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Site-specific topographic survey of 15 landslides in the 
four mountainous states of India, namely Uttarakhand, 
Jammu & Kashmir, Sikkim and Nagaland, was carried 
out through a terrestrial laser scanner campaign. The 
versatility of the lidar instrument in topographic sur-
veys and its advantages over conventional survey prac-
tices are highlighted. The effective use of the static 
terrestrial lidar in the rapid characterization and hazard 
assessment of landslides in this study is presented for 
adoption as a meaningful hazard assessment strategy in 
the hilly terrains.  
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THE basic requirement for any site-specific landslide ana-
lysis is the availability of a topographic basemap of suita-
ble accuracy at the desired scale. It enables mapping, 
plotting and representing all geological and non-geo-
logical features on the slope under study. Often, the pri-
mary predicament lies in the availability or time-bound 
generation of basemaps for such large-scale studies. In the 
Indian context, conventional survey methods using total 
station (TS) instruments to generate basemaps are com-
mon, particularly for large-scale studies. However, such 
surveys are time-consuming and labour-intensive in terms 
of data acquisition, often compelling the operator to set-up 
and work from several datums1. Further, the presence of 
unfavourable site conditions like vegetation cover can lead 
to acquisition of less data points, thereby flattening subtle 
topographic features that may be crucial for accurate char-
acterization of the slope2.  
 The rapid development of light detection and ranging 
(lidar) technology, a three-dimensional remote sensing 
technique, during the past two decades has drastically im-
proved the way we perceive and model the earth’s surface 
processes3–5. In this technique, the earth’s surface is scanned 
by laser scanners mounted over fixed or mobile platforms, 
including drones/unmanned aerial vehicles (UAVs), heli-
copters, etc. to enable quick, 3D data capturing based on 
the project requirements. The terrestrial laser scanner (TLS) 

is one such ground-based survey instrument working on 
lidar technology, where a laser beam (pulse or continuous 
wave) is transmitted onto a surface and the returning signal 
is recorded for distance measurement. TLS can be fixed/ 
mounted on a tripod, in which case the platform is static/ 
stationary, or can be vehicle-mounted for a dynamic/mov-
ing platform. This relief imaging by the scanner is used to 
extract very accurate digital elevation models (DEMs). A 
DEM is the digital representation of the topography/land 
surface elevation with respect to a given reference datum. 
During the last two decades, the use of DEM and its deri-
vatives for determining terrain or morphometric attributes 
(slope, aspect, curvature, elevation, etc.) has provided 
more efficient ways for detailed landscape studies of land-
slides6–10. Acquisition of multi-temporal datasets through 
repeated laser scanning has been exploited by various wor-
kers for producing a DEM of difference (DoD) that allows 
for quantification of volumes and ground displacement 
changes9,11–15, and for monitoring of slopes16–18. Targeted 
laser scanning on exposed rock slopes to characterize rock 
discontinuities has also been carried out19–23.  
 However, the potential of the technology and utility of the 
TLS output data, i.e. the 3D point cloud, the high-resolu-
tion digital elevation model (HRDEM) and its derivative 
products in landslide studies are yet to be fully exercised/ 
adopted in a country like India, having 12.6% of its land 
mass (about 0.42 million km2) susceptible to landslides 
(www.gsi.gov.in/webcenter/portal/OCBIS/pageGeoInfo/page- 
LANDSLIDEHAZRD?). Since the use of lidar-derived data-
sets in detailed landslide studies is still in the evolving 
stage, this study showcases the benefits of the technology 
and versatility of the static terrestrial lidar instrument in 
site-specific topographic surveys for maximum exploitation 
of the state-of-the-art devices by the Indian geoscientific 
community.  

