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ABSTRACT 
 

The 8.2 ka event, which occurred 8200 years before present, was a period of abrupt 
cooling that is recorded in multiple proxy records across the Northern Hemisphere. During this 
event, a cooling of 3.3°C ± 1.1°C, was estimated from Greenland ice cores and lasted about 150 
years. Prior to the 8.2 ka event, the climate of the northern latitudes of the North Atlantic was 
similar to that of today. It is hypothesized that the 8.2 ka event was caused by release of fresh 
water from the proglacial Lake Agassiz into the Labrador Sea and North Atlantic Ocean. This 
fresh water flowed into the main subduction area of the North Atlantic. Density differences 
between the fresh and saline waters caused the thermohaline circulation to slow down, resulting 
in cooler surface temperatures over Greenland. While much of the proxy evidence for the 8.2 ka 
event is from the region surrounding the North Atlantic basin, recent evidence studies suggest 
impacts from the event extended beyond this region. This paper will consider the effects of the 
8.2 ka event on the Intertropical Convergence Zone (ITCZ). Published studies on lake and ocean 
sediment cores and cave speleothems were considered. In addition, these proxy data were 
compared to NCAR CCSM3 model simulations of the 8.2 ka event to assess model accuracy. 
Study results indicate a southward shift of the ITCZ around 8.2 ka.  The comparison between the 
8.2 ka climate model simulations and the proxy data largely agree with model results, diverging 
most from the proxy data from the equator. 
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1. Introduction 
 
 The 8.2 ka (8200 calendar years before present) event, was a cooling event recorded in 
multiple proxy records across the Northern Hemisphere, that lasted for about 150 years. This 
event is thought to be caused by the disintegration of the Laurentide Ice Sheet and the subsequent 
release of fresh water from the proglacial Lake Agassiz into the Hudson Bay (Alley and 
Agustdottir, 2005). By way of Labrador Sea and Atlantic Ocean currents, the fresh water was 
carried to the main subduction zone of the thermohaline circulation (THC). The density 
difference between the glacial melt water and the sea water became a prohibiting factor in the 
sinking of the North Atlantic waters, which caused the thermohaline circulation to slow. The 
Gulf Stream, which is apart of the THC, advects warm tropical water to the higher latitudes of 
the Northern Hemisphere, making areas such as Europe and Greenland warmer than other areas 
along the same latitudes.  The slowing of the thermohaline circulation during the 8.2 ka event 
caused these areas, which a climate similar to that of today, to become drier, windier, and cooler 
(Morrill and Jacobsen 2005). A cooling of 3.3°C ±1.1°Cwas estimated from an ice core collected 
in central Greenland (Kobashi et al. 2007).   
  
 While much of the proxy evidence for the 8.2 ka events is from the region surrounding 
the North Atlantic basin, recent studies suggest impacts from the event extended beyond this 
region. Scientists have hypothesized that the Intertropical Convergence Zone (ITCZ), which 
brings precipitation to the tropics, shifted further south during the 8.2 ka event (Cruz et al., 
2009). There are two focuses of study in this paper. First, this hypothesis deserves more study 
because should the melting of the Greenland ice sheet cause a slowdown in the THC, an event 
similar to the 8.2 ka event could occur. If this were to happen, many people are at risk of 
suffering droughts and famine in Central America, and floods and mudslides in South America. 
Second, this paper will also study the reliability of the National Center for Atmospheric 
Research’s (NCAR) coupled climate model, the Community Climate System Model, version 3 
(CCSM3) to simulate an abrupt climate event such as the 8.2 ka event. The accuracy of this 
model is important because this model is used by the Intergovernmental Panel on Climate 
Change (IPCC) to predict future climate change (Meehl et al., 2007).  
 
