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Abstract The anomalous decadal warming of the subpolar North Atlantic Ocean (SPNA), and the
northward spreading of this warm water, has been linked to rapid Arctic sea ice loss and more frequent
cold European winters. Recently, variations in this heat transport have also been reported to covary with
global warming slowdown/acceleration periods via a Pacific climate response. We here examine the role
of SPNA temperature variability in this Atlantic-Pacific climate connectivity. We find that the evolution of
ocean heat content anomalies from the subtropics to the subpolar region, likely due to ocean circulation
changes, coincides with a basin-wide Atlantic warming/cooling. This induces an Atlantic-Pacific sea surface
temperature seesaw, which in turn, strengthens/weakens the Walker circulation and amplifies the Pacific
decadal variability that triggers pronounced global-scale atmospheric circulation anomalies. We conclude
that the decadal oceanic variability in the SPNA is an essential component of the tropical interactions
between the Atlantic and Pacific Oceans.

1. Introduction

The multidecadal variability of the North Atlantic Ocean has a strong signal in the sea surface temperature
with many global climate linkages [Enfield et al., 2001; Knight et al., 2006]. An even stronger multidecadal signal
can be found in the subpolar temperatures and salinities, where the Atlantic Water inflow variations constitute
an essential part in the variability [Hátún et al., 2005; Häkkinen et al., 2011a; Reverdin, 2010]. The atmospheric
forcing in the subpolar North Atlantic Ocean is dominated by the variability of the North Atlantic Oscilla-
tion (NAO), i.e., the leading mode of atmospheric variability in the North Atlantic sector, which modulates
the atmosphere-ocean momentum and heat exchanges on a range of temporal scales. The subpolar ocean
variability thus appears to be tightly connected to atmospheric forcing and associated basin-scale circula-
tion changes, which together force the subpolar ocean properties toward extremes [Lozier et al., 2008, 2010],
either to warm-saline or cold-fresh conditions on multidecadal scales. These regime changes have recently
been argued to be important for global mean surface temperature warming acceleration and hiatus [Chen
and Tung, 2014; Drijfhout et al., 2014] (Figure S1 in the supporting information).

The temporary decadal-long global warming slowdown just after the turn of the century has received much
attention from the climate community [Meehl et al., 2011; Trenberth and Fasullo, 2013; Kosaka and Xie, 2013;
Watanabe et al., 2014; Trenberth et al., 2014; England et al., 2014; McGregor et al., 2014; Song et al., 2014;
Maher et al., 2014; Steinman et al., 2015; Fyfe et al., 2016]. Natural internal variability can temporarily influ-
ence and cause a “pause” in an otherwise upward global mean air temperature trend [Held, 2013; Trenberth,
2015]. Numerous reasons, mainly centered around the low-frequency Pacific climate variability, have been
offered [Kosaka and Xie, 2013; Watanabe et al., 2014; Trenberth et al., 2014; England et al., 2014; McGregor et al.,
2014; Maher et al., 2014]. Other studies [Katsman and van Oldenborgh, 2011; Balmaseda et al., 2013; Chen and
Tung, 2014; Drijfhout et al., 2014] have also suggested the redistribution of heat across multiple basins and
into the depths of the oceans as alternate explanations for the missing heat offsetting the global warming
acceleration.
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A growing number of studies have highlighted the importance of the tropical Atlantic warming trend since
the mid-1990s in generating the pronounced eastern Pacific cooling and negative Interdecadal Pacific Oscil-
lation trend that dominated for more than a decade since around 2001 [Kucharski et al., 2011; Chikamoto et al.,
2012; McGregor et al., 2014; Kucharski et al., 2015; Li et al., 2015]. Chikamoto et al. [2012], for example, pointed
out that the stepwise climate shifts in the Pacific are a lagged response to the basin-scale warming/cooling
of the North Atlantic. A warming of the Atlantic Ocean induces a basin-scale sea surface temperature seesaw
with the Pacific [Wang, 2006], which in turn reorganizes the position of the Walker circulation, strengthens
the easterly trade winds [Lindzen and Nigam, 1987; England et al., 2014], and influences the Pacific decadal
variability, as suggested recently by McGregor et al. [2014]. The latter study further finds that East Pacific cool-
ing can induce a tropical warming response in the Atlantic, suggesting two-way interbasin coupling. The
Atlantic and Pacific are thus linked through this large-scale transbasin variability that may, initially, be induced
by North Atlantic Ocean dynamics via a slowdown, or spin-up, of the Atlantic meridional circulation and
the associated northward heat transport [Timmermann et al., 2007; McCarthy et al., 2015; Robson et al., 2016;
Zhang et al., 2016].

We focus the present study on understanding the role of the subpolar North Atlantic Ocean (SPNA) in driv-
ing this Atlantic-Pacific interconnection. Our approach is to identify the potential source leading to a regime
shift of Atlantic Water subsurface temperatures in the SPNA. These shifts are found to be associated with a
decadal-scale progression of heat anomalies from the Gulf Stream region and revealed to coincide with sea
surface temperatures extending to cover most of the subpolar and tropical North Atlantic. As a result of this
basin-wide climate change, a large-scale Atlantic-Pacific surface temperature gradient, which correlates well
with the strength of the Walker circulation, is generated and the Pacific decadal variability is amplified. These
results are discussed in detail below and derived from several observational data sets as described in the
next section.

2. Data and Methods

To better understand the low-frequency temperature variability in the SPNA, we construct a subsurface tem-
perature index in the SPNA that is colocated with the core of the North Atlantic Current (see Figure 1). To do
this, we first construct a temperature cross section centered along 59.5∘N by averaging associated grid points
latitudinally between 58∘N and 61∘N. These are averaged along a line parallel to the Reykjanes Ridge and not
in the north-south direction [Chafik et al., 2014]. Second, we omit the upper 300 m, partly due to the large
month-to-month variability, to ensure that the temperature variability captured is associated with that of the
North Atlantic Current. Third, at every time step, we area average temperature corresponding to salinity larger
than the 35.1 climatological isohaline. The resulting index, termed Atlantic Water Temperature (AWT), is thus
a volumetrically averaged subsurface temperature of Atlantic Water along the pathway of the North Atlantic
Current in the SPNA.

