






Pacific Decadal Oscillation

• long-term ocean fluctuation in vast areas of Pacific Ocean.

• 20-30 years

• Positive or Warm Phase – Higher than normal sea surface
temperatures are found stretching from western coast of
North America down to the equator .These patterns produce
horse shoe shaped pattern which surrounds a core of cooler
waters in the central and northwestern pacific .

• Negative or Cool phase – This pattern is reversed . Cooler sea
surface temperatures in the horseshoe pattern surrounds a
core of warmer waters. Cold PDO events have been linked to
severe droughts spanning many years in south western USA
and increased rainfall over eastern Australia .



Positive or Warm Phase- Higher than normal sea surface 
temperatures are found stretching from western coast of 
North America down to the equator .These patterns produce 
horse shoe shaped pattern which surrounds a core of cooler 
waters in the central and northwestern pacific .



Negative or Cool phase - Negative or Cool phase – This 
pattern is reversed . Cooler sea surface temperatures in 
the horseshoe pattern surrounds a core of warmer 
waters. Cold PDO events have been linked to severe 
droughts spanning many years in south western USA 
and increased rainfall over eastern Australia .





Additional Information 

Trends to Remember

• El Nino & Positive PDO– Not good for Indian Monsoon

• La Nina & Negative PDO – Intensify Indian Monsoon

• Negative PDO or Cool Phase - Global Warming Slow

• Positive PDO or Warm Phase – Vice Versa

Note – Study - Pacific Decadal Oscillation, which repeats every
20-30 years, could make cyclones that originate near the Equator
more frequent in the coming years.



Quick Revision - El – Nino and La Nina 



BASICS 



Trade Winds



Peru Current



REVISE -La -Nina 



REVISE - EL - Nino



Kalakaddal

• Flooded - several coastal areas of Kerala - due to high sea
waves - Kallakkadal.

• Lakshadweep and Tamil Nadu coast - often affected

• Coastal flooding caused by swell waves - pre-monsoon season
(April-May) + post monsoon - southwest coast of India.

• Waves formed by ocean swells - which originate from distant
storms such as hurricanes - usually in the southern part of the
Indian Ocean

• Storms transfer significant energy from the air into the water -
formation of extremely high waves - travel vast distances from
the storm center until they reach the shoreline.









Kalakaddal

• occurs without precursors or any kind of local wind activity

• The latest instance took place after a low atmospheric pressure
system moved over the region around March 25 from the South
Atlantic Ocean — 10,000 kilometres off the Indian coast.

• The arrival of the pressure system resulted in strong winds,
which led to the formation of swell waves of up to 11 metres in
height.

• These waves were hitting the Kerala coast and Lakshadweep.



Kalakaddal

• In 2012, the term was formally approved by the United
Nations Educational, Scientific and Cultural Organization
(UNESCO).

• early warning systems like the Swell Surge Forecast System —
launched by the Indian National Centre for Ocean
Information Services (INCOIS) in 2020

• However, Kallakkadal is often mistaken to be a tsunami,
which is a series of enormous waves created by an underwater
disturbance usually associated with earthquakes occurring
below or near the ocean.



Omega Blocking 

• Omega blocks are a type of upper-level weather pattern.

• Omega block occurs when two low-pressure systems
become cut off from the main flow of the jet stream,
sandwiching a high-pressure system between them .

• Pakistan floods in 2011, 2019 heatwaves during May in
France and July in Germany etc.









Polar Vortex 
• A polar vortex or polar low-pressure area is a vast region

with low-strain and freezing air covering both the planet's
poles.

















Medicanes - Storm Daniel
• The factors required for the formation of medicanes are

somewhat different from Tropical Cyclones.

• Medicanes can develop when cold air intrusions move far
southward over the Mediterranean Sea.

• Although the lower atmosphere warms over the warm
water, the upper atmosphere remains cold, thus increasing
the lapse rate - essentially the rate at which the temperature
changes with changes in altitude - and instability.

• Convection can develop near the center of a pre-existent,
cold core, low pressure area.

• In time, latent heat released aloft by the convection can
convert the cyclone to warm core with associated tropical
characteristics.



Medicanes
• The cold air aloft allows for unstable lapse rates and

convective activity even when water temperatures are too
cold for typical tropical cyclone development.

• Because they have less warm water over which to traverse,
medicanes have less time to intensify and only persist for
a few days before coming ashore.

• Note - The storm became stronger as it drew energy from
the abnormally warm waters (the Mediterranean has been
2 to 3 degree Celsius warmer this year than in the past),
before drifting to the south and unloading excessive rainfall
over northeastern Libya, where rain flowing down the
mountainous terrain overwhelmed dam



Atlantification
• Streams of warmer water from the Atlantic Ocean flow

into the Arctic at the Barents Sea.

• This warmer, saltier Atlantic water is usually fairly deep
under the more buoyant Arctic water at the surface.

• Lately, however, the Atlantic water has been creeping up.
That heat in the Atlantic water is helping to keep ice from
forming and melting existing sea ice from below.

• It’s a process called “Atlantification”.

• The ice is now getting hit both from the top by a warming
atmosphere and at the bottom by a warming ocean. It’s a
real double whammy.

• Note – Sea Ice + Cool Freshwater + Saltier Water

https://www.carbonbrief.org/explainer-how-atlantification-is-making-the-arctic-ocean-saltier-and-warmer


• In the background of all of this is global climate change.

• The Arctic sea ice extent and thickness have been
dropping for decades as global temperatures rise.

• As the Arctic loses ice and the ocean absorbs more solar
radiation, global warming is amplified.

• That affects ocean circulation, weather patterns and Arctic
ecosystems spanning the food chain, from phytoplankton
all the way to top predators.









