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Abstract
The Un Manned Aerial Vehicles (UAVs) have emerged as an effective tool for mapping and evaluating the
landslides dynamics. This study aims to evaluate the dynamics of the landslide using the UAV derived
aerial photos and Digital Surface Model (DSM). The selected landslides are the Nara and Nokot
landslides in the rough terrain of Balakot, north Pakistan. The UAV survey was carried in April and August
2019 for Nara and Nokot landslides in Balakot. The images were processed in the Pix4D mapper to
compute the orthomosaic and DSMs. The Ground Control Points (GCPs) collected in the geodetic survey
with the Global Navigation Satellite System (GNSS) using Post Processing Kinematic (PPK) were used to
accurately co-register and orthorectify the UAV imageries. The derived DSMs were analyzed to evaluate
the dynamics in the landslide’s topography and volumetric changes. The shaded relief single band was
used to correlate the temporal images for the Nara and Nokot landslide using the COSI-Corr algorithm.
The statistical and frequent correlator was used for landslide displacement. The result shows that the
Nara landside has a surface movement ranging from 1 to 29 m in the NE scarp and lateral areas. The
Nokot landslide has active NS, NE and NW scarps with a surface movement ranging from 1 to 25.5 m.
The accuracy assessment reveals the RMSE calculated for the Nara landslide as 4.58 m and 4.24 m for
the Nokot landslide. This study re�ected the potential application of UAVs for monitoring the landslides
dynamics to mitigate the hazard.

1. Introduction
Landslides are among the most destructive geological hazards in mountainous regions. Over the global
scale, landslides have caused signi�cant economic losses and human fatalities in mountainous terrains
(Solaimani et al. 2013). The topographic features, geology, geomorphology, landuse and land cover have
a signi�cant impact on the spatial distribution and intensity of landslides (Eker et al. 2017). The
triggering factors for the landslides can be exclusively natural e.g. tectonic activities, precipitation and
ground freeze/thaw successions or anthropogenic e.g. excavation or deforestation (Ali et al. 2017; Asghar
2017). To mitigate the consequences of landslides, detailed characterization and monitoring of the
landslides are critical to understanding the triggering mechanisms (Martins et al. 2020).

For regional-scale landslide characterizations and monitoring, a range of spaceborne remote sensing
platforms has been widely and effectively applied (Gorum et al. 2011; Parkash 2013; Gnyawali et al.
2019; Bradley et al. 2019). However, the data acquired from the space-borne remote sensing platforms
have the limitation of coarse spatial and extended temporal resolution; and dependency on the weather
conditions (Casagli et al. 2017; Hu et al. 2012). High-resolution imageries like the Pleiades help produce
good results but the high economic values restrict the use of Pleiades imageries (Clapuyt et al. 2017).
This has so far limited the use of high-resolution satellite imageries for mapping and monitoring the
landslide deformation (Niethammer et al. 2009). In contrast to spaceborne and airborne remote sensing,
the Un Manned Aerial Vehicles (UAVs) have expanding and resourceful applications (Pillon et al. 2020).
For landslide mapping and research, the UAVs are repeatedly and effectively used as remote sensing
platform (Zeybek and Şanlıoğlu 2020) The UAVs can be used standalone or aided with the large scale
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characterization and monitoring of landslides can be effectively achieved through the very �ne resolution
aerial photos (Eker et al. 2017). Large scale characterization and monitoring of landslides can be
effectively achieved through very �ne resolution aerial photos (Martins et al. 2020).

Recently, the UAVs based aerial survey and derived very �ne resolution orthophotos and elevation data
are repeatedly and effectively applied for large scale landslide monitoring and characterization (Casagli
et al. 2017; Shi and Liu 2015; Lindner et al. 2016; Peternel et al. 2017). The major capabilities of UAV data
are its high spatial resolution, accurate, �y on-demand for near real-time, and carrying multiple sensors
with �exibility and safety of operations, quick disposition, robustness, cost-effectiveness, and capability
to work in bad weather conditions like clouds, give the UAVs a lead over the traditional aerial and
spaceborne platforms (Asghar 2017; Shahbazi et al. 2015; Lindner et al. 2016).

