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RESPONSE TO THE REFEREES  

General 

We are thankful to Prof. X. Fan (Associate Editor) and two anonymous reviewers for their 

critical yet constructive comments that helped to improve the MS.   

Referee #1 

Comment 1: I find this study is very relevant. The approach is quite good. Unstable landslides 

(out of 44) were identified through FEM and subsequently five landslides, those found unstable 

were further analysed for its blockage potential using a debris flow model. MOI and HDSI are 

used to evaluate the potential of landslide damming. Many geotechnical parameters were 

estimated from field survey and laboratory analysis. This kind of investigation is quite less in 

literature although previously attempted by these authors for one landslide. I have some minor 

comments. 

Response: We are grateful for the constructive comments/suggestions by the reviewer. We are 

also pleased that the reviewer perceives it as a valuable contribution. Below are our responses 

that are considered in the revised manuscript. 

Comment 2: Line 45 - Rapid Mass Movement Simulation (RAMMS) 

Response: We apologize for the typing error. As per the suggestion, it is corrected in the revised 

MS. 

Comment 3: Line 102 - Do you mean KCF is a splay fault of KF? 

Response: In our manuscript, we have stated that the Kaurik-Chago Fault (KCF) is subjected to 

the Karakoram Fault (KF). However, it does not intend to imply that the KCF is a splay fault of 

the KF. The KCF is an N-S oriented trans-tensional rift fault across the Himalayan strike that has 

been observed to extend to the north right up to the strike-slip Karakoram Fault. The Karakoram 

Fault follows the Himalayan strike in the NW Himalaya. The word “subjected” is used in the 

manuscript because the Kaurik- Chago Fault has been observed to differentiate between the NW 

and SE part of the Karakoram Fault that comprises different slip rates (Kundu et al. 2014). 

Nonetheless, to avoid the confusion, we have rephrased the sentence.  

Comment 4: Line 120 - It is a complex sentence. Pl. modify it. 

Response: As per the suggestion, it is modified in the revised MS for the further clarification. 

Comment 5: Line 161 - Pl. discuss briefly the spatial variability of compressional and 

extensional regime here. 
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Response: The spatial variability of the compressional and extensional regime has been 

mentioned on the basis of observations of Vannay et al. (2004). As per the suggestion, it is being 

described as follows; 

The study area in the Tethyan Sequence (TS) region has been observed to possess the NW-SE 

directed extensional regime based on the slickensides present on the brittle ductile structures. 

The Sangla detachment (SD) fault has been observed to comprise two regimes belonging to two 

different deformation phases. Earlier one corresponds to compression due to foreland thrusting 

whereas, later one corresponds to extension as evident from normal drag shear bands 

(Grasemann et al. 2003). The structural features in the Higher Himalaya Crystalline (HHC) 

reveal spatial variability of compression and extension regime. The structures in the upper part of 

the HHC are influenced by east directed extension along the SD fault. The lower part, however, 

comprises signs of SW directed compression along the Main Central Thrust (MCT). The 

structures in the Main Central Thrust (MCT) region have been observed to consist of a 

compressional regime, later superimposed by an extensional regime. In contrast to the HHC, 

structures in the Lesser Himalaya Crystalline (LHC) don’t comprise any phase of the extensional 

regime and are influenced by the compressional regime. Based on the orientation of slickensides, 

kink bands, and other features, Vannay et al. (2004) observed SSW directed compressional 

regime in the Munsiari Thrust (MT) region. In the Lesser Himalaya Sequence (LHS) region, SW 

directed compressional regime has been observed on the basis of SW verging folds, crenulation 

cleavage, and other features. The same explanation is briefly added in the revised manuscript as 

per the suggestion. 

Comment 6: Line 203 - whether width of dammed valley is measured at full reservoir level? 

Response: We would like to clarify that the phrase “width of dammed valley” corresponds to the 

actual width of the section of the valley where damming is supposed to occur. For further 

clarification, the phrase “width of dammed valley” in the manuscript is revised to “width of the 

valley”. 

