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Presenter Notes
Presentation Notes
Good morning everyone.

- Today I’m gonna talk of how having a paleoperpsective of climate variability can help on assessing climate change in the tropics.



PALEOCLIMATOLOGY
is the study of climate prior to the widespread 

availability of instrumental records such as 
temperature, precipitation among others (~ last 

100-150 years)

Source: http://www.ncdc.noaa.gov/paleo

WHY IS IT IMPORTANT TO KNOW 
ABOUT PAST CLIMATE?

A longer perspective allows us to study the full 
range of climate variability and change



Long-term monitoring stations 
Global Historical Climatology Network 

Source: created for Global Warming Art by Robert A. Rohde
http://www.globalwarmingart.com/wiki/Image:GHCN_Temperature_Stations.png



HOW DO WE ESTIMATE PAST CLIMATE?

Source: http://www.ncdc.noaa.gov/data-access/paleoclimatology-data

Using PALEOPROXIES that are biological or geological 
archives that respond directly or indirectly to climate

PALEOPROXIES can extend climate information from 
hundreds to millions of years.

Presenter Notes
Presentation Notes
- In the absence of long instrumental records,
scientists studying the climate system before about
100 or 150 years rely on proxies to estimate past
climate variability and change (paleoclimatology)

nñnPALEOCLIMATOLOGY relies on PROXIES.


- Proxies are biological or geological archives that
respond directly or indirectly to climate
Tuesday, April



Geological timescales

Source: USGS (United States Geological Survey) – Graham J., 
Newman W. & Stacy, John (2008)Geological timescales

PALEOCLIMATOLOGY 
is the study of 

changes in climate 
taken on the scale of 
the entire history of 

Earth.

Presenter Notes
Presentation Notes
Few thousands of years:
Best dated proxies
Range of natural climatic variability prior to global-scale human influence. 




Source: http://eo.ucar.edu
Credit: National Oceanic and Atmospheric Administration Paleoclimatology Program/Department of Commerce

PROXY SPAN AND RESOLUTION

• Time span range of time 
for which data from a given 
type of proxy exists.

• Resolution detail in a 
given type of proxy data (e.g. 
annual, decadal, centennial).

Resolution of paleoclimate 
proxy data tends to decrease 
as the time span covered gets 
longer.

Presenter Notes
Presentation Notes
(e.g. tree rings ~ most recent few thousands of year; ice core records ~  hundreds of thousands years; and fossils can be up to hundreds of millions of years old). 




PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo



PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo

Paleoclimate proxy records are NOT evenly distributed in 
space across the planet 



PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo

Tropic of Cancer

Tropic of Capricorn

Most common high-resolution (annual) paleoproxies:
coral, historical, ice cores, speleotherm 

and tree rings.



Sea SurfaceTemperatures (SST) and ENSO 
reconstruction based on ice records

• Quelccaya ice cap, 
Peru (5670 m a.s.l.)

• Annually-resolved

δ18O record vs. 
NIÑO SST:
calibration period
1870-2010

Reconstruction 
NIÑO4 SST
200-2000 CE

δ18O record - SST:
Highest 
correlations SST 
Tropical Pacific

Thompson, et al. 2013 Science

Presenter Notes
Presentation Notes
Minimal postdepositional reworking of the snow surface, even during the wet season, results in the distinct annual layers (fig. S1A) used to reconstruct an ~1800-year climate history. Details about the construction of the time scale, extracting annually resolved information, and reconstructing the net annual accumulation are provided in the supplementary text

Seasonality d18O by occurrence of enriched values during dry sesaon (austral winter, JJA), depleted values wet season (austral summer)

Annually dated -160 m (683 CE)

No relationship between d18O and precipipation (e.g. vairety of hydrological and thermal acros broad geographic region that supplies moistreu to high glaciated mountains). Pacific SSTS control interannual d18O variaiblity preserved in tropical Andes ice core. Expansion of tropical troposhere associated with warm tropical Pacific and enchanced westerlly flow over tropical andes.

Ice cores from high-altitude tropical glaciers offer long-term perspectives on the variability of precipitation, temperature, aridity, and atmospheric and sea surface conditions at low latitudes.

