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Road Map

e Response of the monsoon to orbital and glacial
forcing: a quick trip through recent history

e Response of the monsoon to millennial-scale
events: exploring Heinrich Event 1.

e Abrupt shifts in the monsoon driven by gradual
forcing: what we know and what we don’t know.



The Beginning.



African Lake Levels, 9,000 yr BP vs. Present (A) Summer Insolation, 20'N (W/m?)
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Monsoon Climate of the Early Holocene: Climate Experiment
with the Earth’s Orbital Parameters for 9000 Years Ago

Abstract. Values for the precession and obliquity of the earth 9000 years ago
indicate that the global average solar radiation for July 9000 years ago was 7 percent
greater than at present. When the estimated solar radiation values are used in a low-
resolution climate model, the model simulates an intensified continent-scale mon-
soon circulation. This result agrees with paleoclimatic evidence from Africa, Arabia,
and India that monsoon rains were stronger between 10,000 and 5000 years ago than

they are today. Kutzbach, 1981, Science
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The plot thickens.



ARTICLES

Forcing mechanisms of the Indian Ocean
monsoon

Steven Clemens’, Warren Prell’, David Murray’,
Graham Shimmield” & Graham Weedon®

* Geological Sciences, Brown University, Providence, Rhode Island 02912-1846, USA
T Edinburgh University, West Mains Road, Edinburgh EHS 3JW, UK
% Earth Sciences, Cambridge University, Downing Street, Cambridge CB2 3EQ, UK
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Along come
the speleothems.
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Precession minima
(w=90°, June 21 perihelion)
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Interpreting
speleothem &120.
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see also:

Pausata et al., 2011, Nat. Geosci.
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Liu et al., 2014, QSR

Battisti et al., 2014, JGR
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Precession minima
(w=90°, June 21 perihelion) Monsoon

“strength”
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More light SM rain
(and lighter winter rain due to cool T)?
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More continental/Pacific rain?
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Millennial-Scale
Climate Change.
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North Atlantic cooling = weaker monsoon
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Cold 10 drives Monsoon Failure.
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Abrupt changes
In the monsoon.



African Humid Period Termination:
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“The duration of the termination
of the AHP is indistinguishable
from the duration of the change in
orbital forcing; i.e., 10,000 years”
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Corrected elevation (m asl)
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Mechanisms of abrupt change




Summary

e Precessional forcing dominates monsoon hehavior
(but there are outstanding issues relating the
phase + mechanisms)

e Cooling in the North Atlantic drives monsoon
failure, via atm response to cooling of the western
Indian Ocean.

e Transitions from strong to weak monsoon states
tend to be abrupt. Why?
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