Comment 7: Runout analysis - This analysis was performed using RAMMS. The method and 

parameters are fairly well discussed. I missed your explanation wrt. release area. Pl. describe. 

Response: We are thankful to the referee for pointing out this crucial aspect of the runout 

analysis. There are two possible ways to simulate the run-out event i.e., release area (for 

unchanneled flow or block release) and hydrograph (for channeled flow) concept. The 

channelized flow concept, however, requires spatial-temporal information of discharge at these 

flow channels (Rickenmann et al. 1999; RAMMS v.1.7.0). During the field visits, we did not 

find specific flow channels (or gullies) on the slope of landslides except few centimeters deep 

seasonal flow channels for S. N. 5 and S.N. 15 landslides (Table 1). However, the data pertaining 

to spatial-temporal information of discharge at these two landslides were not available. 

Therefore, we have chosen the release area concept because it is more appropriate when the flow 
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path (e.g. gully) is uncertain and its possible discharge on the slope is unknown. As per the 

suggestion, this explanation is added to the revised manuscript. 

Comment 8: I think you have assumed the flow as block release. Is there any chance of 

Channelized flow also? 

Response: We agree with the referee that we have considered the flow as a block release. As 

elaborated in the response to the previous comment, most of the landslides don’t comprise 

specific flow channels except S. N. 5 and S.N. 15 landslides (Table 1). Though the possibility of 

channelized flow at these two landslides can’t be denied, the data pertaining to spatial-temporal 

information of discharge at these two landslides were not available. We are hopeful that in 

further studies in the future, such data would be attempted to analyze. 

Comment 9: Line 256 - Since you have mentioned that majority of landslides is debris slides, pl. 

explain how the runout analysis, which is mainly done for debris flow, is valid in your study. 

Response: We are of understanding that the debris flow is a stage of debris-laden landslide that 

under excessive saturation results in the discharge of poorly sorted sediments (or debris) with 

varying velocity and pressure. Since the majority of the landslides are debris slides, as rightly 

pointed out by the referee, having unconsolidated poorly sorted overburden, there is a high 

probability that these debris-laden landslides will transform into debris flow during extreme 

rainfall events (Embley, 1976; Hungr et al. 2005; Jakob et al. 2005). Further, the study area has 

been witnessing enhanced rainfall since 2010 and subsequent flash floods (Fig. 11 in the 

Manuscript), run-out evaluation of the debris slides becomes more crucial. We are hopeful that 

the referee is convinced with our rational attempt of explanation. 

Comment 10: Line 415 - Your previous publication on Urni landslide gives a different flow 

height. Can you explain? 

Response: We acknowledge that the previous publication involving the Urni landslide had a 

different flow height than the one mentioned in the present study. The reason for this difference 

pertains to the following input parameters; friction, turbulence, and depth. The previous study 

utilized single values of friction and turbulence, whereas in the present study we have used a 

range (9 sets of values) of these parameters to minimize the possible uncertainty in output (sec. 

3.5 in the manuscript). Further, we have been more conservative in the selection of depth in the 

present study because these landslides are relatively deep in nature and we are of the 

understanding that during slope failure, irrespective of the type of trigger, entire loose material 

might not slide down. Therefore, the depth of the landslide is taken as only 1/4 (thickness) in the 

run-out calculation. 

Comment 11: Line 469 - What do you mean by strong / weak lithology. I suggest using a 

technical term here. 
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Response: As per the suggestion, it is replaced in the revised MS with the proper lithology term. 

Comment 12: ’therefore’ is repeated 

Response: We apologize for the typing error. It is removed in the revised manuscript. 

Comment 13: Table 1 - Have you assumed uniform thickness while estimating volume from 

area? 

Response: We would like to clarify that we have not assumed uniform thickness for the volume 

calculation. These landslides were recently mapped by our team and a detailed procedure has 

been mentioned in Kumar et al. (2019b). We are quoting the same here for clarification. 

