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Decadal	Climate	Variability	  
impacts	on	humans	and	the	environment

The	core	issue:	The	global	and	regional-scale	expressions	of	the	
interaction	between	multi-year	natural	climate	variations	and	
anthropogenic	climate	change:	

- Sahel	droughts	of	1970s	&	1980s	[AMOC/AMV	+	ENSO	+	Indian	
Ocean	SSTs	+	anthropogenic	aerosols]	

- Decadal	variations	in	Atlantic	TC	activity	[AMOC/AMV	+	ENSO	+	
GHGs]	

- 1960’s-1990’s	Mediterranean	drying	trend	[NAO	trend	+	AMV]	
- Southwest	US	multi-year	droughts	[PDV	+	AMOC/AMV	+	GHGs]	
- Recent	‘hiatus'	–	In	the	Pacific	the	east	is	cooling	not	warming	and	

the	trades	are	intensifying	[IPO/PDO	(ocean	heat	uptake)	+	external	
forcing	(stratospheric	WV	+	volcanic	aerosols	+	solar	variability)]	

- Recent	California	drought	[multi-year	natural	variability	
superimposed	on	a	warming	trend].
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Why	DCVP	research	now?
• New	instrumental	observations	(particularly	of	the	ocean	and	from	space	
&	recent	advanced	in	modeling	and	in	reanalysis.	

• CMIP5	experiments	in	initialized	decadal	prediction	(and	plans	for	
continuation	under	CMIP6)	indicate	areas	of	success	and	frustration	
pointing	at	the	need	for	more	work	on	physical	understanding.	

• The	surprising	“hiatus”	and	increase	in	damaging	climate	extremes	invoke	
societal	need	for	near-term	knowledge	for	planning	&	preparedness.	

• Reconstructions	of	past	climate	variability	from	high-resolution	single	and	
multiple	proxies	provide	new	information	on	forced	and	free		decadal	
variability	during	the	pre-industrial	era.		

• CMIP	5	simulations	of	the	climate	of	last	millennium:	a	study	of	the	
climate	response	to	external	forcing	from	solar	variability,	volcanic	
forcing,	and	changes	in	land	use	and	contrast	this	response	with	the	
response	to	anthropogenic	GHG	emissions	and	aerosols. 4
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CLIVAR	DCVP	Objectives

• CLIVAR	DCVP	seeks	to	characterize	the	multi-year	to	
multi-decadal	variability	of	the	climate	system	in	
response	to	internal	processes	and	natural	and	
anthropogenic	forcing	as	well	as	their	interaction	

• to	determine	and	understand	the	phenomena,	their	
governing	mechanisms,	and	impacts	through	
diagnostic	analysis	and	modeling	

• to	assess	and	subsequently	harness	the	
predictability	of	decadal	climate	variability	for	
societal	benefit.
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To	advance	CLIVAR	DCVP	objectives	the	Project	sought	to	identify	a	
limited	number	of	research	objectives	that	will	be:	

o Relevant	&	tractable	and	will	benefit	from	international	
collaboration.			

o Cuts	across	other	CLIVAR	panels	agenda	and	timely	(preferably	is	
already	in	consideration	or	implementation).	

o Leads	to	widely	appealing,	actionable	research	activity	resolvable	
within	a	finite	time	(~5	years)	and	yielding	broad	scientific	and	
societal	benefit.	

Community	discussion	yielded	the	following	two	foci	that	were	endorsed	
by	the	SSG	and	are	being	developed	further	by	the	DCVP	WG:	

1. The	decadal	modulations	–	slowdowns		and	accelerations	
–	of	the	long-term	anthropogenic	warming	trend		

2. The	role	of	volcanic	eruptions	in	decadal	climate	variability	
and	their	impact	on	decadal	climate	prediction

DCVP	RF
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Hiatus	expressions:	
global	mean	vs.	
the	spatial	pattern
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Figure 3 | Surface air temperature patterns for prediction of the IPO transition in the late 1990s. a, Observed surface temperature anomalies (TAS) for
1998–2002 minus 1981–1995. b, 3–7 year average prediction initialized in 1996 for years 1998–2002 minus the observed reference period 1981–1995.
c, Persistence prediction for years 1998–2002. d, Uninitialized prediction for years 1998–2002 minus the models’ reference period 1981–1995. Stippling in
b,d indicates the 10% significance level from a two-sided t test.