Arctic Amplification 
• Atmosphere’s net radiation balance is affected by an

increase in greenhouse gases.

• More pronounced at the northern latitudes

Impact :

• Thining of Greenland Ice Sheet

• Rise in Sea Level

• Impact on Biodiversity – AMOC



AMOC- AMOC stands for Atlantic Meridional Overturning 
Circulation. The AMOC circulates water from north to south and 
back in a long cycle within the Atlantic Ocean.



Oceanic Nino Index

• National Oceanic and Atmospheric Administration’s (NOAA)
primary indicator for monitoring the ocean part of the
seasonal climate pattern called the El Niño-Southern
Oscillation, or “ENSO”.

• The ONI tracks the running 3-month average sea surface
temperatures in the east-central tropical Pacific between 120°-
170°W, near the International Dateline, and whether they are
warmer or cooler than average.

• Index values of +0.5 or higher indicate El Niño and values of -
0.5 or lower indicate La Niña.



EL - Nino 



REVISE - Southern Oscillation



Zombie Fire 

• Fire from a previous growing season that can smoulder
under the ground which is made up of carbon-rich peat

• Zombie fires mainly originate in the cool boreal conifer forests
found in Canada, Alaska, Northern Europe, or Siberia, where
the ground is covered with a thick layer of needles and other
vegetation that burns easily.

• The soils in these regions are also often very peaty.







Zombie Ice 

• Zombie ice is one that is not accumulating fresh snow even
while continuing to be part of the parent ice sheet. .





Tropicalisation and Borealisation













Latitudinal Diversity Gradient (LDG) 

• pattern of having lots of species at the equator with diversity
reducing towards poles .

Note -

Why more biodiversity in Tropics ?

• Niche Specialisation- Conditions + habitat – Less seasonal +
Predictable

• Tropical Biodiversity – Time – Glaciation + Ice Age - Speciation

• Solar Energy – Higher Productivity + Speciation - formation of
new species in millions of years



Humbold’s Enigma

• Alexander von Humboldt - mountain regions generally
display higher diversity than tropical regions .

• Tropical areas receive more solar energy, fostering greater
primary productivity and biodiversity due to the availability
of ecological niches.

• Mountain Exception: Mountains, despite being outside the
tropics, have been an exception to the rule, posing Humboldt’s
enigma- Ex - Western Ghats

Note – Geology uplift leading to mountains – new habitat-
(CRADLE) + Climatological Stable Mountains –( MUSEUMS ).

Ex – Mountains surrounded by lowlands – Sky Islands - Sholas



Southern Annular Mode (SAM)

• It is the north-south movement of Southern Westerly Winds
over timescales of 10s to 100s of years - Antarctic Oscillation .

• Continuously in the mid- to high-latitudes of the southern
hemisphere

• Positive SAM - Shift South

• Negative SAM - further north than Usual











Atmospheric River – Pineapple Express

• Long, narrow band of moisture-filled air that transports
significant amounts of water vapor from the tropics to higher
latitudes.

• Earth’s tropics near equator to Poles .

• Pineapple Express - US West Coast, particularly California.







Marine Heatwaves

• Period of unusually high ocean temperatures and is defined
by its duration and intensity.

• Sea surface temperature Deviations from average sea surface
temperature - temperature anomalies.

• It occurs when the surface temperature of a particular region
of the sea rises to 3 or 4 degree Celsius above the average
temperature for at least five days.



Heat Dome 

• Area of high-pressure traps warm air over a region - for an extended
period of time.

• The longer that air remains trapped - producing warmer conditions
with every passing day.







Soda Lakes 

• A soda lake or alkaline lake is a lake on the strongly alkaline side of
neutrality, typically with a pH value between 9 and 12

• High carbonate concentration, especially sodium carbonate, is
responsible for the alkalinity of the water

• Africa and Asia have the highest number of soda lakes since the two
continents have vast desert conditions which are perfect for the
formation of soda lakes.

• Most of the soda lakes in Africa are located in Eastern Africa,
especially in Kenya, Tanzania, and Ethiopia + India and China have
the highest number of soda lakes in Asia

• Note - A shallow, salty lake in western Canada gives new support
to Charles Darwin's idea that life could have emerged in a 'warm
little pond.





Volcanic Vortex Rings

• Gas, predominantly water vapour, is released rapidly through a
vent in the crater.

• Vent that has opened up in volcano’s crater is almost perfectly
circular, so the rings that have been seen are also circular.

• Note - Mount Etna





Messinian Events 

• Messinian Salinity Crisis (MSC), the Messinian event was a
geological event during which the Mediterranean Sea went
into a cycle of partial or nearly complete desiccation (drying
up).

• It was one of the most severe ecological crises in the Earth's
history.





GLOF in Sikkim 



GLOF in Sikkim 



GLOF in Sikkim 

• South Lhonak Lake, a glacial lake - experienced a rupture
as a result of continuous rainfall.

• Causing flooding in the Teesta River

• Chungthang Hydro-Dam in Sikkim to breach



Morocco Earthquake

• African plate and the Eurasian plate.

• "oblique-reverse," indicating movement along the fault plane
where the upper block moves up and over the lower block
within the Moroccan High Atlas Mountain range.







Turkey Earthquake 





A study revealed that the gradual separation of the African continent is leading to the 
formation of a new ocean basin.





Plate Tectonics- Case of Japan



Plate Tectonics- Case of Japan



Plate Tectonics- Case of Japan



Taiwan Earthquake



Earthquake Swarm - Iceland Earthquake 

• series of many low-intensity earthquakes without a
discernible main shock that can occur over weeks in active
geothermal areas.

• Mantle Plumes

• Mid Oceanic Ridges – Plate Tectonics













THANK YOU
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