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1. Introduction

Proxy reconstructions from across the Pacific Basin (e.glbRlbet al., 1999) indicate that significant
changes in ENSO characteristics took place during the leolec“Modern” EI Nino variability began
around 7-5 ka BP, with only weak decadal-scale events aogubeforehand. ENSO was 15-60%
weaker at 6 ka than at present, with a gradual strengthenargdfter. There is also evidence of a peak
In variablility at 2—1 ka.

The climate system models that participated in Phase 2 étdheoclimate Modelling Intercompar-
Ison Project (PMIP2) simulated El Nino amplitudes that wa@&-23% weaker at 6 ka than at present
(Zheng et al., 2008). A consistent mechanism was found tly &gposs all the models, with insolation
changes enhancing the seasonal cycle in the Northern HeenespT his intensified the Asian summer
monsoon system, increasing the strength of the eastedg wads in the central and western Pacific.
These enhanced trade winds acted to suppress the developinkiNINO events.

Here, we use a climate system model to simulate the orbitailyen changes in the global climate
over the past 8,000 years. The simulations are used to edblerdinks between ENSO dynamics and
global climate change.

2. Climate model simulations

We use the CSIRO MK3L climate system model v1.1 (Phipps, ROGGcomprises an atmospheric
general circulation model with a resolution of 53.2° and 18 vertical levels, an oceanic general
circulation model with a resolution of 2.81.6° and 21 vertical levels, a dynamic-thermodynamic sea
iIce model, and a land surface scheme with static vegetation.

Equilibrium simulations are conducted for 8, 7, 6, 5, 4, 31and 0 ka BP. These are idealised
experiments, in thainly the Earth’s orbital geometry is varied. Otherwise, the nhaeonfigured for
pre-industrial conditions, with an atmospheric £€oncentration of 280 ppm and a solar constant of
1365 Wnt12. Each experiment is integrated for 1000 years under conlstamdary conditions.

Figure 1 shows the standard deviations of the simulated Bli@wed Nino 3.4 SST anomalies. The
model is able to reproduce the trends in ENSO variabilityr diae past 8,000 years, with a gradual
Increase In strength and a statistically-significant pdak lea. Based on variability in the Nifo 3.4
region, the amplitude of El Nino i1s 16% weaker at 6 ka than as@nt. This is consistent with the
PMIP2 models, and within the range of uncertainty in the nstmictions. We therefore conclude that
the model is a useful tool for exploring changes in ENSO bty
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Figure 1. The normalised standard deviations of the monthly Nino @)(ed Nino 3.4 (green) sea
surface temperature anomalies. The 95% confidence inseavalshown.
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Figure 2. June-July-August surface air temperature, 8 ka minus 0 ké<BP

3. ENSO dynamics and global climate change

We now use the model simulations to explore the links betwed80O dynamics and the global cli-
mate. Figure 2 shows the difference in the June-July-Augisgace air temperature between the 0 ka
and 8 ka simulations. Enhanced insolation at mid- and higthem latitudes at 8 ka results in tem-
peratures over land that are up to 4 K higher than at presemetAr, because the oceans have a much
larger heat capacity than the land, the magnitude of theggsaover the ocean is smaller.

The increased land-sea temperature contrast leads to atitamensification of the Asian summer
monsoon system, as can be seen in Figure 3. The mean seaésslne over the Eurasian and African
landmasses Is reduced by up to 6 hPa, with the enhanced deegcton drawing increased inflows
of air from the tropical Pacific and Indian Oceans. The Walkeculation over the Pacific Ocean
IS Intensified, with an increase in the strength of the epstexde winds in the central and western
Pacific.
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Figure 3. June-July-August atmospheric circulation, 8 ka minus O KFa Bean sea level pressure
(hPa; shading), and surface wind stress over the ocean{Nmctors).

0 ka BP 8 ka BP
O O
o S R ey ¥ S L L L L L1 LI LI L L o
—— 0.07 | — - 0.67
0.06 g g 0.06
O w Q1 oos
oy 3 - oy 3 —
O 0.04 O 0.04
— 0.03 E - 0.03
O 0.02 @) = 0.02
@ LO [ —— -
o 3 o 3
O 0.01 O - 0.01
0 § 0
o —— -0.01 o E -0.01
< 3 - N _E =
g -0.02 g ] - 0.02
-0.03 § - 0.03
- 0.04 §=—f 0.04
O O - —_—
% = — -0.05 S = — -0.05
O O
- -0.06 g - g -0.06
-0.07 § § -0.07
- E'g :
1 1T 1 1 1T T T T T T 1 ~0.08 1 1T 1 T T T T T T T 1 ~0.08

150°E 170°E 170°W 150°W 130°W 110°W 90°W
LONGITUDE

150°E 170°E 170°W 150°W 130°W 110°W 90°W
LONGITUDE

Figure 4. Monthly zonal wind stress anomalies at the equator, 0 ka aadBP (N 2). The values
shown are the five-month running means of the anomalies éofirtal 100 years of each simulation.

The intensification of the Walker Circulation changes thecsptibility of the coupled atmosphere-
ocean system to the initiation of El Nino events. Figure 4wshthe propagation of westerly wind
bursts within the 0 ka and 8 ka simulations. At 0 ka, most ofviiral bursts propagate eastwards and
are able to trigger El Nino events. At 8 ka, however, the glepreasterly trade winds act as a barrier.
Many of the wind bursts are confined to the western Pacifiebiting the onset of El Nino events.

The same mechanism is found to operate across all the siondgnhot shown). As the summer
Insolation at northern mid-latitudes decreases from 8 Kaka, the Asian summer monsoon system
and Walker Circulation weaken. The tropical Pacific themrefoecomes increasingly susceptibile to
the initiation of El Nifo events. While this mechanism exp$athe upward trend in ENSO variability
over the past 8,000 years, however, it does not accountéaithulated peak at 1 ka.

4. Conclusions

By forcing a climate system model with orbitally-driven akgtion changes, we have been able to
reproduce the trends in ENSO variability over the past 8y@#s.

Decreasing summer insolation over this period has resuitadveakening of the Asian summer
monsoon system. This has reduced the stability of the baakgkstate of the tropical Pacific, making
it easier for El Nifio events to develop. While this mechanism previously been shown to explain
the weaker ENSO at 6 ka, we have shown here that it is able taiexjpe upward trend in ENSO
variablility over the past 8,000 years. However, other meidmas also appear be at work.

A full understanding of the processes that drive changetNB8@& variability may be within grasp.
However, this will require an approach that integrates #ita,dnodelling and theory communities.
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