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Philosophical Approach

Climate varies on timescales ranging from 10’s, 100’s to millions
of years. The shorter timescale variations are superimposed on
longer term variations. Ability to decouple and understand the
causes and consequences of the historical variations is important.
Such knowledge provides key to understanding the effects of
extremely rapid (compared to geological timescale) global
changes that have been predicted to occur as a result of human
impact on our planet………………………





Human and Natural Drivers of Climate Change
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The Milankovitch Theory



Sun-Earth Geometry effect on climate



Solar activity includes flares, prominence eruptions, and coronal
mass ejections (CMEs) along with associated electromagnetic
emission at wavelengths from gamma-rays to radio-waves and
energetic particles from electrons and protons to heavy nuclei.

Solar intrinsic variability
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http://scholar.google.co.in/citations?user=sf
NaZd0AAAAJ&hl=en
http://scholar.google.co.in/citations?user=sf
NaZd0AAAAJ&hl=en





Over its 4.5 billion year history the Sun has slowly increased in
brightness (Luminosity) as it has burned hydrogen to form helium in
its core. Sun is now some 30% brighter than is was 4 billion years
ago.



Paradoxically, increased solar
activity results in a reduction
of cosmic rays reaching the
earth's atmosphere and
reduces production rates of
14C and 10Be isotope
production.
By measuring the captured 14C
or 10Be signal recorded in tree
rings or ice cores, Sun’s activity
can be reconstructed in the past.



The solar cycle modulation of cosmic rays leaves a record of
solar activity in 14C in tree rings and 10Be in ice cores.



Bard et al., 2000



Solar activity & climate: is the sun causing global warming?

(Source: Sunspots reaching 1000-year high by David 
Whitehouse, Graph: The Great Global Warming Swindle by 
Martin Durkin) 



Why are we interested in solar activity variations ?



Driven primarily by seasonally reversing winds over the Indian Ocean and South
Asian continent, Indian Summer Monsoonal Rainfall (ISMR) is one of the most
important climatic manifestations which both directly and indirectly influences the
economy of a nation with population of over ~1.24 billion
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Source: NOAA Climate Prediction Center, Asian-Australian Monsoons
<http://www.cpc.noaa.gov/products/Global_Monsoons/Asian_Monsoons/Asian_Monsoons.shtml>

Climatology of Asian and Australian Monsoon winds and precipitation
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ISMR varies on a variety of timescales which range from inter-annual to
millennial and net ISMR intensity during a particular season is delicately
balanced on a number of mutually interacting climatological parameters

Source: Monsoon Online, Indian Institute of Tropical Meteorology, Pune
<http://www.tropmet.res.in> 17



Scientific views on future trend of the Indian Summer Monsoon Rainfall

ISMR may weaken due to anthropogenic causes (e.g., increasing aerosol
loading) resulting in an increase in abnormal rainfall events and net
distribution of rainfall regionally (Goswami et al. 2006 Science; Bollisina et
al., 2011 Science )

ISMR may strengthen due to stronger atmospheric circulation (e.g. Walker
circulation, Hadley circulation, etc.), due to increasing land-ocean
temperature contrast and increasing moisture content causing stronger E-P
balance (Wang et al., 2013 PNAS)

Unless the natural variability of ISMR of the recent past are understood fully and
incorporated properly in the models, achieving predictive capability of ISMR
would prove difficult
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(1) Solar forcing of monsoon:
Through our detailed investigations of proxy based paleo-records as well as
utilizing instrumental rainfall data, we have demonstrated that solar intrinsic
variability provide natural ramp for decadal scale monsoon variability

(Agnihotri et al., 2002, EPSL)

(Agnihotri et al., 2011, JASTP)
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(2) Epochal behavior of monsoon:
Long-term trends of annual and summer monsoon (Jun-Sep) rainfall show a
characteristic ~ 60 year quasi-cyclic or ‘epochal’ behavior, that is present in
both instrumental records (Parthasarathy et al., 1993), and proxy based records
over the last millennium (Agnihotri et al., 2002; Berkelhammer et al., 2010)

As ~53 years have been passed since last such poor phase of ISMR (~1962-
1972), it is expected that next such poor phase is likely to occur in near future.
Historically, most low monsoon epochs coincided with major socio-political
upheavals in the Indian sub-continent 20



A Dalton type Solar minimum is foreseen to be coming soon

(Cliverd et al., 2006, Space Weather)
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 Statistical analysis of the quasi-periodic components of Indian Summer
Monsoon time-series hints a plausible reduction of monsoonal intensity
from ~2018 AD.

 Weakening monsoon conditions may persist for more than a decade.

 The monsoon may further weaken during this period through:
(i) natural forcing, such as significantly reduced solar irradiance, or
(ii) anthropogenic forcing, from enhanced aerosol loading

 Such sustained period of reduced rainfall for may have very serious
implication to the economy and resources of this major agrarian nation.
Therefore, serious cognizance is required by our policy makers to take
prudent long term mitigating steps and enhance country’s resilience to
counter such future climatic challenges.

To conclude…
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Thank you for your attention!