The temperature data are based on the monthly mean objectively analyzed hydrographic data from the UK
Met Office, EN4 [Good et al., 2013]. This data set is also used to calculate ocean heat content (OHC) in the upper
657 m of the water column:

OHC = 𝜌0cp ∫
657

5
T(z)dz, (1)

where 𝜌0 and cp are the seawater density and specific heat capacity, respectively. In situ observations were
rather sparse before the 1950s and mostly relax to climatology. We therefore rely on the period between
1950 and 2012 for our analyses. Complementary to OHC, we also use sea surface temperatures (SSTs) from
the ERSSTv4 data set [Huang et al., 2016]. Geopotential height and tropical Pacific winds are based on the
twentieth century National Centers for Environmental Prediction/National Center for Atmospheric Research
reanalysis [Compo et al., 2011]. OHC, SSTs, geopotential heights, and winds have been deseasoned and linearly
detrended before the analyses. We also use several climate indices publicly available on the NOAA website.
These are based on similar data sets as all other variables. The indices are the NAO, Atlantic Multidecadal
Oscillation (AMO), and Pacific Decadal Oscillation (PDO). All variables and indices have been smoothed using
a 25 month running mean prior to the analyses, unless otherwise stated. Given this low-pass filtering, the
significance of the Atlantic-Pacific lag-lead SST correlations is assessed using 5000 Monte Carlo simulations
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Figure 1. Temperature climatology, trend, and variability in the SPNA between Scotland and Greenland. (a) Time-mean
surface currents (m s−1) derived from altimetry. The 1950–2012 (b) climatology, (c) trend, and (d) standard deviation of
potential temperature (∘C) from EN4 in depth-longitude coordinates. The 35.1 and 35.2 climatological isohalines are
indicated by the blue contours. The cross section used to construct Figures 1c and 1d is shown in black in Figure 1a and
is a result of averaging over latitude bands between 59 and 61∘N. The latitudinal averaging of the potential temperature
is performed along a slope parallel to that of the Reykjanes Ridge following the orientation of the currents. The dashed
line at 30∘W represents the Reykjanes Ridge. The gray stipplings in Figure 1c denote nonsignificant grid points at the
99% confidence level based on the modified Mann-Kendall test [Hamed and Rao, 1998].

[Ebisuzaki, 1997] at the 99% confidence level. The random-phase method in the Monte Carlo significance test
resamples the data in the frequency domain, which preserves its autocorrelation and power spectrum, but
generally is as robust as a two-sided t-test [Von Storch and Zwiers, 2001].

3. Results
3.1. Climatology and Long-Term Changes Across the SPNA
The time-mean surface currents from satellite altimetry (Figure 1a) reveal the flow toward the Nordic Seas and
the Labrador Sea, respectively, following the upper limb of the Atlantic meridional overturning circulation
[Chafik et al., 2015; Buckley and Marshall, 2016]. In the upper 400 m, equal amounts of water (∼ 8×106 m3 s−1)
are transported by these branches [Chafik et al., 2014], which are effectively separated and topographically
organized by the Reykjanes Ridge at 30∘W. East of this ridge, the isotherms reach deeper due to the pres-
ence of warm Atlantic Water associated with the North Atlantic Current as indicated by the gradual shoaling
and cooling toward the west (Figure 1b). The Mann-Kendall test [Hamed and Rao, 1998] indicates a significant
upward temperature trend in the SPNA (Figure 1c). The strong warming of the subpolar region is likely asso-
ciated with the weakening of the gyre circulation [Häkkinen and Rhines, 2004; Lohmann et al., 2009; Häkkinen
et al., 2013] but may also be partly anthropogenically forced [Stocker et al., 2013]. The standard deviation of
the monthly data shows that the largest temperature variability between Scotland and Greenland during the
past 63 years is found near the surface and also subsurface in the Iceland Basin (Figure 1d), which is consistent
with the path of the North Atlantic Current.
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3.2. North Atlantic Decadal Climate Shifts
The subsurface temperature index corresponding to Atlantic Water in the SPNA captures the largest variabil-
ity associated with the core of the North Atlantic Current (Figure 1). It exhibits pronounced decadal climatic
shifts (Figure 2a) associated with warm and cold periods lasting for about 17 years as confirmed by its power
spectrum (Figure 2b) and projects onto an ocean heat content dipole pattern between the subpolar gyre
and the Gulf Stream region (Figure 2c). This pattern is remarkably similar to that based on subsurface tem-
peratures reported to be induced by the meridional overturning circulation [Zhang, 2008]. In the SPNA, the
warm/cold period thus corresponds to a weaker/stronger than average subpolar gyre and higher/lower heat
content [cf. Häkkinen et al., 2013, Figure 5]. In the Gulf Stream region, however, the cold and warm anomalies
have been associated with southward and northward shifts of the Gulf Stream position induced by variations
in the meridional overturning circulation [Joyce and Zhang, 2010], leakage of slope waters [Rossby and Benway,
2000], and temporal variability of the NAO [Frankignoul et al., 2001]. The preceding studies elucidate changes
in the Gulf Stream controlled by both atmospheric forcing, mainly associated with the NAO, and changes in
the meridional overturning circulation in a region where the circulation of the subpolar and subtropical gyres
interacts. The impact from these two sources of variability is difficult to separate as they might be induced by
the same climatic forcing.

