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            Abstract
Despite the continued increase in atmospheric greenhouse gas concentrations, the annual-mean global temperature has not risen in the twenty-first century1,2, challenging the prevailing view that anthropogenic forcing causes climate warming. Various mechanisms have been proposed for this hiatus in global warming3,4,5,6, but their relative importance has not been quantified, hampering observational estimates of climate sensitivity. Here we show that accounting for recent cooling in the eastern equatorial Pacific reconciles climate simulations and observations. We present a novel method of uncovering mechanisms for global temperature change by prescribing, in addition to radiative forcing, the observed history of sea surface temperature over the central to eastern tropical Pacific in a climate model. Although the surface temperature prescription is limited to only 8.2% of the global surface, our model reproduces the annual-mean global temperature remarkably well with correlation coefficient r = 0.97 for 1970â€“2012 (which includes the current hiatus and a period of accelerated global warming). Moreover, our simulation captures major seasonal and regional characteristics of the hiatus, including the intensified Walker circulation, the winter cooling in northwestern North America and the prolonged drought in the southern USA. Our results show that the current hiatus is part of natural climate variability, tied specifically to a La-NiÃ±a-like decadal cooling. Although similar decadal hiatus events may occur in the future, the multi-decadal warming trend is very likely to continue with greenhouse gas increase.
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                    Figure 1: Observed and simulated global temperature trends.[image: ]


Figure 2: Observed and simulated trend patterns in boreal winter for 2002â€“2012.[image: ]


Figure 3: Observed and simulated trend patterns in boreal summer for 2002â€“2012.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Observed climate indices for the recent decade.
From top to bottom are shown the annual-mean global near-surface temperature anomalies from the 1980â€“1999 average, the DJF Southern Oscillation Index (SOI), the DJF SLP near the Aleutian Islands (40Â°â€“60Â°â€‰N, 170Â°â€“120Â°â€‰W), the JJA SAT over the southern USA (30Â°â€“45Â°â€‰N, 110Â°â€“80Â°â€‰W), and the September (Sep) Arctic sea ice extent.


Extended Data Figure 2 11-year trends of annual-mean SAT composited for 34 hiatus events in HIST.
The hiatus events are chosen for which annual-mean global SAT trends are smaller than their ensemble mean minus 0.3â€‰Â°C per 11 years. Stippling indicates 95% statistical confidence. Note that a typical hiatus in HIST features a La-NiÃ±a-like pattern in the tropics and SST cooling around the Aleutian Islands, patterns similar to the current hiatus event.


Extended Data Figure 3 Net radiative imbalance and ocean heat content increase in POGA-H and HIST.
a, b, Net radiative imbalance at the top of the atmosphere. Positive values indicate net energy flux into the planet. c, d, Ocean heat content deviations from 1950 values for each ensemble member. POGA-H (a and c) and HIST (b and d). Shading represents the 95% confidence interval of ensemble means. Major volcanic eruptions are indicated. The radiative imbalance has remained positive and ocean heat content has kept increasing for the recent decade in both of the experiments. We note that the energy budget is not closed in POGA-H.


Extended Data Figure 4 Seasonal dependency of regional temperature trends.
a, b, Observed temperature anomalies (solid) and their trends (dashed) for the recent decade (Â°C). c, d, Probability density functions (curves) and means (vertical lines) of 11-year SAT trends in HIST for 1971â€“2040. Temperature has been averaged over the tropics (20Â°â€‰Sâ€“20Â°â€‰N; panels a and c) and the northern extratropics (20Â°â€“90Â°â€‰N; panels b and d) for JJA (red) and DJF (blue). Note that the northern extratropics features a larger probability density function spread in winter than summer, in contrast to a high similarity in the tropics. The winter spread is also greater in the extratropics than the tropics, whereas the opposite is true for summer.


Extended Data Figure 5 Decadal anomalies associated with SST cooling over the equatorial Pacific.
Low-pass-filtered intermember anomalies in HIST regressed against SST anomalies over the area denoted by 5Â°â€‰Sâ€“5Â°â€‰N and 170Â°â€‰Eâ€“130Â°â€‰W (white boxes in a and b). a, b, SAT; c, d, SLP; e, f, Precipitation for DJF (a, c, e) and JJA (b, d, f). The sign is flipped to show a La NiÃ±a state. Stippling indicates 95% statistical confidence. We note that cold anomalies spread to the Arctic region in boreal winter but are restricted south of 60Â°â€‰N in summer. Anomalies in the tropics, the North Pacific and North America are broadly consistent with the trends for the current hiatus.


Extended Data Figure 6 Observed and simulated trend patterns in boreal summer for the accelerated global warming period.
Temperature (a and b) and precipitation (c and d) from observations (a and c) and POGA-H (b and d) in JJA. a, b and d, Trends for 1971â€“1997. c, The trend is evaluated for 1979â€“1997 and scaled to 27-year change. Stippling indicates 95% statistical confidence. Purple boxes in b show the restoring region of POGA experiments. We note the widespread warming, with weak cooling in the North and South Pacific oceans and a weakened Walker circulation. POGA-H reproduces the warming hole18 (warming minimum or cooling in the central USA) with slight geographical displacements due to model biases.


Extended Data Figure 7 Internal decadal variability in SST.
Standard deviations of annual-mean SST from observations27 detrended for 1900-2012 (a) and from inter-member anomalies in HIST (b). Data were evaluated with a decadal low-pass filter. We note that tropical variance is most pronounced in the Pacific.


Extended Data Table 1 Evaluation of simulations of observed global annual-mean temperature and its trend.Full size table
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        Editorial Summary
Pacific cooling puts global warming on hold
Global warming has largely stalled since the late 1990s, raising concerns regarding our understanding of climate sensitivity, the underlying mechanisms influencing climate variability and the ability of climate models to represent decadal variability. Yu Kosaka and Shang-Ping Xie show that the warming hiatus, including most of its seasonal and spatial aspects, can be resolved when observations of recently observed cooling in the eastern equatorial Pacific are directly incorporated into a climate model. The results suggest that the current hiatus is a normal instance of internal climate variability, and that long-term warming is likely to resume as greenhouse gas concentrations continue to increase.
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