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Eos: The concept of abrupt climate 
change did not really exist prior to the 
early 1990s. What was the dominant view 
before this time, and what made researchers 
change their minds?

Rashid: The defining moment for abrupt 
climate change research came in 1993 
when Willi Dansgaard and his colleagues 
published oxygen isotope records for 
Greenland ice core samples that showed 
the air temperature swinging back and 
forth, meaning warming and cooling, over 
periods as short as a thousand years. Those 
temperature swings are now famously 
known as Dansgaard-Oeschger (D-O) oscil-
lations, and though they were first discov-
ered in Greenland ice cores, they were 
later observed in North Atlantic marine 
sediment samples. In subsequent studies, 
these abrupt climate events were found any 
place on Earth that was studied sufficiently, 
including Antarctica, the Pacific Ocean, the 
Atlantic Ocean, the Indian Ocean, and even 
on land if you look at the climate record as 
captured in cave mineral deposits. 

Prior to this, the main argument in paleo-
climate or paleoceanographic research was 
that the climate is governed by Milankov-
itch forcings—cycles related to the position 
and angular orientations of the Sun and the 
Earth—that cause the climate to change 
in 100,000-year, 41,000-year, and 21,000-
year cycles. These cycles are driven by the 
eccentricity or procession of Earth’s orbit, 
and the planet’s obliquity, or axial tilt. At 
that time, these were considered abrupt cli-
mate change, but we now know that is not 
accurate. Before the advent of the Green-
land ice core isotope record the idea of 
abrupt climate change, meaning a shift 
from warm to cold in a couple of decades, 
did not exist. Even though some model-
ers may have thought so, there was no data 
documenting it.

Eos: What is the primary mechanism of 
abrupt climate change?

Rashid: If you polled climatologists, 
probably 99% of them would agree that 

the interaction between freshwater in the 
North Atlantic and the Atlantic Meridio-
nal Overturning Circulation (AMOC) is the 
biggest driver of abrupt climate change. 
So the idea is that, in the past, there was 
a big ice sheet sitting on North America 
that would shed icebergs. These icebergs 
would float along the surface of the North 
Atlantic where they would eventually melt, 
forming a freshwater cap on the ocean’s 
surface. As a result, the formation of North 
Atlantic deep water would slow down, and 
the AMOC would weaken. This weaken-
ing reduces the amount of heat and mois-
ture exchange into the atmosphere, and 
as a result, the entire North Atlantic would 
start to cool. That cooling at first propa-
gated to northwestern Europe, then all 
the way to Eurasia, and would be associ-
ated with an increase 
in sea ice. In the South-
ern Hemisphere, how-
ever, there would be a 
reverse effect. Because 
the AMOC is no longer 
transporting as much 
heat into the Northern 
Hemisphere, it would 
accumulate in the 
south. The temperature 
would go up, and the 
extent of sea ice around 
Antarctica would 
decrease. Alongside 
these thermal changes, 
there would be an 
effect on the hydrologi-
cal cycle in the tropics. 
From paleogeochemical 
proxies, we can prove 
that the AMOC was sig-
nificantly weakened dur-
ing Heinrich Event 1—a 
period of sudden global 
climate change that per-
sisted for less than 1000 
years—but this is some-
thing we cannot clearly 
demonstrate for D-O 
events.

Eos: If the Atlantic Meridional Overturn�
ing Circulation were to weaken or collapse 
because of modern climate change, as some 
scientists have predicted, what would be the 
result?

