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There has been
a reduced rate of
global surface
warming in the
early 21st
century
This has been
variously
referred to as a
“hiatus”,
“pause”, or
“slowdown”

Mid-1970s shift

Hiatus periods
have occurred
before in
observations and
models and are a
naturally-occurring
part of climate
variability in
combination with
contributions from
external forcings
(Easterling and
Wehner, 2009, GRL)
And the flip side of
hiatus periods are
accelerated
warming periods

A9er Easterling and Wehner (2009, GRL) this from BAMS, 2009

Decadal climate variability science problems:
1. What are the rela@ve contribu@ons of internally generated
decadal @mescale variability and externally forced response to the
observed @me evolu@on of global climate on decadal @mescales?
2. What are the processes and mechanisms in the climate system
that produce internally generated climate variability?
3. Can these processes and mechanisms, if properly ini@alized,
provide increased predic@on skill of the @me evolu@on of regional
climate in the near-term, over and above that from the externally
forced response?

“The pause in warming has raised doubts in the
public mind about climate change. A few skep@cs
say ﬂatly that global warming has stopped. Others
argue that scien@sts’ understanding of the climate
is so ﬂawed that their judgments about it cannot
be accepted with any conﬁdence. A convincing
explana@on of the pause therefore maPers both
to a proper understanding of the climate and to
the credibility of climate science.”
-- ar-cle in The Economist, 2014

“Temperatures have ‘ﬂatlined’ over the past
15 years…and to my knowledge, not a single
climate model ever predicted that a pause in
global warming would ever occur.”
--Senator James Inhofe (R-Okla.) in U.S. Senate hearing
on the Obama Climate Ac-on Plan on January 16, 2014
(quoted in Eos, January 28, 2014)
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NOAA press release on Karl et al Science paper published in Science
Express on June 4, 2015

Global Warming ‘Hiatus’ Challenged by NOAA Research
By JUSTIN GILLIS
New York Times
JUNE 4, 2015

Scien-sts have long labored to explain what appeared to be a slowdown in
global warming that began at the start of this century as, at the same -me,
heat-trapping emissions of carbon dioxide were soaring. The slowdown,
some-mes inaccurately described as a halt or hiatus, became a major
talking point for people cri-cal of climate science.
Now, new research suggests the whole thing may have been based on
incorrect data.
When adjustments are made to compensate for recently discovered
problems in the way global temperatures were measured, the slowdown
largely disappears, the Na-onal Oceanic and Atmospheric Administra-on
declared in a scien-ﬁc paper published Thursday.

“NOAA/NCDC’s new ‘pause-buster’ paper: a laughable
aPempt to create warming by adjus@ng past data…the
recent paper Karl et al. 2015…went to great lengths to
try to erase “the pause” from the surface temperature
record using a series of adjustments. Those adjustments
are deemed unacceptable and cri-cized by some climate
scien-sts, such as Dr. Richard Lindzen, Dr. Chip
Knappenberger, and Dr. Pat Michaels.”
--Anthony Wags, “WagsUpWithThat” blog, June, 2015

“So while I’m sure this latest analysis from NOAA will
be regarded as poli-cally useful for the Obama
administra-on, I don’t regard it as a par-cularly
useful contribu-on to our scien-ﬁc understanding of
what is going on”.
--Judy Curry blog, June, 2015

November 10, 2015

Ci@ng the conﬁden@ality of delibera@ve scien@ﬁc discussions, NOAA
is refusing repeated requests from the chairman of the House
Science CommiPee for all internal staﬀ communica@ons related to a
major climate science study published this summer that called into
ques@on the so-called global warming hiatus and suggested the pace
of Earth’s warming is now as swi\ as ever.

Congressman now threatens to subpoena commerce secretary over
global warming report
By Lisa Rein

November 18, 2015 The Washington Post

House Science Commigee Chairman Lamar Smith (R-Tex.) opened another front in his
war with federal climate researchers on Wednesday, saying a groundbreaking global
warming study was “rushed to publica@on” over the objec@ons of numerous
scien@sts at the Na@onal Oceanic and Atmospheric Administra@on.
In a second leger in less than a week to Commerce Secretary Penny Pritzker, Smith
urged her to pressure NOAA to comply with his subpoena for internal
communica-ons. Smith says whistleblowers have come forward with
new informa@on on the climate study’s path to publica-on in June.
If NOAA does not produce the e-mails he is seeking by Friday, the chairman said, “I
will be forced to consider use of compulsory process,” a threat to subpoena the
commerce secretary herself.
Whistleblowers have told the commigee, according to Smith’s leger, that Thomas
Karl — the director of NOAA’s Na-onal Centers for Environmental Informa-on, which
led the study — “rushed” to publish the climate study “before all appropriate reviews
of the underlying science and new methodologies” used in the climate data sets were
conducted.