2. Methods 
 
 For this study paleoclimate proxies were examined from the tropical Atlantic region (Fig. 
1). A proxy is a source of information, such as ice cores, lake and ocean sediments, or 
speleothems, which can be used to estimate climate before modern instrumental measurements 
were available. The area of focus was from Mexico southward to South America and the Atlantic 
basin from 25°N to 40°S. The paleoclimate proxy data were acquired from the National Climatic 
Data Center (NCDC) and the World Data Center for Paleoclimatology and previously published 
records including oxygen isotopes and pollen from lake sediment cores, oxygen isotopes from 
cave speleothems (cave deposits such as stalagmites), and titanium and foraminifera 
(microscopic marine shell organisms) from ocean sediment cores. With the help of an assistant, 
these data were entered into Excel, where a statistical analysis was performed on three different 
time periods. The three time intervals cover the periods before, during, and after the 8.2 ka event. 
The three periods range from 8.9-8.45 ka, 8.45-7.9 ka, and 7.9-7.45 ka. The boundaries were 
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chosen to bracket the 8.2 ka event while taking into account the error in dating of the proxies of 
150 to 200 years in either direction. The periods before and after were chosen so that an 8.2 ka 
event could be detected if the proxy record exceeded more than two standards of deviation from 
the mean before and after, and spanned more than five data points.  
  
 The National Center for Atmospheric Research (NCAR) CCSM3 model was used to 
simulate the 8.2 ka events. A control run was performed using conditions that were in place 8500 
ybp (years before present) including the shape of the Earth’s orbit, atmospheric CO2, 
atmospheric CH4, atmospheric N2O, remnant Laurentide Ice Sheet, and a flux of 0.05 Sv (1 Sv 
=106 m3/s) of freshwater entering the North Atlantic from the St. Lawrence River. This 
simulation was run 375 model years and reached equilibrium after approximately 150 model 
years.  
  
 To simulate the 8.2 ka event, the model was run using the same parameters as the control 
simulation, with an addition of one boundary condition, which was adding fresh water to 
different parts of the Labrador Sea to represent the draining of Lake Agassiz. The fresh water 
was added with a flux of 2.5 Sv for the first year to represent the lake drainage. For the following 
99 model years, a flux of 0.13 Sv was added to represent the continued disintegration of the 
remnant ice sheet. Two model simulations were performed to ensure the freshwater reached the 
Norwegian Sea and deep water subduction zone and affect the THC (Fig. 2). In the first 
simulation, known as the “Coast” simulation, fresh water was added to the ocean model grid 
cells along the Canadian coast. The second simulation, known as the “Box” simulation, added 
the fresh water across the Labrador Sea (50ºN-65ºN, 70ºW-30ºW).  Both experiments were run 
for an additional 50 years with the initial boundary conditions so the system could recover.  
  
 After the simulations were run, the results for each site were graphed and the mean, 
standard deviation and t-tests were calculated. The difference between the “Box” or “Coast” and 
control simulations were considered to be significant if the t-test was less than 0.05, than an 
event was determent to of happened. The last thing to be completed was a comparison between 
the proxy record and model output at each site. Outcomes from this comparison are discussed in 
the Results section below. 
 
4. Results 
 
 The findings of this paper were mixed. Some of the data sites confirmed the results from 
the model simulations, while some of the data sites did not match up with the simulations, and in 
some cases even the two model simulations, Box and Coast, did not match (Fig. 3). Also, some 
of the data sites that provided more than one proxy had differing results between the proxies. 
Table 1 summarizes the results of this study and Table 2 summarizes the 8.2 ka model simulation 
results. 
 
 Two of the proxy records for this study were from Lake Petén Itzá in Guatemala. The 
studies were Curtis et al. (1998) and Hillesheim et al. (2005). While Hillesheim et al. (2005) 
talked of a 10% decrease in organic matter in the deep water sediment cores from 8100 to 7800 
ybp along with a 5% increase in carbonate, which indicates drier climate conditions between 
8100 and 7800 years ago, neither the data from the Hillesheim et al. (2005) or the Curtis et al. 
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(1998) studies record an 8.2 ka event. The results from the Coast and Box simulations both show 
a drier climate during this time, with the box showing a slightly stronger signal. 
 
TABLE 1.  Results of this study.  “Yes” indicates an 8.2 ka event was recorded and “No” 
indicates no event was recorded. 