Based on the progression of ocean heat content in the top 700 m (Figure 3), we shed some light on how the
warm-to-cold (Figures 3a–3c) and cold-to-warm (Figures 3d–3f ) AWT phase transitions may occur. Propa-
gating anomalies from the subtropics, with an amplification in the SPNA gyre, are observed. It is noteworthy
that during a cold-to-warm (warm-to-cold) regime transition, a cold (warm) anomaly from the subpolar gyre
moves southward along the western boundary, while concurrently, a warm (cold) anomaly from the Gulf
Stream region advects along the mean path of the North Atlantic Current toward the eastern SPNA and sub-
sequently around the subpolar gyre following the mean circulation. Figure S4 further suggests that this ocean
heat content dipole is strengthened, outside these transition periods, under persistent NAO forcing.

Using an ensemble of initialized decadal prediction experiments, Yeager et al. [2012] pointed out that SPNA
temperature regime shifts can be tied to the low-frequency advection of heat anomalies associated with the
meridional overturning circulation and NAO-related buoyancy forcing [Robson et al., 2012, 2016]. Recently,
McCarthy et al. [2015] reported that the decadal evolution of North Atlantic heat content is affected by
changes in the ocean circulation [e.g., Grist et al., 2010], which responds to the NAO, through excursions in
the subtropical-subpolar gyre boundary and anomalous circulation in the intergyre-gyre region [Marshall
et al., 2001; Eden and Willebrand, 2001; Herbaut and Houssais, 2009]. Through a similar mechanism, Wouters
et al. [2012] found that temperature anomalies from the subtropics to the subpolar region, similar to that in
Figure 3, are advected cyclonically toward the Labrador Sea where they influence the deep water formation
and hence the overturning circulation. The advection of Gulf Stream waters into the subpolar gyre via the
eastern boundary has also been proposed to be induced by changes in the strength and horizontal shape
of the subpolar and subtropical gyres due to low-frequency variations in the wind-stress curl [Häkkinen and
Rhines, 2009; Häkkinen et al., 2011a] (Figure S4). It is thus expected that these decadal heat anomalies flow-
ing into the SPNA are associated with spin-up or slowdown of the overturning and/or the wind-driven gyre
circulation, and they coincide with changing phase of the AMO/AWT.

3.3. AWT Synchronizes Atlantic and Pacific Climate Variability
To demonstrate large-scale features and to better understand the global linkages associated with AWT, com-
posite analyses using anomalies of SSTs and nonzonal geopotential heights at 200 hPa are constructed
(Figure 4) (Figures S5 and S6). The latter is informative in terms of highlighting tropical-extratropical link-
ages associated with the flux of atmospheric Rossby waves connecting the Pacific to the Atlantic [Ding et al.,
2014]. The SST patterns (Figure 4a), both in the North Atlantic and Pacific, reflect horseshoe characteristics,
which generally mirror the leading modes of SST variability in the North Atlantic and Pacific widely known
as the AMO [Enfield et al., 2001] and PDO [Mantua, 1997], respectively. In the SPNA, SST anomalies show a
basin-wide warming/cooling associated with anomalous positive/negative phases of AWT (Figure S7). These
anomalies tend, particularly in the western subpolar gyre, to be strongly enhanced by air-sea fluxes under
specific atmospheric regimes [see, e.g., Barrier et al., 2015; Häkkinen et al., 2011b].

From a global perspective, AWT is seen to be associated with a teleconnection pattern originating from the
tropical Pacific (Figure 4b), which expresses itself well in the upper troposphere at 200 hPa (anomalies at this
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Figure 2. Characteristics of AWT variability. (a) AWT index (∘C) during the 1950–2012 period (shading). The raw AWT
(Figure S2) has been deseasoned, detrended, and smoothed with a 25 month running mean. Dark blue and red indicate
anomalous periods (larger and smaller than 1 standard deviation) of AWT. (b) Power spectrum of the raw AWT using the
Welch estimation method (solid line). The dashed line shows the power spectrum of the first-order autoregressive
model, AR(1), having the same lag-1 autocorrelation as the AWT time series. The shading represents the 99% confidence
limits obtained by generating 1000 random AR(1) models of the AWT series. Note the significant power in the
low-frequency band of the spectrum with decadal and longer time scales. There is a particular peak at 17 year period.
(c) Regression of ocean heat content anomalies (J m−2) onto AWT, where a dipole between the Gulf Stream and
subpolar gyre is highlighted. Gray crosses indicate the nonsignificant regions below the 99% confidence level assessed
using a two-sided t-test.

level represent the thickness of the troposphere, and hence, colder/warmer than average SST anomalies in
the tropical Pacific are characterized by anomalously lower/higher pressure throughout the tropics and tro-
posphere depth) in the form of a quasi-stationary Rossby wave pattern bridging the tropical Pacific and the
Atlantic through the sub-Arctic. The tropical Pacific forces and sets up a coherent wave train structure (it is
noteworthy that the first negative geopotential height anomaly center is typically located off the equator
at subtropical latitudes away from the thermal source [Horel and Wallace, 1981; Trenberth et al., 1998]) lead-
ing, in part, to an eastward shift and a deepening of the Aleutian Low as well as an intensified high-pressure
ridge in the North Atlantic reminiscent of a negative NAO-like mode. For example, Ding et al. [2014] linked the
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Figure 3. Spatial progression of ocean heat content anomalies (J m−2 × 109) associated with the temperature transitions reflected in AWT. The 7 year time
windows for the warm-to-cold transition are averaged for (a) 1961–1967, (b) 1969–1975, and (c) 1973–1979 periods. For the cold-to-warm transition the
averaging is done for the periods (d) 1985–1991, (e) 1993–1999, and (f ) 1997–2003 (see the entire 1949–2013 evolution in Figure S3). Figures 3a and 3d show
averaging during a strictly warm/cold phase, while Figures 3b and 3e represent an intermediate phase before the transition to a strictly cold/warm state as
shown in Figures 3c and 3f. These time windows have been chosen in a symmetric fashion (see Figure 2a) to visualize the transition from warm-to-cold and
cold-to-warm periods. We, therefore, had to overlap the intermediate period in Figures 3c and 3d.

pronounced surface warming in northeastern Canada and Greenland to the negative NAO trend, which was
found to be a response to the above mentioned anomalous Rossby wave train activity originating in the trop-
ical Pacific. Moreover, Trenberth et al. [2014] pointed out that most atmospheric anomalies during the recent
hiatus are of tropical Pacific origin and resemble the PDO.

