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1.  A note on the Trenberth and Shea (2006) method for estimating internal Atlantic 17 

Multidecadal Variability 18 

 19 

Here, we clarify how Trenberth and Shea (2006; hereafter TS06) constructed their index of 20 

Atlantic Multidecadal Variability (AMV) and obtained the spatial pattern associated with this 21 

index.  [This text should be read after the main paper, since it refers to results presented there.] 22 

TS06 defined their AMV Index as the timeseries of North Atlantic (NA) minus global (G; 60N-23 

60S) SST based on annual mean data.  Their aim in subtracting G from NA in their definition of 24 

AMV was to remove the externally-forced component from the Index. They also constructed a 25 

smoothed AMV Index by applying a weighted 13-point low-pass filter (half-power point at 16 26 

years) to the raw AMV timeseries (see their Fig. 3 for both the raw and filtered AMV Index 27 

timeseries).  Finally, they computed a global map of correlation coefficients between a gridded 28 

dataset of Surface Air Temperature (SAT) and the AMV Index.  Although not explicitly stated in 29 

their paper, we have verified that their SAT correlation map (their Fig. 4) is based on unfiltered 30 

data for both the AMV Index timeseries and the gridded SAT field.  The TS06 protocol for defining 31 

AMV has been widely adopted; however, unlike TS06, subsequent studies commonly apply a low-32 

pass filter (typically a 10-year or 20-year running mean, or a Butterworth Filter or its equivalent 33 

with a half-power point between 10 and 20 years) to both the AMV Index timeseries and the 34 

gridded data field being correlated (or regressed) onto this timeseries. 35 

 36 

Although the TS06 AMV Index is based on subtracting G from NA SST, we have verified that 37 

TS06 did not remove the global-mean from the gridded SAT dataset before computing the global 38 

correlation map of SAT with the AMV Index (their Fig. 4).  In our application of the TS06 method 39 
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to future projections from initial-condition coupled climate model Large Ensembles, we find that 40 

inclusion of the global-mean in the gridded data (SST in our case) becomes problematic for the 41 

associated AMV spatial pattern estimated with their method. 42 

 43 

Figures S15 and S16 show, for each model, the ensemble average of the AMV SST regression 44 

maps in each ensemble member, obtained by regressing the gridded SST data onto the NA-G SST 45 

Index.  Figure S15 is based on the period 1950-2020 and Fig. S16 is based on the period 1950-46 

2090;  all data have been low-pass filtered with a 20-year Butterworth Filter. These regression 47 

maps may be compared with their counterparts shown in Figs. S1-9, which are based on subtracting 48 

the global-mean (60N-60S) SST from the gridded SST data prior to computing the regressions.  In 49 

each model, the amplitudes of the regression coefficients based on the period 1950-2090 are clearly 50 

corrupted by inclusion of the global-mean in the gridded data, with values that are off-scale over 51 

much of the globe (Fig. S16).  For example, CESM2 shows values < -3 over most of the globe 52 

outside of the subpolar NA (panel i in Fig. S16), compared to values between -1.6 and + 1.6 in the 53 

version based on removing the global-mean (panel b in Fig. S9) and between -0.8 and 0.8 based 54 

on the “Truth” (panel d in Fig. S9).  Similar statements apply to all of the other model LEs 55 

examined in this study (Fig. S16).  For the historical period 1950-2020 (Fig. S15), the regression 56 

amplitudes are substantially degraded relative to the “Truth” (Figs. S1-9) in 6 of the 9 models 57 

examined (MPI, GFDL-ESM2M and CESM1 are the exceptions. 58 

 59 

This degradation in the regression amplitudes when the global-mean is included is nearly always 60 

associated with the presence of a forced component in the AMV Index timeseries (Fig. S17; MPI 61 

and GFDL-ESM2M are the two exceptions). The presence of a forced component is indicated 62 
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when the ensemble-mean (thick curves in Fig. S17) of the individual member AMV timeseries 63 

(thin curves in Fig. S17) differs significantly from zero at the 90% confidence level (i.e., when 64 

more than 10% of the members have non-zero values). For example, the AMV Index for MIROC6 65 

contains a statistically significant sizeable forced component after about 2020 (panel f in Fig. S17). 66 

While the aim of subtracting G from NA was to remove any forced component from the AMV 67 

Index according to TS06, the procedure clearly falls short of its intended goal starting in the middle 68 

of the 21st century in the majority of model LEs we analyzed (Fig. S17).   69 

 70 

To provide more quantitative information, we have calculated the proportion of internal-to-total 71 

variance in the individual AMV timeseries, and then averaged these proportions across all the 72 

members of a given model Large Ensemble.  We did this calculation for both time periods (1950-73 

