difference between the two surfaces (Navaratnam,

750 mm in the downstream direction, instead of >1,000 mm.

Aberle, Qin, & Henry, 2018).

TABLE 2

Roughness statistics for all natural surfaces, both in the laboratory and field, compared with their replica casts
Lab 1

Lab 2

Field 1

Field 2

Roughness statistic

Surface

Cast

Surface

Cast

Surface

Cast

Surface

Cast

Sk

0.34

0.29

0.47

0.58

0.34

0.75

0.95

0.90

Ku

3.17

3.19

3.22

3.44

3.48

3.74

5.34

5.21

σz (mm)

3.42

3.44

5.29

5.10

6.18

5.43

3.81

3.77

Range (mm)

36.96

33.34

45.25

45.99

61.29

61.73

43.76

51.09

I0

−0.012

−0.002

0.015

0.005

−0.001

0.056

−0.015

0.016

Note. These include skewness (Sk), kurtosis (Ku), the standard deviation of elevations (σz), the range in bed elevations, and inclination index (I0).
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FIGURE 5 Presence of vegetation in digital elevation model (DEM) for example field surface visually resulting in errors in the DEM (a), due to
vegetation elevation height and noise (b). Histogram of bed elevations for the DEM containing vegetation and the cropped DEM for roughness
analysis (c) [Colour figure can be viewed at wileyonlinelibrary.com]
As demonstrated in our work, this casting technique can provide

ease at which particles can be displaced is likely related to the struc-

adequate replication of the surface topography (and ergo grain‐scale

ture of packing, so it could be inferred that Lab 2 and Field 1

roughness) of natural gravel‐bed surfaces. DoDs display strong

(Figure 4b and c) were more compact surfaces (i.e., greater packing

similarities in the surface, aside from several dislodged particles

density), meaning that particles did not become easily dislodged during

(Figure 4a, b, and d).

the pouring of the mould. The lack of particle dislodgement presented

We postulate the reasoning for the displacement of these parti-

in previous DoD is likely due to the larger grain sizes (D50 50–65 mm

cles is a result of the silicone moulding material being poured onto

compared with D50 16–18 mm in this study) used (Buffin‐Bélanger

the surface and the impact of the material causing dislodgement. This

et al., 2003), indicating the larger grain sizes may not be as vulnerable

could especially be the case for the impact point of pouring (i.e., the

to being dislodged from the moulding material.

location where the first of the liquid mould touched the surface).

Applications of the casting technique include multiple physical

Attempts were made to pour the mould slowly and not focused on

experiments undertaken to form a network of results (Table 3), and

one location above the surface; however, due to the volume of the

using fixed beds is advantageous for investigating flow structures

mould (>10 kg), there was a need to pour a significant volume within

and hydrodynamic forces (Cooper et al., 2017; Rice et al., 2014; Spiller

a time of 6–8 min (Spiller et al., 2012). This is due to the viscosity of

et al., 2012). Although we currently recommend using the casting pro-

the material increasing rapidly (i.e., within minutes), and it is imperative

cess for surface replication, there are opportunities in future research

that the mould is viscous enough to reduce the movement of material

for the use of 3D printing (Viles, 2016) that could avoid the aforemen-

but able to form the intricate details of the topography. Working on

tioned issues encountered with the casting process (e.g., particle

the same principles of sediment entrainment resulting from flow, the

dislodgement). Presently, low volume models are suitable for 3D print-

degree of packing across the surface will influence the mobility of

ing, however larger volume (such as the scale obtained using casting)

stones, with surfaces that are tightly packed being more resistant to

requires expensive (>$100,000) 3D printers (Ishutov et al., 2018) and

sediment entrainment (Ockelford & Haynes, 2013). Therefore, the

requires a certain level of expertise (Hasiuk, Harding, Renner, & Winer,
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Summary of studies that have used the casting procedure for experimental purposes

Paper

Year

Origin

Grain size
(D50) mm

Size of
cast (m)

Technique

Accuracies

Buffin‐Bélanger
et al.