Mountainous terrains in Pakistan are subject to frequent landsliding given the rugged topography, active
tectonic, monsoonal climate and anthropogenic activities on the fragile slopes. (Kumar and Bhagavanulu
2008). A range of studies has utilized the space-borne remote sensing data for landslide assessments
and monitoring (Sha�que 2020; Khan et al. 2018; Bacha et al. 2018; Sha�que et al. 2016). However,
detailed characterization and monitoring of the high-risk landslides using UAVs data, is lacking for the
area to assist in understanding its dynamics and triggering mechanism (Asghar 2017). This study aims
to utilize the UAVs derived orthophotos and topographic information for landslide characterizations and
displacement in the landslide-prone area of Balakot. Moreover, the study provides a detailed insight into
the use of SfM algorithm aided with the Differential Global Positioning System (DGPS) for generating
high-resolution orthomosaic and DSMs.

1.1. Study area
The Nara and Nokot landslides are situated in Balakot valley in the district of Mansehra, Pakistan (Fig. 1).
The average elevation of the Nara and Nokot landslides ranges from 905 to 1320 m above mean sea
level. The valley has a mean maximum temperature of 15.9°C in winter and 37.6°C in summer, while the
mean minimum temperature is 3.2°C in winters and 22.1°C in summer with annual 1588 mm
precipitation (Rahman et al. 2018). The lithology of the area is dominated by sedimentary rocks e.g.
shale, limestone and fractured sandstone (Basharat et al. 2016; Calkins et al. 1975).

2. Material And Methods

2.1. Image acquisition and pre processing
A remotely controlled quadcopter i.e. DJI Inspire 2 (Fig. 2A) was used for mapping the Nara and Nokot
landslides. Quadcopter Inspire has a take-off weight of 1.28 kg (camera and battery included for
increased stability in the air) with a Xemuse X4 gimbal having a 120° tilt range (Asghar 2017). The
gimbal holds the UAV’s camera and harmonizes with the movement of the UAVs for image acquisition.
Besides this, the Inspire 2 is mounted with ordinary GPS/GLONASS (Thomas et al. 2019) which is used
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for the accurate positioning of grid path and takeoff and landing (Asghar 2017). The Visual Positioning
System (VPS) attached below the UAVs, consists of ultrasonic sensors and a monocular camera which
enhances the XYZ accuracies up to =/- 0.1–0.5 m (Asghar 2017). For accurate orthorecti�cation, a
geodetic survey was carried out using a Differential Global Positioning System (DGPS) in Post
Processing Kinematics (PPK) was used (Fig. 2B). The wooden tiles of 18 × 18 Inches (Fig. 2D) with black
and white painting and the centroid visible in black were used as Ground Control Points (GCPs) The
DGPS provides the accuracy of 1-1.5 cm in �eld geodetic survey (Asghar 2017). For the UAV survey, the
double grid mission (waypoint mode) was used in the Pix4D capture application (Fig. 2C). The frontal
and side overlap of 85% is recommended and used for SfM based mapping techniques (Lucieer et al.
2013; Turner et al. 2014; Turner et al. 2012). The ISO was �xed at 100 for noise reduction (Mateos et al.
2017). The UAV was set to the duration of 2 seconds to capture all images with a speed of 4.6 m per
hour. The image was processed in the structure algorithm called “Pix4D Mapper” resulting in high-
resolution DSM and orthomosaic of 8 cm from multiple snaps (Table 1) accurately ortho-recti�ed using
the acquired GCPs. The pre and post DSMs and orthomosaics generated were resampled to the same
resolution to accurately map the surface displacement. The accuracy assessment of the DSMs and GCPs
collected in the �eld were validated using RMSE.

Table 1
Details of a temporal aerial survey carried out for the Nara and the Nokot landslide

S.No LS Date Snaps Spatial Res Temporal Res Weather Condition

1 Nara 04-04-19 173 8 cm ------- Sunny, Light Wind

2 Nara 15-08-19 169 7 cm 170 days Sunny, Light Wind

3 Nokot 04-04-19 201 7 cm ------- Sunny, Light Wind

4 Nokot 15-08-19 197 8 cm 170 Day Sunny, Light Wind

2.2. Data analysis

2.2.1. DSM changes, volume and volume loss calculation
To evaluate the topographic variation, the pre DSMs of the Nara and the Nokot landslides generated were
subtracted from the post DSMs. The DSM changes were then multiplied by the resolution of the DSM to
acquire the volume. The area of the volume was calculated using the total pixel count in the landslide
boundary. Once the DSM changes are made, the volume loss of the landslide was also calculated using
total pixel count and area. The bulking factor was calculated using a raster calculator by dividing the post
DSMs by Pre DSMs. The bulking factor was used to estimate the excavation in the landslide.