2020 and 1950-2090) and have indicated the results as numerals in the upper right hand corner of 74 

each panel of Fig. S17.  The proportion of internal-to-total variance in the individual AMV 75 

timeseries, on average, is notably close to unity (values < 1.4) during the period 1950-2090 in 6 of 76 

the 9 models, and also close to unity (values < 1.6) during 1950-2020 in 4 of the 9 models (Fig. 77 

S17).  Thus, inferences about the proportion of internal variance in the observed AMV timeseries 78 

(also shown in Fig. S17) will depend on which model is used to estimate the forced contribution.  79 

For example, according to MPI, the observed record (during 1950-2020) would be interpreted as 80 

almost entirely unforced, while according to CanESM5, it would be interpreted as containing a 81 

sizeable forced component.   82 

 83 

In summary, the results shown in Figs. S15-17 caution against implementing the TS06 method 84 

without first subtracting the global-mean from the gridded field before computing correlation or 85 
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regression maps with the AMV Index, especially when considering future time periods from model 86 

projections.  A second cautionary note is that the AMV Index itself as defined by TS06 (i.e., NA-87 

G SST) may contain a forced component, despite the intended goal of isolating the internal 88 

component with this method. 89 

  90 
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3. Table 148 
 149 
Table S1.  Summary of the salient characteristics of the 9 model initial-condition Large 150 
Ensembles used in this study. “Macro” refers to different coupled initial states; “Micro” refers to 151 
different atmospheric initial states (see Deser et al., 2020).  152 
 153 

Modeling 
Center 

Model 
Version 

Model 
Resolution 
(atm/ocn) 

Years Initialization 
Method 

Number 
of 
Members 

Forcing Reference 

CCCma CanESM2 ~2.8°x2.8°/
~1.4°x0.9° 

1950-
2100 

Macro and 
Micro 50 historical, 

rcp85 

Kirchmeier
-Young et 
al. (2017) 

CSIRO MK3.6 ~1.9°x1.9°/ 
~1.9°x1.0° 

1850-
2100 Macro 30 historical, 

rcp85 
Jeffrey et 
al. (2013) 

GFDL ESM2M ~2.0°x2.5°/ 
~1.0°x0.9° 

1950-
2100 Macro 30 historical, 

rcp85 
Rodgers et 
al. (2015) 

MPI MPI-
ESM-LR 

~1.9°x1.9°/ 
nominal 
1.5° 

1850-
2100 Macro 100 

historical, 
rcp26, 
rcp45, 
rcp85 

Maher et 
al. (2019) 

NCAR CESM1-
CAM5 

~1.3°x0.9°/ 
nominal 
1.0° 

1920-
2100 Micro 40 historical, 

rcp85 
Kay et al. 
(2015) 

CCCma CanESM5 ~2.8°x2.8°/ 
~1.4°x0.9° 

1850-
2100 Macro 50 historical, 

ssp5-8.5 

Swart et al. 
(2019) 
 

GFDL SPEAR_
MED 

50km/ 
nominal 1° 

1921-
2100 Macro 30 historical, 

ssp5-8.5 

Delworth 
et al. 
(2020) 
 

MIROC MIROC6 ~1.4°x1.4°/ 
nominal 1° 

1850-
2014 Macro 50 historical, 

ssp5-8.5 

Tatebe et 
al. (2019) 
 

NCAR CESM2 
~1.3°x0.9°/ 
nominal 
1.0° 

1850-
2100 

Macro and 
Micro 

100 (only 
members 
51-90 
used) 

historical, 
ssp3-7.0 

Rodgers et 
al. (2021) 
 

 154 
 155 
4.  Figures 156 
  157 
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   158 

Figure S1.  SST anomaly regression maps of internal Atlantic Multidecadal Variability (iAMV) 159 
in the 100-member MPI Large Ensemble during (left) 1950-2020 and (right) 1950-2090.  Panels 160 
a,b (e,f) show estimates based on the T&S (Residual) method; panels c,d show the true patterns 161 
(“Truth”). Stippled regions are not statistically significant at the 90% confidence level based on a 162 
2-sided t-test.  The number in the upper right of panels a,b and e,f denotes the pattern correlation 163 
coefficient with the true iAMV for the corresponding time period based on the domain 60°S-60°N 164 
(marked by dashed gray lines). Panels g and h show the forced (ensemble-mean) SSTA trends after 165 
subtracting the global-mean (60°S-60°N) forced SSTA trends. The color bar is unitless for panels 166 
a-f (°C per °C of the iAMV index) and in units of °C per 70 years for panel g and °C per 140 years 167 
for panel h.  The number in the upper right of panels g,h denotes the pattern correlation coefficient 168 
with T&S for the corresponding time period. See main text for details. 169 
  170 
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 171 
 172 
Figure S2.  As in Fig. S1 but for the 30-member GFDL-ESM2M Large Ensemble.  173 
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 174 

