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Presenter Notes
Presentation Notes
The Himalayan State of Sikkim is prone to some of the world's largest landslides which have caused catastrophic damages to lives, properties and infrastructures in the region. 
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Presenter Notes
Presentation Notes
Over the last 5 years, we have studied landslide susceptibility within Sikkim Province, together with Indian partners.
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Presenter Notes
Presentation Notes
Part of this study has been to use InSAR data to study patterns of movement. For this study, we have used three stacks of Sentinel-1 scenes.
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Gangtok, Sikkim

« Population is just over 200,000.

« Annual rainfall of up to 3,500 mm, Y 72 X
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Presenter Notes
Presentation Notes
Located at an elevation of about 1600 m in the lower Himalaya, the state capital, Gangtok, has experienced rapid population growth over the last decades, roughly doubling in population since 2011.
The rate of urban expansion has led to encroachment and development on unstable slopes and unplanned construction and frequent violation of building by-laws and regulations. 
Numerous landslides have occurred during monsoon rains.
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Urban landslide

« Numerous areas of the city moving up to
10’s of cm/year.

« Even if the risk of catastrophic landslide in
some of these areas is minimal, the
ongoing ground movement causes great
accumulated destruction of property.

* |InSAR can be used to measure the ground
movement and monitor it to see if
mitigation efforts are successful.
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Presenter Notes
Presentation Notes
Significant areas of the city experience constant displacement due to the presence of relatively weak rock formations comprising of schists and phyllites. 
By combining multiple InSAR datasets with different geometries, we can estimate the total velocities as well as the movement direction.
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Presenter Notes
Presentation Notes
Chanmari is the site of multiple rainfall triggered landslides. Even between catastrophes, the ground continues to move.


Upper and Lower Sichey

Another location with a
history of landslides.

One woman killed in
2021.

Here we can clearly see a
pattern of movement
consistent with the

damage we see in the
field.

Woman buried alive in Gangtok
landslide

Three injured and several homes damaged

One person died, three received injuries and a number of houses suffered damage as heavy rain
triggered landslides at numerous places in and around Gangtok on Tuesday night.

Bimla Chettri, 40, died after a massive pile of mud and bamboo grass came gushing down from the
hill above and completely damaged her house at Sichey near the East District Court in Gangtok. While
Bimala was buried under the slush and died, her mother was injured. Two other women living next
door to them were also injured.
A =450 mm/y

Height [m]

-500 —400
Distance [m]

- NGU -

—300

—200

-100



Presenter Notes
Presentation Notes
Similarly, in the Sichey area, both gradual and catastrophic movement has led to destruction and abandonment of buildings.
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* During 2017, we found
E DEd (] Ol d
construction project,
replacing a house
destroyed by movement.

* In 2019, the site had been
condemned by the city.

« Although catastrophic
landslides occur, much of
the movement is
continuous over many
years.
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Presenter Notes
Presentation Notes
Gradual movement over the years is often just repaired until the acculated damage is too much, or there is a sudden failure.


Tathangchen

Perhaps the most dramatic movement we see
is in the Tathangchen area.
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Throughout the city we see many examples of
fresh and wastewater continuously entering
the slopes.

The clear correlation between rainfall and
velocity suggests that mitigation measures
include better management of water.
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Presenter Notes
Presentation Notes
Even when we visited during the driest months, we found many examples of water running into the slopes, either from leaking water pipes or damages drainage systems. This constant wetting of the ground likely leads to more movement.


Conclusions

Consistent pattern: in each site we have examined, the same trends are visible.
Seasonal acceleration:

Rainfall peak in July.

Velocity peak in August.

However, while some areas reach zero velocity, most continue to have movement
throughout the year.

While rainfall cannot be controlled, better drainage networks can mitigate the local
effects. INSAR data can be used to quantify the effects of such mitigation measures.

In a broader perspective, the data can be used within urban development planning to
identify risk areas and monitor potential zones of catastrophic collapse.
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Presenter Notes
Presentation Notes
The Himalayan State of Sikkim is prone to some of the world's largest landslides which have caused catastrophic damages to lives, properties and infrastructures in the region. The state capital, Gangtok, has experienced rapid population growth over the last decades. The rate of urban expansion has led to encroachment and development on unstable slopes and unplanned construction and frequent violation of building by-laws and regulations. Significant areas of the city experience constant displacement due to the presence of relatively weak rock formations comprising of schists and phyllites. While some urban areas have been completely abandoned due to the structural damages in residential housing, schools, and office buildings, often these buildings are simply repaired or replaced.
Gangtok is draped over several relatively steep hillsides. In this study, we have used synthetic aperture radar interferometry (InSAR) to understand the patterns of displacement better, highlighting areas prone to landslides. The rates of movement of these highly urbanized unstable areas have been measured using data collected by the Sentinel-1 satellites between 2015 and 2021. Field investigations have also confirmed the ongoing ground surface displacements shown in the InSAR results.
Discretely bounded areas in Gangtok are moving at rates sometimes exceeding 12 cm/year. In this study, we concentrate our analysis on three landslide areas where people are residing: Tathenchen, Chanmari and Upper- and Lower-Sichey. In each of these areas, movement is continuous throughout the year. However, distinct periods of acceleration and deceleration are clearly linked to seasonal monsoon rainfall. For example, the velocity of the Upper Sichey landslide varies from about 3 cm/year to 7 cm/year, with peak velocity being reached shortly after peak precipitation each year. In addition, less than half of households in the region are connected to a wastewater network, resulting in significant amounts of water seeping into the local ground.
The type of displacement information obtained by InSAR monitoring is helpful for developing effective mitigation strategies that can limit landslide damage. For example, while rainfall cannot be controlled, better drainage networks can mitigate the local effects. In a broader perspective, the data can be used within urban development planning to identify risk areas and monitor potential zones of catastrophic collapse.
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