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In this study, field-based bathymetry of Neenkanth 
lake in the Lahaul Himalaya, India, was carried out. 
Volume estimation and calculation of peak discharge, 
and the results thus obtained have been compared 
with empirically derived values. Average morphologi-
cal characteristics of this lake are the depth of 5.78 m, 
area of 22,925.80 m2 and volume of 132,511.12 m3. The 
quantitative glacial lake outburst flood (GLOF) cha-
racteristics derived from the empirical models were 
found to be much higher than the measured values of 
the lake. A qualitative approach was adopted to de-
termine dam breach assessment indicators, viz. dam 
type, dam geometry, height of the freeboard, etc. 
GLOF potential was found to be high considering  
majority of qualitative parameters; however, field 
measurements indicate a low risk. 
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THE combination of extremely high relief, high seismic 
activity and steep slopes in the Himalayan region pro-
vides potential sites for a wide range of natural hazards, 
including landslides, avalanches, flash floods and glacial 
lake outburst floods (GLOFs)1. The term ‘glacial lake 
outburst flood’ is applied to all such events which include 
a sudden and catastrophic discharge of water from glacier-
associated lakes2. Many glacial lakes have become unsta-
ble due to increase in volume by melting glaciers. Such a 
scenario can lead to catastrophes when coupled with  
unsustainable and unplanned growth of infrastructure in 
the nearby areas3,4. GLOF events are reported from all the 
Himalayan countries, viz. India, Nepal and Bhutan, as a 
result of climatic changes1,5. In June 2013, Chorabari lake 
in Uttrakhand, India, witnessed a GLOF disaster that 
caused huge loss to life and property3,6. Many researchers 
have evaluated different glacial lake parameters, e.g. 
mean depth, potential lowering height and breach width, 
and formulated empirical equations based on the potential 

energy of lake volume7–9. Based on area of the lake, em-
pirical equations have been proposed for volume calcula-
tion4,10. However, field-based lake-depth data are missing 
from the Himalayan region, and therefore, reliability of 
empirically derived estimates of lake volume and GLOF 
risk remains completely invalidated. In this communica-
tion, we report in-field hybrid bathymetry, in comparison 
to previously proposed empirical equation assessment for 
a Himalayan glacial lake. 
 The GLOF events, however infrequent, are severe 
geomorphological hazards where floodwaters cause  
havoc several kilometres downstream. A catastrophic  
palaeo flood was reported from the Lahaul Himalaya in 
1850s in River Chandrabhaga that damaged all the 
bridges11, even beyond the present national borders ema-
nating from the Bara Shigri glacier lake breach12. The 
Neelkanth lake (32°45′29.46″N, 76°57′08.78″E) is loca-
ted in the Thirot Nala sub-basin of Chandrabhaga in  
Lahaul-Spiti district, Himachal Pradesh, India. The La-
haul Himalaya has been one of the heavily glaciated areas 
during early Holocene, and continues to be one of the 
most significant glacierized areas today13,14. The lake is 
dammed within the left lateral moraine of the major valley 
glacier (Neelkanth glacier), valley wall and the outer  
moraine ridge of a small tributary glacier (Figure 1). We 
used field bathymetry method for volume estimation15. 
The lake depth was measured using a canoe and rope tied 
with a measuring tape. A metallic fulcrum weighing 
400 g was tied at the end of the rope of measured length, 
to touch the bottom of the lake, leaving no slack, to  
assume that it had grounded at the location where 
dropped. While crossing the lake along the length and 
breadth, depth was measured at several locations with 
hand-held GPS tag (Table 1 and Figure 2). 
 Lateral moraine belonging to an early glacial phase 
(Figure 1) forms the lake dam with a freeboard of 25 m 
(Figure 3). In recent years, there is a continuous retreat of 
the glacier along with simultaneous thinning. For the 
 
 

 

Figure 1. Field photograph showing location of Neelkanth lake and 
its moraine dams. Relationship of the lake with Neelkanth glacier is 
also clear from this photograph.
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1989–2002, 2002–2013, and 2013–2019 periods, the  
average retreat rate was 9.3, 4.1 and 9.1 m a–1 respectively 
(the present study). The moraine slope towards the glacier 
is ~55°, which is considerably high and can be unstable 
once support of the glacier is removed from its base in 
this retreating phase (Figure 3). This down-wasting has 
resulted in a new local base level, a potential for unstabi-
lizing unconsolidated slopes of the lateral moraine  
enclosing this lake, if the glacier retreat and thinning con-
tinue at the present rate. The valley-wall side of the lake 
having a slope in excess of 70° is a potential avalanche 
starting zone (PASZ)16. Such steep slopes with evidence 
of large rock-wall failures on the lake margin also indi-
cate high potential for a mass-mobilized lake instability. 
Steep lake front area (SLA) in the forefield of the glacier 
has been defined using threshold angle (10°). Simulation 
suggests that a gently sloping moraine (<10°) would not 
initiate a breach, even under a large water inflow17. This 
 

Table 1. Measured bathymetry data of 
Neelkanth lake, Lahaul Himalaya, India 

Sl no. Depth (m) 

 1 2.3 
 2 5.8 
 3 7.2 
 4 8.4 
 5 9.8 
 6 6.4 
 7 1.8 
 8 1.9 
 9 7.9 
10 8.7 
11 3.5 

  
Average depth 5.78 m 

 
 

 
Figure 2. On-field bathymetry measurements using a canoe and 
points representing location of depth measurements. 
 