Author  Coordinates Location Proxies Coast 
simulation 

Box 
simulation 

Baker et al. 
2005 

16.0° S 
69.0° W 

Lake Titicaca, 
Peru/Bolivia 

No No No 

Cheng et al. 
2009 

13.22° S 
44.05° W 

Padre Cave, 
Brazil 

Yes Yes Yes 

Hodell et al. 
1995 

19.50° N 
88.45° W 

Lake 
Chichancanab, 
Mexico 

No Yes Yes 

Kim et al. 2007 30.85° N 
10.30° W 

Cape Ghir, 
NW Africa 

No Yes Yes 

Lachniet et al. 
2004 

10.68° N, 
84.88° W 

Venado Cave,  
Costa Rica 

Yes Yes Yes 

Ljung et al. 
2008 

37.4° S 
12.5° W 

Nightingale 
Island, SE 
Atlantic 

Yes No No 

Lodico et al. 
2006 

26.9° N 
91.4° W  

Orca Basin, 
Gulf of 
Mexico   

No No Yes 

Hughen et al. 
1996 

10.7° N 
65.3° W 

Cariaco Basin, 
Venezuela 

Yes Yes Yes 

Haug et al. 2001 10.7° N 
65.3° W 

Cariaco Basin, 
Venezuela 

Yes Yes Yes 

Curtis et al. 
1999 

10.10° N 
67.45° W 

Lake  
Valencia,  
Venezuela 

Maybe Yes Yes 

Hillesheim et al. 
2005 

17.00° N 
89.50° W 

Lake Petén 
Itzá, 
Guatemala 

No Yes Yes 

Curtis et al. 
1998 

16.55° N 
89.50° W 
 

Lake Petén 
Itzá, 
Guatemala 

No Yes Yes 

 
 Two of the proxy records for this study were from Lake Petén Itzá in Guatemala. The 
studies were Curtis et al. (1998) and Hillesheim et al. (2005). While Hillesheim et al. (2005) 
talked of a 10% decrease in organic matter in the deep water sediment cores from 8100 to 7800 
ybp along with a 5% increase in carbonate, which indicates drier climate conditions between 
8100 and 7800 years ago, neither the data from the Hillesheim et al. (2005) or the Curtis et al. 
(1998) studies record an 8.2 ka event. The results from the Coast and Box simulations both show 
a drier climate during this time, with the box showing a slightly stronger signal. 
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TABLE 2. Simulation results.  Mean and standard deviation of each both 8.2 ka model 
simulations and control run.  Bold numbers indicate 8.2 ka simulation is significantly different 
from the control run based on the t-test. 

Name of Site Coast Box Control 
Padre Cave, Brazil 1.93x10-8 

4.55 x10-9 (mm/day) 
2.11 x10-8 
4.55 x10-9 (mm/day) 

1.86 x10-8 
3.97 x10-9 (mm/day) 

Lake 
Chichancanab, 
Mexico 

1.48 x10-8 
2.50 x10-9 (mm/day) 

1.44 x10-8 
3.06 x10-9 (mm/day) 

1.4 x10-8 
2.50 x10-9 (mm/day) 

Cape Ghir, NW 
Africa 

16.83 °C 
0.51 °C 

16.44 °C 
0.70 °C 

17.44 °C 
0.47 °C 

Venado Cave, Costa 
Rica 

1.56 x10-8 
3.75 x10-9 (mm/day) 

1.34 x10-8 
4.04 x10-9 (mm/day) 

1.91 x10-8 
3.89 x10-9 (mm/day) 

Nightingale Island, 
SE Atlantic 

2.97 x10-8 
2.13 x10-9 (mm/day) 

3.00 x10-8 
1.99 x10-9 (mm/day) 

2.95 x10-8 
1.92 x10-9 (mm/day) 

Orca Basin, Gulf of 
Mexico   

22.94 °C 
0.31 °C 

22.72 °C 
0.34 °C 

23.02 °C 
0.43 °C 

Cariaco Basin and 
Lake Valencia,   
Venezuela  

1.21 x10-8 
2.84 x10-9 (mm/day) 