in other contexts32, and there is no obvious relationship between
model spread (individual red dots in Fig. 2d) and skill (greater
forecast skill is defined as higher anomaly pattern correlation
values). The slowing of global warming in the early 2000s is seen
in the predictions made in the second half of the 1990s (Fig. 2c), as
well as statistically significant pattern correlations for the negative
phase of the IPO through the initiation of the hiatus in the late 1990s
(Fig. 2d). The IPO region in the Pacific basin shows a similar result
(Fig. 2e). However, the drop of predictive skill for the six initial years
1986–1991 (verifying for prediction periods 1988–1992 through
1993–1997) indicates a conditional predictive skill that would have
been di�cult to anticipate in advance. A similar loss of skill for
those same years is also seen in the Atlantic (Supplementary Fig. 3),
although the overall skill levels in the Atlantic are higher than in the
Pacific33,34 (for example, 20 hindcast periods have anomaly pattern
correlation values above +0.8 for the Atlantic in Supplementary
Fig. 3, whereas there are only 5 in the Pacific in Fig. 2e). Examples
of this can be seen by eye in Fig. 3 and Supplementary Fig. 2,
where the simulated surface temperature anomaly patterns in the
Atlantic basin have a greater similarity to the observations than in
the Pacific basin. The loss of IPO skill for those initial years results
in a more neutral IPO state in the Pacific for those hindcasts, and
consequent globally averaged surface air temperature values less
than observed (Fig. 2c).

It is also possible that using the previous 15 years as a climatology
to compute predicted temperature anomalies could introduce arti-
ficial skill. However, using the entire hindcast period (1960–2010)
as a climatology produces a similar result for the late-1990s IPO
transition (Supplementary Fig. 4), although this procedure in-
troduces an externally forced trend from increasing greenhouse
gases that resembles the IPO pattern. Using yet another metric,
the anomaly pattern correlations between the model hindcasts for
decadal temperature trends in the Pacific with the observed IPO

pattern (Supplementary Fig. 1b), also shows skill in simulating the
late-1990s transition (Supplementary Fig. 5). It has been noted that
IPO transitions often occur in conjunction with ENSO interannual
variations. This is an intriguing research question that is currently
under investigation, and thus beyond the scope of this paper.

The lack of skill for the six initial years 1986–1991, out of the 46
possible initial years in the hindcast period, probably contributes to
the lower overall skill for some areas of the Pacific region for the
entire hindcast period from 1960 to 2005 for grid-point time series
correlations1,33,34. Reasons for this drop in skill for those initial years
are at present under investigation.One possibility is that those initial
years contain prediction information that includes theMt. Pinatubo
eruption in 1991. Although it is thought that large volcanic erup-
tions could provide externally forced skill in hindcasts1, these results
suggest that processes associated with that large eruption could
either have been not well-simulated in the initialized hindcasts, or
the forcing data used by the models could have had problems.

Methods
Uninitialized model simulations. All available uninitialized CMIP5 climate
model simulations26 are analysed, with all possible ensemble members for all four
RCP scenarios. This amounts to 262 possible realizations from 45 models, with
up to 10 ensemble members for the period 2000–2020. These model simulations
all start from some pre-industrial state in the nineteenth century, and use
observations for natural (volcanoes and solar) and anthropogenic (GHGs, ozone,
aerosols, land use) forcings through 2005—with the four RCP scenario forcings
after 2005. For the early 2000s, there is little di�erence among the RCP scenarios
for this short-term time frame1, so all are used.

Initialized model simulations. All available initialized CMIP5 climate model
simulations26 are analysed from the 16 models that ran the decadal hindcasts
and predictions. Some models used initial years for hindcasts every year,
starting with 1960–2011, and some used initial years every five years from
1960 to 2011, with various ensemble sizes for each model and each initial year
(Supplementary Table 1). Results are shown for each initial year, with di�erent
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Figure 3 | Surface air temperature patterns for prediction of the IPO transition in the late 1990s. a, Observed surface temperature anomalies (TAS) for
1998–2002 minus 1981–1995. b, 3–7 year average prediction initialized in 1996 for years 1998–2002 minus the observed reference period 1981–1995.
c, Persistence prediction for years 1998–2002. d, Uninitialized prediction for years 1998–2002 minus the models’ reference period 1981–1995. Stippling in
b,d indicates the 10% significance level from a two-sided t test.

