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Catastrophes or Disasters

Nat

Meteorological

Hurricanes/typhoons/cyclones

Tropical storms
Winter storms
Wind storms/tornadoes
Floods
Hail
Wildfires/forest fires
Droughts/heatwaves

Catastrophes
ural Man-Made
Geophysical
Terrorist attacks
Aircraft crashes
Earthquakes Industrial accidents/fires/explosions
Tsunamis Pollution incidents
Volcanoes Shipping/rail disasters

Mining accidents
Building/bridge collapse
Cyber attacks
Fraud

Liabilities/litigation (e.g. Opioids)
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Natural Disaster are Inter-related: Multi-Hazard

/

Earthquakes

l

Tsunamis

|

volcanic eruptions

L \\1 /

Landslides

Plate tectonics/Mountain building

____\ |

- Weather/Climate

Hurricanes
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Man-Made Disasters
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Effect of Disasters

e Deaths and Loss of lives

Avalanche B Landslide 4 6%

Volcano 0.2%
Earthquake ® Tsunami 1.9%

Wildfire 2.8%

Storm Surge B Coastal
Erosion 9.6%

Compiled from many soumes, including NOASNWSE, USGE, USFE, and the MW Awalanche Canter



Billions of U.S. dollars (2013 prices)
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Effect of Disasters

Economic Losses

2011: Japan, New Zealand earthquakes, Thailand flood

2012: Hurricane Sandy
B 2010: Chile, New Zealand earthquakes

2008: Hurricanes lke, Gustav
2005: Hurricanes Katrina, Rita, Wilma\\ N

— 2004: Hurricanes lvan, Charley, Frances
1995: Kobe, Japan earthquake \\

1992: Hurricane Andrew

—  1976: Tangshan, China earthquake
AN
1970 1975 1980 1985 1990 1995 2000 2005 2010
B Insured losses Uninsured losses = (-year average = 1(-year average
total losses insured losses

Economic loss = insured + uninsured losses

Swiss Re Insurance



25-02-2025 G GGU, 2025

Effect of Disasters

e Risk to Habitats and Infrastructures
< Submergence of South Vietham, Mekong River Delta
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Effect of Disasters

e Risk to Habitats and Infrastructures
< Collapse of building due to Rockfall at Rockville, Utah

Courmsy of the Utah Geological Survey JUGS)
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Effect of Disasters

e Risk to Habitats and Infrastructures
< Widespread devastation in Turkey Earthquake, 2023
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Earth Structure and Mantle Convection

MODERN MANTLE CONVECTION




Continental Drift: The Pangaea

Triassic Late Jurassic Late Cretaceous
210 million years ago 135 million years ago 70 million years ago

FIGURE Continents Spread Apart
The supercontinent Pangaea broke up into individual continents starting approximately 225 million years ago.

Present

\Mid-ocean ridges

) 5
‘\Oceamc trench

Modified from Garisca



Earth Structure

Oceanic _
Transform fault £
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FIGURE Earth Structure
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Rifts and Spreading Ridges
e East African Rift
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Rifts: Land mass moving away from each other

e Turkey-Syria Earthquake 2023 and East Anatolian Rift

Eurasian Plate
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Modified from Gamison

Transform fault

Mid-Ocean._ Riit
Ridge B,

Atlantic Ocean

Transform Faults

Continental

crust
FIGURE - Transform Fault
A. In this perspective view of an oceanic spreading center, B. The San Andreas Fault, indicated with a yellow, dashed line, is
earthquakes (stars) occur along spreading ridges and on an example of a continental transform fault. Shown here is the

transform faults offsetting the ridge.

heavily populated area that straddles the fault just south of San
Francisco.

David Hyndman



25-02-2025 STC, GGU, 2025
‘-h“—~‘\“§=;-_

% |

Movement of Tectonic Plates
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Plate Tectonics and Earthquakes

L]
Ridge axis Subduction zone Hotspot Direction of movement
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Earthquakes at Plate Boundaries and Faults
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Earthquakes at Plate Boundaries

G - ey >
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Moame and Wincandszr, mod ified from NOAA

FIGURE ~ Earthquakes at Plate Boundaries



25-02-2025 STC, GGU, 2025 3

Earthquakes caught in CCTV in Turkey 2023

2077 -]