Study sites and nature of work  

Site-specific topographic surveys using the ground-based 
static lidar were carried out for 15 landslides distributed in 
four mountainous states of India, namely Uttarakhand, 
Jammu & Kashmir (J&K), Sikkim and Nagaland (Figure 
1), where the first three states are physiographically located 
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well within the rugged Himalayan domain and the fourth 
state is in the sub-Himalayan domain. Studies in Uttara-
khand involved rapid geological assessment of two sites, 
one at Devprayag on the right bank slope of Bhagirathi 
River (during February 2019) and the other for relocation 
of a part of Bhatwari village affected by landslides (during 
November 2019). The site in Nagaland was chosen for 
rapid assessment of the infamous Phesama landslide known 
for repeated closure of the strategic National Highway-29 
to Imphal. The studies in J&K included 11 landslide sites 
along the Batote–Ramban–Banihal sector of NH-44 con-
necting Jammu and Srinagar townships, initiated mainly 
due to recent road-widening activities. The large number 
of sites requiring immediate attention to stabilize the 
slopes along this strategic road were assessed during Octo-
ber–November 2020 on priority before the onset of the 
next monsoon. In Sikkim, an assessment of a landslide af-
fecting the Rangpo–Rorathang road corridor (at the 3rd 
Mile) as well the premises of a pharmaceutical company 
was completed in January 2021. The elevation of all the 
study sites ranged from 334 m amsl (at the 3rd Mile land-
slide, Sikkim) to a maximum of 1948 m amsl (at Kharpora 
landslide, J&K) and may be considered low elevation when 
viewed from the Himalayan perspective. Owing to the 
lower elevation, most of the test sites bear significant vege-
tation cover.  
 
 
 

 
 
Figure 1. Location of the study areas. India map after Survey of India42. 
The 11 sites along Batote–Ramban–Banihal sector of NH-44, Jammu & 
Kashmir (J&K) are enlarged.  

Methodology  

TLS measurement principle and instrument used:  

Range determination or distance measurement by laser 
scanners is primarily carried out in two ways: the phase 
and pulse methods24. While the phase-based scanners are 
more accurate, they suffer from a limited range. On the 
other hand, pulse-based (also time-of-flight) scanners are 
implemented in most TLS as they offer a longer effective 
measurement range24,25. The measurement principle in a 
TLS involves the emission of many short infrared or laser 
light pulses to a target surface. In the process, the emitted 
laser pulses may get reflected from various objects in their 
path/line-of-sight such as birds, vegetation, man-made ob-
structions, ground surface, etc., leading to several backscat-
tered pulses (echoes) from one emitted pulse. The precise 
time stamp for each returning light pulse (round trip) is 
determined directly by the scanner. With the velocity of 
light through a medium known, the distance between the 
scanner and target is determined by D = c*∆t/2, where c is 
the speed of light and ∆t is the round-trip travel time. For 
determination of position XYZ relative to the scanner, rota-
ting/oscillating mirrors are used to deflect the laser pulse 
in a direction well-defined to the scanner’s orientation (roll, 
pitch and yaw angles). Since the positions determined are 
relative the scanner, georeferencing of the point cloud is 
done for assigning coordinates in the global system, gene-
rally through the use of a set of ground control points 
(GCPs) whose precise coordinates are obtained through 
the Global Navigation Satellite System (GNSS). Based on 
the range and measurement rate of the instrument used, a 
large amount of 3D data can be acquired within a few 
minutes. This raw scan dataset in the order of several thou-
sand points is termed a point cloud.  
 The laser scanner used in the project is the RIEGL VZ-
4000, with a moderately long scanning range of 4000 m 
under 90% reflectivity conditions. The effective measure-
ment rate of the instrument ranges from 23,000 measure-
ments per second at 30 kHz laser pulse repetition rate to 
222,000 measurements per second at 300 kHz laser pulse 
repetition rate. With a beam divergence rate of 0.15 mrad, 
the laser beam footprint measuring 18 mm at exit increases 
to 300 mm at 2000 m (ref. 26). Calibrated digital camera 
(both in-built and detachable external camera) for simulta-
neous filming of terrain along with scanning is provisioned 
for the capture of RGB data.  