Most meteorological and climatic disturbances affecting Earth’s surface and lower atmosphere originate in or are amplified by ocean-atmosphere interactions in tropical latitudes

There are few high mountain glaciers in these regions and even fewer that preserve detailed histories of this variability. Unfortunately, most are now rapidly shrinking, and unique records are being lost

In 2003, two additional cores were drilled to bedrock on the QIC (Fig. 1). The Summit Dome (5670 masl) core (QSD, 168.68 m) and the North Dome (5600 masl) core (QND, 128.57 m) were returned frozen and are stored at–30°C at Ohio State University’s Byrd Polar Research Center.




Cobb, et al. 2003 Science

Cobb, et al. 2013 Science

Variability of SST and ENSO based corals (Tropical 
Pacific)

Annual resolution
Living Porites corals (last 200 years)

Pictures: http://shadow.eas.gatech.edu/~kcobb/publications/pubs.html#Presentations

Presenter Notes
Presentation Notes
Corals from the tropical Pacific 
record El Niño’s in the geochemistry 
of their skeletons

-positive SST more precipi, lower d18O, El Niño
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Variability of SST and ENSO based corals (Tropical 
Pacific)

• Time span: 
last 1000 
years

• High ENSO 
activity 17th 
century

• Time span: last 
7000 years

• 20th century 
ENSO’s variance 
higher than 
average fossil 
coral, but not 
unprecedented.

Presenter Notes
Presentation Notes
- Forced change in ENSO, whether natural or antropogenci, may be difficult to get with the background of internal variability.



Haug, et al. 2003 Science.

Peterson & Haug, 2006 Palaeogeography, Palaeoclimatology, Palaecology

Intertropical Convergence Zone (ITCZ) migration based 
on marine sediments (Caribbean)

• Cariaco basin, Venezuela
• Shallow basin (annual and sub-

annual records in some parts 
of the core)

• Total time span: last 14000 yrs

Titanium (%)

Presenter Notes
Presentation Notes
bulkbulk titanium content of undisturbed sediment reflects variations in riverine input and the hydrological over northern tropical South America

Annual laminated sediments of the anoxic Cariaco Basin: bi-monthly resolution.

Rapid deposition (30 cm per thousand years) organic-rich sediments visible laminated, no disturbance.

- Connection rainfall and riverine detrital input: large changes in rainfall and wind occurred as response to seasonal shifts in the position of the Intertropical Convergence Zone (ITCZ)
Index of hydroclimatic variability bulk titatinum (TI) recording terrigenous sediment from the sorrunding watersheds





Haug, et al. 2003 Science.

Peterson & Haug, 2006 Palaeogeography, Palaeoclimatology, Palaecology

Intertropical Convergence Zone (ITCZ) migration based 
on marine sediments (Caribbean)

• Last 2000 yrs
• Sub-annual resolution (400 yrs)
• Maya classical collapse (~800 

AD), agriculture-dependent.

Titanium (%)

Presenter Notes
Presentation Notes
2 mm measureements (4-5 years)
Ultra-light resolution(50-um)

- Seasonal record of titanium shows that the collapse of Maya civilization in the terminal classic Period occur during extended regional dry period by intense multiyear drought centered approx. 810, 860, 910.
Decline in rainfall put a strain on resources in the region, drought events contributed to social stresses that led to Maya demise.

Lower Ti, drier, LIA
Higher Ti, wetter conditions- MWP



PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo

International Tree-Ring Data Bank (ITRDB)
~ 4300 tree-ring records

 

Tropic of Cancer

Tropic of Capricorn



•Montezuma 
baldcypres 
(Taxodium 
mucronatum

•Gorge of 
Amealco,

 Tula, Mexico
•Latitude: 
~ 20°N

D. STAHLE

1200-yr tree-ring records in 
Mesoamerica: Mexico

• Time span: 771-2008 C.E.
• Reconstruction June PDSI

Stahle, et al. 2011 Geophysical Research Letters

Presenter Notes
Presentation Notes
- identifies Late Classic droughts
centered at AD 810 and 860, which were previously
reconstructed for the Caribbean sector from laminated
sediments in the Cariaco Basin [Haug

- famine. The Toltecs faced this problem all
along, but it became more critical as the population grew.”
The new reconstruction identifies a 19‐year drought from
AD 1149 to 1167, the first evidence that the massive mid‐
12th century megadrought, the most extreme drought of the
past 1000‐years over western North America [Cook et al.,
2007], extended into central Mexico.