3.4. Is the Atlantic Leading the Pacific?
We observe that an SST signal first originates within the Gulf Stream region outside Cape Hatteras almost a
decade (maximum correlation at ∼4–6 years) before it reaches the SPNA (Figure 5a). The propagation pat-
tern is compatible with that of ocean heat content (Figure S3). Note, however, that the signal also shows a
propagation toward the tropical Atlantic. This is consistent with a horseshoe pattern where the temperature
signal communicates with both the SPNA and the subtropics following the subpolar and subtropical gyres,
respectively, an impression reinforced by regressing SSTs onto the AWT at different lags (Figures S8 and S9).
A discussion on similarities and differences between AWT and AMO is offered in the supporting information.

The atmospheric variability in the North Atlantic is notably leading the AWT (Figure 5b). This is manifested in
the upper troposphere by a tripole pattern which resembles that induced by the NAO (Figure 5b). Whether
this is a lagged response to the basin-wide spread of SST anomalies originally initiated in the subtropics along
the Gulf Stream path is beyond the scope of the present study. Several studies have, however, pointed out that
AMO-like SST anomalies are able to modify the strength of the large-scale atmospheric circulation through
shifts in the position of the baroclinic zone [Czaja and Frankignoul, 1999, 2002; Gastineau and Frankignoul,
2012; Peings and Magnusdottir, 2014; Gastineau and Frankignoul, 2015].

In the Pacific, however, oceanic and atmospheric variability are evidently lagging changes in the Atlantic
(Figure 5b). Subtropical Pacific SSTs lag AWT with a maximum correlation of 1–3 years (Figure 5b), and the
associated atmospheric thickness (850–200 hPa) shows a dipole pattern between the subtropics and extra-
tropics (as a response to the large-scale SST pattern or PDO) extending from the Pacific into the Atlantic,
thereby completing a full interbasin Rossby wave train picture (Figure 5d). In the tropics and subtropics, an
interbasin dipole pattern in the pressure field between the Atlantic and Pacific [see, e.g., McGregor et al., 2014;
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Figure 4. AWT variability and its global linkages. AWT-based composite analysis of (a) SST anomalies (∘C), and
(b) nonzonal 200 hPa geopotential height anomalies (gpm). The composite is based on the difference between events
larger and less than 1 standard deviation for the anomalously warm and cold AWT periods (dark red/blue in Figure 2a),
respectively. Nino3.4 has been removed prior to the analysis. Gray crosses indicate the nonsignificant regions below the
99% confidence level assessed using a two-sided t test.

Chikamoto et al., 2015] is observed and persists there for an extended number of years. Our results thus sug-
gest that the Atlantic amplifies the negative and positive anomalies of the internally generated variability of
the PDO [see, e.g., Chikamoto et al., 2012].

In conclusion, we show evidence that SPNA and tropical Atlantic SST anomalies are consistent with an advec-
tive origin due to changes in the ocean circulation [Zhang et al., 2016; Drews and Greatbatch, 2016]. However,
the Pacific decadal variability is not amplified until temperature anomalies have connected with the tropical
Atlantic and the basin-scale pattern linked to AWT is fully developed. This results in an interbasin gradient or
seesaw between the Atlantic and Pacific and a shift in the Walker circulation (Figure 5e). This transbasin vari-
ability (Atlantic warming/cooling-Pacific cooling/warming) has been recently suggested to have amplified the
recent Pacific cooling and hence a slowdown in global mean surface air temperature [McGregor et al., 2014].

To further understand the physical link between the Atlantic and Pacific, we construct an interbasin SST gradi-
ent or transbasin variability following McGregor et al. [2014]. This index does not only combine information on
how the basin-average Atlantic and Pacific SSTs vary but also mirrors the strength of the trade winds and hence
shifts of the Walker circulation (Figure S10). We note that the negative and positive phases of this index covary
with the cold and warm periods of AWT with a significant lag of 21 months. The warming (cooling) of the
North Atlantic Basin reflected by positive AWT phase leads to a positive (negative) SST transbasin variability,
i.e., difference between the Atlantic and Pacific. As a result, sinking/rising motion and upper level conver-
gence/divergence occurs in the central Pacific/Atlantic and easterly winds are strengthened in the central
western Pacific region, which amplifies the cooling in the tropical Pacific [England et al., 2014; McGregor et al.,
2014; Kucharski et al., 2015; Li et al., 2015], and vice versa. Thus, Atlantic climate variability plays an important
role for the position of the Walker circulation and contributes to the generation of Pacific decadal variability.
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Figure 5. AWT and Atlantic-Pacific connectivity. Lag-lead correlation in years based on AWT and zonally averaged (a)
Atlantic SST, (b) Pacific SST, (c) Atlantic, and (d) Pacific geopotential height (GPH) averaged between 850 and 200 hPa.
The zonal averaging is performed within the green boxes (cf. Figure 4). The shaded regions (Figures 5a–5d) are
statistically significant at the 99% confidence level based on the random-phase test using 5000 Monte Carlo simulations.
Nino3.4 has been removed prior to the analysis. (e) Schematics of the global linkages for a typical warm phase, where (1)
the Gulf Stream region appears to be the main source of the warm anomaly, which (2) progresses toward the SPNA and
also (3) reaches the tropical Atlantic (Figures S8 and S9). (4) This creates a large-scale SST gradient between the Atlantic
and Pacific that modifies the Walker circulation and strengthens the trade winds. (5) The negative PDO phase is hence
amplified, which excites a flux of Rossby waves into the Atlantic. (6) This organization reinforces the high-pressure
anomaly over the subpolar gyre region.
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4. Summary and Conclusions