1.09 x10-8 
2.91 x10-9 (mm/day) 

1.48 x10-8 
2.79 x10-9 (mm/day) 

Lake Petén Itzá, 
Guatemala 

1.28 x10-8 
2.29 x10-9 (mm/day) 

1.24 x10-8 
2.55 x10-9 (mm/day) 

1.46 x10-8 
2.75 x10-9 (mm/day) 

 
 The studies from the Cariaco Basin and Lake Valencia in Venezuela show mixed results, 
even though they are only tens of kilometers apart. The two papers (Haug et al. 2001) and 
(Hughen et al. 1996), both show climates with less precipitation. The Haug et al. (2001) paper, 
which used titanium to detect terrestrial runoff, showed a decrease in precipitation between 
8360-8343 ybp and 7956-7950 ybp, with the driest event being in the first period. It also showed 
a period of increased precipitation between 8298-8281 ybp. The Hughen et al. (1996) paper used 
the gray scale to detect terrestrial runoff. The study found the soils to be of a lighter gray matter 
between 8281-8190 ybp and between 8183-8114 ybp, which means that the climate was dryer 
between these times. Curtis et al. (1999) looked at CaCO3 from a lake sediment core from Lake 
Valencia, Venezuela. The data showed a decrease in precipitation during the 8.2 ka event. The 
Coast and Box simulations both show a decrease in precipitation, with the Box simulation having 
a more significant drop in precipitation. 
  
 Cheng et al. (2009) present results from Padre Cave in Brazil. The δ18O isotopes 
collected from a stalagmite record show an increase in precipitation from 8207-8165  
 ybp. The Coast and Box simulations also produced a climate with more precipitation, with the 
Box showing more precipitation than the Coast. 
  
 A study from Lake Chichancanab (Hodell et al. 1995), which is on the Yucatan 
peninsula, used δ18O isotopes as a proxy for the area’s climate. The δ18O didn’t record any type 
of event. The Coast and Box simulations, however, did record a drier climate during this time. 
The Box simulation, showed a drier climate than the Coast simulation.  
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 An ocean sediment core off the coast of Cape Ghir in northwest Africa (Kim et al. 2007) 
was studied. In this study, plankton were used to archive sea surface temperatures (SSTs). In the 
paper, the author notes a 1°C drop in SSTs, which is attributed to the 8.2 ka event. The actual 
data shows that the SSTs lowered by about 0.5°C during the 8.5 ka time period. This is not 
enough to make it a significant event, but it does exceed one standard deviation. The Coast and 
Box simulations show a significant decrease in water temperatures, with the Box simulation 
recording the greatest decrease.  
  
 The record from Venado Cave, Costa Rica (Lachniet et al. 2004) used δ18O from a 
stalagmite to detect climate change in this area. The isotopes data indicate a drier climate from 
8134-8050 ybp. The Coast and Box simulations both show a drier climate, with the Box 
simulation having a drier climate than the Coast simulation.    
 
 A lake sediment core taken from Nightingale Island (Ljung et al. 2008), which is in the 
south Atlantic, was used to determine if the effects of 8.2 ka event were felt this far south. This 
study used magnetic susceptibility, pollen analysis, and determination of total carbon (TC), 
nitrogen and sulfur proxies to reconstruct the climate from 10 to 7 ka. Higher levels of organic 
carbon and a spike in the magnetic susceptibility show that precipitation increased over this area 
during the 8.2 ka event. After graphing the first principle component analysis, which are the 
statistical data analyses of pollen, increased precipitation was found between 8178-8056 ybp. 
Neither model simulation showed a significant change in precipitation. 
 
 The study from the Orca Basin in the Gulf of Mexico (Lodico et al. 2006), was 
researching SST change by using δ18O values and Mg/Ca ratios that were gathered from white 
and pink foraminifera. These proxies did not record a 8.2 ka event. While the Coast simulation 
did not show any change in SST, the Box simulation showed a decrease in SSTs. 
 
