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Insolation at 6ka and 9.5ka

Summary

Introduction

•Perihelion earlier in the year, 
larger obliquity
•Shorter summer, with 
enhanced insolation
•Stronger seasonal cycle in 
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Paleo climatic proxys
•Suggest ENSO increases from the Holocene 
to present day

ENSO variab ility : reduced (-60%)
δ 18O Coral
(Brown e t al . 2006 , data from  Thudope e t a l 2001)

Wet
ENSO variab ility : low
Pollen and  lake sediments
(McGlone e t al . 1992)

W et
ENSO variabil ity : low
Po llen and lake  s ed iments
(Shu lmeiste r and  Lees 1995)

SST +1°C
Precip variab ility : low
δ18O and  Sr/Ca Coral
(McGlone e t al . 1992)

ENSO amplitude  : reduced  ( -20%)
δ 18O Coral
(Thudope e t al . 2001)

SST : warm
δ18O e t Mg/ca  fo rams
(S to tt e t al . 2004)

SST warm
δ 18O  and  Mg/ca f orams
(Loubere e t a l. 2002)

In te rannua l va riab ility : low
Lake  sed iments
(Rodbell et a l . 1999)

ENSO frequency : weak
Lake  sed iments
(Moy  e t a l. 2002)

ENSO variabil ity : reduced  (-65%)
ENSO amplitude  : reduced  (-15%)
δ18O Coral
(M cGregor et al. 2004)

• ENSO variabil ity æ
• ENSO am plitude  æ
• SST æ
• SST æ

SST warm
ENSO var iab ility reduced
Mollusc anomalies
(Sandwe iss e t a l . 1996)

SST co ld
Mg/ca forams
(Kou tavas e t a l. 2002)
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•ENSO increases 
from the Early 
Holocene to 
present day

•Reinforces 
drying or humidity 
in several regions 

•Consistent with 
paleo proxies

Seasonal cycle in Nino3

•Seasonal cycle damped during 
early and mid-Holocene
•The fresh water which is imposed 
in the North Atlantic further damps 
the seasonal cycle 
•The SST amplitude of 6ka changes 
larger than that of 9.5ka because of 
insolation variability 

1、Observation
Sketch for Paleo-ENSO research routines, methods and focusing topics

ENSO prediction within global warming background

Relationship between ENSO 
and climatological background

IPCC model estimates under 
various 21 century scenarios

Paleo-ENSO studies

1. Observation: Phenomenon 
2.Model:Dynamics 

1. Early-Mid Holocene

2. The Last Glacial

3. The Last Interglacial

4. Other geological eras

Paleoclimatology

Physical Oceanography

Atmospheric Dynamics

Paleooceanography

Paleobiology

Geology

Archeology

(From Wen X 
Y et al. 2007)

2 、Model simulation

ENSO increases during the Holocene because of the insolation changes (Liu et al., 1999 and 2000; 
Clement et al., 2000 and 2004; Tudhope et al., 2001; McGregor et al., 2004; Brown et al., 2006, 
zheng et al.,2007 ). 

In Eastern Tropic Pacific Ocean

•Increased insolation in 
Summer

•Decreased insolation in Winter

•The changes of amplitude of 
6Ka is larger than that of 9.5Ka

Seasonal variability at 9.5ka and 6ka

6 kyr BP without 
freshwater in the 
North Atlantic

HOL04D

9.5 kyr BP 
without 
freshwater in the 
North Atlantic

EHOL02

6 kyr BP with 
freshwater in the 
North Atlantic

HOL04C

9.5 kyr BP with 
freshwater in the 
North Atlantic

EHOL01

Preindustrial 
period (0 kyr BP)

2L24

Experiments design

The effect of the fresh water in the North Atlantic

Interannual variability at 9.5ka and 6ka

•Comparison of the early and mid-Holocene with 0ka 
BP show that both the seasonal cycle and the 
characteristics of the interannual variability are altered 
by the changes in insolation. 

•Insolation variability and air-sea interaction damp the 
Nino3 SST seasonal variation 

•Simulations also show that ENSO strengthens across 
the Holocene, as suggested by coral data or lake 
sediments.

• In addition, we also consider simulations in which a 
fresh water flux is imposed in the North Atlantic. This 
fresh water further damps the seasonal cycle and 
affects the development of ENSO. 

•Comparison of the relative impact of the changes in 
the seasonality and in interannual variability on key 
regions show that seasonal cycle is dominating and on 
some regions and time, El Nino is important.

Zonal wind in 10m

Seasonal cycle Interannual varibility

Sea surface pressure

In Summer (Winter), 
Insolation increase (decrease) SST increase (decrease)

Sea Surface Pressure 
decrease (increase)

Easterly 
wind stress 
decrease 
(increase)

Thermoclin
e increase 
(decrease)

Eastern Pacific Ocean 
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Comparison of the relative impact 
of the changes in the seasonality 
and in interannual variability on 
key regions show that the 
seasonal cycle dominates and in 
some regions and time, El Nino is 
as important. 

But La Nina is smaller in any 
region and time than the seasonal 
cycle and El Nino

SST EHOL01-EHOL02 SST HOL04C-HOL04D

When a fresh water flux is imposed in the 
North Atlantic, El Nino and La Nina  
variability intensify, and this is consistent 
with the work by Timmermann et al., 2006

EHOL01-EHOL02 DJF

EHOL01-EHOL02 DJF

EHOL01-EHOL02 JJA

EHOL01-EHOL02 DJF

Wind stress and precipitation

The fresh water 
flux which is 
imposed in the 
North Atlantic 
damps the 
seasonal cycle 
of SST in the 
Eastern 
Tropical Pacific 
through the 
wind stress and 
influences the 
precipitation  
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