Terrestrial lidar workflow  

A sequential workflow in the operational use of TLS can be 
generalized and grouped into four stages, each consisting 
of a series of steps (Figure 2). The planning and reconnoi-
tary survey stage primarily is the development of an exe-
cution plan which includes preparation of the instrument 
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and accessories, site survey for accessibility conditions 
and selection of optimum scan position/s for complete cove-
rage of the area-of-interest (AOI), selection of GCPs and 
estimation of suitable time for scanning. The rugged Him-
alayan terrain with complex slope morphometry often ne-
cessitates scanning from multiple viewpoints for minimal 
occlusion.  
 The data acquisition stage consists of GNSS data obser-
vation for establishing local control in positioning within 
the test site/s and scanner data acquisition. For GNSS data, 
a standalone base station is set up in a secure, open space 
for minimal multipath errors (Figure 3 a). Dual frequency 
(L1 and L2) data in static mode with sampling rate at 1 or 
2 s intervals are acquired for ≥120 h to facilitate better 
point convergence through a longer observational period. 
Post-processing of the acquired data is then carried out for 
positioning accuracy. Prior to laser scanning, GCPs are 
identified in the vicinity of the proposed scan position and 
target reflectors are placed over the GCPs during scanning 
to enable target-based registration or georeferencing of the 
point cloud in the global coordinate system (Figure 3 b). 
A minimum of three GCPs/target reflectors are required for 
triangulation and registration of a single scan. For target-
based registration of the point cloud in the global coordi-
nate system, GNSS data observation over the identified 
GCPs in fast static mode (1 h duration) is carried out prior 
to or after scanning, the data observation being done sim-
ultaneously with that of the base station. The baselines are 
then processed using the established base station coordi-
nates as reference.  
 Optimum scan positions, though always not feasible, 
are with a clear line-of-sight allowing maximum coverage 
of the AOI and located at normal or near orthogonal posi-
tions to the target surface. This allows for maintaining a 
nearly uniform linear distance to the target surface, which 
then allows for a low incidence angle that, in turn, allows 
better reflectivity and, therefore, a higher quality data ac-
quisition. Before scanning, the scanner parameters are 
configured based on the site conditions and project delive-
rables. The desired resolution for data capturing, driven 
 
 

 
 
Figure 2. A generalized workflow in the operational use of terrestrial 
laser scanner.  

here by the scale of geological features to be measured, is 
a function of the laser beam divergence rate and the angular 
resolution (angle between two laser spots). Based on the 
estimated range to the target surfaces and scale of features 
to be mapped, an angular resolution of 0.02° has been 
adopted for all the sites in the present study. Challenges 
such as sudden changes in weather conditions (detrimental 
to photographic image acquisition), unexpected disruptions 
in the scanner or power supply, etc. may be encountered at 
this stage and dealt with appropriately. The result of the 
scanner data acquisition is a point cloud from a single 
scan or a fusion of point clouds from multiple scans having 
sufficient overlap areas (≈30%).  
 The data processing and post-processing stages, which 
involve data transformation and treatment of the point 
cloud, qualify as the most tedious and time-consuming 
segment of any terrestrial lidar project. In the present study, 
RIEGL’s RiSCAN PRO software was used for all data 
transformation and treatment activities. The scan datasets 
from different viewpoints for each site were aligned and 
merged to develop a complete model. The alignment of 
multiple point clouds into a single, continuous point cloud 
was realized using prominent but common features between 
two adjacent scans. The multi-station adjusted point cloud 
was then georeferenced using the post-processed coordi-
nates of relevant GCPs. For developing a 3D photorealistic 
model, colourization of the point cloud through the soft-
ware-based allocation of the RGB value from the camera-
captured image/raster was done. Next, the fully transformed 
raw point cloud was cleaned in two stages to optimize the 
data quality. In the first stage, the off-terrain points (e.g. 
vegetation, buildings, wires, moving objects such as vehicles, 
etc.) were separated from the terrain points using various ter-
rain filters. An initial first-level removal of unwanted data/ 
noise in the acquired point cloud using the echo of signals 
returning from the emitted surface is shown in Figure 4, 
enabling the generation of a bare earth model. The second  
 
 

 
 
Figure 3. Components of data acquisition. a, GNSS base station set up 
on a rooftop at Phesama, Nagaland. b, Field scanning conditions illus-
trating setting up of target reflectors.  
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Figure 4. A first-level noise removal in the point cloud acquired for Peerah landslide, J&K. a, The point cloud is presented in reflectance 
scale and a patch (in red) selected for controlled data treatment. b, Lateral view of the selected patch showing segregation of the point cloud 
based on digitized echo signals (arrival time of backscattered pulses). c, Removal of unwanted data/noise based on echo signals.  