 175 
 176 

Figure S3.  As in Fig. S1 but for the 30-member CSIRO Large Ensemble.  177 
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 178 
 179 

Figure S4.  As in Fig. S1 but for the 40-member CESM1 Large Ensemble.  180 
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 181 
 182 

Figure S5.  As in Fig. S1 but for the 50-member CanESM2 Large Ensemble.  183 
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 184 
   185 

Figure S6.  As in Fig. S1 but for the 50-member MIROC6 CMIP6 Large Ensemble.  186 
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 187 
 188 

Figure S7.  As in Fig. S1 but for the 50-member CanESM5 Large Ensemble.   189 
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 190 
 191 

Figure S8.  As in Fig. S1 but for the 30-member GFDL SPEAR_MED Large Ensemble.  192 
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 193 
  194 
 195 

Figure S9.  As in Fig. S1 but for the 40-member CESM2 Large Ensemble. 196 
  197 
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 198 
 199 
 200 
Figure S10.  Cumulative pattern correlation coefficients between iAMV SST anomaly regression 201 
maps computed over the North Atlantic domain (0°-60°N, 80°W-0°E) based on: T&S method vs. 202 
Truth (blue curves); Residual method vs. Truth (red curves); Forced trend vs. T&S method (cyan 203 
curves); Forced trend vs. Truth (green curves).  Each analysis period begins in 1950 and ends in 204 
the year labeled along the x-axis (i.e., 2020 denotes the period 1950-2020, 2021 the period 1950-205 
2021, etc.).  Each panel shows a different model Large Ensemble, with the number of ensemble 206 
members indicated in parentheses (see Table S1).    207 
  208 
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 209 

 210 
 211 
 212 
Figure S11.  As in Fig. S10 but based on the global domain (60°S-60°N) exclusive of the North 213 
Atlantic (0°-60°N, 80°W-0°E).   214 
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 215 
 216 

 217 
Figure S12  As in Fig. S10 but for cumulative spatial rms differences relative to the spatial rms of 218 
the true iAMV regression map (“rmse”) for each model Large Ensemble.  Blue curves: T&S method 219 
vs. Truth; red curves: Residual method vs. Truth. 220 
  221 



 22 

 222 
 223 

 224 
Figure S13.  As in Fig. S11 but for cumulative spatial rms differences relative to the spatial rms 225 
of the true iAMV regression map (“rmse”) for each model Large Ensemble.  Blue curves: T&S 226 
method vs. Truth; red curves: Residual method vs. Truth. 227 
  228 
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 229 
 230 

 231 
 232 

 233 
Figure S14. Cumulative pattern correlation coefficients between iAMV SST anomaly regression 234 
maps over the domain 60°S-60°N for 30-member subsets of the 100-member MPI Large Ensemble 235 
based on: T&S method vs. Truth (blue curves); Residual method vs. Truth (red curves); Forced 236 
trend vs. T&S method (cyan curves); Forced trend vs. Truth (green curves).  The cumulative 237 
analysis periods begin in 1950 and end in the year labeled along the x-axis (i.e., 2020 denotes the 238 
period 1950-2020, 2021 the period 1950-2021, etc.). Members (a) 1-30; (b) 31-60; and (c) 61-90. 239 
  240 
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 241 

 242 
 243 
Figure S15.  SST anomaly regression maps of internal Atlantic Multidecadal Variability based on 244 
the Trenberth and Shea (2006) method for each model Large Ensemble based on the period 1950-245 
2020; note that global-mean SST has not been subtracted before computing the regression 246 
coefficients onto the NA-G SST Index (see text for details). All data are annual means and have 247 
been low-pass filtered with a 20-year Butterworth Filter.  The color bar is unitless (°C per °C of 248 
the NA-G index). 249 
  250 
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 251 

 252 
 253 
Figure S16.  As in Fig. S15 but for the period 1950-2090. 254 
  255 
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 256 

 257 
 258 
Figure S17.  Timeseries (°C) of NA-G SST in each model Large Ensemble for the period 1950-259 
2090. Thin curves show the individual ensemble members; thick white curves show the average 260 
of the thin curves. The thick dashed cyan curve shows the observed NA-G SST timeseries based 261 
on ERSSTv5. All data are annual means and have been low-pass filtered with a 20-year 262 
Butterworth Filter. Numbers in the upper right of each panel denote the proportion of internal-to-263 
total variance, on average across the individual members.  The first number is based on the period  264 
1950-2020 and the second number (after the forward slash) is based on 1950-2090.  265 
 266 
 267 