2003

Field

50–65

Polyvinyl chloride (Gelflex™)
and Polyurethane resin

1.0 × 2.0

Digital imagery

45 mm (<1 × D50)

Chandler et al.

2003

Field

50–65

Polyvinyl chloride (Gelflex™)
and Polyurethane resin

1.0 × 2.0

Digital imagery

3–5 mm across
surface 30 mm in
places (<1 × D50)

Buffin‐Bélanger
et al.

2006

Field

17

Polyvinyl chloride (Gelflex™)
and Polyurethane resin

2.0 × 1.0

Close‐range
photogrammetry

n/a

Spiller et al.

2012

Lab

3–5

Silicone rubber and two‐component
polyurethane pouring resin

1.6 × 2.0

n/a

n/a

Rice et al.

2014

Field

33

Polyvinyl chloride (Gelflex™)
and Polyurethane resin

2.0 × 1.0

Close‐range
photogrammetry

n/a

Cooper et al.

2018

Lab

12.5–16.1

Polyvinyl chloride (Gelflex™)
and polyurethane foam resin

0.40 × 0.40

Hand‐held laser
scanning

n/a

Navaratnam et al.

2018

Lab

3.5

Silicone rubber and two‐component
polyurethane pouring resin

1–2.3 × 1

Laser displacement
metre

40 mm (~11 × D50)

Groom and Friedrich
(this study)

2018

Lab and
Field

16–18

Silicone rubber and two‐component
polyurethane pouring resin

0.90 × 0.35

Close‐range
photogrammetry

< 35 mm (~2 × D50)

Casting materials used

2017). The feasibility of using laboratory experiments, field experi-

the reach scale have collected data identifying geomorphic changes

ments, and numerical modelling in conjunction can provide a deeper

of 19 mm, which was less than the median grain size (D50 = 31 mm)

understanding of the processes occurring at different scales

at a DEM resolution of 0.25 m (Vázquez‐Tarrío, Borgniet, Liébault, &

(Yager et al., 2015), in order to progress scientific understanding and

Recking, 2017). More recently, precision lower than 1 mm has been

for river management applications.

obtained on grain sizes ranging from 10 to 180 mm (Woodget &
Austrums, 2017) providing evidence of the developments to the SfM
technique. Based on these advances, using close‐range photogramme-

4.2 | Morphological considerations for patch‐scale
studies

try to obtain detailed submillimetre grain‐scale roughness information
and SfM to quantify the larger scale is an exciting prospect for emerging research, with a focus on developing geomorphic insights and

Close‐range photogrammetry can be applied readily in the field, to

advancing geomorphic science (Entwistle, Heritage, & Milan, 2018).

obtain patch‐scale topographic data with submillimetre resolution,

The effect of artificial features can be investigated using SfM.

for surface roughness studies (Bertin & Friedrich, 2016; Groom et al.,

Coarser DEM resolutions (e.g., 50 mm) are suited for geomorphic

2018). For patch‐scale morphological studies, it is vital to consider

change techniques to assess the effect of river restoration practices

surrounding morphology for contextualisation. Man‐made features

(Marteau, Vericat, Gibbins, Batalla, & Green, 2017). However, there

are also important, including rock revetments, which are used to

are issues with vegetation in geomorphic change studies due to sea-

reduce bank erosion and flood risk (Angradi, Schweiger, Bolgrien,

sonal changes, and the effect of vegetation in SfM data is dependent

Ismert, & Selle, 2004) or artificial riffles that are incorporated during

on the type and density of vegetation (Cook, 2017). The inclusion of

rehabilitation work for ecological purposes (Sear & Newson, 2004).

vegetation in terrestrial laser scanning data can result in artefacts that

An example of these features present in the Whakatiwai Stream is

can be removed through visual inspection; however, it was noted that

demonstrated in Figure 6.

