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Using Near-Surface Photogrammetry Assessment of
Surface Roughness (NSPAS) to Assess the Effectiveness
of Erosion Control Treatments Applied to Slope Forming

Materials from a Mine Site in West Africa

Abstract

Geo-spatial studies are increasingly using photogrammetry technology because the
cost of the equipment is becoming cheaper, the techniques are accessible to non-
experts and can generate better quality topographic data than traditional
approaches. NSPAS (Near-Surface Photogrammetry Assessment of Surface
Roughness) was developed to quantify the micro-topographic changes in ground
surface roughness caused by simulated rainfall, to better understand the
comparative erodibility of two non-soil and one soil slope forming materials from a
mine in West Africa. This innovative approach creates DEMs (digital elevation
models) using image pairs acquired by near-surface stereo photogrammetry
(<300m), to measure surface roughness within Leica Photogrammetry Suite 2011

(LPS) in ERDAS Imagine software and ESRI Arc-GIS.

NSPAS can readily quantify aggregate breakdown processes across a 0.02 m?2

surface by accurately detecting 0.84 mm to 2.49 mm changes in surface topography.
The methodology is advantageous to micro-scale (<1 cm?) studies that require a

high number of accurate DEMs, because it will produce image pairs even when the
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target does not have contrasting surface features in shot, which can be a constraint
for the automated technique Structure from Motion. This paper demonstrates how
NSPAS is more suitable to assess erosion from slope forming materials that do not
have a high content of large rocks (>2mm) at the surface. With further development
NSPASS has the capability to be used in many other types of geospatial

investigations.
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1.0 Introduction

Surface Roughness (SR) measured in m3 describe the elevation variability of a
topographic surface at a given scale (Grohmann et al., 2009). Micro-scale (<1 cm?)

SR measurements, made before and after rainfall application, are used to assess
soil erodibility and understand water induced erosion processes (Bergsma and

Farshad, 2007).

Micro-Topographic SR measurements can be made using traditional field techniques
that use erosion pins or micro-relief meters to determine changes in surface height
(Hudson, 1989; Merel and Farres, 1998). These approaches directly obtain sampled
measurements, but often provide limited spatial accuracy, and are inherently
problematic because the devices themselves can bias results (Hudson, 1992; in
Nouwakpo et al,. 2010; Merel and Farres, 1998). Random Roughness Assessments,
which use the standard deviation of elevation points from a given experimental plot
(Vidal Vazquez et al., 2008), is reported to be more accurate, but also very time

consuming when applied to a large plot (Merel and Farres, 1998).

Alternatively, SR can be measured indirectly using laser scanners or digital
photogrammetry to generate 3D digital elevation models (DEMS). It is reported that
laser scanners produce DEMs with lower precision and resolution than
photogrammetry derived DEMs; and scanners can take an hour to obtain surface
data, compared to photogrammetry where image pairs are obtained instantly (Rieke-
Zapp et al., 2001). Photogrammetry is also becoming increasingly cheaper and
more practical (Kamphorst et al., 2000); where good quality high-resolution digital

single lens reflex cameras can be purchased for less than £500.



Photogrammetry has been shown to successfully assess rill initiation by overland
flow (Lascelles et al.,, 2002), field based rates of rill erosion and deposition
(Gessesse et al., 2010; Smith and Vericat, 2015), soil losses by erosion (Nouwakpo
et al.,, 2010; Hansel et al, 2016; Glendell, 2017), micro-topography river bed flow
processes (Lane and Chandler, 1998), rill network evolution (Rieke-Zapp and
Nearing, 2005), rill and surface depression (Mohamed et al.,, 2009) and sheet
erosion evolution (Moritani et al., 2010). Micro-scale DEMs (< 1m) are created using
pairs of photographic images. The Area-Ratio method is a downloadable extension
tool for the Geographic Information System (GIS) Arc-GIS that is scale independent
(Grohmann et al., 2009) and automatically calculates SR from DEMs (Jenness,
2004). Measurements are quick and are more accurate than transect sampling
(Kamphorst et al., 2000; Jester and Klik, 2005), which is particularly important if the
physical properties of the surface plot are highly variable such as slope forming

materials from a mine-site.