in other contexts32, and there is no obvious relationship between
model spread (individual red dots in Fig. 2d) and skill (greater
forecast skill is defined as higher anomaly pattern correlation
values). The slowing of global warming in the early 2000s is seen
in the predictions made in the second half of the 1990s (Fig. 2c), as
well as statistically significant pattern correlations for the negative
phase of the IPO through the initiation of the hiatus in the late 1990s
(Fig. 2d). The IPO region in the Pacific basin shows a similar result
(Fig. 2e). However, the drop of predictive skill for the six initial years
1986–1991 (verifying for prediction periods 1988–1992 through
1993–1997) indicates a conditional predictive skill that would have
been di�cult to anticipate in advance. A similar loss of skill for
those same years is also seen in the Atlantic (Supplementary Fig. 3),
although the overall skill levels in the Atlantic are higher than in the
Pacific33,34 (for example, 20 hindcast periods have anomaly pattern
correlation values above +0.8 for the Atlantic in Supplementary
Fig. 3, whereas there are only 5 in the Pacific in Fig. 2e). Examples
of this can be seen by eye in Fig. 3 and Supplementary Fig. 2,
where the simulated surface temperature anomaly patterns in the
Atlantic basin have a greater similarity to the observations than in
the Pacific basin. The loss of IPO skill for those initial years results
in a more neutral IPO state in the Pacific for those hindcasts, and
consequent globally averaged surface air temperature values less
than observed (Fig. 2c).

It is also possible that using the previous 15 years as a climatology
to compute predicted temperature anomalies could introduce arti-
ficial skill. However, using the entire hindcast period (1960–2010)
as a climatology produces a similar result for the late-1990s IPO
transition (Supplementary Fig. 4), although this procedure in-
troduces an externally forced trend from increasing greenhouse
gases that resembles the IPO pattern. Using yet another metric,
the anomaly pattern correlations between the model hindcasts for
decadal temperature trends in the Pacific with the observed IPO

pattern (Supplementary Fig. 1b), also shows skill in simulating the
late-1990s transition (Supplementary Fig. 5). It has been noted that
IPO transitions often occur in conjunction with ENSO interannual
variations. This is an intriguing research question that is currently
under investigation, and thus beyond the scope of this paper.

The lack of skill for the six initial years 1986–1991, out of the 46
possible initial years in the hindcast period, probably contributes to
the lower overall skill for some areas of the Pacific region for the
entire hindcast period from 1960 to 2005 for grid-point time series
correlations1,33,34. Reasons for this drop in skill for those initial years
are at present under investigation.One possibility is that those initial
years contain prediction information that includes theMt. Pinatubo
eruption in 1991. Although it is thought that large volcanic erup-
tions could provide externally forced skill in hindcasts1, these results
suggest that processes associated with that large eruption could
either have been not well-simulated in the initialized hindcasts, or
the forcing data used by the models could have had problems.

Methods
Uninitialized model simulations. All available uninitialized CMIP5 climate
model simulations26 are analysed, with all possible ensemble members for all four
RCP scenarios. This amounts to 262 possible realizations from 45 models, with
up to 10 ensemble members for the period 2000–2020. These model simulations
all start from some pre-industrial state in the nineteenth century, and use
observations for natural (volcanoes and solar) and anthropogenic (GHGs, ozone,
aerosols, land use) forcings through 2005—with the four RCP scenario forcings
after 2005. For the early 2000s, there is little di�erence among the RCP scenarios
for this short-term time frame1, so all are used.

Initialized model simulations. All available initialized CMIP5 climate model
simulations26 are analysed from the 16 models that ran the decadal hindcasts
and predictions. Some models used initial years for hindcasts every year,
starting with 1960–2011, and some used initial years every five years from
1960 to 2011, with various ensemble sizes for each model and each initial year
(Supplementary Table 1). Results are shown for each initial year, with di�erent
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Figure 3 | Surface air temperature patterns for prediction of the IPO transition in the late 1990s. a, Observed surface temperature anomalies (TAS) for
1998–2002 minus 1981–1995. b, 3–7 year average prediction initialized in 1996 for years 1998–2002 minus the observed reference period 1981–1995.
c, Persistence prediction for years 1998–2002. d, Uninitialized prediction for years 1998–2002 minus the models’ reference period 1981–1995. Stippling in
b,d indicates the 10% significance level from a two-sided t test.