“The landslide dimension mapping was performed using high resolution GE Imagery, and their 

locations were verified during field investigation. The uncertainty in the landslide dimension 

caused by measurement in GE was determined by comparing the known distances in the study 

area with the measured ones in GE. The known distances were obtained from the Survey of India 

toposheets (53/I/10, 53/I/6, 53/I/2, 53/E/4, and 53/E/11). A difference of 1.06% was noted 

between known distances (from toposheets) and measured ones in the GE. Landslide dimension 

was characterized using the area (total disturbed area), shape (length and width), and volume. 

Approximate thickness and area of landslides were used to determine the volume. The thickness 

of individual landslides was ascertained in the field investigation, as also practiced by Larsen and 

Torres-Sanchez (1998) and Guzzetti et al. (2009).” 

Comment 14: How can you say that area measurement has error of 1.06% due to measurement 

from Google Earth image? 

Response: As mentioned in the response to the previous comment, an error of 1.06% was noted 

between the known distances (from toposheets) and measured ones in Google Earth (GE) 

imagery. The known distances were obtained from the Survey of India toposheets (53/I/10, 

53/I/6, 53/I/2, 53/E/4, and 53/E/11). 

We tried our best to rationally convince the referee with our explanations and we are hopeful that 

these responses will be received constructively. 
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Referee #2 

Comments: 

Comment 1: Paper leaves the dual impression. Authors present a lot of data, numerous 

characteristics and parameters. At the same time it is difficult to understand if landslides at the 

studied sites had occurred already or they are just expected.  

 

Response: We appreciate the critical, yet constructive, evaluation by the reviewer. The size of 

the data that we included in our work reflects our comprehensive methodology. We would like to 

clarify that the landslides have already occurred but many of these are still active and result into 

frequent failures throughout the year. Stability evaluation is performed to determine the existing 

stability regime of the landslide slopes through the Factor of safety (Griffiths and lane, 1999) and 

displacement. Later, these landslide slopes were categorized into unstable and meta-stable class 

based on their existing factor of safety.  

 

Comment 2: How one can confirm that the parameters of the assumed landslide dams are 

estimated correctly or not?  

 

Response: We are thankful for such perceptive query. We have used following four parameters 

to evaluate the possibility of potential landslide dams; Landslide volume, Dam volume, Width of 

valley, Upstream catchment area, Local slope gradient of river channel.  

As stated in the MS, the resultant (post-failure) dam volume could be higher or lower than the 

landslide volume owing to the slope entrainment, rock mass fragmentation, retaining of material 

at the slope, and washout by the river (Hungr and Evans 2004; Dong et al. 2011). Exact influence 

of all these controlling factors on the volume difference can’t be ascertained due to the following 

reasons; 

• Slope entrainment, rock mass fragmentation, and retaining of material at the slope will depend 

on the surface runoff, random joints/fractures on the slope surface, friction of slope the surface, 

turbulence of the moving mass on slope material, and pore water pressure regime (Hungr and 

Evans 2004; Dong et al. 2011; Cui et al. 2019; Scott and Wohl, 2019). Since the surface runoff, 

turbulence of moving mass, and pore water regime are bound to change spatio-temporally, exact 

estimation seems difficult with the available techniques/theories. 

• Washout of the failed material by the river will depend upon the river discharge. It is to mention 

that the Satluj River discharge is highly affected by the Western Disturbance and Indian Summer 

Monsoon induced precipitations, which have shown spatio-temporal variation (Gadgil et al. 

2007; Wulf et al. 2012). Since the river in the study area is also subjected to many artificial dams 

(for hydroelectric power) in the upstream, river discharge might also get affected by these mega 

barriers (Kumar and Katoch, 2016). Thus, the exact estimation of washout quantity is difficult to 

ascertain.  
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• Therefore, dam volume is assumed to be equal to the landslide volume for the worst case 

scenario. Similar assumption has also been made in other studies (Canuti et al., 1998) since the 

existing understanding of such landslide damming studies lack any exact relation between 

landslide volume and dam volume. Further, the main idea is to predict the potential landslide 

damming sites where damming is yet to takes place, except the Urni landslide where it already 

occurred partially in year 2013 (Kumar et al. 2019a).  