Rashid: I think it is important to keep 
in mind that the geographic configura-
tion was very different during the immedi-
ate past glacial- interglacial cycle than it is 
now. If we think about the Younger Dryas 
or Heinrich events, the amount of fresh-
water available to perturb the AMOC was 
much larger than it is now. However, we 
still have a huge ice sheet on Greenland. 
And, if we continue to increase the atmo-
spheric carbon dioxide concentration, 
then more Arctic sea ice will melt. Add to 
this the freshwater runoff from the repeat-
edly freezing and thawing northern con-
tinents, such as Siberia or northern Can-
ada, and there will be the potential to add 
enough freshwater to the North Atlantic 
to perturb the AMOC. So, the question is, 
how different will the AMOC weakening be 
for the future climate as compared to past 
climates? Based on modeling work we do 
anticipate that if we add freshwater to the 
North Atlantic there will be cooling in the 
Northern Hemisphere. If the AMOC some-
how weakens, even by as little as 20% or 
30%, there will be a significant amount 
of cooling downwind, meaning England, 
Iceland, Norway, and the rest of western 
Europe. But the impact is not going to be 
restricted to these places. It will also affect 
the large populations in China and India, 
by reducing or modifying the monsoon, 
and it will also affect the United States’ 
eastern seaboard. 

PAGES 313–314

AGU Bookshelf
Abrupt Climate Change:  
Mechanisms, Patterns, and Impacts
In the span of only a few decades, the global temperature can soar by more than a dozen 
degrees Celsius, a feat that 20 years ago was considered improbable, if not impossible. 
But recent research in the nascent field of rapid climate change has upended the domin�the domin�
ant views of decades past. Focusing primarily on events during and after the most recent 
glaciation, from 80,000 years ago, the AGU monograph Abrupt Climate Change: Mecha�
nisms, Patterns, and Impacts, edited by Harunur Rashid, Leonid Polyak, and Ellen Mosley�
Thompson, explores the transient climate transitions that were only recently uncovered in 
climate proxies around the world. In this interview, Eos talks to Harunur Rashid about piec�
ing together ancient climes, the effect of abrupt change on historical civilizations, and why 
younger researchers may be more worried about modern warming than their teachers. 

Combining the observed variations of a few important climate 
proxies representing the past 120,000 years, and the induced shifts 
in temperature for the more recent time interval, demonstrates the 
scale, and potentially swift rate, of climate variability. Greenland 
air temperature fluctuations (red), the ratio of oxygen isotopes 
(Oxygen�18/Oxygen�16 = d18O) in Greenland ice cores (blue), and 
the percentage of bulk sediment carbonate (CaCO3) measured from 
the  seafloor sediments of the Labrador Sea (black). Courtesy of 
Harunur Rashid.
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Eos: What is your area of research? How 
do you go about piecing together a coherent 
picture of an ancient climate?

Rashid: My expertise is in paleocean-
ography, and in my research I use isotope 
geochemistry and interpret the concentra-
tions of minor and trace elements. At pres-
ent, most of my work is in biogenic carbon-
ates, studying the chemistry of organisms 
that lived at the surface or grew at the bot-
tom of the ocean. By measuring isotope 
ratios and the concentrations of minor and 
trace elements trapped in the calcite shells 
of ancient single-celled organisms, I can 
reconstruct past temperatures, past ocean 
circulations, and past hydrological cycles.

As an example, in the book I have a 
chapter related to the Younger Dryas, 
a period of sudden cooling that started 
roughly 12,900 years ago and interrupted 
the gradual warming of deglaciation. Dur-
ing this time there was freshwater sitting 
on North America in two proglacial lakes: 
Lake Agassiz and Lake Ojibway. This fresh-
water somehow got into the North Atlantic, 
leading to a 1200-year-long or 1300-year-
long cooling period in the Northern Hemi-
sphere. The Younger Dryas, however, is a 
“Big Foot” story. Big Foot, the quintessen-
tial American fairy tale, is blurry. That’s the 
problem. The Younger Dryas is one of the 
most highly contested issues in the past 
50 years of climate change research. There 
are people who have made their reputa-
tions working on the Younger Dryas. Yet, 
no one has been able to find the signature 
of this freshwater flux in the North Atlan-
tic. No one. If you look at the Greenland ice 
core record, or the Asian monsoon record, 
or the cave deposit record, you can clearly 
see the Younger Dryas. But in the North 
Atlantic, where everyone says that meltwa-
ter came and weakened the AMOC, no one 
has been able to find any sign of that fresh-
water. So, in the book, I took a stab at this 
issue; I provided an alternative explana-
tion as to why you should not be expecting 
a meltwater or freshwater signature in the 
North Atlantic. 