More organiza@ons speak out against Congressman’s NOAA inves@ga@on
LePer from seven scien@ﬁc groups expresses “grave concern.”
By Scog K. Johnson - Nov 24, 2015

hgp://arstechnica.com/science/2015/11/more-organiza-ons-speak-out-against-congressmans-noaa-inves-ga-on/

In a major move, seven scien@ﬁc organiza@ons came together today to send a message
to the Chair of the House CommiPee on Science, Space, and Technology, Lamar Smith
(R-Tex.). Smith is inves-ga-ng the NOAA climate scien-sts behind a study that concluded
we’ve seen slightly more surface warming since 1998 than previously thought. That
organiza-on's message? “Grave concern” about Rep. Smith’s subpoena of internal
communica-ons among NOAA scien-sts and staﬀ.
The leger comes from the American Associa@on for the Advancement of Science, the
American Chemical Society, the American Geophysical Union, the American
Meteorological Society, the American Sta@s@cal Associa@on, the Ecological Society of
America, and the Geological Society of America.
“Scien&sts should not be subjected to fraud inves&ga&ons or harassment simply for
providing scien&ﬁc results that some may see as poli&cally controversial,” the le<er
reads. “Science cannot thrive when policymakers—regardless of party aﬃlia&on—use
policy disagreements as a pretext to a<ack scien&ﬁc conclusions without public
evidence.”

House Science Chair Changes Request to NOAA Scien@sts

By Samantha Page Dec 2, 2015
hgp://thinkprogress.org/climate/2015/12/02/3727264/smith-new-approach-noaa-subpoena/

CREDIT: AP Photo/J. Scott Applewhite
House Science, Space, and Technology Chairman Rep.
Lamar Smith (R-TX) is battling NOAA over a June report.

Smith has subpoenaed NOAA for emails and
correspondence rela-ng to a study that disputes
the existence of a pause in global warming — a
subset of data that climate deniers have latched
on to.
In a leger Tuesday, Smith backed oﬀ his request,
somewhat. While he had previously demanded
all internal NOAA correspondence regarding
the study, he is now asking for “all documents
and communica@ons by NOAA oﬃcials, with
the excep&on of scien&sts ac&ng in their oﬃcial
capacity”
Last week, several major scien-ﬁc socie-es sent
a leger to the representa-ve, saying his inquiry
would have a chilling eﬀect on scien-ﬁc
research.

Is This Congressman's Oversight An Eﬀort To Hobble
Climate Science?
December 31, 2015
NPR

hgp://www.npr.org/2015/12/07/458476435/is-this-congressmans-oversight-an-eﬀort-to-hobble-climate-science

About 600 scien@sts and engineers, including former employees of the Na@onal
Oceanic and Atmospheric Administra@on (NOAA), have signed on to lePers urging
the head of that agency, Kathryn Sullivan, to push back against poli@cal interference
in science.
For months, Sullivan has been tangling with U.S. Rep. Lamar Smith, a Republican from
Texas and chairman of the House Commigee on Science, Space and Technology, as he
inves-gates a climate change study done by NOAA scien-sts.
That study, published earlier this year in the journal Science, cast doubt on what some
have called a global warming hiatus — the idea that global warming has slowed in the
past two decades.
Smith says his ac-ons are a legi-mate part of his oversight du-es, but scien@sts call it
harassment.
Jim Buizer, a climate change researcher now at the University of Arizona, used to work at NOAA
and says he signed on to this leger a9er Smith issued a subpoena for, among other things,
scien-sts' emails.
"It hits us on a very personal level, but also on a professional one," Buizer says. "It distracts
people from the hard work that they're doing. And it's a distrac-on that doesn't serve the
American people very well."

