
Flood Hazard Modelling in Upper Mandakini
Basin of Uttarakhand

GAGANDEEP SINGH¹, VISHWA BANDHU SINGH CHANDEL*²
and SIMRIT KAHLON³

¹Department of Geography, Goswami Ganesh Dutta Sanatan
Dharma College, Chandigarh.

2,3Department of Geography, Panjab University, Chandigarh.

Abstract
Floods in Himalayan region raise serious concerns regarding ongoing path 
of development as recent manifestations of catastrophic events establish link 
between climate changes and risk to anthropogenic activities in mountainous 
regions. Scientists predict frequent occurrence of such disasters wherein 
rapid glacial melting; incidents of glacial lake outburst and weather extremes 
may trigger floods in the Himalayan mountains. This paper examined 
flood risk in Upper Mandakini basin through GIS based flood simulationto 
highlight flood potential and risk associated with such hazard in the study 
area. It is observed that floods in study area display hazardous interplay of 
natural terrain gradient, high kinetic energy of streams, and intense rainfall. 
The upper sections of basin that includes Kali Ganga, Mandani Ganga, 
Madhyamaheshwar and Mandakini rivers shows high flood susceptibility 
with greatest risk in the latter. Such hazardousness is likely to be intensified 
by ongoing anthropogenic activities in the basin.
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Introduction 
Floods by far are the most lethal of all disasters 
that claimed 6.8 million human lives in twentieth 
century;1 about 44 percent flood events since 1960 
have occurred in Asia.2 India accounts for one-
fifth of the global deaths due to floods; about 12 
percent of its land is prone to floods that displace 
over 30 million peoples and affect 8 million hectares 
land annually.3,4,5  The Himalayan mountains are 

sensitive to multiple hazards6-11 of which flood is 
most lethal. Climate change is triggering frequent 
disasters12 and rapid glacier melt that has escalated 
the risk of glacial lake outburst floods.13 The active 
tectonics and high potential energy of Himalayan 
terrain create conditions for multiple hazards 
exacerbated by hydro-meteorological forces.14,15,16 
Such processes resurface in same geographical 
locales and therefore add to the severity of disasters. 
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Moreover, such inherent hazardousness gets 
amplified as anthropogenic activities exposes more 
people to potential disasters. It is in this sense, a 
comprehensive understanding of threats associated 
with potential flood events is highly needed.

Upper Mandakini basin of the Garhwal Himalayas of 
Uttarakhand has a rugged topography; its elevation 
ranges from 948 to 7000 meters above mean sea 
level. Tectonically active faults and thrusts control 
relief and drainage in the basin that has high 
mountains and glaciers in north and east while 
fluvial terraces dominate its southern parts. Climate 
is highly variable and rainfall is heaviest during the 
monsoon (late June to mid-September) season. The 
summer temperature reaches 34°C while winters 
are extremely cold. River Mandakini originates from 
glaciers north of Kedarnath; its major tributaries 
include Vasuki Ganga, Sina Gad, Kali Ganga, 
Markanda Ganga, Kyar Gad, Mandani Ganga and 
Madhyamaheshwar Ganga.

The study area exhibits interplay of glacial and 
fluvial processes; it represents a complex geo-
physical setup prone to a multitude of hazards. 
The basin is situated in very high seismic risk 
zone; its weak structure is prone to slope failure. 
The altitudinal and climatic juxtaposition makes it 
susceptible to cloudbursts and flash floods. The 
dense network of streams produces a high degree 
of landscape incision and rivers flowing through a 

steep gradient surface possess high flow velocity 
and potential energy. A highly intense rainfall during 
July-September enhances rivers’ peak discharge 
and kinetic energy to transportation large sized 
sediments leading to bank erosion, and slope failure. 
All these factors exert a great deal of influence on 
physical susceptibility of study area to flood hazard.
The study area is sparsely populated; about 41,415 
people resides in 109 villages out of which six are 
un-inhabited. The tehsil headquarter is located at 
Ukhimath while Kedarnath is the only statutory town. 
The area has agrarian character; however, tourism 
has gained momentum over the years and is major 
source of income through heavy influx of religious 
tourists during June-September  which also coincides 
with high disaster frequency. The susceptibility of 
study area to floods largely depends on its terrain 
characteristics, drainage, hydrology and climate. 
Therefore, determination of flood risk necessitates 
assessment of flow characteristics under given 
river discharge. In this paper, an attempt was made 
to highlight flood hazard characteristics and risk in 
the upper Mandakini basin. The aim was to explore 
physical dimensions of critical zones prone to flood 
hazard by taking to consideration the physical 
landscape, drainage, and hydrological attributes. 
Such characterization provides an understanding 
of terrain hazardousness, flow potential and volume 
estimation during extreme flow discharge conditions 
and therefore helps in visualizing risk associated with 
flood hazard in the study area.