Structure from motion is similar to traditional photogrammetry; the main difference is
that it automates data processing from capturing a series of overlapping images
(Snapir et al., 2014; Smith and Vericat, 2015; Glendell et al, 2017). The application
requires more time to obtain a series of images; but image processing is more user-
friendly, because the target geometry, the camera positions and orientation are
solved automatically without having to build the DEM using a pre-defined network of
Group Control Points (Snapir et al., 2014; Westoby et al., 2012), which is particularly
advantageous for taking ground surface measurements in difficult to access
locations (Snapir et al., 2014). Structure from Motion has limitations, however, when
applied to targets that have insufficient contrasting surface features with a clearly

defined centroid (Westoby et al., 2012; Smith and Vericat, 2015; Hansel, 2016).



Traditional photogrammetry is more practical for measuring micro-topographic
change (< 1m) in experiments designed with a high number of trials, particularly
when the target is a SFM with few contrasting surface features (Elwell, 2014; Smith

and Vericat, 2015).

This study demonstrates the step-by-step application of traditional near surface
photogrammetry technology for measuring changes in ground surface roughness,
and understanding the extent to which polymer-based treatments control runoff and
associated erosion losses from a range of different soil, ore and waste-rock slope
forming materials from a mine in West Africa, under simulated high intensity rainfall.
This methodology is referred to as ‘Near-Surface Photogrammetry Assessment of
Surface Roughness (NSPAS), and could be applied to other micro-scale geospatial

studies.

1.1 Principles of photogrammetry

Digital photogrammetry facilitates precise ground surface measurements by using a
pair of cameras at low height (<300 m), to produce a pair of stereo images with at
least 60% overlap (Wolf and Dewitt, 2000). Images can be re-visited at any time
providing a permeant record of the surface at that point in time (Mohammed, 2009).
The stereo images are converted to DEMs for use in a GIS. DEMs provide terrain
statistics including surface roughness (SR) quickly and readily (Wolf and Dewitt,

2000; Lascelles et al., 2002; Mohamed et al., 2009).

DEM resolution is affected by the amount of contrasting features in the target area,

distance between the cameras, accuracy of measured ground control points (GCPs),
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light conditions, the type of software used and the camera type, height and pixel
resolution (Mohamed et al., 2009; Gessesse et al.,, 2010; Wolf and Dewitt, 2000).
Nouwakpo (et al., (2010) also found rougher surfaces cause higher error than
smoother surfaces. Perhaps this occurs because rough surfaces have more relief
displacement, which reduces the performance of applied image matching algorithms.
In contrast, Mohamed et al., (2009) found smoother surfaces had higher error,
because rough surfaces provide better image contrast. Independent check points are
used to assess the DEM accuracy, enabling automated comparisons of the

positioning of check points, relative to the estimated coordinates (Chandler, 1999).

1.2 Comparing the efficiency of polymer-based treatments in controlling runoff

and erosion using NSPAS

The susceptibility of slope forming materials to erosion can be assessed by the
extent to which SR has changed after the application of rainfall. Detachment and
transport of material by rainfall and runoff processes may leave the SFM surface
either more rough or more smooth than before the rainfall event. Valentin (1985; in
Bergsma and Farshad, 2007) describes the sharpness of aggregates is lessened by
rainfall induced swelling processes; whereas rainfall impact creates impact
pedestals, slaked material or dispersed aggregates creates a more rugged surface.
Alternatively rainfall induced runoff, compaction and crusting can cause surface
smoothing (Bergsma and Farshad, 2007). Stones and rocks at the surface can result

in either a net smoothing or roughness, when transported, moved or exposed by



erosion (Bergsma and Farshad, 2007). If SR does not change, it could be inferred

either the surface is very stable, or erosion and deposition is in dynamic equilibrium.

NSPAS has been developed to understand the efficiency of Polymer Based
Treatments (PBTs) including polyacrylamides (PAMs) and polyvinyl acrylic latex
(PVALSs) at controlling erosion during rainfall (Zejun et al., 2002; Vacher et al., 2003;
Martinez-Rodriguez et al., 2007; Lee, 2009). Gypsum is reported to improve the
efficiency of polymer treatments (Vacher et al., 2003; Sojka et al., 2007; Lee, 2009;
Mahardhika et al., 2008; Kumar and Saha, 2011). According to Mahardhika (et al.,
2008) few studies have assessed the effectiveness of PBTs on ore, soil and waste
rock slope forming materials, particularly from Guinea in West Africa (Campbell,
2013a). It is hypothesised that the untreated control will be associated with the
greatest change in SR during rainfall, followed by the gypsum-only treatments, the
polymer-only treatments and finally the polymer plus gypsum treatments, which will
have the smallest change in SR and be found to be the most effective at controlling

erosion (Figure 1).