January 28, 2016: Hundreds of scien-sts sent a leger to lawmakers Thursday
warning Na-onal Oceanic and Atmospheric Administra-on (NOAA) scien-sts may
have violated federal laws when they published a 2015 study purpor-ng to
eliminate the 15-year “hiatus” in global warming from the temperature record.
“We wish to record our support for the eﬀorts of the Commigee on Science,
Space and Technology to ensure that federal agencies complied with federal
guidelines that implemented the Data Quality Act,” some 300 scien-sts, engineers
and other experts wrote to Chairman of the House Science Commigee, Texas
Republican Rep. Lamar Smith.
“In our opinion… NOAA has failed to observe the OMB [Oﬃce of Management and
Budget] (and its own) guidelines, established in rela-on to the Data Quality Act.”
--The Daily Caller News Founda-on (hgp://dailycaller.com/2016/01/28/300scien-sts-want-noaa-to-stop-hiding-its-global-warming-data/)

It has recently been claimed that scien-sts “turned a rou@ne
ﬂuctua@on into a problem for science” and that “there is no
evidence that iden@ﬁes the recent period as unique or
par@cularly unusual”
(Lewandowsky et al., 2016, BAMS, in press)
“mul@ple sources of evidence show that climate change
con@nues unabated, raising ques@ons about the status of the
‘hiatus’”.
Lewandowsky, S., Risbey, J.S., & Oreskes, N. On the deﬁni-on
and iden-ﬁability of the alleged “hiatus” in global warming.
Scien/ﬁc Reports, (2015).
“claims of a hiatus in global warming lack sound scien@ﬁc
basis”
Rajaratnam, B., Romano, J., Tsiang, M & Diﬀenbaugh, N. S.
Debunking the climate hiatus. Clima/c Change 133, 129-140
(2015).

NOAA In Trouble As Scien@sts Debunk APempt To Eliminate The Hiatus
A new paper put out by a group of scien-sts has debunked a controversial
Na-onal Oceanic and Atmospheric Administra-on (NOAA) report from last year
claiming global warming has accelerated faster than surface temperature readings
have shown. The debunking comes as congressional inves-gators demand
government climate bureaucrats turn over emails and documents related to the
“hiatus”-bus-ng study. House science commigee Republicans sent a leger to
NOAA, slamming the agency for dragging its feet and trying to skirt transparency.
--Michael Bastasch, The Daily Caller, 25 February 2016

NATURE | NEWS
House of Representa@ves commiPee expands inves@ga@on of a Na@onal Oceanic
and Atmospheric Administra@on analysis that refuted global-warming 'hiatus'.
Jeﬀ Tollefson
26 February 2016
Republicans in the US House of Representa-ves are expanding their request for
documents related to a major climate study by the US Na-onal Oceanic and
Atmospheric Administra-on (NOAA).
Congressman Lamar Smith, the Texas Republican who leads the House science
commigee…is now asking that NOAA provide his commigee with documents from
other agency oﬃcials and oﬃces, including chief scien-st Richard Spinrad. In his
leger, Smith also demands that the search terms be expanded to include a host of
new words, including “temperature”, “climate”, “change”, “Obama” and “Paris”.
Smith has asked the agency to deliver all documents by 29 February.

recent cri-cal papers have been framed in terms of global
warming having “‘stalled’, ‘stopped’, ‘paused’, or entered a
‘hiatus’”, with the interpreta-on that global warming has
stopped
“Global warming” broadly deﬁned as the warming of the en-re
climate system (atmosphere, ocean, land, cryosphere), of course
has not stopped, but “global mean surface temperature”
undergoes decadal and longer -mescale ﬂuctua-ons
Part of the problem seems to have arisen from how concepts
involving decadal climate variability are communicated, both
among climate scien@sts and to the public and media
Just exactly how such changes should be referred to is open to
debate. Possible choices include “reduced rate of surface
warming”, “decadal ﬂuctua-on” or “slowdown” – all try to
convey the primary mechanisms involved

So what is going on?
Has there been a recent slowdown in the rate of
global surface temperature increase or not?
More importantly, is naturally occurring
internally generated decadal climate variability a
signiﬁcant feature of the climate system or not?