 
 

Table 1. Area versus timeframe for field data acquisition (TLS and GNSS) 

 
 
 
Landslide/study area  

 
 
 

Location 

 
 

Area of HRDEM  
prepared (km2) 

Minimum time (h) required for field  
data acquisition (no. of scan  

positions × 1 h + no. of  
ground control points × 1 h) 

 

3rd Mile  3rd Mile on Rangpo–Rorathang Road, Sikkim  0.47 (2 × 1 + 4 × 1) = 6 
Bhatwari  Bhatwari village, Uttarakhand  0.94 (2 × 1 + 5 × 1) = 7 
Devprayag  Devprayag village, Uttarakhand  1.10 (4 × 1 + 6 × 1) = 10 
Chamalwas  Batote–Ramban–Banihal sector of NH-44, Jammu &  

 Kashmir (J&K)  
0.25 (1 × 1 + 4 × 1) = 5 

Dalwas  Batote–Ramban–Banihal sector of NH-44, J&K  0.48 (2 × 1 + 4 × 1) = 6 
Digdole  Batote–Ramban–Banihal sector of NH-44, J&K  0.82 (2 × 1 + 4 × 1) = 6 
Kharpora  Batote–Ramban–Banihal sector of NH-44, J&K  0.13 (1 × 1 + 4 × 1) = 5 
Marog1  Batote–Ramban–Banihal sector of NH-44, J&K  0.30 (2 × 1 + 4 × 1) = 6 
Marog2  Batote–Ramban–Banihal sector of NH-44, J&K  0.61 (2 × 1 + 4 × 1) = 6 
Monkey-more  Batote–Ramban–Banihal sector of NH-44, J&K  0.32 (1 × 1 + 4 × 1) = 5 
Monpassi  Batote–Ramban–Banihal sector of NH-44, J&K  0.31 (2 × 1 + 4 × 1) = 6 
Panthial  Batote–Ramban–Banihal sector of NH-44, J&K  0.34 (2 × 1 + 4 × 1) = 6 
Peerah  Batote–Ramban–Banihal sector of NH-44, J&K  1.25 (4 × 1 + 6 × 1) = 10 
Serri  Batote–Ramban–Banihal sector of NH-44, J&K  0.49 (2 × 1 + 5 × 1) = 7 
Phesama  NH-29 at Phesama village, Nagaland  0.84 (4 × 1 + 6 × 1) = 10 
 
 
stage involves manually cleaning and refining the data 
overlooked by the terrain filters that can give rise to false 
terrain. Depending on the project requirements, the refined 
point cloud may be resampled or segmented for improved 
feature identification/extraction. The DEM/digital terrain 
model (DTM) for the AOI was then generated using the 
refined point cloud (through rasterization or generating a 
mesh).  

Advantages of terrestrial lidar in topographic  
surveys  

Terrestrial lidar instruments provide high-resolution topo-
graphic data with notable advantages over conventional 
surveying techniques27. Among the many advantages of 
using a ground-based laser scanner for topographic surveys 
compared to TS is the quick turnaround of output data 
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Figure 5. The case of extremely high point density enabling representation of micro-topography in the terrestrial lidar-generated DTM of 
Digdole landslide on NH-44, J&K. a, Debris chutes downslope of NH-44 as seen from the opposite slope. b, Micro-topographic details appre-
ciably reflected in the generated DTM (inside the red oval).  

