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Abstract. This work reports on the relationship between the 2 Model and simulations
Pacific Ocean sea surface temperature variability and precip-
itation over South America in the IPSL coupled model sim- The model in this study is the coupled ocean/atmosphere cli-
ulations of the present and the 6kyr Before Present (Mid-mate model of the Institut Pierre et Simon Laplace (IPSL)
Holocene) climate. The model results suggests that the corwhich is composed by an atmospheric component based on
trol exerted by ENSO on precipitation in South America was the Laboratoire de orologie Dynamique (LMD), version
less frequent in the Mid-Holocene compared to the presenb.3, while the oceanic component is the ‘€n Para#lise”
climate and that the spatial distribution of the ENSO influ- without flux correction. A complete description of the model
ence is considerably different in the two periods. and of the experimental design is provided by Braconnot et
al. (1997) and Braconnot et al. (2000). Coupling between the
atmosphere and ocean occurs once a day. River and coastal
runoff dynamics are included, but restricted to the 46 ma-
jor rivers around the world. The atmospheric model includes
This work analyzes the ENSO impact on precipitation in @ land surface scheme to compute the water and energy ex-
South America for model simulations of the present climatechanges between land and atmosphere, which depends on the
and the Mid-Holocene (6000 years BP) performed by the In-vegetation type and soil moisture.
stitut Pierre et Simon Laplace. These simulations were per- The following simulations are used in this work:
formed in order to check the feedback of the climatic system
to changes due to seasonal contrasts of incident solar radi-
ation at the top of the atmosphere. The Mid-Holocene pe-
riod shows an increase of the seasonal cycle in the Northern
Hemisphere and a decrease in the Southern Hemisphere due
to changes in the Earth orbital parameters, especially the pre-
cession of the equinoxes (Braconnot et al., 2000).
Experiments with coupled ocean-atmosphere climate
models (Clement et al., 2000; Liu et al., 2000) suggest that
ENSO (El Niio/Southern Oscillation) events were smaller in
amplitude and occurred less frequently in the Mid-Holocene.
The onset of ENSO-like variability appears to have occurredrirst of all, a Principal Component Analysis was carried out
in the Mid-Holocene and it is verified in records of past in order to explore the structure of the spatial and tempo-
ENSO events (McGlone et al., 1992; Sandweiss et al., 1996;al variability of the Pacific Ocean modes and to identify
Rodbell et al., 1999; Gagan et al., 2004). possible changes between the present and the Mid-Holocene
patterns. This technique was applied to the Pacific Ocean
surface temperature data, for the 70-year monthly series sets
of both TB1 and TH1 simulations, and the selected area ex-
tends from 40S to 20 N and from 140E to 70 W, with
resolution of 3x5°. Afterwards, the relationship between
Correspondence tor. Jorgetti the derived modes and the precipitation over South America
(tatiana@master.iag.usp.br) through heterogeneous correlation maps was evaluated.

1 Introduction

— TB1 experiment— Present Day climate (only the last 70-
years of a 150-year simulation were taken). Ocean and
atmosphere interact each other, and vegetation is taken
from observed modern climatology;

— TH1 experiment — Mid-Holocene climate (the last 70-
years of a 150-year simulation was taken). Biome dis-
tribution was prescribed as present conditions but the
Earth’s Orbital parameters were prescribed as in the Pa-
leoclimate Modelling Intercomparison Project.
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Fig. 1. Heterogeneous correlations maps between the three firsFig. 2. Heterogeneous correlations maps between the three first
modes of Pacific Ocean SST and precipitation for TB1 simulations.modes of Pacific Ocean SST and precipitation for TH1 simulations.
The colored regions emphasize the significant correlations at thé'he colored regions emphasize the significant correlations at the
95% level. 95% level.
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3 Results regions in the TH1 (Fig. 2c) case where the heterogeneous
correlations are more significant (positive in Northwestern

Accordingly to North's rule of thumb (North et al., 1982) South America and Paraguay and negative in Southeastern

three modes for TB1 and four for TH1 were kept. Therefore,and Central Brazil).

only the first three modes are considered and its patterns are

associated to the ENSO variability in tropical Pacific Ocean.