in other contexts32, and there is no obvious relationship between
model spread (individual red dots in Fig. 2d) and skill (greater
forecast skill is defined as higher anomaly pattern correlation
values). The slowing of global warming in the early 2000s is seen
in the predictions made in the second half of the 1990s (Fig. 2c), as
well as statistically significant pattern correlations for the negative
phase of the IPO through the initiation of the hiatus in the late 1990s
(Fig. 2d). The IPO region in the Pacific basin shows a similar result
(Fig. 2e). However, the drop of predictive skill for the six initial years
1986–1991 (verifying for prediction periods 1988–1992 through
1993–1997) indicates a conditional predictive skill that would have
been di�cult to anticipate in advance. A similar loss of skill for
those same years is also seen in the Atlantic (Supplementary Fig. 3),
although the overall skill levels in the Atlantic are higher than in the
Pacific33,34 (for example, 20 hindcast periods have anomaly pattern
correlation values above +0.8 for the Atlantic in Supplementary
Fig. 3, whereas there are only 5 in the Pacific in Fig. 2e). Examples
of this can be seen by eye in Fig. 3 and Supplementary Fig. 2,
where the simulated surface temperature anomaly patterns in the
Atlantic basin have a greater similarity to the observations than in
the Pacific basin. The loss of IPO skill for those initial years results
in a more neutral IPO state in the Pacific for those hindcasts, and
consequent globally averaged surface air temperature values less
than observed (Fig. 2c).

It is also possible that using the previous 15 years as a climatology
to compute predicted temperature anomalies could introduce arti-
ficial skill. However, using the entire hindcast period (1960–2010)
as a climatology produces a similar result for the late-1990s IPO
transition (Supplementary Fig. 4), although this procedure in-
troduces an externally forced trend from increasing greenhouse
gases that resembles the IPO pattern. Using yet another metric,
the anomaly pattern correlations between the model hindcasts for
decadal temperature trends in the Pacific with the observed IPO

pattern (Supplementary Fig. 1b), also shows skill in simulating the
late-1990s transition (Supplementary Fig. 5). It has been noted that
IPO transitions often occur in conjunction with ENSO interannual
variations. This is an intriguing research question that is currently
under investigation, and thus beyond the scope of this paper.

The lack of skill for the six initial years 1986–1991, out of the 46
possible initial years in the hindcast period, probably contributes to
the lower overall skill for some areas of the Pacific region for the
entire hindcast period from 1960 to 2005 for grid-point time series
correlations1,33,34. Reasons for this drop in skill for those initial years
are at present under investigation.One possibility is that those initial
years contain prediction information that includes theMt. Pinatubo
eruption in 1991. Although it is thought that large volcanic erup-
tions could provide externally forced skill in hindcasts1, these results
suggest that processes associated with that large eruption could
either have been not well-simulated in the initialized hindcasts, or
the forcing data used by the models could have had problems.

Methods
Uninitialized model simulations. All available uninitialized CMIP5 climate
model simulations26 are analysed, with all possible ensemble members for all four
RCP scenarios. This amounts to 262 possible realizations from 45 models, with
up to 10 ensemble members for the period 2000–2020. These model simulations
all start from some pre-industrial state in the nineteenth century, and use
observations for natural (volcanoes and solar) and anthropogenic (GHGs, ozone,
aerosols, land use) forcings through 2005—with the four RCP scenario forcings
after 2005. For the early 2000s, there is little di�erence among the RCP scenarios
for this short-term time frame1, so all are used.

Initialized model simulations. All available initialized CMIP5 climate model
simulations26 are analysed from the 16 models that ran the decadal hindcasts
and predictions. Some models used initial years for hindcasts every year,
starting with 1960–2011, and some used initial years every five years from
1960 to 2011, with various ensemble sizes for each model and each initial year
(Supplementary Table 1). Results are shown for each initial year, with di�erent
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and decadal climate variability/prediction are focused on interpreting and attempting to predict 
such decadal climate variability (e.g., Meehl et al. 2014) in the context of long term trends of 
warming from increasing GHGs, as well as effects from other natural (e.g., volcanoes, solar) and 
human-produced (e.g., sulfate aerosols, ozone) factors. 

Zhang et al. (1997) first identified an El Niño-like decadal timescale SST pattern in the Pacific 
that was subsequently named the Pacific Decadal Oscillation (PDO, Mantua et al. 1997) or 
the Interdecadal Pacific Oscillation (IPO, Power et al. 1999). The former was defined based 
on North Pacific SSTs, and the latter for Pacific basin-wide SSTs. The two terms are often used 
interchangeably since they are closely related (Han et al. 2013). Typically the observed IPO 
pattern is defined as the second empirical orthogonal function (EOF) of low-pass filtered Pacific 
SSTs (Figure 2a). The principal component (PC) time series of this EOF shows a positive phase 
of the IPO in the first half of the 20th century, negative from the 1940s to 1970s, positive from 
the 1970s through the 1990s, and negative again from the late 1990s to 2013 (Figure 2b). There 
is evidence that most of this pattern is internally generated because the first EOF of low pass 
filtered SSTs from multi-century un-forced climate model control runs show a similar pattern 
(Figure 2c).