- “Famine of One Rabbit,” the worst in Aztec history, evidence
that Aztec crop yields were vulnerable to drought and
frost


-The collapse of the Aztec state
came with Spanish conquest in 1521. The reconstruction
indicates that early warm season drought over Mesoamerica
preceded the arrival of Cortez and persisted for 26 years
(1514–1539, Figure 2g). The conquest of Mexico was a
clear military victory for the Spanish, but prolonged drought
over Mesoamerica during the early Colonial era may have
interacted with epidemic disease to contribute to the catastrophic
depopulation of Aztec Mexico in the aftermath of
conque



Anchukaitis, et al. 2013 Holocene

300-yr tree-ring records in 
Mesoamerica: Guatemala

Winter (December–March) sea 
surface temperature anomalies 

(SSTA)

PDSI

• Abies guatemalensis, Guatemala
• Time span: 1699-2010 C.E.
• Latitude: ~ 15°N



• Polylepis tarapcana, Altiplano region, 
Central Andes, Bolivia and Chile

• Latitude: ~ 17-23°S

• Reconstruction Nov-Oct precipitation
• Time span: 1300-2006 C.E.

Precip. Recons. correlations vs. 
Nov-Oct SST (1948-2006)

Morales, et al. 2012 Climate of the Past

700-yr tree ring records
 in South America: 
Bolivia and Chile

Presenter Notes
Presentation Notes

The tree-ring reconstruction of annual (November–October) precipitation in the Altiplano region, Central Andes, for the period
1300–2006 (annual precipitation expressed as percentages (%) of the 1982–2000 instrumental precipitation mean

Spatial correlation field between the annual (November–
October) precipitation reconstruction and 2.5 °— 2.5 gridded
monthly averaged November–October sea surface temperature
(SST) for the interval 1948–2006 (NCEP-NCAR reanalysis). The
white box indicates the Ni˜no 3.4 region in the tropical Pacific. The
reconstructed precipitation region is indicated by the red square

Spatial correlation field between CRU3.1 0.5�º gridded November to October precipitation and a regional instrumental precipitation series for the Central Andes (left) and Altiplano reconstructed November-October precipitation based on tree rings (right) for the 1961–2006 period. Only significant correlations are shown. Right: Spatial correlation field between the annual (November–October) precipitation reconstruction and 2.5º gridded monthly averaged November–October SST for 1948–2006 (NCEP-NCAR reanalysis). White box: the Niño 3.4 region in the tropical Pacifci. Red square, reconstructed precipitation region.



Andreu-Hayles & Dos Santos, et al. 2014 Radiocarbon (in press)

WHY THERE ARE FEW TREE-
RING RECORDS IN THE INNER 
TROPICS?
• Lack of well-defined tree rings, 

sometimes.

• Absence of winter dormancy due to low 
temperatures in winter (e.g. extratropics).

• Seasonality in the tropics is mainly driven 
by changes in the hydrological cycle.



Pseudolmedia
rigida,
• Madidi National 
Park, Bolivia
• Latitude: ~ 14°S

Andreu-Hayles & Dos Santos, et al. 2014 Radiocarbon (in press)

Annual periodicity in tropical tree rings

Locally
Absent
Ring (LAR)

False Ring (FR)



Andreu-Hayles & Dos Santos, et al. 2014 Radiocarbon (in press)

Annual periodicity in tropical tree rings

Pseudolmedia
rigida,
Madidi National 
Park, Bolivia



Prioria copaifera (cativo)
•   Atrato river, 
Colombian Pacific region
•   Latitude: ~ 7°N 

David Herrera-Ramírez, Andreu-Hayles et al. (unpublished)

Andreu-Hayles & Dos Santos, et al. 2014 Radiocarbon (in press)

Annual periodicity in tropical tree rings

Pseudolmedia
rigida,
Madidi National 
Park, Bolivia



PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo

Some relevant tree-ring studies in Asia…

Tropic of Cancer

Tropic of Capricorn



MHS: teak, Thailand

MCC: Fokienia 
hodginsii, Northern 
Vietnam

BDNP: Fokienia hodginsii, 
Central Vietnam

Buckely, et al. 2010 PNAS

Monsoon variability in Asia based on 
tree-ring records validated with 

speleothem and coral records

Presenter Notes
Presentation Notes
Palmer Drough Severity Index, PDSI, at the end is important amount of precipitation arriving in land and to have good estimates of hydroclimatic variaiblity. In this sense tree rings can be very useful.