2.2.2. Transect through the slope
A pro�le was drawn along the slope (Fig. 6 and Fig. 8) surfaces and points were generated along the line.
A 2.5m buffer was created around the points. The zonal statistics analysis was carried out to extract the
means of changes in the slope values within the buffer zone.
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2.2.3. Tracking surface movement using COSI Corr
After the precise processing of UAV imageries, the COSI Corr analysis was carried out using the statistical
correlator and frequential correlator (Turner et al. 2012). The frequential correlator is a Fourier based and
is more precise than the statistical one (Haque 2016; Leprince 2008). The statistical correlator is coarser,
however, robust than the frequential correlator as it maximizes the absolute value of the correlation
coe�cient (Lucieer et al. 2013). It can be used for coarse imageries like aerial photographs and UAVs
imageries (Turner et al. 2014). The hillshade images were analyzed with both the correlator. The
correlator resulted in three outputs i.e. North/South displacement, East/West Displacement and SNR
(Sound Noise Ratio). However, it was found that the frequential correlator does not work on the UAV
imageries as the COSI Corr is sensitive to noise containing images (Turner et al. 2014; Asghar 2017).
Therefore, the statistical correlator was used for detecting surface displacement with a window size of
64, step size 8 and a search radius of 50 pixels (Lucieer et al. 2013). The NS and EW displacement and
SNR resulted in the vectors representing the directional displacement.

3. Results And Discussion

3.1 Results

3.1.1 DSM changes, volume and volume loss calculation
The DSMs acquired in April and August 2019, were analyzed to evaluate the topographic changes of the
Nara landslide (�gure 4). The Nara landslide has a loss of volume ranging from -11.28 to -1 to 3 m at the
leading edge of the toe. The eroded material is deposited at the lower part of the toe with a gain of 1 to
16.38 m. There are patches of volume changes in the scarp (�gure 4a) of the Nara landslide. However,
largely, the scarps collapse and the toe advances with the gain in the volume. The lower leading edge
(�gure 4b) above the toe (�gure 4c) has been excavated anthropogenically with a volume loss of -11.28
m3 and the toe has gained 11.6 m3 of volume. The bulking factor of any landslide has a �xed threshold
of 2 i.e. the values vary between 0 and 2 for such type of landslide (Turner et al., 2014). The total volume
of the Nara landslide calculated is 297538.92 m-3 with a volume loss of 1299.84 m-3 (Table 2). The
bulking factor for the Nara landslide (table 2) is 1.007.

The Nokot landslide is spread on two sides making it a valley-shaped landslide. The Nokot landslide
(�gure 5b) has its scarp extended on both northwestern (�gure 5a) and northeastern (�gure 5b)
directions. The scarp is collapsed in the north-eastern (�gure 5b) direction. The volume is lost and is
gained below the scarp lateral part ranging from -14 to -1m with a gain ranging from 1 to 8.10 m. The NW
scarp has some vegetation stabilizing the landslide. However, the scarp has retreated. The central-
northern (�gure 5c) scarp has a signi�cant volume loss directed towards the western side ranging from
-14 to -1 m. This volume loss is the result of human-induced excavation (Figure 12b). The total volume of
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the Nara landslide calculated is 639023.54 m-3 with a volume loss of 3312.08 m-3 (Table 2). The Bulking
Factor (Table 2) calculated for the Nokot landslide is 0.98.

Table 2: shows the area, volume, volume loss and bulking factor of the Nara and the Nokot landslide

S. No. LS Area m2 Total Volume m-3 Volume Loss m-3 Bulking Factor

1. Nara Landslide 77861.794 297538.92 1299.84 1.007

2. Nokot Landslide 58123.432 639023.54 3312.08 0.98

3.2.1 Transect through topographic changes

The Nara landslide (�gure 6 and 7) has been excavated (encircled in white) with a volume loss of -14.8 m.
This excavation has made the particular zone a highly dynamic area (�gure 7b) of the Nara landslide.
The graph has sunk above the toe (�gure 7c) encircled with green color. It can be observed that there are
no other signi�cant changes in the transect line through the slope. The scarp portion (�gure 7a) is stable
with a movement in the material but there are very few changes of slope less than 1 degree. There is no
collapse in the NW secondary scarp and toe (�gure 7b) even though it is also upright faced and covered
with loose debris. The leading toe (�gure 7c) has only been excavated and reduced the slope up to 15
degrees. Based on these dynamics, the lateral leading toe (�gure 7c) portion may surge again shortly.

