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Motivation for Transition Simulation

abrupt changes

paleo model-data comparison
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QG Atmosphere + Int Veg
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Summer Insolation decrease

Vegetation decrease

abruptly !

5000 yrs BP !



FOAM_LPJ Transient Simulation: 6500 =» 0 yrs
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A Conceptual Climate-Vegetation Model
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Vegetation Cover: Sensitivity Experiments with Fixed Orbital Forcing
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CCSM3-CLM-LPJ Simulation, 6000-3000 BP
CCSM PaleoWorking Group (Brady et al. Poster )
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Summary

Vegetation collapse

Caused possibly by strong decadal climate variability and soil
moisture memory, in the absence of strong positive vegetation
feedback, in FORM-LPJ.

Implication to Paleo-observation
Vegetation collapse,
Is it accompanied by a gradual climate change?

Implication of Stable Collapse

Abrupt change can occur even for a strongly nonlinear stable
system, forced by strong low frequency variability. Climate
variability and abrupt change are closely related to each other.




Implication to Long Term Transient Simulation

A Big Gamble!
Challenging:
Abrupt change
timing
mechanism

Small model drift matters!

Can some acceleration methods help?
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CCSMT31-CML+LPJ: Transent Holocene Run
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Sensitivty FOAM-LPJ Experiments with different Initial Conditions

I
5.0ka

Figure 6 Fractional coverage of area-average vegetation for the eastern Sahel derived from three sets of {3-
member) short ensemble simulations in FOAM-LPI All experiments starl at 5.12ka, {about 50 years hefore
the vegetation collapse in the 2000-year simulation (Fig.1b3)), and are integrated for 200 vears. (a) Set 1
{contre] set) 12 forced by the same continuing changing orbital foremg as the 2000-yvear simulation (Fig.lal),
but with different initial conditions, taken from the 2000-year simulation at 5.12ka {black) and 5.12ka +/-
one vear (green/red). The black takes the original mitial condition of the starting time and therefore 15
identical to the original 2000-vear simulation. However, neither of the other two muns repeats the details of
the original. The green has a more gradual decline; the red has an abrupt decline but then recovers toward the
initial value for a century before again declining, This suggests a strong dependence of the timing and
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ODP 658C: Marine Sediment
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Steady Forcing

Unstable Collapse and Stable Decline
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FOAM-LPJ JJA Precipitation
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Evolution of Climate-Vegetation System (Central-East Africa)

42h

’

I, U g

f} Difference ?:ffff-:":‘é gf) \Qé:i\"\zﬁ'
L LC - )
L]

y—

Wy

0.80

0.60

0.40

Vegetation Fraction

0.20

0.00

800

[+)]
o
(=]

Preclpltation (mm/year)
In
o

4+]
o
(=]

Area 1: Total Vegetation Fraction [18-23N,11-36E]
A N T R N R

i vV @

[
Tree/Grass Fraction

6000 5000 4000 3000 2000 1000

Years BP
Area 1: Annual Precipitation [18-23N,11-36E]

v}

1 P

T T T | T T T kelvin

6.5l

0O 5000 4000 3000 2000
a Years BP

1006ka{.)

Area 1; Total Tree/Grass Fraction [18-23N,11-36E]
A Y T N B R T

0.80
0.60 — Grass Mean I~
i Tree Mean |
Grass
B Tree o
0.40 Grass -
0.20 — -
] Tree
0.00 - LA e e
6000 5000 4000 3000 2000 1000 0
Years BP
Area 1: Annual Mean SAT [18-23N,11-36E]
302.0 PRI ST T T [N T T T T T T T N U Y T A MO
1 T d|r
301.0 - L
300.0 - -
299.0 - -
298.0 1 n
297.0 L I B R B B B
6000 5000 4000 3000 2000 1000 0
6.5ka Years BP Oka



mm day”

JAS N. African Precipitaion Rate

b30.108 years: 2380-2399 - b30.105.dv5 years: 280-299

Needleleal Evergreen Trees

Broadleaf Evergreen Trees

JAS N. African Precipitaion Rate
Iat‘:17to17‘ lon: 0to 30

il

40N ! 40N
D = [ L S A (W]
lat; 171020 lon: 1540 -5 :?J ) 1 el 10
90 5 L1 L1 Lo TR -t ] 1 t, \’. i)
] 20N / \ /: 20N '/__‘ \\\ JS
] ) RN = | {I_J
8.0 4 \ ] N - 1 ﬁsJ—.:.__ §7 - 8
] —~— 1 BN - A
7.0 3 f o 1 o
] 30W 0 30E B0E  30W 0 30E 60E 6
6.0 N Declduous Trees Grasses
- 40N 1 40N
T = 1 — i §
5.0 PCJ = ’“‘“\ ] el 4
20N R ij— 20M : +
40 — T LT
1 o 2
; ’_\,F . ot [
e w| Vg -
N — 30w 0 30E BOE  3OW 0 0E 60E 0
-5600
5600 5200 -4800 -4400 -4000 50 -40 -30 20 -10 0 10 20 30 40 50
Year

C3 Grasses: 15W-5W, 16.7N-20.4N

C4 Grasses: 15W-5W, 16.7N-20.4N

100 100
g0 - 80 L
60 ] r 60 ] L
a0 - 40 - L
20 - - 20 - L
0 T T T T T 0 T T T T T
-6000 -5600 -5200 -4800 -4400 -4000 -3600 -6000 -5600 -5200 -4800 -4400 -4000 -3600
Year Year
C3+C4 Grasses: 15W-5WG, 16.7N-20.4N Grasses + Trees; 15W-5W, 16,7N-20.4N
100

80

60

40

20

I S B W o ST
-6000 -5600 -5200 -4800 -4400 -4000 -3600
Year

L L e o B B
-6000 -5600 -5200 -4800 -4400 -4000 -3600
Year

C3 Grasses: GM-30E, 16.7N

-5200

-4800 -4000

Year

-4400

C4 Grasses: GM-30E, 16.7N

100 b L L 100 PRI RS RS SRIN HF SV NN SR BRI
80 80 — -
80 60 — -
40 4 40 -
20 4 20

0 T T T T T T 0 T T T T T

-6000 -5600 -5200 -4800 ~4400 -4000 -3600 -6000 5600 -5200 -4B00 -4400 -4000 -3600

Year Year
C3+C4 Grasses; GM-30E, 16.7N Grasses + Trees: GM-30E, 16.7N
100\\l\l\\l\ll\l\ll\\\ll\\\ 100 IR I S T N TN T I SN T A T AR S T |
| \” f 1 | ||| ‘|

80 — 80 — ‘ ’
60 o 60 o
40 o 40
20 4 20 4

0 71—+ T 0 +—r—1Tr—— T

6000 -5600 -5200 -4800 -4400 -4000 -3600 -6000 -5600 -5200 -4800 -4400 -4000 -3600

Year

Year



a) ODP Core 658C

40

Observation

lerrigenous
(%)
[&)]
o

60

-10 000 -8000 1

b) Vegeiation Cover

Vv

Model

0.2}

0 L e,

1000

c) Precipitation

Precipitation F’

variability




	Transient Simulation of Northern African Climate-Ecosystem in the Holocene:�----Climate Variability vs. Vegetation Feedback
	Slide Number 2
	Motivation for Transition Simulation
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Summary
	Implication to Long Term Transient Simulation
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27