Fig. 1: Methodology For Flood Modelling

Material and Methods
Flood hazard research primarily focuses on 
documentation and mapping of flood prone 

areas, flood characteristics, delineation of trigger 
mechanisms, and flood simulations using scientific 
evidences, materials and methods. This paper 
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examined flood hazard through a simulation 
model(Figure 1) to understand stream flow behaviour 
during flood conditions. The inventory on historical 
flood events compiled from secondary sources 
combined with cutting edge geospatial technology 
and spatial analysis was used to carry out the 
analysis. Flood modelling was carried out to simulate 
flow characteristics and inundation scenario under 
different river discharge volumes of 900, 1500 and 
3909 cumec  (cubic meter per second or m3/s) using 
HEC-RAS and Arc-GIS software. HEC-RAStool 
allow for modelling the behavior of flood water 
extant17,18,19 by taking into account both 1D and 
2D dimensions of flood along with other important 
indicators such as velocity, depth and top width of 
flood water.20

In this study, flood simulation was based on steady 
flow analysis in which flow properties re assumed 
to be independent of time, i.e., the derivative of 
this property with time is zero (∂P/∂t = 0,Where P 

is any property like pressure, velocity or density). 
The steady flow analysis provides fairly accurate 
results; however, it has limitation as uniform flow 
analysis does not depend by the time and distance. 
Therefore, visualizing how flood water will behave 
at different points in time during an event remains 
unclear. Moreover, if computation of river discharge 
characteristics is done for fewer cross sections,  
it may not give substantial insight to flood scenario. 
To overcome this limitation, the river discharge was 
computed for 22 cross-sections in different streams 
of the study area (Figure 2) that included flow volume 
(m3/s), minimum channel elevation (meter), water 
surface elevation (meter), channel velocity (meter/
second), flow areas (square meter), top width of 
flow (meter) and maximum channel depth (meter).
These cross sections are representative of different 
terrain setups within the study area. In addition, 
flood simulation for 2 sections (Figure 3) along River 
Mandakini was done to visualize flood risk at different 
flow discharge scenarios.

Fig. 2: River Flow Measurement Cross Sections Along Mandakini River

Results and Discussion
Flash-Floods and Cloudbursts in the Study Area
The study area has history of weather extremes 
of heavy downpour causing flash-floods and 
cloudbursts (Table 1). Such events result from 
intense vortices of small spatial scale air mass rising 

rapidly to form cumulonimbus clouds. Under such 
conditions, rainfall of more than 100 mm/hour over a 
small area produces cloudburst.21,22 Uttarakhand has 
highest flash-flood casualty rate in India23 and such 
events are triggered by heavy rainfall, cloudburst, 
glacial lake outburst and landslide induced dam 
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Table 1: Major Cloudburst And Flashflood Events In Upper Mandakini River Basin
		
	 Date	 Event	 Event	 Latitude	 Longitude	Damage Caused/
	 (D-M-Y)	 Location	 Type	  (N)	  (E)	 Description of an event
	
1	 19-08-98	 Paundar	 Flashflood	 30.568	 79.13	 Over 100 people got killed, 
						      created havoc downstream.
2	 17-07-01	 Phata	 Cloudburst and	 30.582	 79.042	 28 people got killed; six animals 
			   Flashflood			   died and 77 houses were completely
						      damaged; pilgrims stranded.
						    
