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The mid-Pleistocene transition
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mid-Pleistocene transition

Benthic δ18 O in Foraminifera during the past 3Myr

Before 1.2 Mya, glacial cycles had a period of 41Kyr.

Since 1.2 Mya, the period has been 100Kyr.

“The 100,000 year problem”: what happened?
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“Pacemaker of the Ice-Ages”

Glacial cycles are driven by 3 orbital variations (Milankovitch cycles)

The one that we care about today is obliquity (tilt):

Obliquity
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Obliquity: 41Kyr period
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Huybers’ explanation of the mid-Pleistocene transition

Obliquity triggered deglaciations throughout the Pleistocene

Early Pleistocene: each period of obliquity triggered a deglaciation (41Kyr)

Late Pleistocene: deglaciations skipped two or three obliquity cycles

(2× 41) and (3× 41)Kyr cycles averaged to 100Kyr
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Huybers’ model

−2,000 −1,800 −1,600 −1,400 −1,200 −1,000 −800 −600 −400 −200 0

0

100

200

Kyr

Ic
e-
vo

lu
m
e

Vo = 10, a = 0.05, b = 126, c = 30

Vt = Vt−1 + ηt and if Vt ≥ Tt terminate,

Tt = at + b + cθ′t

Vt : ice volume
Tt : threshold
ηt : ice-accumulation
θ′t : obliquity (normalized)
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Huybers’ model

“Selecting a slope of a = 0.05Ka−1, an intercept of b = 126, and an obliquity
amplitude of c = 20 reproduces the timing of most deglaciations over the last
2 Ma.”

“Exceptions are that a degleciation near 1.35 Ma is missed, the long glacial
cycle at 1.6 Ma is not reproduced, . . . , and some of the smaller
late-Pleistocene deglaciations.”

Also: the amplitudes of the early-Pleistocene are too small.
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How does the model behave when varying parameters and initial condition?
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Huybers’ model with constant ice accumulation

Set ηt ≡ 1:
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Vo = 10, a = 0.05, b = 126, c = 30

Q: For fixed b, c , how does initial ice volume vo effect the model?

A: For most b ∈ [0, 130] and c ∈ [0, 30] fixed, (Vt , vo) is eventually the same.
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Huybers’ model with constant ice accumulation

Sometimes, though, the phase is effected:
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a = 0.05, b = 130, c = 2

vo = 5 versus vo = 10

Though this is mostly for small c .
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Huybers’ model with random ice accumulation

Now let ηt be a random variable (µ = σ = 1)
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“The addition of a stochastic component to the model simulates the presence of
weather at the highest frequencies and the myriad climatic processes not resolved
by the model at longer periods.”
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“The timing of deglaciation is still controlled by obliquity, but obliquity cycle
skipping is now random so that the glacial sequence need not coincide with the
δ18O stack.”
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Random cycle skipping
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Random cycle skipping – small variance

−2,000 −1,800 −1,600 −1,400 −1,200 −1,000 −800 −600 −400 −200 0

0

100

200

Kyr

Ic
e-
vo

lu
m
e

Vo = 0, a = 0.05, b = 126, c = 30, σ = 0.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

500

1,000

Trials = 1000

David Morawski (UMN) Phaselocking in a model for glacial variability April 1, 2014 16 / 22



Huybers versus Hopf

Initial Conditions of Dynamic Hopf 

One example of Sensitivity to Initial Condition at the neck. 
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An altered threshold function
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Vo = 5, blow = 41, bhi = 100, c = 20

Tt =

{
blow + cθ′t if t ∈ {early Pleistocene}
bhi + cθ′t if t ∈ {late Pleistocene}
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An altered threshold function

In the deterministic case: very similar.

In the stochastic case: very similar.
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Altered threshold: stochastic

−2,000 −1,800 −1,600 −1,400 −1,200 −1,000 −800 −600 −400 −200 0

0

50

100

150
2524232221

2019
18

1716151413
121110987654

321

Kyr

Ic
e-
vo

lu
m
e

Vo = 0, blow = 41, bhi = 100, c = 20 variance = 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

200

400

600

Trials = 1000, σ = 1

David Morawski (UMN) Phaselocking in a model for glacial variability April 1, 2014 20 / 22



Altered threshold: stochastic, small variance
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Thanks!
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