02-06-2023 Mon (::4:;:0{_:35l |

L3 : ?
e TR
i bdx foe i




25-02-2025 ~ STC, GGU, 2025 4

/

Earthquake Effects

e Massive tilting of buildings (Niigaata Earthquake, 1964)

v




Earthquake Effects

e Huge sand boils or Sand volcanoes
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/ Earthquake Effects

e Devastating dam failure (San Fernando Earthquake, 1971)
< Massive lateral flow and extensive liquefaction
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/ Earthquake Effects

e Devastating slope failure (San Fernando Earthquake, 1971)
< Liguefaction induced failure of upstream slope
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/ Earthquake Effects

e Pier movements — Showa bridge collapse (Niigata Earthquake, 1964)
< Loss of lateral support on piles extending through liguefiable layers

i 1 p
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Earthquake Effects

e

o Surface heave (Chi-Chi Earthquake, Taiwan, 1999)
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/ Earthquake Effects

e Dam abutment failure (Chi-Chi Earthquake, Taiwan, 1999)
< Loss of lateral support on abutment foundations
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/ Earthquake Effects

e Damage to harbors and wharves (Haiti Earthquake, 2010)
‘| b B :
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Earthquake Effects

e Building foundation failure (Chi-Chi Earthquake, 1999)
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’ Earthquake Effects

e Shallow foundation failure (Kocaeli Earthquake, Turkey,
1999) 4 ~
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Earthquake Effects
e Pancake collapse of buildings (Turkey Earthquake, 2023)
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Earthquake Effects

e Floatation of tanks on Ilquefled ground (Kobe Earthguake,
1995) ~
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/ Earthquake Effects
e Hanshin expressway collapse (Kobe Earthquake, 1995)
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Shake Table Tests
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Brumadinho Tailing Dam Collapse, Brazil, 2019

Glrlre?redian
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Tsunami In India 2004 and Japan 2011
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Tsunamic in Kanyakumarl, India, 2004




Continental crust )

(5)
Continental mantle wedge

Mod ified from Garriscn
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Subduction Zones and VVolcanoes

e Cascadia volcanic chain at Pacific Northwest (Canada, USA)
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John Pallister, USGS

FIGURE - Volcanoes Near Subduction Zones

The Cascade volcanic chain forms a prominent line of peaks
parallel to the oceanic trench and 100 to 200 km inland.

Mt. St. Helens (in foreground) and Mt. Rainier (behind, to the
north) are two of the picturesque active volcanoes that lie inland
from the Cascadia subduction zone.

NOAA basemap
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Divergent Plate boundary Transform Plate boundary Convergent boundary

FIGURE 2-6 Volcanoes Near Plate Boundaries
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Mt. Kilauea VVolcanic Lava Flow, Hawaii, 2018
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Stromboli Volcanic Eruption, Italy, 2022

Stromboli volcangjitaly!
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Slope Instabilities and Landslides

Movement of mass of rock, debris or earth down a slope

rockslide |

landslide
caused by
poor road
construction |

debris
flow in
stream
channel

rockfall

landslide ‘ -

eroding
1

submarinel
landslide

Cruden (1991)




Classification o_f Slope Instabilities: Types of Failure

Material
ROCK DEBRIS g EARTH
Movement :
type
g
w
=]
5
Single rotational Successive
= Shide (slump) rotational
slides
®
€
“)
&
g
= |
w

Translational
(Planar)

SPREADS

.q. camber nd
Valioy by

FLOWS

Debris flow

COMPLEX

BGS © NERC

e.g. Slump-carthflow i e.g. composite, non-circular
with rockfall debris part rotational/part translational
< rndmg to earthfiow at toe

Block slide

D postional ax:

Lateral spread

Varnes, 1978; Cruden and Varnes, 1996
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Classification of Slope Instabilities: Velocity of Failure

Velocity Description Veloeity Typical Probable Destructive Significance
Class (min/sec) Velocity
A
7 Extremely Catastrophe of major violence; buldings destroved by
Rapid impact of displaced material; many deaths: escape unlikely
6 Very Rapid Some lives lost; velocity too great to permut all persons
to escape
5 Rapid Escape evacuation possible; structures; possessions,
and equipment destroved
4 Moderate Some temporary and insensitive structures can be
temporarily maintained
13 m/month
Remedial construction can be undertaken during
3 Slow movement; msensitive structures can be mamtamed with
frequent maimntenance work 1f total movement 1s not
1.6 m/vear large during a particular acceleration phase
2 Very Slow Some permanent structures undamaged by movement
15 mm/vear
Extremely Imperceptible without instruments; construction
SLOW POSSIBLE WITH PRECAUTIONS
v Cruden and Varnes, 1996
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Causes of Landslide