Thus, when performing a process-based interpretation of the time series of globally averaged 
surface air temperature, epochs (noted above) when the IPO is positive show warming trends 
greater than the long-term forced trend, and when the IPO is negative, the temperature trends are 
less than the long-term warming trend (Figure 1). Using the new adjusted surface temperature 
data from Karl et al. (2015), the warming trend when the IPO was most recently positive (1971-
1995) was +0.18°C per decade, compared to the hiatus (typically defined as lasting from 2000-

Figure 1: Time series of annual mean globally averaged surface temperature anomalies (dots) based on data 
from Karl et al. (2015). Black line is linear trend computed from 1950-2014 showing long-term trend forced 
mainly by increasing GHGs. Red lines are epoch linear trends for positive phases of the IPO, blue lines for 
negative phases of the IPO, highlighting the need for process-based interpretation of decadal temperature 
trends in context of the long-term forced trend (after  http://www.noaanews.noaa.gov/stories2015/noaa-anal-
ysis-journal-science-no-slowdown-in-global-warming-in-recent-years.html).
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findings of S06 based on a selection of seven models partic-
ipating in CMIP3.

3.3. Geopotential Height
[31] Geopotential height anomalies in the upper tropo-

sphere and mid stratosphere help define circulation changes

during winters following large volcanic eruptions. Due to
the high uncertainty in the 20CRv2 reconstructions of upper
air fields [Compo et al., 2011], we decide to analyze only
the last four eruptions since 1950 using the ERA40 data set.
In the upper troposphere (Figure 4e), the observed 200 hPa
geopotential height anomalies are linked to the MSLP

Figure 4. Comparison between reanalysis and multimodel mean. Composite anomaly averaged after
2 post-volcanic winters for (a and b) near-surface temperature (K), (c and d) mean sea level pressure (hPa),
(e and f) 200 and (g and h) 50 hPa geopotential (m). The anomalies in Figures 4e and 4g are computed for
the last 4 volcanoes listed in Table 2. Hatching displays, for the left column areas at or over 95% signifi-
cance using a local two tailed t-test, for the right column where at least 90% of models agree on the sign
of the anomaly. Notice the different scale in Figures 4a/4b and Figures 4c/4d.

DRISCOLL ET AL.: VOLCANIC IMPACTS IN THE CMIP5 MODELS D17105D17105

9 of 25

Dynamical	response	to	volcanic	eruptions:	
Large	inter-model	&	model-obs.	disagreements	

9
YK,	US	CLIVAR	IAG	meeting,	Aug	2015

Dynamical response 
averaged over first to 
large VEs, two 
winters after 20c 
volcanic eruptions. 
Top: Ts, bottom SLP. 
Note difference in 
color scale extent for 
obs. and models. 

Figure from Driscoll 
et al. (2012), 



DCVP	RF	
Working	Group

10



o Work	with	the	WCRP/WGSIP	Decadal	Climate	Prediction	Project	(DCPP)	to	
establish	protocols	for	CMIP6	decadal	prediction	activities.	In	particular:	
▪ Pacemaker	experiments	for	understanding	mechanisms	of	climate	shifts,	internal	modes	

of	variability	and	predictability	
▪ Perturbation	experiments	on	the	impact	of	volcanoes	on	predictability	and	predictions	

o Prepare	the	DCVP	chapter	in	the	new	CLIVAR	Science	Plan;	organize	and	
convene	a	DCVP	session	in	the	CLIVAR	Open	Science	Conference.	

o Assist	in	organizing	the	ICTP/CLIVAR	International	Workshop	on	Decadal	
Climate	Variability	and	Predictability:	Challenge	and	Opportunity,	to	be	held	
on	16-20	November	2015,	Trieste,	Italy.	

o Update	the	CLIVAR	DCVP	science	agenda	and	propose	an	implementation	
plan	that	lays	out	the	path	for	rapid	progress	on	the	most	pressing	research	
objectives.

DCVP RF Activities
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o Report	on	the	outcomes	of	recent	research	on	DCVP	and	
discuss	and	share	ideas	inspired	by	these	results	

o Identify	the	obstacles	to	progress	in	DCVP	science	and	
related	pressing	scientific	issues,	particularly	those	that	
require	international	attention	and	would	benefit	from	
enhanced	international	coordination	

o Identify	existing	and	emerging	opportunities	for	making	
rapid	progress	on	these	issues	

o Suggest	new	activities	or	initiatives	that	can	foster	such	
progress

CLIVAR-ICTP Workshop Objectives
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