 
 
over large inaccessible areas. The use of TLS in the site-
specific study of all 15 landslides was driven by the need 
to produce rapid contour basemaps. Table 1 presents the 
minimum time spent in field site for data acquisition (both 
TLS and GNSS). GNSS data observation was done in fast 
static mode (1 h duration) at each of the identified GCPs 
for registration of the point cloud and a minimum of four 
GCPs/target reflectors for each study site to accommodate 
survey errors in the highly dissected Himalayan terrain. 
The relatively short time required for data acquisition in all 
the 15 sites indicates the efficiency over conventional sur-
vey methods.  
 From the 3D point cloud acquired by high-frequency 
scanning, a bare ground lidar dataset of each study site 
was prepared by separating the off-terrain points from ter-
rain points using available terrain filters (Figure 4). This 
ability to generate a bare earth/terrain model by removing 
vegetation cover is a testament to the superiority of the 
technology over conventional survey methods. This unique 
advantage of the lidar-derived terrain model can provide 
information on the topographical and morphological 
changes in a landslide that may otherwise stay hidden be-
neath the vegetation cover in conventional surveys. High-
density point cloud also allows for observation of very fine/ 
minute details of the topography (Figure 5), which is essen-
tial for accurate slope characterization. Figure 6 reflects 
the significance of the acquired point data density vis-à-
vis the quality of output data and the disadvantage of con-
ventional surveys in tough terrain.  
 An incomparable advantage of the terrestrial lidar data 
in topographic surveys, particularly in the rapid hazard as-
sessment of landslides, is the direct use of the point cloud 

for feature identification which hitherto is not available in 
conventional topographic surveys. Figure 7 a and b shows 
the use of the point cloud on a reflectance scale for the 
digitization of roads and rivers. Figure 7 c and d presents 
the true-colour point cloud (camera-captured), which allows 
for clarity and enhanced visualization for defining landslide 
boundaries and their attributes, more so in mapping over 
inaccessible and hazardous slopes.  

Quality and utility of static terrestrial lidar output 
data in rapid hazard assessment of landslides  

In the present study, the refined point cloud for each land-
slide site was exported as LAS dataset (open, binary file 
format for interchange and archiving of lidar data) to 
ArcGIS, where the point cloud was gridded using the linear 
interpolation technique to a 0.5 m grid DEM. Figures 8 
and 9 present the HRDEM-derived slope and contour 
basemap for all the 15 test sites. 
 Terrestrial lidar measurements are subject to noise/errors 
induced by different factors, which can be instrumental, 
environmental, methodological or a combination (gross 
errors). The laser scanner accuracy is usually lower in field 
practice due to terrain complexity28,29, high incident angles 
during scanning30, nature of the reflecting surfaces31, 
weather conditions at the time of scanning32,33, vegetation 
cover34,35, etc., thereby influencing the accuracy of DEM. 
Removal of vegetation is a major factor in laser scanning, 
the output of which heavily influences the quality of the 
DEM36. In addition, methodological errors arising during 
co-registration of multiple scans, choice of interpolation 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 123, NO. 7, 10 OCTOBER 2022 849 

 
 

Figure 6. Total station (TS) survey for preparation of topographic basemap in the detailed study of the Tawang Monastery landslide, Aru-
nachal Pradesh43: a, Spatial distribution of TS point data (4,557), spread over an area of 0.48 km2 and acquired during a timeframe of 10–11 
days (November 2013). b, The resultant errors (topography flattening) due to the lack of/lean point density is visible in the output contour 
basemap.  

 
 

 
 

Figure 7. The refined point cloud for Monpassi landslide on NH-44, J&K. a, Point cloud in reflectance scale. b, Digitization of road and river 
based on reflectance contrast. c, Point cloud in true colour (note the difference in visual information). d, Mapping of landslide scarps and other 
visible attributes over inaccessible slopes.  
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Figure 8. HRDEM-derived slope and contour basemaps of four study sites (some maps are orientated according to normal view of slopes for better 
visualization). a, Third Mile landslide, Sikkim; b, Bhatwari landslide, Uttarakhand; c, Devprayag landslide, Uttarakhand; d, Phesama landslide, Naga-
land.  
 