The purpose of this study has been to gain a better understanding of the interbasin linkages between the
Atlantic and Pacific in relation to the decadal variability that characterizes AWT in the SPNA (Figure 2). This is
found to be associated with a decadal-scale progression of heat content anomalies from the subtropics into
the subpolar gyre and coincide with basin-wide, AMO-like, climatic changes. Ocean circulation is evidently
playing a role in inducing the observed North Atlantic changes [Zhang et al., 2016; Drews and Greatbatch,
2016]. The strength of the meridional overturning [Robson et al., 2016] and wind-driven circulation [Häkkinen
et al., 2011a; McCarthy et al., 2015] are expected to dominate the evolution of ocean heat content anomalies;
however, their relative roles are not yet fully understood.

Here we have shown that AWT in the SPNA synchronizes with the dominant modes of climate variability in
the Atlantic and Pacific and appears to contribute to the low-frequency Pacific decadal variability with a maxi-
mum lag of∼2–3 years (Figure S7). While our analyses were based entirely on observations, and are restricted
to a limited period of reliable observations, evidence can also be found in forced atmosphere and coupled cli-
mate model experiments, wherein imposed SST anomalies are applied. For example, Chikamoto et al. [2012]
found that Pacific stepwise climate shifts are found to lag changes in Atlantic SSTs by around 2 years. It is,
however, important to recognize that this interbasin connection occurs via the tropics after extratropical SSTs
have communicated with the tropical Atlantic [Guan and Nigam, 2009; Ruiz-Barradas et al., 2013]. This, in turn,
induces the Atlantic-Pacific SST gradient necessary to modify to the Walker circulation and can translate into
a multiyear persistence predictive skill [McGregor et al., 2014; Chikamoto et al., 2015]. Our findings are further
supported by Dunstone et al. [2011], where tropical Atlantic SSTs are shown to be forced from the subpolar
gyre region and concluded to generate predictable low-frequency variability of the atmosphere in the tropical
Atlantic [see, e.g., Hawkins et al., 2011; Msadek et al., 2014].

The Atlantic-Pacific lag-lead relationship with the AWT suggests that the synchronized atmospheric anoma-
lies connecting the tropical Pacific to the Atlantic through the sub-Arctic are in the first place initiated by the
NAO, which manifests itself as a tripole pattern (Figure 5). The Rossby wave flux from the tropical Pacific and
toward the Atlantic is, however, not excited until the AWT changes phase and the transbasin variability is “acti-
vated” and is likely to feedback (e.g., through turbulent heat fluxes) on the subpolar region. It is thus important
to consider this tropical-extratropical teleconnection of Pacific origin to better understand the anomalously
warm and cold multiyears in the SPNA, where the AMO has its largest signal [Ruiz-Barradas et al., 2013; Buckley
and Marshall, 2016].

The decadal variability of AWT in the SPNA and its associated global linkages are shown here to be an essen-
tial aspect of the tropical interactions between the Atlantic and Pacific Oceans, with potential for improved
decadal predictability [Dunstone et al., 2011; Chikamoto et al., 2015; Keenlyside et al., 2015]. However, the mech-
anisms at play during the early 21st century decadal slowdown were rather pronounced as compared to those
of the 1950s to the 1970s. This could be symptomatic of the sparse data record preceding the wide advent of
expendable bathythermograph measurements in the mid-1970s. It could also suggest that global warming
is amplifying the Atlantic and Pacific climate modes that enhance the appearance of transbasin linkages and
feedbacks, particularly due to the relatively strong basin-wide warming of the tropical North Atlantic over the
past two decades.

References
Balmaseda, M. A., K. E. Trenberth, and E. Källén (2013), Distinctive climate signals in reanalysis of global ocean heat content, Geophys. Res.

Lett., 40(9), 1754–1759.
Barrier, N., J. Deshayes, A.-M. Treguier, and C. Cassou (2015), Heat budget in the North Atlantic subpolar gyre: Impacts of atmospheric

weather regimes on the 1995 warming event, Prog. Oceanogr., 130, 75–90.
Buckley, M. W., and J. Marshall (2016), Observations, inferences, and mechanisms of the Atlantic Meridional Overturning Circulation:

A review, Rev. Geophys., 54(1), 5–63, doi:10.1002/2015RG000493.
Chafik, L., T. Rossby, and C. Schrum (2014), On the spatial structure and temporal variability of poleward transport between Scotland and

Greenland, J. Geophys. Res. Oceans, 119(2), 824–841, doi:10.1002/2013JC009287.
Chafik, L., J. Nilsson, Ø. Skagseth, and P. Lundberg (2015), On the flow of Atlantic water and temperature anomalies in the Nordic Seas

toward the Arctic Ocean, J. Geophys. Res. Oceans, 120, 7897–7918, doi:10.1002/2015JC011012.
Chen, X., and K.-K. Tung (2014), Varying planetary heat sink led to global-warming slowdown and acceleration, Science, 345(6199), 897–903.
Chikamoto, Y., M. Kimoto, M. Watanabe, M. Ishii, and T. Mochizuki (2012), Relationship between the Pacific and Atlantic stepwise climate

change during the 1990s, Geophys. Res. Lett., 39, L21710, doi:10.1029/2012GL053901.
Chikamoto, Y., A. Timmermann, J.-J. Luo, T. Mochizuki, M. Kimoto, M. Watanabe, M. Ishii, S.-P. Xie, and F.-F. Jin (2015), Skilful multi-year

predictions of tropical trans-basin climate variability, Nat. Commun., 6, 6869, doi:10.1038/ncomms7869.
Compo, G. P., et al. (2011), The Twentieth Century Reanalysis project, Q. J. R. Meteorolog. Soc., 137(654), 1–28.