Figure 1. Post rainfall differences in surface micro-topography after the

application of different polymer based treatments.
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2. Materials and Methods

2.1 Image Acquisition

Figure 2 illustrates the step by step the processes taken from image acquisition to
SR anaysis. Dual images were captured using a pair of Canon EOS 500D digital
cameras (15.1 megapixel CMOS sensor, 22.3 x 14.9 mm array), both with Canon EF
20 mm fixed focal length (f/2.8) lens. The cameras were mounted onto a customized,
lightweight aluminium rigid frame, using two height adjustable tripods mounted at

adjacent ends of the frame (Figure 3).

The SFM treatments were positioned in 0.2 x 0.11 m (0.022 m?2) trays on a portable
target that contained 57 ground control points (GCPs) with heights (between 36 and
111 mm) made from different length 8 mm bolts. The target was pre-drilled, so x and
y coordinates could be determined accurately. The axis origin was located in the top
right corner of the rectangular frame. The z axis of the 57 bolts was measured
manually (x 0.01 mm) with digital vernier calipers. Laser printed stickers with high
contrast dots were positioned on the top of each bolt to be clearly visible in the
image pairs. With the cameras set at a height of 0.63 m, a 13 cm separation was
used to achieve 60% overlap (Wolf and Derwitt, 2000), allowing detailed stereo

imaging of a single erosion tray surrounded by 11 GCPs.

10



Figure 2. The NSPAS approach to converting image pairs into DEMs, which
can be used to measure surface roughness using Leica Photogrammetry Suite

2011 (LPS) in ERDAS Imagine and ESRI Arc-GIS.
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Figure 3. The NSPAS system
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2.2 Transforming image pairs into Digital Elevation Models (DEMS) and

measuring surface roughness

The raw file image-pairs were converted to TIFF format to be compatible with Leica
Photogrammetry Suite (LPS) in ERDAS Imagine software. The interior and exterior
orientation parameters of the cameras are inputted into the software and the location
of the 11 GCPs were manually identified in each image to define the geo-location.
The software then triangulates to create a 3D model, which was then used to

produce a detailed DEM of the erosion surface.

Positional error can be measured using the LE9O (Linear Error of 90%) and CE90
(Circular Error of 90%), which are commonly used for quoting and validating the
accuracy of geodetic images, DEMs and topographic contours (Wolf and Dewitt,
2000; Rose, 2011). Millimetre accuracy was needed to capture aggregate scale
micro-relief changes in the 0.022 m2 erosion trays. The LE90 and CE90 for the
digitised stereo image data-set ranged between 0.84 and 2.49 mm. This level of
accuracy was considered satisfactory (Wolf and Dewitt, 2000), and comparable to
other near surface photogrammetry studies with a viewing distance <1.5 m (Hansan

et al., 2016).

To remove the distorting edge effect of the erosion tray sides, a 0.112 m? area was
used to clip each DEM (Figure 4). Surface roughness (SR) was measured with the
surface ratio extension tool in ESRI ArcGIS. SR is calculated by dividing the surface
area of the target with the planimetric area of the cell using the following raster

adjustment factor (Jenness, 2004).
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cos | 750}

Where C is cell size,and S is slope in degrees

Surface Roughness =

The ESRI Arc GIS tool assesses SR across the entire surface to generate statistics
including mean, minimum and maximum SR for each erosion tray. Values closer to
1.0 represent flatter surfaces, and increasingly higher ratio values (>1.0) represent
increasing slope gradients within the cell and higher surface irregularity, as
demonstrated in Figure 5, where the SR range is between 1 and 9.39. The flatter
surfaces are depicted in white, and more irregular surfaces areas in red. The lowest
SR is shown at the central surface of stones and rocks, and the rougher areas near

the perimeter, where an abrupt sudden elevation change occurs.

Figure 4. Left: DEM clipped to 0.112m2in planimetric view.

Right: surface area in 3D

Sample DEM showing an erosion  Clipped DEMwith The same image showing its 3D
tray that has been clipped (see 22D sufacearea Surface area using 3D Analyst in
inset) in planimetric view of 0.112m? AICGIS
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Figure 5.
Left: Inside a sample erosion tray with the image edges clipped to 0.5m?;

Right: Surface roughness results of the photographed image
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1.3 Experimental Design

PBT treatments (Table 1) were applied as per the manufacturer’s instructions to the
following SFMs slope forming materials: two mine ore, waste rock materials (a Haul
Road Sample (HRS) and a Very Weak Weathered Phyllite (PHV)) and one soil,
Lithosol (LITH) (Figure 6). To demonstrate the application of NSPAS, the SFM
treatments that showed significant differences in the results were selected for further

analysis using NSPAS.

