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El Nino has changed...

e Proxy reconstructions from across the Pacific Basin show that:

— “Modern” El Nino began 7-5 ka BP, with only weak decadal events
beforehand

— El Nino was 15-60% weaker at 6 ka BP than at present
— Gradual strengthening of El Nino thereafter

— Evidence of a peak in strength at 2-1 ka, possibly earlier in the western
Pacific than in the east
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Early modelling work

e Clement et al. (2000):
— Used the Zebiak-Cane model to simulate the past 12 ka
— Simple atmosphere-ocean model; restricted to the tropical Pacific

— Established that orbitally-driven changes in the seasonal cycle of
insolation in the tropics can alter ENSO behaviour
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Coupled modelling studies: 6 ka versus 0 ka BP

Model Diagnostic | % change
Otto-Bliesner (1999) CSM Nino 3 ~0
Liu et al. (2000) FOAM Nifio 3.4 220
Phipps (2006) Mk3L-1.0 Nino 3.4 -13
Brown at al. (2006) HadCM3 Nino 3 -12
CCSM3 -18.6
FGOALS-1.0g _14.6
Zheng et al. (2008) FOAM -11.6
[PSL-CMA4 Nino 3 -2.9
(PMIP2) MIROCS3.2 1225
MRI-CGCM2.3.4fa +3.3
MRI-CGCM2.3.4nfa -12.9
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A picture begins to emerge?

e Increased insolation over tropics in NH summer

e Increased land/sea temperature contrast

e Enhanced Asian monsoon

e Enhanced Walker circulation

e Stronger easterlies over tropical Pacific

e Steeper thermocline/increased upwelling in eastern Pacific

e Makes it harder for El Nino events to arise
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Simulations of the late Holocene climate

e CSIRO MK3L climate system model v1.1:
— Atmosphere: R21 (5.6° x 3.2%), 18 vertical levels
— Ocean: 2.8° x 1.6°, 21 vertical levels
— Sea ice: Dynamic-thermodynamic
— Land surface: Static vegetation

— Flux adjustments applied

e Snapshot simulations for 8, 7, 6, 5, 4, 3, 2, 1 and 0 ka BP:
— Only the Earth’s orbital parameters are varied
— Atmospheric CO2 concentration = 280ppm
— Solar constant = 1365 Wm ™2

— Integrated for 1000 years
— Simulations for 6 and 0 ka BP submitted to PMIP2
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Conclusions

e Modelling studies suggest orbitally-driven insolation changes account for the

changes in ENSO behaviour over the Holocene
e Models and proxy reconstructions disagree on the magnitude of the changes

e We appear to understand the link between insolation and EI Nino in the

mid-Holocene, but this mechanism breaks down over the past ~2,000 years
e There appear to be more processes at work

e We need to define better diagnostics, which can be applied to both models

and the palaeoclimate record

e [.ots more work to do!
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