Acknowledgments
The authors wish to thank Thomas
Rossby, Johan Nilsson, and the
two anonymous reviewers for their
insightful comments and helpful
suggestions. L.C. is supported by
the Jason Altimetry Program. S.H.
is supported by the NASA Physical
Oceanography Program. M.H.E. is
supported by the Australian Research
Council. S. N. and A. R.-B. gratefully
acknowledge the support of the
US National Science Foundation
through grant AGS1439940. AWT
data are included as a supporting
information file; any additional
data may be obtained from L.C.
(leon.chafik@uib.no). This work was
completed at the corresponding
author’s current affiliation
(Geophysical Institute, University
of Bergen, Norway).

CHAFIK ET AL. ATLANTIC-PACIFIC CONNECTIVITY 10,917

http://dx.doi.org/10.1002/2015RG000493
http://dx.doi.org/10.1002/2013JC009287
http://dx.doi.org/10.1002/2015JC011012
http://dx.doi.org/10.1029/2012GL053901
http://dx.doi.org/10.1038/ncomms7869
mailto:leon.chafik@uib.no


Geophysical Research Letters 10.1002/2016GL071134

Czaja, A., and C. Frankignoul (1999), Influence of the North Atlantic SST on the atmospheric circulation, Geophys. Res. Lett., 26(19),
2969–2972.

Czaja, A., and C. Frankignoul (2002), Observed impact of Atlantic SST anomalies on the North Atlantic Oscillation, J. Clim., 15(6), 606–623.
Ding, Q., J. M. Wallace, D. S. Battisti, E. J. Steig, A. J. Gallant, H.-J. Kim, and L. Geng (2014), Tropical forcing of the recent rapid Arctic warming

in northeastern Canada and Greenland, Nature, 509(7499), 209–212.
Drews, A., and R. J. Greatbatch (2016), Atlantic multidecadal variability in a model with an improved North Atlantic Current, Geophys. Res.

Lett., 43, 8199–8206, doi:10.1002/2016GL069815.
Drijfhout, S., A. Blaker, S. Josey, A. Nurser, B. Sinha, and M. Balmaseda (2014), Surface warming hiatus caused by increased heat uptake

across multiple ocean basins, Geophys. Res. Lett., 41(22), 7868–7874.
Dunstone, N., D. Smith, and R. Eade (2011), Multi-year predictability of the tropical Atlantic atmosphere driven by the high latitude North

Atlantic Ocean, Geophys. Res. Lett., 38, L14701, doi:10.1029/2011GL047949.
Ebisuzaki, W. (1997), A method to estimate the statistical significance of a correlation when the data are serially correlated, J. Clim., 10(9),

2147–2153.
Eden, C., and J. Willebrand (2001), Mechanism of interannual to decadal variability of the North Atlantic Circulation, J. Clim., 14(10),

2266–2280.
Enfield, D. B., A. M. Mestas-Nuñez, and P. J. Trimble (2001), The Atlantic Multidecadal Oscillation and its relation to rainfall and river flows in

the continental us, Geophys. Res. Lett., 28(10), 2077–2080.
England, M. H., S. McGregor, P. Spence, G. A. Meehl, A. Timmermann, W. Cai, A. S. Gupta, M. J. McPhaden, A. Purich, and A. Santoso (2014),

Recent intensification of wind-driven circulation in the Pacific and the ongoing warming hiatus, Nat. Clim. Change, 4(3), 222–227.
Frankignoul, C., G. de Coëtlogon, T. M. Joyce, and S. Dong (2001), Gulf Stream variability and ocean-atmosphere interactions, J. Phys.

Oceanogr., 31(12), 3516–3529.
Fyfe, J. C., et al. (2016), Making sense of the early-2000s warming slowdown, Nat. Clim. Change, 6(3), 224–228.
Gastineau, G., and C. Frankignoul (2012), Cold-season atmospheric response to the natural variability of the Atlantic meridional overturning

circulation, Clim. Dyn., 39(1–2), 37–57.
Gastineau, G., and C. Frankignoul (2015), Influence of the North Atlantic SST variability on the atmospheric circulation during the twentieth

century, J. Clim., 28(4), 1396–1416.
Good, S. A., M. J. Martin, and N. A. Rayner (2013), EN4: Quality controlled ocean temperature and salinity profiles and monthly objective

analyses with uncertainty estimates, J. Geophys. Res. Oceans, 118(12), 6704–6716.
Grist, J. P., S. A. Josey, R. Marsh, S. A. Good, A. C. Coward, B. A. De Cuevas, S. G. Alderson, A. L. New, and G. Madec (2010), The roles of surface

heat flux and ocean heat transport convergence in determining Atlantic Ocean temperature variability, Ocean Dyn., 60(4), 771–790.
Guan, B., and S. Nigam (2009), Analysis of Atlantic SST variability factoring interbasin links and the secular trend: Clarified structure of the

Atlantic multidecadal oscillation, J. Clim., 22(15), 4228–4240.
Häkkinen, S., and P. B. Rhines (2004), Decline of subpolar North Atlantic circulation during the 1990s, Science, 304(5670), 555–559.
Häkkinen, S., and P. B. Rhines (2009), Shifting surface currents in the northern North Atlantic Ocean, J. Geophys. Res., 114, C04005,

doi:10.1029/2008JC004883.
Häkkinen, S., P. B. Rhines, and D. L. Worthen (2011a), Warm and saline events embedded in the meridional circulation of the northern North

Atlantic, J. Geophys. Res., 116, C03006, doi:10.1029/2010JC006275.
Häkkinen, S., P. B. Rhines, and D. L. Worthen (2011b), Atmospheric blocking and Atlantic multidecadal ocean variability, Science, 334(6056),