 
 
method in the development of DEM/DTM37,38, etc. are also 
known to affect the accuracy of the output data. Buckley 
et al.39 revealed the expected source of errors in a laser 
scanner workflow and the error budget for a long-range 
laser scanner. Under the circumstances, some amount of 
quality control measures verifying the accuracy of the 
output data (DEM/DTM) is crucial because errors in the 
base data will propagate through their derivative products 
(slope, aspect, curvature, contours) to be used for spatial 
analyses in site-specific landslide studies. In the present 
study, the quality of the generated HRDEM was checked 
following the most common DEM-error assessment method 
through computation of root-mean-square error (RMSE)40,41 
and mean error. The DEM elevation extracted in ArcGIS 
was spatially overlapped with the corresponding data of 
higher accuracy to highlight the errors (positive or nega-
tive) in the model. The more accurate (reference) data used 
was the independently acquired differential global positio-
ning system (DGPS) data in real-time kinematic (RTK) 
mode. RTK data in the stop-and-go technique was collect-
ed over randomly distributed locations for the selected 
study sites. Calculating the mean error has shown overes-
timation in four and underestimation in three cases of the 
true ground elevations by DEM, the reason/s for incon-
sistency is not clearly understood in the present study. The 
RMSE calculated the following eq. (1) for the seven tested 
landslide sites is presented in Table 2, and shows a value 
ranging from 0.14 to 0.58 m.  

 2RMSE [ ( ) / ],i iP O n= ∑ −  (1)  
 
where Pi the predicted/DEM-extracted value for the ith 
point in the elevation dataset, Oi the observed/reference 
value for the ith point in the elevation dataset and n is the 
sample size/count. 
 In addition to the primary task of preparing time-bound 
topographic basemaps required for the rapid hazard asse-
ssment, the by-products/derivatives (hillshade, slope and 
aspect) of the HRDEMs generated for the 15 landslides 
were directly used as support data for qualitative surface 
characterization and for mapping the geomorphologic attri-
butes of the landslides. Through visual image analysis, the 
landslide morphological features such as the main scarp 
and flanks (landslide boundaries), zone of depletion and 
zone of accumulation were identifiable (expert judgement-
based) using a slope/hillshade map derived from HRDEM 
(Figures 10 and 11). Critical information expected from 
the rapid assessment of landslides is the identification of 
unstable slopes and demarcation of potential areas/limits 
of the slopes for landslide retrogression/widening for 
adopting immediate action for risk reduction. Figure 12 
illustrates a case where the synoptic 3D view obtained from 
the hillshade map has been upscaled through an overlay of 
the contour basemap on the aspect map for defining the 
maximum possible limits (slope facets) of the Marog1 
landslide in the event of retrogression and/or widening.  
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Figure 9. HRDEM-derived slope and contour basemap of the 11 landslides along Batote–Ramban–Banihal sector of NH-44, Jammu & Kashmir 
(some maps are orientated according to normal view of slopes for better visualization).  
 

 
 
Figure 10. Visual-based mapping of landslide/cut-slope attributes using 
a slope map and supported by field verification (Serri landslide on NH-
44, J&K).  

 Another feature aiding rapid assessment/characterization 
of landslides through the use of HRDEM and its derivati-
ves is the quick preparation of slope profiles that are often 
used for understanding the geometry of failure surfaces 
(Figure 13) and in the preparation of 2D geological sec-
tions. The above-stated utilities drawn from the terrestrial 
lidar-derived HRDEM and its derivative products have 
been aptly used in the quick assessment of landslide char-
acteristics and its geometry in the present study.  

Discussion  

The rapid hazard assessment of 15 landslides in the rugged 
Himalayan terrain, carried out through a TLS campaign, 
has revealed the superiority of static terrestrial lidars in 
generating basemaps for site-specific landslide studies. The 
unmatched advantages in terms of time invested for the 
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Table 2. Error statistics (m) from the accuracy assessment of digital elevation models for  
  seven landslide sites 

 
Site/location  

No. of reference points 
used/sample size 

 
Mean error 

 
RMSE 

 