3	 05-07-05	 Kedarnath	 Cloudburst	 30.733	 79.068	 10 shops were completely 
			   and Flashflood			   destroyed and 4 got partially 
						      damaged.
4	 07-07-05	 Jungle Chatti	 Cloudburst	 30.675	 79.041	 One person got killed and one 
			   and Flashflood			   house suffered partial damage.
5	 04-07-12	 Gauri Kund	 Cloudburst	 30.656	 79.022	 Road got damaged at one place.
			   and Flashflood
6	 19-07-12	 Chaumasi	 Cloudburst and	 30.614	 79.073	 One house suffered partial damage.
			   Flashflood
7	 14-09-12	 Kimada/ 	 Cloudburst and	 30.542	 79.122	 60 people got killed and 12 got
		  Giriya	 Flashflood			   lost; 86 animals died; 7 houses 
						      were completely destroyed and 
						      58 got partially damaged
8	 14-09-12	 Mangoli	 Cloudburst and	 30.526	 79.106	
			   Flashflood
9	 14-09-12	 Chunni	 Cloudburst and	 30.532	 79.105	
			   Flashfloo d
10	 17-06-13	 Phata	 Cloudburst and	 30.580	 79.039	 Over 200 got killed and 3998 went 
			   Flashflood			   missing; 2771 animals got killer 
						      or went missing; about 1720 houses 
						      got damaged; roads and footpaths 
						      got damaged at 243 spots. 
11	 17-06-13	 Mangoli	 Cloudburst and	 30.527	 79.100	
			   Flashflood
12	 17-06-13	 Kimana	 Cloudburst and	 30.505	 79.097	
			   Flashflood
13	 17-06-13	 Kedarnath	 Cloudburst and	 30.736	 79.090	
			   Flashflood
14	 17-06-13	 Rambara	 Flashflood	 30.700	 79.051	
15	 17-06-13	 Gaurikund	 Flashflood	 30.656	 79.020	
16	 17-06-13	 Sonprayag	 Flashflood	 30.634	 79.000	
17	 27-06-15	 Sonprayag	 Flashflood	 30.634	 79.000	 Bridge was washed away.
18	 06-07-15	 Jungal Chatti	 Cloudburst and	 30.676	 79.041	 Triggered landslide; Char-dham 
			   Flashflood			   yatra got suspended. 

Source: Compiled from The Tribune (1990-2017) and Disaster Mitigation and Management Centre (DMMC) 
Uttarakhand (2001-2014)

outburst. Generally, the occurrence is confined to 
monsoon season;24 however, floods of June 2013 

and February 2021 shows flood potential in other 
seasons as well.

The analysis reveals more than 6000 confirmed 
human casualties in the study area since 1990. 
A massive landslide at Paundar village in 1998 
blocked River Madhyamaheshwar and subsequent 

outbursts caused havoc.25 Another cloudburst that 
struck Phata village in July 2001 claimed 28 people.26 
There were 2 cloudbursts; one near Kedarnath and 
other near Jungle Chatti on 5th and 7th July, 2005. 
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The occurrence of flash-floods was conspicuous 
in 2012; two events occurred on 4th and 19th July 
in Mandakini and Kali Ganga valleys, respectively. 
However, the most devastating event took place 
in mid-September wherein a series of cloudbursts 
hit three villages of Giriya, Mangoli and Chunni  
(Table 1). These events claimed 60 lives, destroyed 
7 houses while 57 houses suffered partial damage. 
One of the most wrecking events played havoc in 
2013 wherein a series of cloudbursts, exceptionally 
high rainfall (above 250 mm) and Chorabari lake 
outbursts in north of Kedarnath caused considerable 
damage; more than 6600 people were killed, 
over 600 houses, 500 roads and 150 bridges 
damaged27,28,29 (Dobhal et al. 2013; Asthana and 
Asthana 2014; Champati Ray et al. 2016).

Since late 1990s, as many as 18 major incidents of 
extremely high precipitation have occurred out of 
which 13 were cloudburst driven while remaining 
were flash-floods without cloudburst. Nearly half 
of these events were located in the upper parts 
of Mandakini River basin between Kedarnath and 
Sonprayag whereas 5 cloudbursts took place 
around Ukhimath-Guptkashi area. A narrow valley 
and steep stream gradient in the former amplify flow 
velocity and erosional capacity of river thus making 
area highly vulnerable. The occurrence of floods 
was strictly confined to the monsoon season until 
the Kedarnath disaster in pre-monsoon season.  
It suggests a high potential for random extreme flood 
events outside monsoon season.

Flood Hazard Modelling and Analysis: Floods hazard 
analysis involves assessment of flow characteristics. 
In this study, flood modelling was carried out under 
three different river discharge conditions of 900, 
1500 and 3909 cumec for 22 cross-sections. These 
characteristics revealed critical information about rise 
in water level and flood inundation risk at each cross-
section (Table 2). The flow behaviour in Mandakini 
River was calculated at 8 cross sections between 
Kedarnath and Lwara village near Ukhimath. At a 
normal flow of 900 m3/s, Kedarnath cross-section 
shows channel depth of 1.41 meter with a velocity 
of 3.426 meter/second and width of water surface 
38.40 meter. A relatively wide u-shaped valley in 
this upper part of river course produces low water 
depth; however, with an increase of flow to 1500 
m3/s, water depth changes to 1.88 meter with top 
flow width of 43.71 meter and channel velocity of 

3.96 meter/second. Under extreme flow discharge 
of 3900 m3/s (equivalent of peak discharge during 
Kedarnath floods in June 2013), river water rises to 
alarming level of 4.67 meter with channel velocity of 
7.36 m/s whereas flood attains width of nearly 63.68 
meters at surface.

