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The modeled rainfall shows four strong 
AHPs. During MIS3 (about 6030kaBP)
the formation of the AHPs is suppressed
despite precessional forcing. Model and 
proxy records show the same features.
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Modeled precipitation over North Africa Modeled precipitation over North Africa 
and African monsoon proxies: and African monsoon proxies: 

130,000 - 0 BP 130,000 - 0 BP 
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Precipitation
North Africa DeMenocal ODP 658C
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MD032707sea surface salinity 
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Tjallingii (GeoB79202)
North African Monsoon Index

Transient* simulations with LOVECLIM covering 

the last glacial-interglacial cycle (130,000 - 0 BP).

(* accelerated by a factor of five).
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Transient paleoclimate modeling with LOVECLIM, Transient paleoclimate modeling with LOVECLIM, 
an Earth system Model of Intermediate Complexity (EMIC)an Earth system Model of Intermediate Complexity (EMIC)
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Summary:Summary:

We simulated the paleoclimate evolution over the last 130,000 years with We simulated the paleoclimate evolution over the last 130,000 years with 

an Earth System Model of Intermediate Complexity. Simulated precipitation an Earth System Model of Intermediate Complexity. Simulated precipitation 

over North Africa and proxy data for the African Monsoon both indicate that over North Africa and proxy data for the African Monsoon both indicate that 

large ice-sheets in the Northern Hemisphere have strong effect on the large ice-sheets in the Northern Hemisphere have strong effect on the 

African climate. Large ice-sheets can suppress the precession-driven African climate. Large ice-sheets can suppress the precession-driven 

formation of African Humid Periods during MIS3. Furthermore, we interpret formation of African Humid Periods during MIS3. Furthermore, we interpret 

our findings for the last 130,000 years as an explanation for the strong our findings for the last 130,000 years as an explanation for the strong 

40,000 and 80,000-120,000 periods observed in African Monsoon proxies 40,000 and 80,000-120,000 periods observed in African Monsoon proxies 

during the Pleistocene (deMenocal, Science, 1995). Our results support the during the Pleistocene (deMenocal, Science, 1995). Our results support the 

earlier work of deMenocal, who postulated that the 40,000 and 80,000-earlier work of deMenocal, who postulated that the 40,000 and 80,000-

120,000 year periodicity in the African Monsoon system is mainly the 120,000 year periodicity in the African Monsoon system is mainly the 

response to the  Northern Hemisphere glacial-interglacial cycles . response to the  Northern Hemisphere glacial-interglacial cycles . 
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Pliocene-Pleistocene African climate:
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Orbital forcing Eolian Dust: African Humid Periods

Marine sediment proxy records off the coast of NW Africa reveal 19-23ka, 41ka and 
80-120ka cycles (deMenocal, Science 1995) in the North African Monsoon system. 
However, summer insolation varies only with the 19-23ka precessional cycle over 
North Africa. The question is:  What forces the 41ka and 80-120ka periods? 

Question of InterestQuestion of InterestMotivationMotivation Approach: Numerical Modeling Approach: Numerical Modeling 

Working Hypothesis: 
The formation of African Humid 

Periods (AHPs) is paced by orbital 
precession and modulated by ice-
sheets in the northern hemisphere.
The observed 41,000 and 80,000 - 

120,000 year periodicity is the 
response to Northern Hemisphere 

glacial-interglacial cycles. 

Working Hypothesis: 

eccentricity

obliquity

precession

time [ka BP] 

Temporal evolution of the major forcing factors:Temporal evolution of the major forcing factors:
Ice volume and orbital forcing (130,000 - 0 BP)Ice volume and orbital forcing (130,000 - 0 BP)
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External forcing for transient 
paleoclimate simulations:

Ice-sheets:
Prescribed evolution according to
a recent Northern Hemisphere ice
sheet simulation with IcIES 
(Abe-Ouchi et al., 2007)
Modified topography and albedo 
where ice-sheets were present in the 
IcIES simulation.

Orbital forcing:
Daily mean insolation as function of
latitude according to Berger (1978).

CO2: 
According to Antarctic Ice core data

Obliquity supercycles during last five million yearsObliquity supercycles during last five million years

obliquity
Site 721/722 terrigenous %
Site 967 hematite concentrations
benthic 18O stack 

We analyzed the wavelet spectrum of the Earth's 
obliquity and two proxies of North African Monsoon 
variability (Site 721/722, deMenocal, 1995; Site 
967, Larrasoana et al, 2003). The proxies show a 
strong amplitude modulation, which appears to be 
coherent with the 1.2 million year obliquity 
amplitude modulation (Lourens and Hilgen, Quat. 
Int., 40, 43-52, 1997). The amplitude modulation is 
also evident in the global record of benthic oxygen 
isotopes (18O) of Lisiecki and Raymo  
(Paleoceanography, 20, PA1003, 2005), which is a 
proxy for the global ice-volume.

time [ka BP]

Sensitivity experiments 21,000 - 0 BP:Sensitivity experiments 21,000 - 0 BP:
Importance of the ice-sheet melting for Importance of the ice-sheet melting for 

the formation of the last African Humid Periodthe formation of the last African Humid Period

Orbital, CO2 and icesheet forcing
albedo feedback from vegetation
orbital, CO2 and icesheet forcing,
no albedo feedback from vegetation
only icesheet forcing, others fixed LGM
without albedo feedback  from vegetation 

only orbital forcing, otherwise fixed LGM 
with albedo feedback from vegetation 

HADSM3 model  

We simulated the transient climate
of the last 21,000 years with LOVECLIM. 
By using various combinations of the 
individual forcings we tested what forcing 
factors triggered the formation of the last 
African Humid Period over North Africa 
(15W-35E/15N-30N). Only the combined 
effect of melting ice-sheets and increasing 
insolation leads to the onset of the AHP.

time [kaBP]

ICA mode 1

time [kaBP]

ICA mode 2

Independent Component Analysis (ICA) was applied to the modeled boreal 
summer precipitation. ICA rotates the leading EOF modes into independent 
signals: the precessional cycle and the ice-sheet related signal (ice-volume). 

Identification of precessional and ice-sheet forcing Identification of precessional and ice-sheet forcing 
in the global precipitation fields 130,000 - 0 BPin the global precipitation fields 130,000 - 0 BP

ICA mode 2: precessional cycle ICA mode 1: ice-sheet signal
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Northern Hemisphere ice volume

What drives paleomonsoon variabililty over North Africa:
 How important are the How important are the 

individual forcing factors individual forcing factors 
for the North African for the North African 
Monsoon? Monsoon? 

 What changes the What changes the 
position and strength of position and strength of 
the ITCZ?the ITCZ?

COCO22

precession

Orbital forcingOrbital forcing Ice-SheetsIce-Sheets

Ocean CirculationOcean Circulation

VegetationVegetation

Present-day Summer position of the ITCZ
represented here by 

the mean August precipitation


