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Tested hypothesis: 
Mechanisms of the onset of the African Humid Period

H1H1 Orbital forcing triggers the onset of the AHP around 14,500-11,000 BP.
 
    Albedo feedback of the vegetation accelerates the onest of the AHP. 

     Shrinking northern hemispheric ice-sheets are crucial for the  
 development of the AHP.

  
H4H4 Concomitant increase in atmospheric CO2 concentration supports the  

vegetation expansion during AHP.

ConclusionsConclusions

11 Only the combination of local orbital forcing, vegetation-albedo-
feedback, retreating ice-sheets leads to a rapid transition from desert to 
wet and green Sahara state around 14,500 - 11,000 BP.

2 The climate-vegetation system does not show a threshold response to 
local incoming solar radiation.

3 Concomitant increase in atmospheric CO2 can induce  a 'pseudo' bimodal 
behavior of the climate-vegetation system. 

4 The feedback mechanisms that govern the onset of the African Humid 
Period are consistent with the feedbacks involved during the mid-
Holocene cessation of the AHP.
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Transient orbital, CO2 and ice-sheet forcing
with albedo feedback from vegetation
Transient orbital, CO2 and ice-sheet forcing,
without albedo feedback from vegetation
Transient orbital, CO2 forcing, fixed LGM ice-sheet,
without albedo feedback from vegetation 
Transient orbital forcing, fixed LGM CO2 + ice-sheet,
with albedo feedback from vegetation 

HADSM3 model: transient orbital, CO2,  ice-sheet 
with albedo feedback from vegetation included 

(a) (b)

Climate-vegetation evolution over North Africa 
(15W-35E/15N-30N) during the last 21,000 years as 
simulated with LOVECLIM and HADSM3.
(a)  annual precipitation and (b) terrestrial carbon stock. 

Difference between the light green and dark blue curve 
indicate the importance of the albedo-vegetation feedback 
for the onset of the African Humid Period.

Climate evolution over North Africa (15N-30N / 15W-35E) 
from the Last Glacial Maximum to present (21,000 BP - 0 BP)
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Effects of icesheets on the African Monsoon
Melting ice sheets enhance convection over North Africa through

shift of the large-scale stationary wave pattern => enhanced sensitivity to local orbital forcing
    

 (a) Moisture flux  (vectors) and moisture flux 
convergence (divergence) in blue (red) colors for the 
northern hemisphere summer (June-September) in the 
LOVECLIM simulation without vegetation-albedo 
feedback during the peak African Monsoon 9,000-
8,000 BP. Black contours depict the precipitation 
[mm/day].

(b) Difference between LOVECLIM simulation with and 
without vegetation-albedo feedback. Blue colors mark 
regions of more moisture convergence and increased 
precipitation (contours) with vegetation-albedo 
feedback active. 

Albedo-vegetation feedback increases the inflow
of moist air masses from the

tropical Atlantic into the continent.
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Vertical velocity in 500 hPa level [colors in Pa/s] 
and velocity potential of the wind in 200 hPa 
(grey) at 12-11ka BP in the simulation with transient
orbital, CO2 and ice-sheets boundary conditions. 
Black contours indicate the difference in the velocity 
potential between this simulation and the sensitivity 
experiment with constant LGM ice-sheets.
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(e)

EOF analysis of summertime (June-August) velocity potential in the simulation 
with transient orbital, CO2 and ice-sheet forcing (c,e) and in the simulation with 
ice-sheets fixed to LGM, instead (d,f): (c,d) show the global leading EOF pattern 
of the velocity potential in 200hPa and (e,f,) the leading PC time series. Number 
in (c,d) indicate the explained variance of the EOF modes.
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Description of the modeling approach: 
Transient Paleoclimate Simulations
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Time-dependent boundary conditions prescribed to the model. 
Insolation at 20N for June (mid-month insolation), ice-sheet 
forcing index showing the area covered by Laurentide and 
Eurasian Ice Sheets, and CO2 concentration. We use 'accelerated 
forcing': Every model year the boundary conditions are updated  
advancing 10yrs in the forcing  time series. Note: Ice-sheets are 
updated every 100yrs in the model advancing to the next 
topography that followed 1000 years  later in real time.
  

Transient boundary conditions

time [kyr] BP

Albedo feedback of the vegetation accelerates the onset of the AHP

Scatter plot of precipitation and terrestrial carbon for the region 
of  North Africa: (a) LOVECLIM with vegetation feedback, 
(b) LOVECLIM without vegetation feedback. Colors denote the 
intervals LGM-deglaciation (blue), the African Humid Period 
(green) and the late Holocene (black). 

CO2 fertilization effect on the vegetation:    
Climatevegetation feedback induces a 'hysteresis' 

in the vegetation  over North Africa

(a)
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Scatter plot of precipitation and terrestrial carbon for the 
region of  North Africa (15°N -30°N/15°W-35°E): (a) LPJ 
forced with HadSM3, (b) sensitivity experiments with LPJ 
forced with HadSM3 and constant atmospheric CO2 of 
283ppmv (filled circles), 190ppmv (diamonds), and the 
data from (a) (crosses). 
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(a) (b)

ODP site 658C,  DeMenocal et al. (2000)

MD03-2707, Weldeab et al. (2007)

Lake Bosumtwi, Peck et al. (2004)
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H5 A threshold-response to local orbital forcing does not exist 
in the African Monsoon system.
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Abstract:Abstract:

We elucidate the mechanisms that control the onset of the African Humid Period (AHP) 
14,500 to 11,000 years ago using transient glacial-interglacial simulations conducted 
with two different climate-vegetation models. Three key mechanisms are identified to 
control the climate-vegetation history over North Africa during the last termination. 
Our analysis suggests that locally increased boreal summer solar radiation leads to a 
northward shift of the ITCZ. Vegetation in northern Africa adjusts to wetter conditions and 
provides a positive albedo-vegetation feedback that is further accelerating the northward 
migration of the ITCZ. A series of sensitivity experiments have been conducted in order 
to isolate the importance of individual forcing factors and feedbacks. These simulations 
reveal that the albedo-vegetation feedback plays a major role in the abrupt onset of the 
AHP. However, the model experiments also suggest that the retreating ice-sheets in the 
Northern Hemisphere are key factors for the timing of transition into a green Sahara. 
Orbital forcing and albedo-vegetation feedback can trigger the rapid onset of the AHP 
only after a substantial shrinking of continental the ice-sheets. Further, it was found that 
the effect of CO2-fertilization provides a mechanism for generating multiple states of 
early to mid-Holocene vegetation over northern Africa. Our transient paleoclimate 
simulations provide a deeper understanding of the multiple climate signals that are 
represented in proxy time series of  North African climate variability. 

Proxy evidence for abrupt onsets of the African Humid Period:
                                                      Treshold response to local orbital forcing?
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We have conducted accelerated transient simulations over the last 
130,000 year that show a dominant precessional cycle in the North 
African (15W-35E/15N-30N) rainfall (a): black without vegetation changes
and acceleration factor 20; green the simulation with acceleration 5 and
active vegetation (simulation to be completed February 2009). (b) A 
recent proxy-based humidity index shows similar precessional cycles
as simulated in our model.
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Simulated rainfall over North Africa
(15W-35E/15N-30N)

We welcome any 
collaboration with you

on this research project!
Contact: 

timm@hawaii.edu,
axel@hawaii.edux

(c) Isreal: Soreq cave speleothem