• For the estimation of width of the valley, upstream catchment area, and slope gradient, we used 

CartoSat-1 panchromatic imagery (spatial resolution 2.5m) and the DEM (spatial resolution 

10m) constructed using the stereo pairs of CartoSat-1. These Cartosat-1 imageries have also been 

evaluated for the morphometric measurement to determine their accuracy (Kandrika and 

Dwivedi, 2013). 

 

Thus, though the exact estimation of all these parameters can’t be made due to various 

limitations (mentioned above), we utilized available resources/theory. We are hopeful that the 

reviewer will find our justification rational enough to support the findings.  

 

Comment 3: Large parts of the text with numerous quantitative parameters can be replaced by 

tables that will be much easier to follow. I would suggest reworking the paper.  

 

Response: We understand the reviewer’s perception about the size of the data mentioned in the 

MS. Therefore, as per the insightful suggestion, we have added a supplementary table 3 in our 

openly accessed data repository (Kumar et al. 2020) related to this study. This table comprises all 

the details like landslides no., dimension, position, litho-tectonic affiliation, factor of safety, 

geomorphic indices output for each landslide. However, we are of understanding that the data 

mentioned in the text is required to justify the proposed approach and the interlinked nature of 

the study.  

 

Comment 4:  Clearly indicate what landslide that you mentioned had really occurred and what is 

just an unstable slope that might fail. It is especially important for rock avalanches - before such 

type of landslide occur we cannot be sure that it will not move just as a rockslide.  

 

Response: As per the suggestion of the reviewer, we have clearly mentioned about the state of 

slopes in the “Discussion” section. We would also like to mention that we had stated in the 

“Study Area” section in the original MS that it covers forty-four (44) ‘active’ landslides (20 

debris slides, 13 rock falls, and 11 rock avalanches) along the study area that have been mapped 

recently by Kumar et al. (2019b).  

Further, in view of the understanding that a clarification is required to be mentioned about the 

difference between landslide slope and unstable state, we have mentioned it in the ‘Discussion’. 

When we used the word “active landslide”, it refers to fact that hillslope is still subjected to slope 

failures caused by various factors. It, of course, doesn’t mean that the entire hill slope has moved 
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down. As we understand the word “landslide” can be perceived in following three ways; pre-

failure deformations, failure itself, and post-failure displacement (Terzaghi 1950; Skempton and 

Hutchinson, 1969; Cruden & Varnes, 1996; Hungr et al., 2014). Landslide slopes in our study 

pertains to the post-failure state that are categorized into “unstable” and “metastable” stages 

based on their existing factor of safety.  

Furthermore, if an active landslide slope is not categorized as “unstable” in our study, it means 

that its existing slope geometry provides it a “meta-stable” stage that might transform into 

unstable stage with time due to stability controlling parameters (inferred in parametric analysis).  

 

Comment 5: It will be very useful to analyze at least several case studies of past real river-

damming landslides that can be used as a ground truth to check the reliability of the proposed 

approach. 

 

Response: We are thankful to the reviewer for the suggestion. We would like to clarify that our 

study attempts a predictive approach unlike the post-dam formation studies (detailed review in 

Fan et al. 2020).  

 

In this predictive approach, at first the stability evaluation of active landslides is performed to 

determine their existing failure potential. Spatio-temporal regime of the failure triggering factors 

like earthquakes and rainfall is explored to infer the triggering possibility. Later, widely used 

geomorphic indices are used to find out those landslides that may result into damming of the 

river. These landslides are further evaluated using the run-out modeling to understand the 

response of failed slope material in the river channel and hence in the valley. Thus, the whole 

approach aims to find those slopes that will contribute to the damming, in case of slope failure.  

 

We acknowledge the necessity of validation of the proposed approach, as brought up by the 

reviewer. Therefore, we would like to state that we have validated our predictive sites with the 

field observations (Fig. 1, 2) in the study area where damming has occurred in the past. 