The second cross section at Gaurikund that has 
a history of massive damage due to floods shows 
high risk of floods. At 900 m3/s, water depth is 2.04 
meters; channel top width is 26.11 meters and 
channel velocity is 4.075 meter/second. At this 
location narrow valley produces small channel width 
but velocity gets accelerated tremendously. These 
values at 1500 m3/s reaches to 2.65 meter, 29.46 
meter and 4.66 meter/second, respectively while 
same parameters attain staggering levels of 6.81 
meter, 49.30 meter and 7.73 meter/second under 
GLOF/LLOF scenario at 3909 m3/sdischarge. The 
water rises to 2.04 meter, 2.65 meter and 6.81 meter 
under 900 m3/s, 1500 m3/s and 3909 m3/s condition, 
respectively. The third cross-section at Nyalsu village 
south of Sonprayag shows channel depth of 2.20 
meter with top width of 39.30 meter and velocity 
of 5.77 meter/second at 900 m3/s discharge rate. 
High velocity at the cross section is due to addition 
of water at the confluence of Vasuki Ganga and 
Mandakini at Sonprayag. The water level increase to 
5.57 meter with channel velocity 9.71 meter/second 
and channel top attain width of 61.73 meters under 
3909 m3/s flow scenario.

Further downstream at Khatvillage, a low channel 
gradient causes substantial decline in channel 
velocity but produces high channel depth, flow area 
and flow top width. Under 3909 m3/s scenario, water 
level increases up to 12.16 meter high with channel 
top width reaching 73.44 meter. As valley gradient 
increases, flow characteristics change around 
Kalimath village; there is noticeable reduction in 
channel depth which is expected to rise up to 3.38 
meter, 4.42 meter and 8.56 meter under 900 m3/s, 
1500 m3/s and 3909 m3/s scenario, respectively. 
The next cross section at Hyuna village represents 
confluence of Mandakini and Kali Ganga rivers. 
Here, water depth at 900 m3/s is 6.48 meter which 
increase to 7.78 meter at 1500 m3/s and 11.41 meter 
at 3909 m3/s flow condition (Table 2). This sudden 
increase in water depth is due to less channel 
gradient and narrow valley. The two cross sections 
in lower parts of Mandakini river near Ukhimath 
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show similar results. The water level rises up to 4.97 
meter with channel velocity of 5.58 meter/second at 
Thaglasi and 5.94 meter and 7.06 meter/second at 
Lwara under 900 m3/s water discharge condition. 
These values further increase to 6.14 meter and 
6.85 meter/second and 7.62 meter and 8.13 meter/
second at 1500 m3/s scenario. In worst case scenario 
of 3903 m3/s, river water may potentially attain 
incredible height of 9.80 meter and 12.23 meter at 
Thaglasi and Lwara villages, respectively.

River Vasuki Ganga drains into Mandakini at 
Sonprayag. Two cross sections selected along 
its course, first at the source and other at village 
Triuginarayan shows a potential of over 2 meter 
water depth and 3-4 meter/second velocity at 
900 m³/s discharge. At 1500 cumec, water depth 
changes to above 2.5 meter with velocity of over 
4 meter/second (Table 2) while velocity of above 5 
meter/second is attained under conditions similar 
to June 2013 flash-flood. Kali Ganga and Mandani 
Gangaare important tributaries that flows through 
central part of the study area. The cross-sections 
at 4 locations in former and 2 in the latter shows 
results analogues to Vasuki Ganga. Flow depth and 
velocity for Kali Ganga varies between 1-3 meter 
and 3-6 meter/second under 900 m3/s that changes 
to 2-6 meter depth and 5-10 meter/second velocity 
at 3909 m3/s. Under similar conditions, maximum 
flow depths in Mandani Ganga remain between 3-4 
meter. The first cross-section in this stream shows 
low channel depth due to wider valley but it increases 
at second cross section near Syansu (upper).  
A noticeable increase in discharge volume takes 
place after these two converges. The cross section 
at Syansu (lower) village due to narrow valley and 
relatively gentle gradient shows increase in water 
depth; the maximum depth attained is 5.73 meter 
under 3909 cumec.