Crucial issue:
“Slowdown” or “reduced rate of global surface
warming” compared to what?
The “no hiatus” papers ﬁnd that the recent trend
(e.g. 2001-2014) is not sta@s@cally diﬀerent from a
longer term trend (e.g. from 1950)
no one is dispu&ng that point
The real issue is decadal climate variability, and
whether we can understand and predict the
interplay between internal variability and
externally forced response

Interpreta@on of trends related to decadal
climate variability must use a process-based
approach
There is evidence that the phase of the
Interdecadal Paciﬁc Oscilla@on (IPO) inﬂuences
global surface temperature trends
If the IPO is the process-based decadal climate
variability framework, global temperature trends
can be compared for diﬀerent IPO phases to see
if they are sta@s@cally diﬀerent

Following Zhang, Wallace and Bays- (1997, J. Climate)
the Interdecadal Paciﬁc Oscilla@on (IPO, Power et al., 1999) deﬁned for
en-re Paciﬁc; the Paciﬁc Decadal Oscilla-on PDO (Mantua et al 1997,
BAMS) is deﬁned for the North Paciﬁc but pagerns are comparable
Climate model simula@ons indicate IPO is internally generated
Observa-ons

Big hiatus

Unforced model control run (CCSM4)

Early-2000s hiatus

Mid-70s
Shi9

The observed IPO paPern resembles
internally-generated decadal paPern from
an unforced model control run (paPern
correla@on= +0.63)
(Meehl et al., 2009, J. Climate; Meehl and
Arblaster, 2011, J. Climate)

NOAA press release on Karl et al Science paper published in Science
Express on June 3

Recent slow down in global surface temperature increase

the early-2000s slowdown (2001-2014, nega&ve phase of the Interdecadal Paciﬁc
Oscilla&on, IPO) is characterized by a trend that is signiﬁcantly less than the previous
posi&ve IPO period from 1972-2001 (Fyfe et al., 2016, Nature Clim. Chg)

Accelerated warming

Nega@ve IPO

Nega@ve IPO

Posi@ve IPO

1972 transi-on out of big
hiatus computed by op-mal
piece-wise bilinear ﬁt to the
NOAA-Karl data over the
period 1950 to 2001; 2001
transi-on to warming
slowdown chosen to be a9er
1997-2000 El Niño-La Niña
sequence

Accelerated warming

Ra@o of temperature trend to
forcing trend for diﬀerent IPO
phases shows very diﬀerent
behavior (opposi@on of sign)

(Fyfe, Meehl, England, Mann, Santer, Flato, Hawkins,
Gilleg, Xie, Kosaka, and Swart, Nature Climate Change,
2016, 6, 224--228)

Accelerated warming

Nega@ve IPO

Nega@ve IPO

Posi@ve IPO

Accelerated warming

Global surface temperature
trend during posi@ve IPO
(1972-2001) signiﬁcantly larger
than trend during nega@ve IPO
(2001-2014) in HadCRUT4.4 data
set
(Error bars are 10-90% range)

Accelerated warming

Nega@ve IPO

Nega@ve IPO

Posi@ve IPO

Accelerated warming

Global surface temperature
trend during posi@ve IPO
(1972-2001) signiﬁcantly larger
than trend during nega@ve IPO
(2001-2014) in NOAA-Karl data
set
(Error bars are 10-90% range)

Climate models:
Simulating the earth’s climate with
equations (atmosphere, ocean, land
surface, sea ice)

Climate Model Simulation

Hiatus decades in the model (opposite for accelerated warming decades):
--rela-vely greater trends of ocean heat content below 300m
--surface temperature trends indicate nega-ve phase of the IPO
--3 ocean mixing processes: subtropical cells in Paciﬁc, Southern Ocean Antarc-c Bogom
Water forma-on; Atlan-c Meridional Overturning Circula-on

(Meehl et al., 2011, Nature Climate Change: Meehl et al., 2013, J. Climate)

Some CMIP5 unini@alized models actually
Hiatus as observed from 2000-2013:
simulated the hiatus

10 members out of 262 possible realizations

Tend to be characterized by a nega@ve
phase of the IPO
internally generated variability in those
model simula@ons happened to sync with
observed internally generated variability
Total: 262 possible simula-ons
2000-2012 hiatus: 21
2000-2014 hiatus: 9
2000-2015 hiatus: 6
2000-2016 hiatus: 6
2000-2017 hiatus: 1
2000-2018: 1
(Meehl et al., 2014, Nature Climate Change)