Briefly, my idea is that during the 
Younger Dryas, freshwater admixed with 
fine-grained sediments were discharged 
underneath the Laurentide ice sheet 
through the Hudson Strait ice stream, like 

a river with fine-grained sediments. Since 
this freshwater runoff could not float freely 
on the top of the ocean due to its higher 
density, these waters would sink close to 
the bottom of the ocean. Over time, the sus-
pended sediment would slowly rain down, 
and the meltwater would rise back toward 
the surface. But, by the time this meltwa-
ter made its way back up to the surface it 
would have lost its original isotopic signa-
ture. This is why you do not see, and should 
not expect to see, a meltwater signature 
associated with the Younger Dryas in the 
North Atlantic. This is what we documented 
in our sediment cores from in and around 
the Hudson Strait region, a 1-meter thick 
Younger Dryas sediment unit with a negligi-
ble freshwater isotopic signature.

Eos: The book discusses in some detail 
the effects of abrupt climate change on long 
gone civilizations. How do some scientists 
think an early society living along the tribu�
taries of the Indus River in India met its end?

Rashid: In the monograph, B. S. Pali-
wal discussed the fate of the Vedic civili-
zations that flourished along the banks of 
the Sarasvati and Drishadvati rivers more 
than 12,800 years ago. He discussed how 
tectonic activity at the time could have 
negatively affected the strength of the riv-
ers, which led to the formation of saline 
lakes. As a result, this disorganized drain-
age system ushered in the appearance of 
lakes, reversed the rivers’ courses, and 
blocked water flow. It is now accepted that 
the Indian summer monsoon, commonly 
known as the southwest monsoon, was 
strong and wet during the early Holocene 
(11,000–6000 years ago) and that may have 
resulted in frequent flooding. As Paliwal 
suggests, this flooding might have caused 
the end of the Vedic civilization, though we 
have very little evidence to verify or con-
firm this hypothesis at present.

Eos: How has the relatively recent boom 
in the understanding of abrupt climate 
change affected scientists’ perceptions of the 
risks and consequences of modern anthro�
pogenic climate change? 

Rashid: I think it has significantly 
changed the way that a majority of climate 
scientists think. If you look at my mentors, 
who are in their 60s or 70s, and you look at 
the papers they have written in their early 

years, they tend to focus on solar insola-
tion, astronomical theory, and Milankov-
ich cycles. So, compared to them, we are 
basically a completely different crop of sci-
entists; my professors were worried about 
centuries, we are worried about decades. 
The understanding of the potential for 
abrupt climate change has led to two dif-
ferent urgencies and two different sets of 
worries, which I think comes across in the 
book. Unfortunately, some of these adverse 
changes might be seen in our lifetimes. 
That is probably one of the things that 
really got us up on our feet and working as 
feverishly as possible to convince the wider 
society about the importance of climate 
change. 

Eos: What is the future of abrupt climate 
change research?

Rashid: At present, we are really only 
able to prove that the AMOC weakened or 
slowed down for two events: the Younger 
Dryas and Heinrich Event 1, which took 
place from 11,700 to 12,900 and 15,000 to 
16,400 years ago, respectively. But there are 
other climate transitions for which we need 
a better understanding, such as Glacial 
Termination II, which took place 141,000 
years ago. In other cases, such as 60,000 
or 125,000 years ago, we have no clue what 
the climate looked like during those times. 
So, we’ve just scratched the surface. 

This really is the cutting-edge research 
in climate science. Abrupt climate change 
research is the brand new science in the 
Earth sciences, and I see the field getting 
stronger and attracting many bright stu-
dents. I think the field will be going strong 
for at least the next 20 years.
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