In the Nokot landslide (�gure 9 and 10), there is a surge in the NS scarp (�gure 8a) encircled with white
ranging from 3 to 4 degrees. These changes in the slope indicate that there is a possibility of the NS
scarp (�gure 9a) will surge in near future. The lower portion i.e. the valley �oor and the toe (�gure 9b) of
the landslide resembles small changes. These variations represent the changing scenario of slope in the
valley �oor of the Nokot landslide. There has been a noticeable change of 4-5 degrees in the lower region
(b) of the landslide.

3.1.3 Surface movement
For the Nara landslide, the COSI Corr result (�gure 10) shows that the NE main scarp (�gure 10a) has
retreated with a movement of 20 to 25m. .The scarp has surged in the NS direction towards the toe. The
NE scarp has also surged from the left side directed and the movement is directed towards the east with
a rate of 18 to 26.5 m. The lower portion (�gure 10b) of the main body of the landslide i.e. the main track
above the depositional area shows a signi�cant movement headed towards the toe with a range of 25 to
29.5m displacement. This particular area is the most excavated zone of the Nara landslide. The
movement is directed towards the depositional area. The lower right NE (�gure 10d) area above the
depositional area has displaced from 17.5 to 23m with a direction towards the depositional area. The
zone of depletion (�gure 10b) has a displacement of 8.5 to 17.5 toe directed. The remaining portion of
the landslide has no displacement, however, there are some patches in the mid with a displacement of 17
to 19 m. The lower toe portion (�gure 10c) shows a very low change ranging from 0-4.45 m. The area
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above the northwestern toe (�gure 10e)also shows signi�cant stablility and the a very less movement
ranging from 0 to 4.45m is observed. In the secondary scarp (�gure 10f), it is relatively stable with no
movement in the scarp and depletion area. However, a signi�cant displacement in patches at the toe
ranging from 15 to 29 m has been observed.

The Nokot landslide (�gure 11) NE scarp (�gure 11a) has high values of surface displacement ranging
from 8 to 15 m is recorded and this scenario is stretched along the scarp from the start point till the toe.
As discussed earlier, the landslide is valley shaped and the surged scarps deposit the loose material on
the valley �oor which is then removed by rainfall and anthropogenic factors. The NS central scarp (�gure
11b) is the most active part of the Nokot landslide with a surface movement ranging from 7 to 18m. This
particular portion of the landslide is faced both towards east and west and both scarps are surging and
depositing the debris on the valley �oor. The frontal valley faced scarp has also surged with a rate of 18
to 22 m.  The NW scarp (�gure 11c) opposite to NS scarp (b) has surged with a displacement of 18 to
25.5 m. However, a portion shown in �gure 11d is stabilizing due to vegetation with a movement of 0 to
1.5m. The lateral portion of the NW scarp near the toe is showing high values of movement ranging from
18 to 25.5 m.  The valley �oor (�gure 11e) is the depositional zone of this landslide where the debris is
deposited and later on moved with rainfall and due to anthropogenic activities. The lower toe (�gure 11g)
area of the landslide also shows a movement ranging from 11 to 15m due to the water channel (�gure
11f) eroding in the rainfall season. The black arrows show the direction of the surface movement while
the length of the arrows describes the amount of material displaced.

4.4 Accuracy Assessment

The Nara landslide has 4.58m of RMSE (Table 3) aided with 17 GCPs and the Nokot landslide has a total
number of 13 GCPs plotted with RMSE  of 4.24 m (Table 3). The R2 for the Nara landslide reported is
0.85% and that of the Nokot landslide is 0.86%.