--The NCAR climate model result of more heat being mixed to the subsurface ocean
during the hiatus has been conﬁrmed by data sets that include the limited deep
ocean observa@ons in various basins (e.g. Balmaseda et al., 2013, GRL)
But it gets complicated when various ocean observa@ons or ocean reanalysis
products are analyzed:
•Hiatus caused by redistribu@on from Paciﬁc to 200-300m layer in Indian Ocean
(Nieves et al., 2015, Science), or from Paciﬁc to upper 700 m of Indian Ocean (Lee et
al., 2015, Nature Geo.)
•Hiatus caused by mixing of heat into subsurface ocean across mul@ple basins
(Drij~out et al., 2014, GRL)
•Hiatus caused by mixing of heat into the North Atlan@c (Chen and Tung, 2014,
Science)
•Ocean heat content during the hiatus is increasing mainly in the Southern Ocean
from 700 to 1400m (Roemmich et al., 2015, Nature Clim. Chg.)
•Observed upper ocean heat content biased low (Durack et al., 2014, Nature Clim.
Chg.)
•No signiﬁcant signal of deep ocean warming inferred from sea level rise (Llovel,
Willis et al, 2014, Nature Clim. Chg.)

Globally averaged temperature
without increasing greenhouse gases

Negative
IPO
Multiple decades

Positive
IPO

Negative
IPO

Positive
IPO

Globally averaged temperature
without increasing greenhouse gases

Negative
IPO

Positive
IPO

Negative
IPO

Positive
IPO

Multiple decades
accelerated
warming
Globally averaged temperature
with increasing greenhouse gases
accelerated
warming

hiatus
Negative
IPO

Positive
IPO

hiatus

Positive
IPO

Negative
IPO

The “rising staircase” (Kosaka and
Xie, 2016, submiged)

Why do we care?
The new ﬁeld of decadal climate predic@on seeks to
use climate models ini@alized with observa@ons to
predict the @me evolu@on of the sta@s@cs of regional
climate over the near term (i.e. the next 10 years)
Can decadal climate variability processes and
mechanisms, if properly ini@alized, provide
increased predic@on skill of the @me evolu@on of
regional climate in the near-term, over and above
that from the externally forced response?

Predic-on with NCAR CCSM4
ini-alized in 2013 indicates a
posi-ve phase of the IPO for 3-7
year average 2015-2019

This is quite diﬀerent from
persistence (2008-2012 persisted
to 2015-2019)

And is diﬀerent from unini-alized
projec-on for 2015-2019
(Meehl et al., 2016, Nature
Communica-ons, submiged)

Predicted rate of global
warming from 2013 ini-al
year greater than during
early-2000s slowdown and
greater than unini-alized:
Observed 2001-2014:
+0.08±0.05°C/decade
Ini-alized predicted
2013-2022: +0.22±0.13°C/
decade
Unini-alized 2013-2022:
+0.14±0.12°C/decade
(Meehl et al., 2016, Nature Communica-ons, submiged)

Summary: Communica-ng concepts involved with the interplay between naturallyoccurring decadal climate variability and the response of the climate system to
increasing human-produced greenhouse gases is a challenge, not only among climate
scien-sts but also with non-scien-sts/media
Global warming (warming of en-re climate system, atmosphere, ocean, land,
cryosphere) has not stopped, but the rate of global surface temperature increase
slowed from 2001-2014 during the posi-ve phase of the IPO compared to the 1972–
2001 period with nega-ve phase of the IPO
Naturally-occurring decade-to-decade variability of global surface temperature is
superimposed on a steadily increasing long term trend, and there is compelling
evidence that the tropical Paciﬁc can drive global decadal climate variability
Evidence from models indicates that during periods of global warming slowdown, the
excess heat is mixed into the subsurface ocean in the subtropical Paciﬁc, high la-tude
Southern Ocean, and North Atlan-c; but evidence from ocean observa-ons so far is
inconclusive with regards to loca-on, processes, and depth
An ini-alized climate model predic-on made in 2013 shows a shi9 to posi-ve phase of
the IPO in 2015 and larger rates of global surface temperature increase averaged over
the next decade

By specifying the observed
time evolution of tropical
Pacific sea surface
temperatures, the early-2000s
slowdown is simulated, thus
implicating the IPO’s role
(Kosaka and Xie, 2013, Nature)

During the recent negative
phase of the IPO, observed
strong trade winds mix more
heat into the subsurface
ocean, and can account for
about 50% of the slowdown
(England et al., 2014, Nature
Climate Change; also Delworth
et al., 2015, J. Clim.)

______

What is the mechanism for the IPO?