 

 
Figure 3. Potential avalanche starting zone at Neelkanth lake and 
field-based statistics of the moraine dam. 

also suggests that a glacial lake with no SLA would be 
unlikely to experience GLOF. 
 Mean depth of the lake has also been calculated, based 
on field measurements and area–depth relationship of the 
Himalayan glacial lakes8 
 
 D = 55A0.25, (1) 
 
where D is the mean depth of the lake (m) and A is its 
surface area (km2). 
 An empirical relationship based on the Swiss Alps  
dataset and tested for some of the glacial lakes, including 
Himalayan lakes, has also been used10. This relationship 
is basically for moraine dammed glacial lakes formed at 
the lower part of the mother glacier 
 
 D = 0.140A0.42, (2) 
 
where D is the mean depth of the lake (m) and A is its 
surface area (m2). 
 Subsequently, peak discharge of the lake was also deri-
ved from calculated depth, area and volume of the glacial 
lake using empirical relations9,18,19. The discharge from 
the lake has been expressed as a function of depth and 
volume of lake. The most commonly used equations are 
 
Jarrett20: 
 
 Qρ = 19.1D1.85. (3) 
 
Froehlich21:  
 
 Qρ = 0.607(V0.295D1.24). (4) 
 
McDonald and Langridge–Monopolis19: 
 
 Qρ = 1.154(VD)0.412. (5) 
 
Based on field measurement, average depth of the lake 
was 5.78 m, with an area of ~22,925.80 m2 and, volume 
of ~132,511.12 m3 (Table 2). Physical parameters of tar-
get lake are given as Table 2, based on both the field 
measurements and empirical relations. According to the 
empirical equation of Fujita et al.8 mean depth of the lake 
is 676.77 m much higher than measured depth. Similar 
results were obtained using the method of Huggel10 as 
well, where the mean depth was calculated at 9.49 m,  
almost 1.64 time the field-based existing depth. Further-
more, discharge from the lake was derived from two  
empirical methods, and compared with the estimates 
based on field measurements. These relations are  
expressed as a function of depth and volume of the lake. 
The maximum discharge (3,291,163.06 m3/s) was obtai-
ned from the method of Fujita et al.8 with a lake depth of 
676.77 m, and the minimum discharge from field  
methods (Table 2). These results underline the fact that 
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Table 2. Neelkanth lake statistics based on elemental relationship and bathymetric measurements 

 
Source  

Lake 
area (m2) 

Mean 
depth (m) 

 
Volume (m3) 

Peak discharge (m3/s) 
(from ref. 20) 

Peak discharge (m3/s) 
(from ref. 21) 

Peak discharge (m3/s) 
(from ref. 19) 

8 
22,925.8 

676.77 15,515,493.66 3,291,163.06 259,544.27 15,521.83 
10 9.49 217,665.1 1,227.3 371.20 461.32 
Field investigation 5.78 132,511.1 490.46 173.40 306.54 
 

Table 3. Qualitative assessment of Neelkanth lake for glacial lake outburst floods 

Parameters  Type Criteria16 Assessed value Possibility 

Dam type  Lateral moraine  Moraine dam Ice dam Rock dam No dam  High 
Dam geometry Width to height ratio  >0.5 0.2–0.5 0.1–0.2  2.5 m Low 
 Slope of downstream face  

 of dam 
<20° >20°   55° High 

 Free board  >15 05–15 <5  10 m Medium 
Triggering factor Snow avalanche/rockfall Ice/snow avalanche and debris/ 

rockfall  
Yes No  High 

Colour label Low Medium High 
 
for a better assessment of GLOF hazards, detailed field 
investigation is must rather than relying on empirical  
methods. We suggest that only empirical method-based 
GLOF assessment for the Western Himalaya is fraught 
with very high overestimations and may yield a com-
pletely wrong scenario. Based on the criteria for GLOF 
risk assessment16, which includes dam type, dam geome-
try and existence of triggering factors, Table 3 gives  
potential GLOF assessment for Neelkanth lake. Although 
the possibility of GLOF is very high considering majority 
of other parameters, the actual risk is certainly low as  
inferred from the results based on field measurements. 
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