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Climate: Motor of Africa’s Evolution
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A Model of Intermediate Complexity (CLIMBER?2)
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June Temp

Precipitation

Vegetation

ECBIlt: OG Atm+Veq
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McGill Model: EB Atm + VVeq
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e FOAM-LPJ Transient Holocene Simulation




FOAM-LPJ

« FOAM (Fast Ocean Atmosphere Model): (Jacob, 1997)
CCSM2 Atm. Dyn + CCSM3 Physics (R15, 18-level)
OM3 (POP-like) Ocean (2.8°*1.4°*32-level)

« LPJ: (Sitch et al., 2003)
Global dynamic vegetation model

Transient Holocene Simulation (15t GCM simulation)

* Initial condition: 6,500 years BP

 Forcing: Orbital forcing (only)

LIU et al, 2006, GeOphyS ReS Lett, L|U et al, 2007, Quat SC' Res}ong shot, asingle shot, a puzzling sho
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FOAM-LPJ Vegetation
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Africa Total Vegetation and Grass Fractions

40N 40N
a) 500-0 BP ﬁ«\,_/} d) 500-0 BP (LE}
30N - 30N -
Oka
20N = 20N =
10N 10N
40N 40N
b) 6500-6000 BP
30N = 30N =
6ka
20N = 20N =
o n n i
c) Difference
30N = 30N =
0.1
Oka — 6ka o
20N = - 03 20N =
-0.5
-0.7
-0.9
10N T T 10N
30 Ve 0 30 -30

Area2: 23-27N/3W-5E Areal: 18-23N/11E-36E Area3: 18-23N/3W-11E



Evolution of Climate-Vegetation System

Gradual

Vegetation Fraction

Precipitation (mm/year)

1.0

0.8

0.7

1800

1500

1200

900

600

300

(Southern Central Africa)

Area 3: Total Vegetation Fraction [18-23N,3W-11E] Area 3: Total Tree/Grass Fraction [18-23N,3W-11E]
N N T e T N I N N T T I B A

1.0
b ! r 7 Grass Mean r
— o B — T ree Mean -
4 L i Grass =
T
| Ve i 0.8 ree |
] g - i
_ L "g d L
] [ %6 .y -
oW

‘_ C g 1 b i
_ L ;2 0.4 — L
- - G.} - =
_ L @ J L
_ L J L
- - 0.2 -
- : - Tree -
2] BRIE |

L I LI B I | | T T 17T | T 1T 171 I T 1T T 7T | T T 171 I 1T 17T 0.0 T T I L | L | T T T T I L | T T T T I L

6000 5000 4000 3000 2000 1000 0 6000 5000 4000 3000 2000 1000 ]

Years BP Years BP
Area 3: Annual Preclpltation [18-23N,3W-11E] Area 3: Annual Mean SAT [18-23N,3W-11E]

[T I VI I R S B R R B BRI B A T T R [ T TN T T A I O A B B B O
1 " 3020 ; =
1 Prep . ] Tair [
] | 3010 -
i £ ] [
T =
| 5 300.0 7] B

b ] L

1 [ 2990 -
1 [ 298.0 -
B ol |

T I L I L I L I LB I L I LB _I T I T T I T T I LI B I —r T I T T I T T i

6000 5000 4000 3000 2000 1000 0 6000 5000 4000 3000 2000 1000 0

Years BP Years BP



Gradual/
abrupt

Evolution of Climate-Vegetation System
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Evolution of Climate-Vegetation System

Vegetation Fraction

Preclpltatlon (mm/year)

(Central-East Africa)

Area 1; Total Vegetation Fraction [18-23M,11-36E]
. A IR B R R

0.80 —

0.60

0.40

0.20

Veg 2|

[
Tree/Grass Fraction

0.00

AL
LI B I B N B B N B B B L L L T T T 1 T 1T
I ! I ! I I

6000 5000 4000

Years BP

Area 1; Annual Precipitation [18-23N,11-36E]

3000 2000 1000 [

800 —

600 —

400 —

200 —

Prep -

T T T | T T T ke|Vin

0

6.5ka

0 5000 4000 3000 2000 1006k 0

Years BP

Area 1; Total Tree/Grass Fraction [18-23N,11-36E]

080 |1+l
0.60 — Grass Mean I~
i Trea Mean L
Grass
E Trea -
0.40 Grass B
0.20 - -
] Tree I
0.00 LT e R
6000 5000 4000 3000 2000 1000 0
Years BP
Area 1: Annual Mean SAT [18-23N,11-36E]
302.0 11 | 1111 I L1 1 1 I 111 1 | 1111 I L1 11 | L1 11
1 Tair djr
301.0 -
300.0 - L
299.0 - -
298.0 - =
297.0 o
6000 5000 4000 3000 2000 1000 0
6.5ka Years BP Oka



The Abrupt Change
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Mechanism of Abrupt Change




A Conceptual Climate-Vegetation Model

Equilibrium Transient
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Unstable Collapse and Stable Collapse
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The Role of Stochastic Forcing
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A Unified View of Abrupt Changes

Unstable Case Stable Case
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Mechanism of Abrupt Change

The Classical Paradigm: Unstable Collapse (multiple equilibrium)

Positive vegetation feedback
=> multiple equilibrium
=> collapse of both vegetation and climate

A New Paradigm: Stable Collapse (monostable)

Low frequency climate variability
+ nonlinear bioclimatic threshold
=>Abrupt vegetation collapse,

but gradual precipitation decline



Climate-Vegetation Feedback




Correlation Coefficient

Forcing and Feedback
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Separating Vegetation and Soil Moisture

Feedback
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Africa Savanna




Vegetation Feedback: Soil, Grass and Tree
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Synergistic Vegetation-Soil Feedback:
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Vegetation Feedback

FOAM-LPJ (and CCSM2) simulated a negative vegetation
feedback on subsequent annual rainfall over North Africa

during mid-Holocene

An initial decrease in North African grass results in reduced
plant evapotranspiration but greater bare-ground
evaporation in the rainy season, leading to a net increase
In total evapotranspiration. This supports greater rainfall,
producing a negative vegetation feedback.



eRethinking of Paleo-observation




Tropical North Atlantic (ODP 658C)
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Aquatic ecosystem indicators

Terrestial ecosystem indicators
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Paleo-observation

High resolution, separate hydrological/ecological
proxies are needed to understand abrupt
climate changes

Abrupt Change in Climate and/or Ecosystem?

Gradual Decline Stable Collapse Unstable Collapse

Climate \ \ _’l



Conclusions

Evolution of Climate-Ecosystem in the Holocene

A variety of transient evolution behaviors, including gradual
and abrupt changes, dominated by a collapse at 5ka

Vegetation Feedback in Northern Africa

Negative grass feedback on annual rainfall in the mid-
Holocene.

Implication: vegetation feedback in the real world?
Vegetation Collapse

Due to nonlinear ecosystem response, strong decadal
variability, instead of strong positive vegetation feedback (in
FORM-LPJ).

Implication: “stable collapse”, abrupt change in monostable
system!

Paleo-observations

Strong desertification/ecosystem response could be
accompanied by a gradual climate change

Implication: Large scale, high resolution, hydrology/ecology
proxies?
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