These modes accounts for 31.7% and 34.4% of the total vari4 Conclusions

ance for TB1 and TH1, respectively. o L
The first mode derived in this work resembles the first vari- T h€ Principal mode of sea surface temperature variability in

ability mode of the Pacific obtained by Weare and Nasstronth® Pacific Ocean, the ENSO mode, accounts for most of the
(1982). The first mode represents the anomalous heating ifPt@! variance during the Mid-Holocene, although its domi-
the Eastern tropical Pacific, which extends over the central@nt frequency was lower. El o phenomenon remote in-
Pacific (EI Nfio). During the Mid-Holocene, a total variance flUence in the South American precipitation is different in
increase for the first mode was verified, indicating that thisPOth periods and the areas with particularly relevant changes
mode was more important in the past, despite the fact thaf"® the Northeastern and Northwestern Sputh Amerlca_, as
the frequency of occurrence was lower. The second principalVell @ Southern and Southeastern Brazil. These regions
component shows a dipole pattern, with the inversion of thehave well established relationships between precipitation and

coefficients at approximately’s, and it is similar for both ~ El Nifio in the present (Kousky and Ropelewski, 1989; Rao
periods. and Rada, 1990; Grimm et al., 2000), but they were signifi-

A relationship between the third derived principal com- cantly different in the Mid-Holocene. These differences can

ponent in this study and the mode obtained by Weare andp€ associated to changes in some global patterns of the atmo-

Nasstron (1982) was observed and it represents a particula?rpheric circulation, such as the Hadley and Walker cells and

phase of ENSO episodes (marked for anomalies with conthe Subtropical Jet Stream (stronger in the Southern Hemi-

trary signal at both Eastern and Western Tropical Pacific) SPhere during the Mid Holocene spring) due to the changes
This mode, which represents most of the total variance inll the solar forcing. The changes in the large scale circu-
TB1, together with the first one, suggests the displacemeni@tion features have a direct impact on the structure of the
of the maximum variability of the coastal region of the South 'in Producing systems in South America, such as the the
America along the Equator during several months. Signiﬁ_lntertropmal Convergence Zone which was displaced to the
cant differences have also been observed in the spatial di

South during the mid-Holocene (Braconnot et al., 1999) and
tribution of the two periods and both time series are char-

the South Atlantic Convergence Zone.
gc;te:jlzeddb); mtgriq.rt]uial OSC|IIat|ons_. H(zwever, in THL theAcknowledgementsl\/lost of this work was possible through a
interdecadal variability 1 more .promlnen ) C CNPg/IRD grant which provided the funding for a visit of P. Silva
The heterogeneous correlation maps of precipitation forDias and to IRD in April 2001 and to the French PNEDC project

TB1 and TH1 are shown in Figs. 1 and 2, respectively. ThegcHo. This work is also part of the PROSUR (IAl) project.
relationship between precipitation and the first mode of theFAPESP provided the financial support to T. Jorgetti.

Pacific Ocean surface temperatures is defined in the two pe-

riods and relevant differences can be observed. In NorthEdited by: P. Fabian and J. L. Santos

western South America, in both cases, there is a positive reReviewed by: J. L. Santos and another anonymous referee
lationship between the time series of the amplitude of this
mode and precipitation, indicating an increase of precipita-
tion associated with El Niio events. However, this relation-

ship spreads over_a S'gmflc_ar_]tly larger region 'r] _TB,l' I_n Braconnot, P., Marti, O., and Joussaume, S.: Adjustment and feed-
Northeastern Brazil, where it is known that precipitation is 5k in a global coupled ocean-atmosphere model, Clim. Dyn.,
inhibited during events of El Mo (Ropelewski and Halpert, 13, 507-519, 1997.
1987), this behaviour is evident only in TB1. Moreover, Braconnot, P., Joussaume, S., and Marti, O.: Synergistic feedbacks
a positive correlation on part of the south and southeast of from ocean and vegetation on the African monsoon response
Brazil was verified, while this relationship is barely detected to mid-Holocene insolation, Geophys. Res. Lett., 26(16), 2481—
in TH1. 2484, 1999.

For the second sea surface temperature mode, diﬁerenc&'aconnot, P, Marti, O., Joussaume, S., and L.eCIalnChe., Y.: Ocean
in the heterogeneous correlation for precipitation appears on Feedback in Response to 6kyr BP Insolation, J. Climate, 13,
Southestern and Southern Brazil in both TB1 and TH1. How- _ -37-1553, 2000. .
. . Clement, A. C., Seager, R., and Cane, M. A.: Suppression of El
ever, TB1 and TH1 have inverted patterns of the correlation™ .. ; : ; ) )

A signifi o lati hip is ob donlvi Nifio during the Mid-Holocene by changes in the Earth’s orbit,

maps. A signi _|cant positive relationship is observe lonlyin  pajeoceanography, 15, 731-737, 2000.
the TH1 experiment over Northwestern Sotuh America. Gagan, M. K., Hendy, E. J., Haberle, S. G., and Hantoro, W. S.:

Finally, the relationship between the third sea surface tem-  post-glacial evolution of the Indo-Pacific Warm Pool and El
perature mode and the precipitation field is not highly signif-  Nifio-Southern oscillation, Quaternary International, 118119,
icant over the continent in TB1 (Fig. 1c). However, there are  127-143, 2004.
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