there was considerable noise associated with backscatter from vege-

Patch‐scale research using close‐range photogrammetry supplemented with larger‐scale data obtained by SfM could provide this

tation, which is likely to result in the overestimation of volume
changes from DoDs over large scales (Brasington et al., 2012).

contextualisation. This technique has been applied in the field cover-

In patch‐scale gravel‐bed research (e.g., using close‐range photo-

ing the fluvial mesoscale (e.g., >10 m–km) (Javernick, Brasington, &

grammetry), densely vegetated areas of the surface are avoided; how-

Caruso, 2014; Woodget & Austrums, 2017; Woodget, Carbonneau,

ever, smaller scattered areas of low‐level vegetation could be present

Visser, & Maddock, 2015; Woodget, Fyffe, & Carbonneau, 2018), with

in patches. This results in several difficulties during analysis, including

DEM resolutions ranging from 10–50 mm (James, Robson, D'oleire‐

influencing DEM quality due to the presence of noise (Figure 5a and b)

Oltmanns, & Niethammer, 2017; Javernick et al., 2014). However, a

that are not encountered in non‐vegetated laboratory experiments

wide range inaccuracies (from subdecimetre to over 1 m) have been

(Bertin & Friedrich, 2014). The removal of vegetation from the DEM

reported in geomorphic studies using SfM (Cook, 2017). Whilst SfM

resulted in the removal of higher bed elevations (e.g., less extreme ele-

has the capabilities to produce data quality comparable to that of ter-

vations in the surface distribution) and less of the surface containing

restrial laser scanning, as found in flume studies (Morgan, Brogan, &

negative bed elevations (Figure 5c). However, the cropped DEM

Nelson, 2017), in order to achieve subcentimetre precisions, field sur-

provided statistically similar roughness statistics compared with the

veys require decreased flying heights that limit the spatial coverage

DEM with vegetation, suggesting that across this surface even though

(James et al., 2017). Previous SfM studies to quantify grain size over

the patch size was smaller, it adequately captured the grain roughness
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FIGURE 6 Annotated photograph of key
morphological features from an example of
the Whakatiwai Stream, New Zealand
of the patch. The extent (and type) of vegetation across a patch will

Marsden Fund (Grant No. UOA1412), administered by the Royal

vary, and in some cases, removal of vegetation in this manner may

Society of New Zealand.

be inappropriate and provide differences in the roughness quantified
across a patch.
Vegetation is a key influence in sedimentation patterns (Blacknell,
1982) and significantly contributes to the surface roughness, along
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with an influence on flow properties (Hardy, 2006; Smith, 2014).
Therefore, the question of whether vegetation should be incorporated

RE FE RE NC ES

into fluvial roughness research needs addressing. The potential for

Aberle, J., & Nikora, V. (2006). Statistical properties of armored gravel bed
surfaces. Water Resources Research, 42, W11414.

whether the casting procedure can adequately replicate the vegetation occurring in natural gravel patches or how vegetation influences
the replica surface is an avenue for future exploration.

5

|

C O N CL U S I O N

DEMs of difference (DoDs), captured using high‐resolution close‐
range photogrammetry, are presented to quantitatively assess the replicability of gravel‐bed surfaces using the casting process (with mean
vertical errors of 3–4 mm). We advocate the use of the casting technique to replicate the surface of both laboratory and field environments, despite the observation of particle dislodgment (due to
pouring the mould). This enables natural surfaces to be analysed in a
controlled laboratory environment, providing a bridge between the
existing lab‐field interface in fluvial morphology.
Contextualisation of patch‐scale field research is required, as morphological factors including vegetation influence process interpretation and data quality (demonstrated by the presence of noise in
DEMs), however are omitted from laboratory studies or are difficult
to replicate. The ability to replicate surfaces and implementing the
same technique for data analysis (e.g., close‐range photogrammetry),
facilitates comparison studies between environments to bridge the
lab‐field interface in fluvial morphology.
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