River Madhyamaheshwar is a major tributary of 
Mandakini; it has two sub-tributaries, viz. Markanda 
Ganga and Madhyamaheshwar Nadi. The upper 
valleys of both tributaries are devoid of human 
habitation; settlements are located downstream 
the confluence of these two tributaries. The two 
cross-section each in the upper parts of these sub-
tributaries were selected in addition to two more 
cross sections along the major river. The velocity 
and water depth in Markanda Ganga increases 
with distance from its source area but scenario 

is opposite for other tributary due to increase in 
valley width toward its lower reaches. The two 
cross-sections at middle and lower sections of 
River Madhyamaheshwar shows potential of over 
2 meter, 3 meter and 4-5 meter water depth at 900 
m3/s, 1500m3/s and 3909 m3/s water discharge, 
respectively (Table 2). The cross section at Ransi 
Tarsali village in Madhyamaheshwar River shows 
maximum potential for water depth which in worst 
case scenario may attain the height of 4.79 meters. 
A lower potential for water depth and flow velocity 
in Madhyamaheshwar River compared to other 
large streams is due of its wider channel top and a 
relatively broader valley with gentler gradient.

The overall analysis of stream flow characteristics 
reveals high potential for flash-flood. The average 
streams flow is likely to rise by 2.91 meter with 
a velocity of 4.53 meter/second and flood water 
surface to spread by 38.37 meter at stream water 
discharge of 900 cumec. This situation changes 
to staggering 5.69 meter rise in water level with 
average velocity of 7.07 meter/second and surface 
width of 55.02 meter under water discharge of 
3900 cumec (Table 3). A change in flood volume 
from 900 m3/s to 1500 m3/s is likely to raise flood 
level almost by 25 per cent but scenario becomes 
extremely dangerous as there is a possibility of 95 
per cent increase in water depth in case discharge 
rate changes to 3909 m3/s. Under such conditions 
flood velocity is expected to increase by 20 percent 
and 55 percent while flood width may expand by 
12.41 percent and 43.39 percent, respectively.

The analysis shows high potential for rapid change 
in flow characteristics during an event of extreme 
precipitation. Flood simulation at different flow 
conditions for two locations (Figure 3) shows 
tremendous flood water rise and inundation of valley 
floor in Sonprayag-Nyalsu and Guptkashi-Ukhimath 
area. The inundation remains confined to areas 
along river channels at 900 cumec but flood water 
rises to critical levels as flow discharge increases 
beyond 1500 cumec. Under such circumstances, 
settlements, roads and other infrastructure in 
the vicinity of valley floor submerges under flood 
water.  It is important to mention that like any other 
Himalayan valleys, the study area too is undergoing 
massive infrastructure development closer to rivers 
and valley floor. This further enhances economic risk 
associated with floods.
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Conclusions
Floods in upper Mandakini River basin represents an 
extremely hazardous interplay of natural processes 
that have resulted in unprecedented destruction 
in the past. The reconstruction of flood hazard 
simulation shows a high degree of risk attributed to 
steep gradient, high stream flow, high kinetic energy 

of streams, and high probability of intense rainfall. 
A sudden rise in peak stream flow in response 
to heavy rainfall and cloudburst conditions has 
potential to enhance flow capacity of river channels 
to great extent thereby triggering landslides and 
flash-floods. The impacts are likely to be devastating 
as terrain characteristics accentuate flow velocity, 

Table 3: Average Flow Characteristics In Upper Mandakini Basin

Parameter	                                   Average Water	               Parameter	              Percentage Change in
	                                         Parameter Values	                                         Water Parameter Values (%)

	 900 m3/s	 1500 m3/s	 3909 m3/s		  900-1500 m3/s	 900-3909 m3/s

Depth (meter)	 2.91	 3.62	 5.69	 Depth	 24.39	 95.53
Velocity (meter/second)	 4.53	 5.47	 7.07	 Velocity	 20.75	 56.07
Top Width (meter)	 38.37	 43.13	 55.02	 Top Width	 12.41	 43.39

Fig. 3: Flood Simulation At Select Locations
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water spread and river’s capacity to erode and carry 
sediment. Floods in the study area also display 
role of natural forces coupled with anthropogenic 
elements. The risk is exceptionally high, especially 
in upper sections of Kali Ganga, Mandani Ganga, 
Madhyamaheshwar and Mandakini rivers. Although, 
such areas are largely devoid of human habitation 
and thus possess low human vulnerability but 
active presence of anthropogenic in Mandakini 
valley raises serious concerns. Regardless of low 
population, it is important to mention that extreme 
events are likely to trigger massive destruction as 
this mountainous terrain crisscrossed by numerous 
streams is vulnerable to frequent slope failure and 
flash-floods. As human habitations and associated 
economic activities are concentrated mainly along 
the valley floors, such flow scenario may translate 
into gruesome reality. Considering the history of 
extreme precipitation led flash floods at smaller 
spatial scale and a specific case of major flood event 

during 2013 Kedarnath tragedy, it is evident that 
flow regime in the study area is capable of creating 
irreparable loss. 
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