655–659.
Häkkinen, S., P. B. Rhines, and D. L. Worthen (2013), Northern North Atlantic sea surface height and ocean heat content variability,

J. Geophys. Res. Oceans, 118(7), 3670–3678.
Hamed, K. H., and A. R. Rao (1998), A modified Mann-Kendall trend test for autocorrelated data, J. Hydrol., 204(1), 182–196.
Hátún, H., A. Sandø, H. Drange, B. Hansen, and H. Valdimarsson (2005), Influence of the Atlantic subpolar gyre on the thermohaline

circulation, Science, 309(5742), 1841–1844.
Hawkins, E., J. Robson, R. Sutton, D. Smith, and N. Keenlyside (2011), Evaluating the potential for statistical decadal predictions of sea

surface temperatures with a perfect model approach, Clim. Dyn., 37(11–12), 2495–2509.
Held, I. M. (2013), Climate science: The cause of the pause, Nature, 501(7467), 318–319.
Herbaut, C., and M.-N. Houssais (2009), Response of the eastern North Atlantic subpolar gyre to the North Atlantic Oscillation, Geophys. Res.

Lett., 36, L17607, doi:10.1029/2009GL039090.
Horel, J. D., and J. M. Wallace (1981), Planetary-scale atmospheric phenomena associated with the Southern Oscillation, Mon. Weather Rev.,

109(4), 813–829.
Huang, B., P. W. Thorne, T. M. Smith, W. Liu, J. Lawrimore, V. F. Banzon, H.-M. Zhang, T. C. Peterson, and M. Menne (2016), Further exploring

and quantifying uncertainties for Extended Reconstructed Sea Surface Temperature (ERSST) version 4 (v4), J. Clim., 29(9), 3119–3142.
Joyce, T. M., and R. Zhang (2010), On the path of the Gulf stream and the Atlantic meridional overturning circulation, J. Clim., 23(11),

3146–3154.
Katsman, C., and G. J. van Oldenborgh (2011), Tracing the upper ocean’s “missing heat”, Geophys. Res. Lett., 38, L14610,

doi:10.1029/2011GL048417.
Keenlyside, N. S., J. Ba, J. Mecking, N.-E. Omrani, M. Latif, R. Zhang, and R. Msadek (2015), North Atlantic multi-decadal

variability—Mechanisms and predictability, in Climate Change Multidecadal Beyond, edited by C.-P. Chang et al., pp. 141–158, World
Scientific Publ., Singapore.

Knight, J. R., C. K. Folland, and A. A. Scaife (2006), Climate impacts of the Atlantic multidecadal oscillation, Geophys. Res. Lett., 33(17), L17706,
doi:10.1029/2006GL026242.

Kosaka, Y., and S.-P. Xie (2013), Recent global-warming hiatus tied to equatorial Pacific surface cooling, Nature, 501(7467), 403–407.
Kucharski, F., I.-S. Kang, R. Farneti, and L. Feudale (2011), Tropical Pacific response to 20th century Atlantic warming, Geophys. Res. Lett., 38(3),

L03702, doi:10.1029/2010GL046248.
Kucharski, F., F. Ikram, F. Molteni, R. Farneti, I.-S. Kang, H.-H. No, M. P. King, G. Giuliani, and K. Mogensen (2015), Atlantic forcing of Pacific

decadal variability, Clim. Dyn., 46, 2337–2351, doi:10.1007/s00382-015-2705-z.
Li, X., S.-P. Xie, S. T. Gille, and C. Yoo (2015), Atlantic-induced pan-tropical climate change over the past three decades, Nat. Clim. Change,

6, 275–279, doi:10.1038/NCLIMATE2840.
Lindzen, R. S., and S. Nigam (1987), On the role of sea surface temperature gradients in forcing low-level winds and convergence in the

tropics, J. Atmos. Sci., 44(17), 2418–2436.
Lohmann, K., H. Drange, and M. Bentsen (2009), A possible mechanism for the strong weakening of the North Atlantic subpolar gyre in the

mid-1990s, Geophys. Res. Lett., 36, L15602, doi:10.1029/2009GL039166.

CHAFIK ET AL. ATLANTIC-PACIFIC CONNECTIVITY 10,918

http://dx.doi.org/10.1002/2016GL069815
http://dx.doi.org/10.1029/2011GL047949
http://dx.doi.org/10.1029/2008JC004883
http://dx.doi.org/10.1029/2010JC006275
http://dx.doi.org/10.1029/2009GL039090
http://dx.doi.org/10.1029/2011GL048417
http://dx.doi.org/10.1029/2006GL026242
http://dx.doi.org/10.1029/2010GL046248
http://dx.doi.org/10.1007/s00382-015-2705-z
http://dx.doi.org/10.1038/NCLIMATE2840
http://dx.doi.org/10.1029/2009GL039166


Geophysical Research Letters 10.1002/2016GL071134

Lozier, M. S., S. Leadbetter, R. G. Williams, V. Roussenov, M. S. Reed, and N. J. Moore (2008), The spatial pattern and mechanisms of
heat-content change in the North Atlantic, Science, 319(5864), 800–803.

Lozier, M. S., V. Roussenov, M. S. Reed, and R. G. Williams (2010), Opposing decadal changes for the North Atlantic meridional overturning
circulation, Nat. Geosci., 3(10), 728–734.

Maher, N., A. S. Gupta, and M. H. England (2014), Drivers of decadal hiatus periods in the 20th and 21st centuries, Geophys. Res. Lett., 41(16),
5978–5986, doi:10.1002/2014GL060527.