Sedimentological analysis by other researchers has also confirmed the landslide damming events 

in the geological past at the region containing our predictive sites (Sharma et al. 2017). This 

approach has also been applied recently at already dammed (partially) site where we predicted 

complete blockade of the river and consequent damage to the nearby bridge in case of further 

failure (Kumar et al. 2019a). As predicted, further failure blocked the river and damaged the 

bridges (https://timesofindia.indiatimes.com/city/shimla/nh-5-remains-blocked-due-to-

landslides-in-himachal-pradesh/articleshow/74613645.cms, retrieved on 24th Dec. 2020).  

 

Though we have provided the field examples (Fig. I, II), we can’t deny the significance of 

multiple case studies involving the existing damming sites, as suggested by the reviewer. 

However, it will require the back analysis of the following parameters to apply our proposed 

approach; 

https://timesofindia.indiatimes.com/city/shimla/nh-5-remains-blocked-due-to-landslides-in-himachal-pradesh/articleshow/74613645.cms
https://timesofindia.indiatimes.com/city/shimla/nh-5-remains-blocked-due-to-landslides-in-himachal-pradesh/articleshow/74613645.cms
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• Back analysis of the damming volume to reconstruct the landslide volume. As 

mentioned in the response of the Comment 2, there are several uncertain spatio-

temporal factors that play crucial role between landslide volume and dam volume. Exact 

response of these factors can’t be ascertained at present. 

• Back analysis of the failed slope topography to reconstruct the pre-failure slope stability 

model. It will require the adjustment of landslide area (not the volume because we have 

performed 2D analysis). Such readjustment of the landslide area to pre-failure state will 

also include uncertainty because there might be many episodes of failures (which are 

not dated/recorded) that resulted in final topography. Regional faults/lineaments also 

affect the slope topography and thus during slope topography reconstruction, lack of 

inclusion of this factor will surely affect the reconstruction.  

 

We are hopeful that the reviewer will understand the merits and limitations of the predictive 

nature of our approach that we tried to present judiciously.  

 

Author’s changes in the manuscript  

(It is to note that the following line numbers refer to the document in track change: All mark up mode) 

Line no. 45 (Page No. 2): In response to the comment 2 (Referee#1), the typing error has been 

corrected.   

Line no. 120-125 (Page No. 5): In response to the comment 4 (Referee#1), the paragraph has 

been revised.   

Line no. 159-167 (Page No. 6): In response to the comment 5 (Referee#1), details regarding the 

stress regime have been added.   

Line no. 207 (Page No. 8): In response to the comment 6 (Referee#1), the phrase ‘width of 

dammed valley’ has been revised to ‘width of the valley’. 

Line no. 254-261 (Page No. 9): In response to the comment 7 (Referee#1), details regarding the 

release area have been added. 

Line no. 470- 471,476-478 (Page No. 16): In response to the comment 11 (Referee#1), the 

proper lithological terms are used. 

Line no. 478 (Page No. 16): In response to the comment 12 (Referee#1), a repetition has been 

removed. 

Line no. 543-553 (Page No. 18-19): In response to the comment 4 (Referee#2), a clarification is 

added in the ‘Discussion’ section. 
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Line no. 551-553 (Page No. 19): In response to the comment 3 (Referee#2), we have added a 

supplementary table 3 in our openly accessed data repository (Kumar et al. 2020) related to this 

study.  
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Fig. Captions 

 

Fig. I (As Fig. 10 in the Manuscript) Field signatures of the landslide damming near Akpa_III 

landslide. (a) Upstream view of Akpa landslide with lacustrine deposit at the left bank; (b) 

enlarged view of lacustrine deposit with arrow indicating lacustrine sequence; (c) alternating 

fine-coarse sediments. F and C refer to fine (covered by yellow dashed lines) and coarse 

(covered by green dashed lines) sediments, respectively. 

 

Fig. II (As Fig. 2 in Kumar et al. 2019a) Field photographs. (a) Front face of the Urni landslide; 

(b) and (c) are upstream and downstream view of the valley from the landslide location; (d) and 

(e) denote river damming during year 2013 and 2016, respectively; (f) slope in the opposite side. 

Red circles denote relative size by encircling heavy truck in 2b, 2e and tunnel outlet building (6 

m x 4 m) in 2c. 

 

 