Geological
Causes

LY
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» Weathering

Chemical
Physical
Biological

Structure

Stratification
Orientation

v
Morphological
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Causes

Topography
Surface Cover
Slope inclination
Erosion

= Toe erosion

=  Gully erosion
Subterranean

=  Solution

= Piping
Deposition

=  Onslope face

= Oncrest
Tectonic activities

= Uplift

\
Hydrological

i i i 7 7
[/ [/ [/ [ &

Causes

Rainfall
Runoff
Infiltration
Percolation
Seepage

Unsci

and S

» Unplanned construction of

roads

Encroachment/
entific cutting of hill slopes
Deforestation

Unplanned drainage

Anthropogenic

Causes

ewerage system
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Typical Examples of Landslides

Varunavat Parvat
Landslide

Uttarkashi,
Uttarakhand

24 September 2003
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Typical Examples of Landslides

Malegaon Mudslide

Malegaon, Pune,
Maharashtra

30 July 2014
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Earthquake Induced Landslide
e Palu, Indonesia, 2018
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Earthquake Induced Landslide
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Ical Examples of Landslides

.’ )

Some Landslides
In Assam

2013
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Typical Examples of Landslides

Some Landslides
iIn Guwahati

2012
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Typical Examples of Landslides

Rockfall at
Guwahati-
Shillong Road
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Rockfall at Sangla Valley, Himachal Pradesh, 2021
- "
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Cliff Topple, Brazil, 2021
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Typical Examples of Landslides

Landslide in
Sonapur

2011
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Typical Examples of Landslides

Banderdewa
Mudslide

Arunachal Pradesh
2013



Seismic Slope
instability in
Saiphum,
Mizoram

2013
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Typical Examples of Landslides

Slope instability
due to faulty
excavation
technique in
North Guwahati
due to Steep
Excavation

2015
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: Typical Examples of Landslides

Landslide near Narayana Hospital, 2020

Landslide just now at Gauripur, North Guwahati

@O REDMINOTES - -
©O Al QUAD CAMERA "2

Gauripur
Landslide, |
Oppositeto lIT
Guwabhati

2020
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/ Debris Flows, Nepal, 2021
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Assam Flood and New Haflong Debris Flows 2022
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. Typical Examples of Landslides

Landslide
beneath Raj
Bhawan
Guwabhati




Sirmaur Valley Landslide, Himcl Pradesh, 2021
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Glacier Wall Breakoff, Kinnaur, HP, 2021
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Avalanche at Kedarnath, 2021
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Glacial Lake Outburst Flood, Chamoli, 2021
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’ Kedarnath Disaster 2013: Natural or Man Made?

YREVISITING KEDARNATH FLOODS 2013 | mg:Y?
WORST CALAMITY TO HIT INDIA SINCE TSUMANI '04 i oaram
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THE FLOOD THAT RAVAGED UTTARAKHAND

U.S TO START VACCINATING
©9-11 YR OLDS FROM NOV 10
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Kedarnath Disaster 2013: Natural or Man Made?
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Hurricanes and Cyclones

e Hurricanes/Cyclones form from disturbances in the atmosphere
over warm, tropical ocean water

¢ Sandy Superstorm
23-31 October 2012

GOES-EAST Clouds g
MODIS True-Co;pé

. ‘4.4.
‘ -,
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Hurricanes

e Hurricane Sandy, 22 October-2 November 2012
< Worst affected areas: New York and New Jersey, USA

M During Hurricane Sandy the
east end of the Mantoloking
Bridge, at left, was submerged,
and houses on the barrier
island battered. Some like the
one in the lower left floated of f
their foundations.

Mark Claan, N Ay b loned Gussd
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Flooding from Cyclones Yash and Aamphan, Bangladesh
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- Flooding from Cyclones Yash and Aamphan, Bangladesh
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Beirut Explosion 2020: Man-Made disaster

.
Report: Bags of fireworks stored in same

warehouse as ammonium nitrate in Beirut

.
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Beirut Explosion 2020: Another View

sky (218

- ‘l ' X S
BEIRUT'S HEALTH MINISTER HAS SAID THERE HAVE BEEN MANY
BREAK'NG NEWS INJURIES AND LARGE AMOUNTS OF DAMAGE CAUSED BY EXPLOSION
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Kaziranga and Pobitora Rhinoceros
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Jaldapara Reserve Forest Tragedy, West Benqgal
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Salute to The Rescue Teams
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Hearing

http://www.iitg.ac.in/farindam.dey/homepage/index.html#

https://www.researchgate.net/profile/Arindam_Dey11