15



Table 1. A Description of the Polymer Based Treatments

Treatment Polymer Type of Application Gypsum
Code Product Polymer Rate* Addition**
Control Control n/a n/a No
Controlgyp Control n/a n/a Yes
DC L Dc90 PVAL Low No
DC_Lgvp Dc90 PVAL Low Yes
DC_H Dc90 PVAL High No
DC_Hgyp Dc90 PLAL High Yes
SS6 L Siltstop 605 | PAM Emulsion Low No
SS6_Lgyp Siltstop 605 | PAM Emulsion Low Yes
SS6_H Siltstop 605 | PAM Emulsion High No
SS6_Hgyp Siltstop 605 | PAM Emulsion High Yes
SS7 L Siltstop 705 PAM Powder Low No
SS7 Leyp Siltstop 705 PAM Powder Low Yes
SS7 H Siltstop 705 PAM Powder High No
SS7_Hgyp Siltstop 705 PAM Powder High Yes

* Low application rates: Siltstop 705, 22 kg ha™; Siltstop 605, 14 | ha™; Dc90, 140 |

ha* followed by 281 | ha™. High application rates: Siltstop 705, 67 kg ha™; Siltstop

605, 37 | ha*; Dc90, 468 | ha™* followed by 468 | ha™.

**Gypsum was applied at 5000kg ha™.

The treatments were then subjected to intense rainfall (100mm hr* for 30 minutes)
using an 8.8m tall, gravity-fed rainfall simulator on a 10° slope.. Total Sediment Load
(TSL g) in runoff was measured post rainfall. High PBT efficacy is represented by

low TSLs, and low efficacy is shown by high TSLs.

It is hypothesised the change in SR measured by NSPAS, will better explain the
unexpected differences observed in PBT efficacy. A negative change in SR (-SR)

implies that average surface roughness has decreased, with a smoother surface
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formed by erosional processes such as material transportation, sealing, compaction
and/or armouring. A positive change in SR (+SR) implies that on average the surface
has become rougher, which could indicate a redistribution of deposited material
transported in the erosion tray, splash pedestal formation, armouring and/or
aggregate breakdown. An observed change in SR may not occur, which could infer
the surface was stable during rainfall, or a uniform decline occurred in the surface of
the erosion tray or else deposition and erosion was exactly balanced. It is considered
unlikely though that NSPAS, which can detect 2- 3 mm changes in SR, will show no

net change in SR after being subject to intense rainfall.
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Figure 6. Photographs of HRS, LITH, and PHV, respectively (1cm =3cm)
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3. Results and Discussion

HRS is a waste-rock used as subgrade in the roads at the mine site. It was
hypothesised that all HRS treatments would show a reduction in SR (TO — T1) after
rainfall. The untreated control was hypothesised to show the greatest change in SR
after rainfall, followed subsequently by the gypsum only treatments, the PBTs
without gypsum, and finally the PBT with gypsum. Treatments associated significant

differences were selected for further analysis using NSPAS and are listed in Table 2.

NSPAS is shown to detect changes in surface area with an accuracy ranging from
0.84 mm to 2.49 mm. Table 3 shows the SR change and TSL results for the selected
HRS treatments. SS6_L (PBT without gypsum) showed the biggest change in SR
and the Control plus gypsum (Controlgyp) treatment showed the smallest change in
SR. Treatments with the highest runoff TSL do not have the highest change in SR as
hypothesised. These findings suggest that more complex non-linear micro-erosional
processes are happening during rainfall. Eroded material can originate from the
surface, but as runoff carrying this sediment infiltrates the SFM matrix, some
sediment may not be collected as runoff TSL, but as leachate TSL. This would
explain why the loss of material from the surface does not correspond to the amount
of runoff TSL, Surface roughness may not be a useful indicator of erosion, because it
does not indicate how much material is detached, transported and deposited (Eltner
et al., 2018) The precision of the model is also limited to detecting sub-millimetre
surface elevation change, and a model with more sophisticated equipment may
show a closer link between runoff TSL and SR (Hansel et al., 2016) It was beyond
the scope of the research to determine the relative proportions of leachate TSL

derived from the surface and from that within the SFM profile, but these findings
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highlight why this should be taken into account in future studies using waste rock

materials.