It could involve coupled air-sea tropical-midlatitude processes as proposed by
Meehl and Hu, 2006, J. Clim. (above) or related variants (e.g. White et al.,
2003, JGR; McGregor et al., 2007, 2008, J. Climate; Farneti et al., 2013,
Clim.Dyn.)
--or– chaotic amplitude modulation of ENSO (e.g. Jin, 2001, J. Climate)
--or—driven from the Atlantic (e.g. McGregor et al., 2014; Li et al., 2015)

Specifying Atlan-c SST decadal variability in a global
coupled climate model pacemaker experiment
produces an IPO-like response pagern in the Paciﬁc
(from Danabasoglu et al., in prepara-on)

(Li et al., 2015, Nature Climate Change)

Pacemaker experiments with GFDL model specifying tropical
Paciﬁc SSTs in the coupled model suggest eastern tropical Paciﬁc
leads Atlan@c on decadal @mescales on average
Kosaka and Xie Paciﬁc pacemaker runs
IPO-AMO

AMO leads IPO

IPO leads AMO

years

Observed trends
Externally forced
trend
IPO-adjusted trend
IPO contribu@on to diﬀerence
between forced trend and
observed trend

83%
Posi-ve IPO

25% ini-al pulse

75%

Nega-ve IPO Posi-ve IPO

27%

25%

Nega-ve IPO

How much could the IPO contribute to GMST trends?
--Compute distribu-on of decadal GMST trends for IPO posi-ve and
nega-ve phases in 1100 year control run
--adjust externally forced trends from CMIP5 mul--model mean
with IPO-related trends
--compare IPO-adjusted GMST trends with observed GMST trends
(Meehl, Hu, Santer and Xie, 2016, Nature Climate Change, under review)

Is there any skill in
predic@ng Paciﬁc SSTs
associated with the
IPO in ini@alized
hindcasts?

To guard against “false alarms” in future predic-ons: look at hindcasts of the IPO
pagern of SSTs in the tropical Paciﬁc (year 3-7 average predic-ons, each ini-al year
from 1960, 10 ensemble members for each ini-al year predic-on)
The model shows signiﬁcant skill except for the early 1970s and early 1990s when the
post-erup-on sequence of Paciﬁc SSTs a9er Fuego and Pinatubo did not match the
ensemble average model response to the forcing (Agung and El Chichon beger
matched the model hindcasts) (Meehl et al., 2015, GRL)
(Meehl et al., 2016, Nature Communica-ons, submiged)

Oﬀ-equatorial ocean
heat content in the
tropical western
Paciﬁc can provide
the condi-ons for
ENSO events to
trigger an IPO
transi-on

(Meehl et al., 2016, Nature
Communica-ons, submiged)

Niño3.4
Previous IPO shi9s showed qualita-ve
agreement between ini-alized
hindcasts and observa-ons
An El Niño could trigger an IPO
transi-on to posi-ve (mid-1970s) or a
La Niña to IPO nega-ve (late 1990s)
a9er buildup of oﬀ-equatorial heat
content anomalies in the western
Paciﬁc

Predic-ons ini-alized in 2013 show
qualita-ve agreement, with above
normal Niño3.4 SSTs in 2014-2015

(Meehl et al., 2016, Nature
Communica-ons, submiged)

With the build-up of oﬀ-equatorial
western Paciﬁc heat content, this
could trigger a transi-on to the
posi-ve phase of the IPO and larger
rates of global warming

Could forcing from volcanic erup@ons or stratospheric
water vapor be playing a role in decadal climate
variability?
Solomon et al., 2010, Science: maybe 25% of the hiatus
was due to decreased stratospheric water vapor since
2000; and ~30% of the accelerated warming from
1980-2000 due to increased stratospheric water vapor
Santer et al., 2014 Nat. Geo.; 2015 GRL: perhaps at least
15% of the hiatus was due to stratospheric aerosols from
several moderate sized volcanoes
Maher et al., 2015, GRL: models show a lagged La Niñalike response the third year a9er a composite large
tropical volcanic erup-on associated with global cooling

Could the Atlan@c be driving the Paciﬁc on decadal
@mescales?
(e.g. McGregor et al., 2014, Nature Clim. Chg.)
There are internally generated mechanisms in the
Atlan@c (e.g. AMOC) that drive large-scale decadal
climate variability associated with the AMO
(e.g. Zhang and Delworth, 2006, GRL, Yeager et al.,
2012, J. Clim.)