Tree-ring reconstructed drought from Southeast Asia. (A) MHS-inferred PDSI normalized anomalies (10) from teak, (B) MCC reconstructed PDSI
(11) from Po Mu (Fokienia hodginsii), and (C) the new BDNP reconstructed PDSI from Po Mu (F. hodginsii). The two Angkor Droughts in the late fourteenth
and early fifteenth centuries are indicated by red vertical bars. A more recent drought in the middle of the eighteenth century is indicated in each reconstruction by the brown bar.

Regional paleoclimate records of Medieval Drought in Southeast Asia. Dandak Cave δ18O record (A) from the core monsoon region of India
(17, 52), our Bidoup Nui Ba National Park (BDNP) PDSI reconstruction (B, with heavy line 15-year Butterworth filter from southern Vietnam), and the speleothem
δ18O record from Wanxiang Cave (C, heavy line, five-point boxcar filter) in China (18). Note that axes for both speleothem records are inverted
such that drier conditions are down. U/Th dates for speleothems are shown by filled triangles of the same color with analytical error estimates (years)
shown by the accompanying number. The fourteenth and early fifteenth century
Angkor droughts are indicated by the brown shaded bars. Historical records
of the fourteenth and fifteenth century droughts come from
Phitsanulok in modern Thailand (TH) and Sri Lanka (SL) (14, 16) and are indicated
by black triangles.





BDNP: Fokienia hodginsii, 
Vietnam (1856-2006)

PDSI instrumental 
data (1915-2005)

Vietnamese records of drought vs. SST

Coral Dipole Mode 
Index recons.

Teak streamflow 
recons.
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(1960-2006)

Buckely, et al. 2010 PNAS

Java teak records last 200 yr 
and Mentawai coral series

D’Arrigo, et al. 2011 Climate Dynamics

D’Arrigo, et al. 2011 Climate Dynamics

Presenter Notes
Presentation Notes
Correlation maps between drought (15) and sea surface temperatures (19). Significant (p < 0.001) correlations are identified between (A) the BDNP
PDSI reconstruction and tropical Pacific and Indian Ocean SSTs (1856–2006), with positive anomalies in the extratropical Pacific. The same pattern is identified
for (B) the instrumental PDSI record [1915–2005 (15)].

Plot of Indian-Pacific Ocean Hadley Centre Global Sea Ice and Sea Surface temperature (HADISST), monthly anomalies; 1 degree area grids, 1870 to present; Rayner et al. 2003, 2006). For September–November target season for 1890–2007. Inset shows locations of teak tree-ring sites (black stars) for Java used to reconstruct Citarum streamflow; blue dot is location of Mentawai coral series (Abram et al. 2008), red outline shows location of Citarum river basin

Dipole Mode Index or DMI (Oct-Nov HADISST,

Results show closely similar
climate signatures in the two proxies: correlations between the treering
and coral reconstructions are -0.62 for 1960–2006 (0.0000,
n = 47); -0.20 for 1920–1960 (ns; n = 41); -0.39 for 1890–2006
(0.0000, n = 117). Sign of coral DMI reversed for comparison.



Cook, et al. 2010 Science

Monsoon Asia Drought Atlas (MADA)

•   Nº chronologies: 327
•   Nº grid points PDSI recons: 534
•   Time-span: 1300-2004 C.E.

Presenter Notes
Presentation Notes
Point by point regression.

“point-by-point regression”
program (1, 14) (figs. S5 and S6), we produced
well-calibrated and validated reconstructions of
summer monsoon var

Palmer Drought Severity INDEX



PALEOCLIMATOLOGY DATASETS

Source: http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=paleo&theme=paleo

Tropic of Cancer

Tropic of Capricorn

NADA =
NORTH AMERICA DROGHT ATLAS

MADA =
MONSOON ASIA DROGHT ATLAS

Drought Atlas in North America (NADA) and Asia (MADA) based on 
tree rings

Presenter Notes
Presentation Notes
The gridded reconstructions that comprise
the MADA are directly analogous to the NADA



1. A paleo-perspective is needed to assess the full range of climate 
variability and change since instrumental records only cover (at 
maximum) the last 150 years.

2. High-resolution (annual) paleo-proxies exist in the Tropics, however, 
tree-ring studies are challenging in this region.

1. More data collection is needed to provide better estimates of ENSO 
variability, the monsoon systems and/or ITCZ migration (affecting 
the large-scale climate dynamics), as well as to generate or refine 
reconstructions of regional climate.

TAKE-HOME MESSAGES
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