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In this supplemental material, we present seasonal versions of the summary trend assessments (Fig. S1, 12 

S2), which are analogous to Figs. 5b and 6b from the main text (based on annual means) but instead are 13 

based on seasonal-mean trends.  Alternatively Figs. S1 and S2 can be viewed as analogous to Fig. 12 14 

from the main text (seasonal trend analysis for 1901-2010) but instead are focused on the periods 1951-15 

2010 (Fig. S1) and 1981-2010 (Fig. S2).  These are presented for the HadSLP2_lowvar dataset only.   For 16 

1951-2010, Fig. S1 shows that the southern hemisphere increasing SLP trends feature in the extratropics 17 

near 40oS is detectable mainly in southern hemisphere summer (DJF) and fall (MAM).   There are also 18 

some detectable increasing SLP features in more tropical latitudes over Africa, Australia and the 19 

Maritime Continent during all seasons except SON.  Finally, there are detectable increases over the 20 

Mediterranean region in the northern hemisphere during winter months (DJF). 21 
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For 1981-2010 trends, the seasonal assessment results (Fig. S2) are similar to the annual assessment 22 

results in Fig. 6b though with less area coverage by detectable signals.  A noticeably weaker detection 23 

signal is seen for the rising SLP trend over the eastern Pacific during the SON season, as compared to the 24 

annual mean case.   25 

 26 

Figure S3 provides the summary trend assessment results for 1901-2010 trends, comparing two 27 

alternative methodologies for creating the model ensemble distribution of trends for the 10 CMIP5 28 

models:  the Aggregate distribution method (panel a)  and the Average distribution method (panel b).  29 

(See Methodology section and Fig. 2 in the main text for details).  The Average distribution method was 30 

the main method used in our study, while the Aggregate distribution method is presented here as a 31 

sensitivity test.  Figure S3 shows that to first order, the two methodologies produce similar overall 32 

assessment results for the 1901-2010 trend map.  However, there is substantially more area classified as 33 

having All-Forcing trends that are consistent with observations for the Aggregate Distribution method 34 

(73% vs. 56%).  This difference is generally as expected, since the All-Forcing Aggregate distribution is 35 

broader than the All-Forcing Average distribution (e.g., Fig. 2) owing to contribution to the spread of 36 

distribution by the differences in mean forced responses between the CMIP5 models.  Thus the 37 

intermodal differences in mean response broaden the distribution beyond the spread due to internal 38 

variability alone.  On the other hand, this broadening of the All-Forcing distribution using the Aggregate 39 

method may make it too easy for the model ensemble to be consistent with observations, since a large 40 

disagreement among models on the forced response produces a wider All-Forcing distribution and 41 

greater possibility of consistency with observations.  Fig. S3 also shows that there is slightly more area 42 

having no detectable trend using the Aggregate distribution method (59%) than using the Average 43 

Distribution method (57%).  Again this is because the Aggregate Natural-Forcing distribution tends to be 44 

slightly broader than the Average Natural-Forcing distribution due to intermodel differences in the mean 45 
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Natural-Forcing response (e.g., Fig. 2) which makes it slightly more difficult for a detectable trend to 46 

occur with the Aggregate distribution.  However, the impact of Aggregate vs. Average distribution is 47 

much larger for the consistency with All-Forcing test than for consistency with Natural Forcing test (i.e., 48 

detection).    These results provide some rationale for why we favor the Average distribution approach 49 

in our study—it does not overly promote consistency between All-Forcing runs and observations, while 50 

having only a modest influence on detection results compared to the Aggregate distribution approach.   51 

  52 

Figure S4 shows the detectability metric for 1901-2010, 1951-2010, and 1981-2010 trends.  53 

These maps shows areas where the CMIP5 grand ensemble mean All-Forcing trends is outside of the 5th 54 

to 95th percentile range of the Natural-Forcing and Control run trend distributions, including internal 55 

variability.  It therefore shows where the All-Forcing trends are strong enough compared to internal 56 

variability on those timescales to be readily detectable.  The percent of analyzed area with detectability 57 

by this measure is 20% for 1901-2010; 6% for 1951-2010; and 0% for 1981-2010.  For further discussion, 58 

see main text.   59 
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Fig.  S1.  Assessment of observed (HadSLP2_lowvar) trends in seasonal mean sea level pressure (SLP) 
over 1951-2010 based on comparison with an ensemble of 10 CMIP5 models.   Model-based 
assessment for (a) DJF, (b) MAM, (c) JJA, and (d) SON season of the observed trend at each grid point 
having sufficient data coverage for trend analysis (see text).  Nine assessment categories are defined 
(see color scale, legend, and text for details).  The percent of analyzed area classified in each category is 
listed in parentheses alongside the color bar for each panel. Categories are described in the legend 
box.  Grid locations where the models’ All-Forcing simulation time series are consistent with the 
observed trend are identified with white stippling.  Regions with inadequate data coverage over 1901-
2010 are denoted by white shading. 
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Fig. S2.  As in Fig. S1, but for trends over the period 1981-2010. 
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Figure S3. Aggregate vs. average distribution methodology versions of Fig. 4 (b).  Panel (b) 
is the same as Fig. 4 b, while panel (a) uses the alternative aggregate distribution method 
as discussed in the Methodology section.  
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Fig. S4.  Detectability of All-Forcing ensemble mean trends as measured by areas where 

the CMIP5 grand ensemble mean All-Forcing trends is outside of the 5th to 95th percentile 
range of the Natural-Forcing and Control run trend distributions, which include internal 
variability.  The percent of analyzed area with detectability by this measure is 20% for 
1901-2010; 6% for 1951-2010; and 0% for 1981-2010.  Red: detectability for an increase; 
blue: detectability for a decrease. 
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