Table 3: shows the no of GCPs used and vertical RMSE of DSMs

S.No Landslide No of GCPs Coe�cient of Correlation (R2) RMSE

1. Nara Landslide 17 0.85 4.58

2. Nokot Landslide 13 0.86 4.24

3.2 Discussion
This study demonstrates the UAV derived aerial photos and subsequent analysis as an effective tool for
monitoring and understanding the landslides dynamics. The alignment of aerial photos with a high
overlap rate reduces the error during pre-processing in the SfM algorithm (Turner et al., 2014). Therefore,
an overlap of 85% leads to computing a high resolution orthomosaic and DSMs aided with the GCPs
using a DGPS. Linder et al., (2016) used 70% and 90% overlap at the low slope area of Pechgraben
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landslide generating a dense point cloud. Asghar. (2017) used a 70% to 90% overlap due to hilly terrain,
however, Lucieer et al, (2013) used 80% to 90% overlap with low slope area of Home Hill landslide
Tasmania resulting in dense point cloud generation. This study used 85% to 90% overlap due to hilly
terrain and acquired a 7.7 m3 of point cloud density. Lucieer et al., (2013) achieved a vertical RMSE of 6.2
for the Home Hill landslide. In this study, the RMSE for the DSMs and orthomosaic created is 4.24 and
4.58 for the Nara and the Nokot landslide using 17 and 13 GCPs respectively.

The volumetric changes can have an error due to the processing of DSMs, however, the volume changes
in a large set of areas can reduce this inaccuracy to the small percentage of total volume. The high
temporal resolution with regular dataset collection can increase the understanding of landslide and its
pattern of movement. Asghar, (2017), Turner et al., (2014) and Lucieer et al., (2013) monitored the
landslide with a temporal resolution of 1 year. Lindner et al., (2015) monitored the landslide with 1 to 2
months of temporal resolution. This study has a temporal resolution of 4 months, however, lacks the
historical data in form of aerial photographs and high-resolution satellite imageries. With the UAV, 14
days of optimal temporal resolution can help monitor the landslide movement in more detail.   

The correlation method selection in COSI Corr is dependent on the type, source and spatial resolution of
data. The windows size for the statistical correlator can be changed to give different results but the
windows size 64 with a step size 8 and a search radius of 50 gives the better results for UAV-based
correlation (Turner et al., 2014). Turner et al., (2014) used COSI Corr for landslide displacement study and
found that the UAV based derivatives cannot be processed on every window and step size of COSI Corr.  A
windows size lower than 32 leads to noisy results. Step size 4 does not work on UAV derivatives. The
COSI Corr helped to detect the meter level displacement in the Nara and the Nokot landslides. The
windows size 128 works on the UAV derivatives and are used by Lucieer et al., (2013) but the window size
64 gave the meter level of displacement in the Nara and the Nokot landslide.

Human-induced excavation (Figure 12) in the Nara (Figure 12a) and the Nokot landslide (Figure 12b) is
playing a vital role in the destabilization of the landslides beside that the region is seismically active.

However, during the mapping of these landslides, the rough topography was a challenge. The elevated
moutntain covered with dense forest were di�cult to be mapping and created obstacles for aerial surveys
leading to loss of connection between the UAV and remote controller.

4. Conclusion
It is determined that the Nara and Nokot landslides have a signi�cant displacement in the scarp and toe
regions and it can lead to a serious disaster in near future. This study rea�rms that the UAVs based
remote sensing approach has the potential to produce high-resolution orthomosaics and Digital Surface
Models (DSMs). The SfM algorithm leads to accurate orthorecti�cation with the assistance of Differential
Global Positioning System (DGPS). Additionally, with the use of COSI Corr, monitoring the landslides
surface movement has bridged the gap to study the landslide at a large scale. Furthermore, it also helped
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explore the micro-level deformation occurrence of landslides which helped in producing centimeter-level
detailed mapping of the deformation. The Nara and the Nokot landslides have an overall displacement
ranging from 0.5 to 29 m. This subtle change is both induced naturally as well as due to anthropogenic
activities over the landslides. The multi-temporal UAV based monitoring is a very useful and cost-effective
technique for monitoring and understanding the landslides dynamics and accordingly mitigation.
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Figure 1

Location map of the study area A) Pakistan B) District Mansehra and C) The Nara and Nokot landslides.
Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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Figure 2

(A) shows DJI Inspire 2 (B) DGPS (C) Double Grid Mission.and (D) GCP
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Figure 3

Flowchart of the methodology adopted for the study
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Figure 4

shows the DSM changes in the Nara landslide. Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 5

DSM changes in the Nokot landslide. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 6

shows the graph describing the slope changes of the Nara landslide in April 2019 and August 2019.
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Figure 7

shows the slope and transect A-A’ drawn along the Nara landslide. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 8

Shows the graph describing slope changes in the Nokot landslide
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Figure 9

shows the slope along the transect line of the Nokot landslide. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 10

shows the surface movement in the Nara landslide. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 11

shows the surface movement in the Nokot landslide. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 12

Shows the human-induced excavation of (a) the Nara and (b) the Nokot landslides. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.