Mantua, N. J. (1997), A Pacific interdecadal climate oscillation with impacts on salmon production, Bull. Am. Meteorol. Soc., 78, 1069–1079.
Marshall, J., H. Johnson, and J. Goodman (2001), A study of the interaction of the North Atlantic Oscillation with ocean circulation, J. Clim.,

14(7), 1399–1421.
McCarthy, G. D., I. D. Haigh, J. J.-M. Hirschi, J. P. Grist, and D. A. Smeed (2015), Ocean impact on decadal Atlantic climate variability revealed

by sea-level observations, Nature, 521(7553), 508–510.
McGregor, S., A. Timmermann, M. F. Stuecker, M. H. England, M. Merrifield, F.-F. Jin, and Y. Chikamoto (2014), Recent Walker circulation

strengthening and Pacific cooling amplified by Atlantic warming, Nat. Clim. Change, 4(10), 888–892.
Meehl, G. A., J. M. Arblaster, J. T. Fasullo, A. Hu, and K. E. Trenberth (2011), Model-based evidence of deep-ocean heat uptake during

surface-temperature hiatus periods, Nat. Clim. Change, 1(7), 360–364.
Msadek, R., et al. (2014), Predicting a decadal shift in North Atlantic climate variability using the GFDL forecast system, J. Clim., 27(17),

6472–6496.
Peings, Y., and G. Magnusdottir (2014), Forcing of the wintertime atmospheric circulation by the multidecadal fluctuations of the North

Atlantic Ocean, Environ. Res. Lett., 9(3), 034018.
Reverdin, G. (2010), North Atlantic subpolar gyre surface variability (1895–2009), J. Clim., 23(17), 4571–4584.
Robson, J., R. Sutton, K. Lohmann, D. Smith, and M. D. Palmer (2012), Causes of the rapid warming of the North Atlantic Ocean in the

mid-1990s, J. Clim., 25(12), 4116–4134.
Robson, J., P. Ortega, and R. Sutton (2016), A reversal of climatic trends in the North Atlantic since 2005, Nat. Geosci., 9(7), 513–517.
Rossby, T., and R. Benway (2000), Slow variations in mean path of the Gulf Stream east of Cape Hatteras, Geophys. Res. Lett., 27(1), 117–120.
Ruiz-Barradas, A., S. Nigam, and A. Kavvada (2013), The Atlantic Multidecadal Oscillation in twentieth century climate simulations: Uneven

progress from CMIP3 to CMIP5, Clim. Dyn., 41(11–12), 3301–3315.
Song, Y., Y. Yu, and P. Lin (2014), The hiatus and accelerated warming decades in CMIP5 simulations, Adv. Atmos. Sci., 31(6), 1316–1330.
Steinman, B. A., M. E. Mann, and S. K. Miller (2015), Atlantic and Pacific multidecadal oscillations and Northern Hemisphere temperatures,

Science, 347(6225), 988–991.
Stocker, T., D. Qin, G. Plattner, M. Tignor, S. Allen, J. Boschung, A. Nauels, Y. Xia, B. Bex, and B. Midgley (2013), IPCC, 2013: Climate Change

2013—The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change, 1535 pp., Cambridge Univ. Press, Cambridge, U. K., and New York.

Timmermann, A., et al. (2007), The influence of a weakening of the Atlantic meridional overturning circulation on ENSO, J. Clim., 20(19),
4899–4919.

Trenberth, K. E. (2015), Has there been a hiatus, Science, 349(6249), 691.
Trenberth, K. E., and J. T. Fasullo (2013), An apparent hiatus in global warming?, Earth’s Future, 1(1), 19–32, doi:10.1002/2013EF000165.
Trenberth, K. E, G. W. Branstator, D. Karoly, A. Kumar, N.-C. Lau, and C. Ropelewski (1998), Progress during TOGA in understanding and

modeling global teleconnections associated with tropical sea surface temperatures, J. Geophys. Res., 103(C7), 14,291–14,324.
Trenberth, K. E., J. T. Fasullo, G. Branstator, and A. S. Phillips (2014), Seasonal aspects of the recent pause in surface warming, Nat. Clim.

Change, 4(10), 911–916.
Von Storch, H., and F. W. Zwiers (2001), Statistical analysis in climate research, Cambridge Univ. Press, Cambridge, U. K.
Wang, C. (2006), An overlooked feature of tropical climate: Inter-Pacific-Atlantic variability, Geophys. Res. Lett., 33, L12702,

doi:10.1029/2006GL026324.
Watanabe, M., H. Shiogama, H. Tatebe, M. Hayashi, M. Ishii, and M. Kimoto (2014), Contribution of natural decadal variability to global

warming acceleration and hiatus, Nat. Clim. Change, 4(10), 893–897.
Wouters, B., S. Drijfhout, and W. Hazeleger (2012), Interdecadal North-Atlantic meridional overturning circulation variability in EC-EARTH,

Clim. Dyn., 39(11), 2695–2712.
Yeager, S., A. Karspeck, G. Danabasoglu, J. Tribbia, and H. Teng (2012), A decadal prediction case study: Late twentieth-century North

Atlantic Ocean heat content, J. Clim., 25(15), 5173–5189.
Zhang, R. (2008), Coherent surface-subsurface fingerprint of the Atlantic meridional overturning circulation, Geophys. Res. Lett., 35(20),

L20705, doi:10.1029/2008GL035463.
Zhang, R., R. Sutton, G. Danabasoglu, T. L. Delworth, W. M. Kim, J. Robson, and S. G. Yeager (2016), Comment on “the Atlantic Multidecadal

Oscillation without a role for ocean circulation”, Science, 352(6293), 1527–1527.

CHAFIK ET AL. ATLANTIC-PACIFIC CONNECTIVITY 10,919

http://dx.doi.org/10.1002/2014GL060527
http://dx.doi.org/10.1002/2013EF000165
http://dx.doi.org/10.1029/2006GL026324
http://dx.doi.org/10.1029/2008GL035463

	Abstract
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