3rd Mile landslide, Sikkim  20 0.2684 0.4849 
Devprayag landslide, Uttarakhand  96 0.0252 0.1816 
Dalwas landslide, J&K  07 –0.4253 0.5815 
Digdole landslide, J&K  11 0.2981 0.5058 
Monpassi landslide, J&K  12 –0.0124 0.4267 
Peerah landslide, J&K  60 0.0143 0.1401 
Phesama landslide, Nagaland  42 –0.2174 0.4141 

 
 

 
 
Figure 11. Surface characterization of the Marog1 landslide on NH-44, J&K through visual delineation and mapping of the landslide attributes. The 
contour basemap is superimposed on the hillshade map for optimal visualization.  
 
 
acquisition of immensely dense 3D data have been explicitly 
demonstrated and the ensuing output qualifies for use in 
an emergency that necessitates a rapid DEM acquisition for 
assessing a landslide hazard. Further, the ability to pene-
trate vegetation cover enables the generation of a terrain 
model rather than a surface model, made possible through 
a virtual deforestation exercise by software-based removal 
of off-terrain points. The photographic information made 
available in the 3D point cloud enables mapping over in-
accessible slopes and allows safe working conditions on 
hazardous slopes in a landslide. Exploiting such state-of-
the-art devices and their high-quality output will help im-
prove our understanding of landslide mechanisms and 
their processes in the rugged, landslide-prone Himalayan 
terrain.  

 The RMSE value obtained from the seven landslide 
DEMs was commensurate to the adopted cell size/resolut-
ion (0.5 m) of the generated DEM. Considering the nature 
of the task which is the extremely quick/time-bound gene-
ration of topographic basemaps required in the rapid hazard 
assessment of landslides, the complex Himalayan terrain 
with inherent practical difficulties and vegetation cover, a 
sufficiently accurate output DEM meeting the project re-
quirements has been obtained using the terrestrial lidar. 
This is significant as the accuracy of the ensuing models 
on hazard assessment and stability analysis will largely de-
pend on the exactness of the topography in the base model.  
 The seamless application of the terrestrial lidar in rugged 
terrain like the Himalayas is often constrained/restricted by 
lack of suitable scan positions due to limited accessibility 
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Figure 12. Demarcation of maximum possible landslide boundaries in the event of retrogression and/or widening, crucial for iden-
tification of the elements-at-risk.  

 
 
conditions on the opposite slope, the complex slope mor-
phometry giving rise to shadow areas and location of 
study sites within the effective scanning range of the in-
strument used. The case for lack of suitable scan positions 
in the present study is reflected in Table 1, where only a 
single station observation/scan was feasible for three 
study sites. While the data outputs in the present study 
have satisfactorily met the project requirements, it is clear 
that the challenges lie in improving the quality and accuracy 
of the output DEM, especially for higher accuracy studies 
like landslide monitoring through change detection. Other 
important domains on the use of terrestrial lidar in land-
slide studies not discussed here are the use of the acquired 
point cloud for characterization of discontinuities in rock-

slides and the generation of multi-temporal DEMs through 
repeat surveys for change detection that will remain the 
scope of future work.  

Conclusion  

The case for adoption and exploitation of the GNSS-sup-
ported TLS in site-specific landslide studies by the geosci-
entific community is supported by the outcome of the 
present study. The site-specific mapping of landslides made 
possible through the direct use of the point cloud, HRDEM 
and its derivatives has been aptly shown to effectively fa-
cilitate the rapid characterization of landslides which will 
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Figure 13. Two slope profiles of Phesama landslide, Nagaland prepared for interpretation on the geometry of failure surfaces. a, Contour basemap 
of Phesama landslide showing the alignment of slope profiles. b, Slope profile along AA′ line showing the interpreted failure plane. c, Slope profile 
along line QR showing the interpreted geometry of the failure plane. 
 

 
go a long way towards adopting appropriate mitigation 
strategies within the shortest possible time for meaningful 
risk reduction. While the cost of lidar instruments and the 
associated software packages is high, the novel landslide 
mapping techniques offered by the static terrestrial lidar 
can revolutionize the rapid hazard assessment strategies in 
the hilly terrains, particularly for emerging disastrous land-
slides along road corridors and settlement areas. 
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