 A sediment core from Lake Titicaca on the border between Peru and Bolivia (Baker et al. 
2005) did not show any evidence of the 8.2 ka event. Neither model simulation showed a change 
in precipitation or temperature. 
 
5. Discussion 
 
 The hypothesis of this paper was that the ITCZ shifted farther to the south and for the 
most part, the proxies agreed. The majority of the proxies show a drying in Central America, and 
increased precipitation in Brazil. The notable exceptions are Lake Petén Itzá in Guatemala, Lake 
Valencia, Venezuela, and Lake Titicaca, in Bolivia. The explanation for no event being found in 
Guatemala is beyond the scope of this paper. The lack of an event in Lake Titicaca record is due 
to the strong Pacific influence, and the Andies Mountains. Lake Valencia shows a period of 
drying that started before the 8.2 ka event and by the middle of the seventh millennium before 
present, the CaCO3 levels only recovered to half of the pre-8.2 ka levels; it is unclear if the event 
is superimposed on a larger event or if this event is unrelated. The Cariaco Basin titanium 
records did show some variability in precipitation, but indicate an overall drying trend during the 
8.2 ka event. 
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 While the simulated results for the most part match up with the proxies at the equator, the 
farther away the data sites are, the more that the results differ. Furthermore, there are variations 
between the Coast and Box simulation results. One of the differences is that where the Coast and 
Box agree about an event happening, the event produced in the Box simulation is always 
stronger than the Coast simulation. As you move further north or south of the equator, no event 
is recorded by the Coast simulation, while the Box still shows a significant change.  
 
 This begs the question of why the Coast and Box simulations both display a shift in the 
ITCZ when only the Box simulation was able to produce the cooling over Greenland. A few 
hypotheses that this paper can put forward, is that possibly something is wrong with the models, 
or maybe there is another event at play. The latter could certainly be a viable answer, considering 
the proxies show something else happening with Lake Valencia. Another answer may be that the 
water from Lake Agassiz could have cooled down the SSTs of the North Atlantic Ocean and 
encouraged a growth in sea ice. This cooling of the SSTs would have advected through the 
Subtropical Gyre and caused the SSTs in the equatorial region to cool, which could have been 
enough to change the position of the ITCZ. When you compare the Coast simulation to the Box 
simulation, the drop in SSTs in equatorial waters are almost the same. This could mean that the 
ITCZ is affected more by the SSTs than the THC. 
 
6. Conclusions 
 
 Besides a few notable exceptions, the proxies and simulations show a southward shift in 
the ITCZ. While in general agreement at the equator, the farther away from the equatorial zone, 
the more that the results from the simulations and proxies diverge. Also, the greater the distance 
between the equator and the proxy sites, the greater the disagreement is between the Coast and 
Box simulations. This is to be expected, however, because only the Box simulation shows a slow 
down of the THC enough to cause a cooling event over Greenland. In conclusion, the proxies 
prove my hypothesis. However, there needs to be more studies done on the direct cause of the 
shift. The question that needs to be answered is whether the ITCZ is more affected by SSTs or 
the THC. 
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FIG 1.  A map of the 10 proxy data sites used to identify possible shifts in the Intertropical 
Convergenge Zone (ITCZ) 8200 years ago.  Each high-resolution data set, which includes lake 
and ocean sediment cores and cave speleothems, spans the 8.2 ka cooling event. 
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a) 

 
b) 

 
FIG 2.  a) “Box” model simulation and b) “Coast” model simulation. 
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Figure:  Map of proxy data sites and model results.  Inner circle color indicates proxy record and 
outer circle color indicates model simulation results.  Blue = Wet, Green = No change, Red = 
Dry, Orange = Possibly dry, Purple = Cool. 
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APPENDIX 
 

Padre Cave, Brazil (Data from Cheng, Geology 2009)
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Venado Cave, Costa Rica (From Lachniet et al. 2004)
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Nightingale Island, SE Atlantic (Ljung et al. 2008)
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Cariaco Basin (Hughen et al. 1996)
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Cariaco Basin (Haug et al. 2001)
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Lake Valencia, Venezuela (Curtis et al. 1999)
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