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Millennial-scale climate variability in the 
American tropics and subtropics
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Millennial-scale climate variability such as 
Dansgaard-Oeschger cycles (Dansgaard et al. 
1993) and Heinrich Events (Heinrich 1988) are 
characterized by a rapid onset and a duration 
ranging between 200 and 2500 years (Wolff et 
al. 2010). Open questions relate to the expres-
sion of these events in the tropics, the oceanic 
and atmospheric mechanisms involved, and 
the interaction with other forcings (e.g. ice 
volume, greenhouse gases and insolation 
changes). Modeling these rapid changes 
in the tropics has proven difficult, partly 
because modeling targets and constraints 
from well-documented paleoenvironmental 
observations of vegetation, fire, precipitation, 

oceanic processes and biogeochemical cycles 
remain scarce. Understanding how tropical 
systems have been affected by, or may have 
triggered, rapid climate variability in the past 
is valuable, as the impacts recorded in natural 
archives might offer some insights into anthro-
pogenic climate change.

The LaACER initiative 
the INQUA International Focus Group, AcEr 
(Abrupt climate changes and Environmental 
responses), has promoted considerable 
advances in the understanding of millenni-
al-scale climate variability and environmental 
responses. However, in its global synthesis, 

AcEr also emphasized the scarcity of millenni-
al-scale paleoclimatic records from the tropical 
regions (Harrison and Sanchez-Goñi 2010). the 
Latin American AcEr (LaAcEr) project was 
conceived to fill this gap. LaAcEr sits within the 
Palaeoclimate commission of INQUA, and has 
held two workshops to date, both co-sup-
ported by PAGES (www.ephe-paleoclimat.
com/acer/LaAcEr.htm). 

LaAcEr’s main objective is to improve our 
understanding of millennial-scale climate 
variability by investigating its geographical 
extent and environmental signature in the 
American tropics and subtropics. climate in 
these two regions is influenced by both the 
Pacific and Atlantic oceans, and by several at-
mospheric features including the Intertropical 
convergence Zone (ItcZ), the North American 
Monsoon (NAM), the South American Summer 
Monsoon (SASM), and El Niño-Southern 
Oscillation (ENSO; Garreaud et al. 2009). the 
convergence of multiple climatic features in 
the focus region of LaAcEr makes it essential 
for our understanding of the whole climate 
system.

A consistent chronology
Understanding the signature of millenni-
al-scale events requires a tight chronological 
framework that not only permits consistent 
identification of the events, but also the 
accurate determination of leads and lags.  In 
their review paper, Sanchez-Goñi and Harrison 
(2010) define a Heinrich Stadial (HS) as the cold 
interval triggered by a Heinrich Event (HE). HEs 
are defined as the periods when large amounts 
of ice-rafted debris (IrD) were deposited in the 
ruddiman belt, a region in the North Atlantic 
influenced by the Laurentide and Scandinavian 
ice-sheets (Fig. 1). In absence of the character-
istic IrD layers, defining the timing of climate 
phases related to HEs in the American tropics 
and subtropics is challenging, but nevertheless 
critical for advancing our understanding of the 
processes underlying abrupt climate changes.

As an example, the various chronological ap-
proaches used to date the onset of HS1 in the 
LaAcEr region result in age discrepancies of 
up to 800 years. In marine records off the coast 
of brazil (Geob6211-2; chiessi et al. 2008, 2009; 
Fig. 1) HS1 is correlated with the chronostratig-
raphy of HE1 in the North Atlantic (McManus 
et al. 2004), whereas in the eastern Equatorial 
Pacific (M772-059; Mollier-Vogel et al. 2013) 
HS1 is tied to Iberian Peninsula records (bard et 
al. 2000). Pollen records are correlated with the 

The Latin American Abrupt Climate Changes and Environmental Responses (LaACER) initiative aims to assess 
the geographical extent and climatic signature of millennial-scale climate variability in the American tropics and 
subtropics by combining atmospheric, vegetation and oceanic records, and model simulations.

Figure 1: Sampling sites and schematic representation of a Heinrich event. White spots depict iceberg discharge 
in the ruddiman belt (ruddiman 2001). Gray areas represent the boreal-winter configuration of the ItcZ and 
the SASM based on average January rainfall measured between 1998-2009 (NASA trMM). Locations of records 
mentioned in the text are numbered as follows: 1. Peten-Itza (correa-Metrio et al. 2012; Escobar et al. 2012), 
2. Fúquene (bogotá et al. 2011; Groot et al. 2011; Hooghiemstra 1984), 3. cariaco (González and Dupont 
2009; Peterson et al. 2000), 4. M772-059 (Mollier-Vogel et al. 2013), 5. Junin (Hansen et al. 1994), 6. titicaca 
(baker et al. 2001; Fritz et al. 2010; Paduano et al. 2003), 7. consuelo (Urrego et al. 2010), 8. La Gaiba (Whitney 
et al. 2011), 9. Lapa Sem Fim, and 10. Paixão (Strikis et al., pers. comm.), 11. botuverá (cruz et al. 2005), 12. 
Geob6211–2 (chiessi et al. 2008, 2009), 13. chaplin (Mayle et al. 2000), 14. cueva del Diamante (cheng et al. 
2013), 15. Santiago (Mosblech et al. 2012), 16. Geob 3104-1 (Arz et al. 1998).
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HS chronozones as defined in Sanchez-Goñi 
and Harrison (2010), others with the interstadi-
als of the North Greenland Ice core Project or 
from the Iberian Margin (Martrat et al. 2007). 
Finally, speleothem records are U-th dated, but 
the HS are identified via abrupt stratigraphic 
changes in the δ18O record (botuverá, cruz et 
al. 2005; Santiago, Mosblech et al. 2012; Fig. 1).