Table 2. Treatments selected for NSPAS

Treatment

Reasons For Selection

HRS Control

For comparison with polymer treated samples

HRS Controlgyp

Associated with the highest TSL

HRS DC_H Associated with low runoff volumes and runoff TSLs
HRS DC_Hgyp | Associated with higher runoff volumes than DC_H
HRS SS6_H Associated with significantly higher runoff volume and TSL

than the control

HRS SS6_Havp

Associated with significantly lower runoff volumes than SS6_H

Associated with significantly lower runoff volumes and TSL

HRS SS6_L than SS6_H
LITH Control For comparison with polymer treated samples
LITH SS7_H Associated with significantly lower runoff volumes than the

control

LITH SS7_Havp

Associated with significantly higher runoff volumes than non-
gypsum SS7_H

Associated with significantly higher runoff TSL than higher

LITH DC_Leve application rate DC_Hgyp
Associated with significantly lower runoff volumes and runoff
LITHDC Heve | 151 than the control
PHV Control For comparison with polymer treated samples
PHV SS6_L Associated with the highest recorded mean runoff TSL.

PHV SS7_Hgyp

Associated with significantly lower runoff TSL than the control.

Associated with significantly low runoff TSL compared to the

PHVDC Heve | onirol.
Associated with significantly higher runoff TSL than the higher
PHV DC_Leye V1
application rate DC_Hgyp.
PHV DC_H Associated with significantly low runoff TSL than the control.
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Table 3. Surface Roughness (SR) change for selected polymer based
treatments
T f
O eaimenc | Pobymer | _TypeorSiope | GUiE | sgtatter | sk Grange | TSt
(PBT) rain (TO) |rain (T1)| (TO-T1) (9)
Control nfa | HRS (waste rock) | 242 1.71 -0.71 0.18
Controlgyp nfa | HRS (waste rock) | 166 1.64 -0.02 0.73
DC_Heyp PVAL | HRS (wasterock) | 213 2.03 -0.10 0.32
DC_H PVAL | HRS (waste rock) 3.44 3.05 -0.39 0.09
SS6_Havp PAM | HRS (waste rock) 3.17 3.82 0.66 0.19
SS6_H PAM | HRS (waste rock) | 389 235 -1.47 0.50
SS6_L PAM | HRS (waste rock) | 6.33 1.97 -4.36 0.05
SS7_Hevp PAM LITH (soil) 3.07 3.00 -0.06 0.19
DC_Leavp PVAL LITH (soil) 1.81 1.47 -0.34 0.22
DC_Hgvp PVAL LITH (soil) 2.14 1.46 -0.68 0.09
Control n/a LITH (soil) 6.10 2.67 -3.43 0.35
SS7 H PAM LITH (soil) 3.11 2.00 -1.11 0.15
DC_Lgyp PVAL | PHV (waste rock) 2.54 1.19 -1.36 10.48
SS7 Have PAM PHYV (waste rock) 1.26 1.27 0.01 6.21
SS6 L PAM | PHV (waste rock) | 3.88 2.05 -1.84 18.07
DC_Hoye PVAL | PHV (waste rock) 3.14 1.33 -1.81 3.38
DC H PVAL | PHV (waste rock) | 2.83 1.32 -1.51 4.53
Conitrol n/a PHV (waste rock) 4.52 1.13 -3.39 13.51

* The ESRI Arc GIS tool calculates mean SR. Values closer to 1.0 represent flatter

surfaces, and increasingly higher ratio values (>1.0) represent increasing slope

within the cell
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The poorly observed relationship between runoff TSL and changes in SR can also
be explained by the differences in the surface starting conditions. HRS is a waste-
rock with a high proportion of rocks (>2 mm) and visible differences in the shape,
orientation and surface cover of rock fragments located on or immediately below the
ground surface. The loss of finer material from the surface during rainfall exposes a
much stonier surface after rainfall, which cause the surface to become significantly
smoother, particularly when stones with a planar surface occupy a large surface area
are exposed. Alternatively stones may armour the surface, generating a rougher SR
than before rainfall application. Armouring may result in a disproportional change in

SR relative to the amount of sediment that has been transported in runoff.

