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S

everal of the most promising aspects of the skill of
the decadal prediction (DP) simulations that have
recently been completed using the Community
Earth System Model (CESM) Large Ensemble (CESMDPLE) highlighted in the main article represent substantial improvements over the Community Climate
System Model, version 4, decadal prediction (CCSM4DP) simulation set that was submitted to phase 5 of the
Coupled Model Intercomparison Project (CMIP5) (see
“Experimental description” section, Table 1, and sidebar in the main article for information about relevant
changes to the prediction system). The improvements
appear to be related to substantial SST error reduction
in the eastern Pacific that is believed to stem from the
improved ocean initial conditions. Figure ES9 compares SST skill for the Niño-3 region obtained in the
CCSM4-DP and CESM-DPLE ensembles, alongside
reference forecast benchmarks. Annual-mean Niño-3
anomalies are reasonably well predicted by the new
system in the first year with an anomaly correlation
coefficient (ACC) score (r ≈ 0.5) well above that of the
other forecasts (Fig. ES9a). At longer lead times (and
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for longer time-scale averaging), CESM-DPLE skill is
largely commensurate with the uninitialized CESMLE ensemble and shows no clear skill change associated with initialization. The old system (CCSM4-DP)
exhibits a rapid falloff in annual-mean skill after the
first year to scores near zero for lead year 2 through
lead year 5. This lack of skill is below the O(r ≈ 0.2)
skill one would expect from external forcing alone.
Furthermore, CCSM4-DP is characterized by large
negative skill for pentadal variations in Niño-3 SST,
particularly at the shortest lead times (Fig. ES9b).
The lack of skill in the tropical Pacific has been noted
in previous analyses of CCSM4-DP (Karspeck et al.
2015; Teng et al. 2017), and the improved skill in this
critical region in CESM-DPLE represents a significant advance. While the pentadal skill in this region
is now significantly higher than that obtained in our
old CMIP5-era system, it is not distinguishable from
CESM-LE skill, even for the shortest lead interval of
1–5 years (Fig. 2 and ES9b).
The improved SST skill (relative to CCSM4-DP)
extends throughout the eastern tropical Pacific and
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Fig. ES1. As in Fig. 1 in the main article [ACC of annual heat content of the upper 295 m (T295)], but a linear
trend was removed from all time series prior to analysis.

Fig. ES2. As in Fig. 2 in the main article (ACC of annual SST), but a linear trend was removed from all time
series prior to analysis.
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coastal upwelling regions off western North and
South America (Fig. ES10a). There is also significant
SST error reduction in the tropical Atlantic and Indian, the western North and South Pacific, and the
Southern Oceans (Fig. ES10d). We suspect, but cannot say with certainty, that the improved skill in the
eastern tropical Pacific is responsible for the far-field
SST improvements via atmospheric teleconnections.
The ramifications of an improved tropical Pacific
are further evidenced by significantly more skillful
predictions of SAT and precipitation over land in the
new system, with noteworthy skill enhancements
over each of the major continents (Fig. ES10). Indeed,
much of the CESM-DPLE precipitation skill over the
Americas, Eurasia, and Africa discussed in the main
article is marginal, or absent altogether, in the old
CCSM4-DP hindcasts. These important developments in the NCAR prediction system suggest that
some previous analyses and conclusions that were

based on CCSM4-DP may warrant a reevaluation
using the new CESM-DPLE dataset.
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Fig. ES3. As in Fig. 3 in the main article (∆ACC of annual SST), but a linear trend was removed from all time
series prior to analysis.
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Fig. ES4. (a)–(c) ACC of annual surface air temperature (SAT) from CESM-DPLE relative to University of East
Anglia Climatic Research Unit Time series version 4.00 (CRU-TSv4.00) observations (Harris et al. 2014) for
lead times of 1–5, 3–7, and 5–9 years. ACC skill score differences (d)–(f) between CESM-DPLE and persistence
and (g)–(i) between CESM-DPLE and CESM-LE. All fields were mapped onto a 5° × 5° grid prior to analysis,
using only land data from the source grid. The scale used for (d)–(i) is half that used for (a)–(c). The absence
(presence) of a gray slash indicates scores that are (are not) significant at the 10% level (α = 0.1); stippling further
indicates points whose p values pass an FDR test for global (70°S–70°N) field significance (aglobal = 0.1).

Fig. ES5. As in Fig. ES4, but a linear trend was removed from all time series prior to analysis.
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Fig. ES6. As in Fig. 4 in the main article [mean square skill score (MSSS) of SAT], but a linear trend was removed
from all time series prior to analysis.

Fig. ES7. As in Fig. 5 in the main article [ACC of June–September (JAS) land surface precipitation (PREC)], but
a linear trend was removed from all time series prior to analysis.
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Fig. ES8. As in Fig. 9 in the main article [ACC of annual net primary productivity (NPP)], but a linear trend
was removed from all time series prior to analysis.

F ig . ES9. ACC scores for SST in the
Niño-3 region (5°S –5°N, 150°–90°W)
relative to observations for (a) annualand (b) pentadal-time-scale hindcasts.
Solid markers give the scores obtained
using all available ensemble members as
follows: CCSM4-DP (10), CESM-LE (40),
and CESM-DPLE (40). Black markers
give the score of a persistence forecast.
Vertical blue and red lines show the 90%
confidence bounds (5th–95th-percentile
range) of scores obtained by bootstrap
resampling the CESM-LE and CESMDPLE ensembles into 10-member ensemble means (5,000 times). The blue
and red crosses give the medians of the
respective score distributions.
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Fig. ES10. Skill improvement of CESM-DPLE relative to CCSM4-DP for lead year (LY) 1–5 predictions of annualmean (a),(d) sea surface temperature; (b),(e) surface air temperature; and (c),(f) precipitation over land. Note
the different scales used for (a)–(c) and (d)–(f). To compare to the 10-member CCSM4-DP, only the first 10
members of CESM-DPLE have been used in this analysis.
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