Speleothem records show clear abrupt δ18O 
stratigraphic changes that coincide, within 
age uncertainty, with the timing of radiocar-
bon-dated Heinrich layers from the ruddiman 
belt. these changes can be directly dated with 
U/th, avoiding radiocarbon calibration uncer-
tainties and reservoir corrections. Outside the 
ruddiman belt, and specifically in the tropics, 
the timing of abrupt stratigraphic changes in 
speleothem records can probably provide 
the most accurate ages for HS. However, it 
is important to note that ages derived from 
speleothem records cannot provide a direct 
age for HE, as the definition of these climatic 
events is based on the identification of IrD lay-
ers in marine records from the ruddiman belt. 
Additionally, assuming synchronicity between 
high and low latitude records invalidates any 
analysis of leads and lags.

State of the art
the LaAcEr workshops have highlighted 
well-documented climatic intervals in the 
American tropics and subtropics, available 
terrestrial and marine records, and spatial and 
temporal priorities for future research. the im-
portance of high-resolution records has been 
illustrated through the development of new 
speleothem and pollen records that provide 
some of the best paleoclimate archives from 
the region. these records reach back to Marine 
Isotope Stage (MIS) 5 in botuverá, MIS7 in Lake 
Fúquene, and MIS8 in the cueva del Diamante 
(Fig. 1). Modeling efforts have focused on 
transient climate simulations and data-model 
comparisons (Groot et al. 2011; Nace et al. 
in press). Available paleovegetation records 
with decadal to centennial resolution are 
concentrated in the Northern Hemisphere (e.g. 
Fúquene, Peten Itza, cariaco). In the Southern 
Hemisphere, paleovegetation records have 
centennial to millennial resolution (e.g. Junin), 
and only a handful reach back to MIS 3 (e.g. 
consuelo, titicaca, chaplin, La Gaiba). 

the structure of millennial-scale events in the 
American tropics and subtropics is one of 
the main foci of LaAcEr for the coming years 
(Fig. 2). A multi-phased structure of HSs in the 
region is becoming apparent from available 
records. HS1 in particular has been the focus 
of paleoceanographic research in the Atlantic 
(chiessi et al. 2008) and the Pacific (Mollier-
Vogel et al. 2013), and was studied in a series of 
yet-to-be-published speleothem records from 
the Lapa Sem Fim and Paixão caves in eastern 
brazil (Fig. 1). Overall, records consistently 
indicate reduced precipitation in the northern 
American tropics and enhanced precipitation 
in the southern American tropics during HSs, 
with two sub-events identified mostly in east-
ern brazil (Fig. 2). High-resolution speleothem 
records from brazil also reveal two discrete 
peaks in monsoon activity forming a “dou-
ble-plunge” structure during the 8.2-ka event 
(cheng et al. 2009). 

Ways forward
to gain an improved understanding of millen-
nial-scale events in the American tropics and 
subtropics, LaAcEr has identified the following 
research priorities.

• Modeling efforts should prioritize transient 
and snapshot simulations not only of ocean 
and atmospheric processes, but also inte-
grate changes in vegetation and fire activity. 

• More data-model comparisons will help 
disentangle the physical processes driving 
millennial-scale climate variability. 

• High-resolution records of vegetation 
change and fire activity are needed to 
discern abrupt shifts in environmental 
conditions. 

• the lack of independent proxy records 
from sedimentary archives for which pollen 
sequences already exist has been recog-
nized as a limitation, and future work should 
focus on the generation and integration of 
such records. 

• Existing marine records could possibly be 
used to extend the sea surface temperature 
evolution of the brazil current beyond HS1. 

• New marine records could help characterize 
the North brazil current and its direction 
during other HSs. 

• Marine records with well-preserved terres-
trial markers could allow us to directly relate 
continental and marine changes without 
chronological ambiguity. 

• Future work should also aim to understand 
ENSO dynamics during HS in the eastern 
tropical Pacific. 

• A priority in the area of atmospheric re-
search is to extend the spatial coverage of 

paleoclimate data with new high-resolution 
records that can reveal the dynamics of 
NAM and SASM. 

• Finally, combining speleothem records with 
vegetation and fire records will reveal more 
about the dynamics of the ItcZ, NAM and 
SASM, and enable us to identify the envi-
ronmental consequences of millennial-scale 
variability.
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Figure 2: Average outgoing long-wave radiation for the period 1950-2008 (May-November) for the American 
tropics and subtropics as an indicator for convective activity (NcEP reanalysis) showing the average position 
of the ItcZ and the NAM. circles indicate the structure and signature of millennial-scale North Atlantic cooling 
stadials at different sites. 
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