Table 2 shows the LITH treatments selected for NSPAS analysis. The results (Table
3) show the largest change in SR is associated with the untreated Control, and the
least change associated with the polymer plus gypsum treatments. The Control was
associated with the highest ranked SR (-3.43). Subsequently SS7_H (polymer
without gypsum) ranked second with SR (-0.10) and the polymer with gypsum
treatments (DC_Lgyp, DC_Hgyp and SS7_Hgyp) were associated with the lowest SR
(-0.68 to -0.16) changes. These results support the hypothesis that polymer treated
soils, retain surface micro-relief better during rainfall than the untreated Control, and

polymer efficiency is maximised by using gypsum.

DC_Hgyp (0.09 g) was associated with lower runoff TSL in LITH than SS7_Hgyp
(0.19 g), but SS7_Hgyp had only a slight change in SR post rainfall (-0.06) compared
to DC_Hgvp (-0.68). Differences in the SR results suggest other factors, in addition to
PBT efficacy, can be attributed to explaining differences in the TSL results. The size

and random spatial distribution of rock sized fragments at the surface of LITH may
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have varying effects on sediment yield (Poesen et al., 1994). Poesen et al., (1994)
explains how small differences in the surface area of stones and rocks either
immediately at the surface or below the surface, can lead to varying effects on the
rate of erosion. Kinnell (2005) and Eltner et al., (2018) suggests these complexities
are not factored into linear erosion process models, which do not fully account for
temporal changes in surface (micro)topography. The current results suggest that as
erosion advances and surface armouring commences, the net SR change becomes
less predictable because of differences in the covering of stone at the surface. The
findings demonstrate the need for future studies to measure surface rock cover to

explain with greater confidence the effects of different PBTs at controlling erosion.

The selected PHV treatments are listed in Table 2 and the results (Table 3) show
that the Control had the largest reduction in SR at -3.39 and the polymer with
gypsum treatments SS7_ Hgyp had the least change in SR at -0.01. SS6_L had the
highest TSL result (18.07 g) and DC_Hgyp the least (3.38 g). PVAL treatments DC_H
and DC_Hgyp, were associated with less runoff TSL than the Control. Unlike anionic
PAMs, which prevents detachment from promoting aggregation by process of
flocculation (Lu et al., 2002), PVAL treatments creates a physical barrier when
applied at the surface. PAM treated surfaces are more susceptible to rainfall impact
processes including aggregate breakdown and compaction.The effects on SR are
more variable as the relocation of entrained sediment can lead to either a net
increase or decline in SR (Vacher et al., 2003). PVAL treatments form a latex film by
the coalescence of latex particles across the aggregate/particle surface (Khansbasi
and Abdalla, 2006) and stabilise the ground surface by controlling detachment and
reducing the movement of material. Further investigation is needed to better

understand SR changes caused by the application of different types of PBT.

23



4. Conclusion

For each of the slope forming materials NSPAS successfully detected micro
topographic change at close range to an accuracy of 0.84 mm and 2.49 mm,
revealing differences in surface micro-topography, which are not detectable by non-

digital approaches.

The NSPAS results made it possible to infer why the different slope forming
materials responded differently to water erosion. The results infer that the onset of
armouring uncovers new surface, exposing larger stones or rocks, which may cause
SR to be either rougher or smoother than starting surface conditions depending on
rock orientation and/or angularity once exposed. Further investigation is needed to

understand the effects of different PBT on SR.

NSPAS cannot at present be used to directly quantify erosion, when used in erosion
studies assessing slope forming materials with a high content of large rocks (>2 mm)
like those found at a mine site. A high content of rocks or stones can lead to a large
change in SR, which is not proportional to the amount of material transported and
deposited by erosion. NSPAS is still an important tool for understanding changes in
surface conditions during rainfall, and should be used to compliment experimental
erosional trials, either field or laboratory based. Future studies should consider an
experimental design that includes a high number of treatment replicates, and which
measures changing rock cover at the surface over time, to account for non-linear

changes in SR and anomalies in the results.

NSPAS requires time to set up the apparatus and calibrate the equipment, but this
may be offset if the experimental design has a high number of treatments that can be

processed in batch. The demand to develop NSPAS further, so that it can be used to
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support other types of geospatial studies, will continue to increase as
photogrammetry technology continues to be more accessible to non-experts. ArcGIS
has a range of surface analysis tools including contour, slope, hill shade and aspect,
which require further investigation to develop and expand the functionality of

NSPAS.
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