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Table 1. The full list of coupled CMIP5 models used in this study along with their horizontal resolutions near

the equator. All models in this table provided data for both Historical and RCP8.5 experiments.

61

62

Model Name Institute ID Horiz. res. (lat. × lon.)
ACCESS1-0 CSIRO-BOM 1.25 × 1.88
ACCESS1-3 CSIRO-BOM 1.25 × 1.88
bcc-csm1-1 BCC 2.79 × 2.81
bcc-csm1-1-m BCC 2.79 × 2.81
BNU-ESM GCESS 2.79 × 2.81
CanESM2 CCCMA 2.79 × 2.81
CCSM4 NCAR 0.90 × 1.25

CESM1-BGC NSF-DOE-NCAR 0.94 × 1.25
CESM1-CAM5 NSF-DOE-NCAR 0.94 × 1.25
CMCC-CESM CMCC 3.44 × 3.75
CMCC-CM CMCC 0.75 × 0.75
CMCC-CMS CMCC 3.71 × 3.75
CNRM-CM5 CNRM-CERFACS 1.40 × 1.41
CSIRO-Mk3-6-0 CSIRO-QCCCE 1.86 × 1.88
EC-EARTH EC-EARTH 1.12 × 1.12
FGOALS-g2 LASG-CESS 2.79 × 2.81
FIO-ESM FIO 2.80 × 2.80
GFDL-CM3 NOAA GFDL 2.00 × 2.50
GFDL-ESM2G NOAA GFDL 2.02 × 2.00
GFDL-ESM2M NOAA GFDL 2.02 × 2.00
GISS-E2-H-CC NASA GISS 2.00 × 2.50
GISS-E2-R-CC NASA GISS 2.00 × 2.50
HadGEM2-AO MOHC 1.25 × 1.88
HadGEM2-CC MOHC 1.25 × 1.88
HadGEM2-ES MOHC 1.25 × 1.88
inmcm4 INM 1.50 × 2.00

IPSL-CM5A-LR IPSL 1.89 × 3.75
IPSL-CM5A-MR IPSL 1.25 × 2.5
IPSL-CM5B-LR IPSL 1.89 × 3.75
MIROC5 JAMSTEC 1.40 × 1.41

MIROC-ESM-CHEM JAMSTEC 2.79 × 2.81
MPI-ESM-LR MPI-M 1.87 × 1.88
MPI-ESM-MR MPI-M 1.87 × 1.88
MRI-CGCM3 MRI 1.12 × 1.13
NorESM1-M NCC 1.89 × 2.50
NorESM1-ME NCC 1.89 × 2.50
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Table 2. The full list of atmosphere-only CMIP5 models used in this study along with their horizontal

resolutions near the equator. All models in this table provided data for both AMIP and AMIP 4K experiments.
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64

Model Name Institute ID Horiz. res. (lat. × lon.)

bcc-csm1-1-m BCC 2.79 × 2.81

CanAM4 CCCMA 2.79 × 2.81

CNRM-CM5 CNRM-CERFACS 1.40 × 1.41

HadGEM2-A MOHC 1.25 × 1.88

IPSL-CM5A-LR IPSL 1.89 × 3.75

IPSL-CM5B-LR IPSL 1.89 × 3.75

MIROC5 AORI-NIES-JAMSTEC 1.40 × 1.40

MPI-ESM-MR MPI-M 1.87 × 1.88

MRI-CGCM3 MRI 1.12 × 1.13
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the various terms in equation 8 of the main manuscript. In a) the multi-model mean Historical 𝑆 climatology is

shown and b) shows the total 𝑆 change per 𝐾 of global mean surface warming (colours). Hatching in b) indicates

where at least 80% of models agree on the sign of the future change and horizontal lines show the region over

which the barotropic model forcing is taken for section 5 of the paper. c-f) are the same as b), but for the terms c)

−Z ′𝐷, d) −Z𝐷 ′ , e) −v𝜒 · ∇Z ′ and f) −v𝜒
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Fig. S2. As in figure 8, but for simulations using the basic state at 500hPa.
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Fig. S3. As in figure 8, but for simulations using the basic state at 300hPa.
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Fig. S4. Rossby wave source (𝑆) climatology and the vertical structure of 𝑆 changes under climate change

for the winter season (JJA). In a) the multi-model mean 𝑆 calculated at 200hPa using Historical CMIP5 data

is plotted, while b-d) show the zonal-mean 𝑆 within three regions as a function of latitude and pressure level.

In b-d), blue contours show the Historical climatology and red contours show the RCP8.5 climatology with the

contour interval 5×10−11𝑠−2 in both cases and the zero contour omitted.
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1. Dependence of stationary wave response to climate change on historical bias9

A recent study by Garfinkel et al. (2020) showed that many CMIP5 models have substantial SH10

stationary wave biases. These biases may alter the nature of the circulation response, particularly11

given the dependence of Rossby waves on the basic state. Consequently, we briefly examine12

stationary wave biases and seek to understand whether these affect the response. Figure S5 shows13

composites of models with high and low stationary wave biases. To construct a bias index, the14

mean of the stationary eddy stream function between 50S and 70S is calculated for each model, and15

the bias index is defined as the zonal sum of the absolute differences from ERA-Interim reanalysis16

data. The reasons for this choice of latitudes to define the bias index is that there is a zonal wave 117

pattern at these latitudes and the phase of this wave does not vary within these latitudes, whereas18

at lower latitudes, the sign of the wave 1 pattern flips. The high and low bias composites show the19

20% of models with the highest bias index and the 20% with the lowest bias index respectively.20

The mean bias index in the high bias composite is 2.2 times larger than the mean bias index for the21

low bias composite. Models with a high bias (figure S5a) are dominated by a wave 1 stationary22

wave south of 50S, whereas low bias models simulate a superposition of waves 1 and 3 (figure23

S5c). This pattern is also reflected somewhat in the RCP8.5 response in that models with a high24

bias show a wave 1 response south of 50S, whereas low bias models show a wave 3 response.25

Interestingly, for each composite this reflects an eastward shift of the climatological stationary26

wave pattern. One region where these differences may be important is the Amundsen Sea region as27

the circulation responses show opposing signs for the two composites (around 100W, 65S, figure28

S5b,d). This is important because melting of West Antarctic glaciers is sensitive to patterns of29

atmospheric circulation and their interaction with local ocean circulation (Holland et al. 2019).30

The dependence of future circulation in this region on Historical circulation biases is consistent31
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with the study of Bracegirdle et al. (2014). In spite of these differences, there are many clear32

similarities between the two composite responses, notably a cyclonic anomaly centred at 140E,33

55S with an anticyclonic anomaly further equatorwards and a cyclonic anomaly at 30S, to the west34

of South America. Overall, the response patterns show more similarities than differences, so that35

the biases do not seem to have a leading order impact on the responses in many regions. On the36

other hand, the low bias models have a modest bias which is of the same sign in many regions37

as the high bias models, particularly in the tropics and subtropics. This suggests that there is a38

systematic stationary wave bias across models and consequently we should exercise a degree of39

caution in intepreting the response.40
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Fig. S5. Composites of models with the largest and smallest winter (JJA) stationary wave biases based on

a bias index which is defined in the text: a) the mean 300hPa Historical stationary wave bias with respect to

ERA-Interim (colours) for models with a high bias index with the Historical climatology shown by unfilled

contours (contour interval: 2×106𝑚2𝑠−1) and b) same as a) but for the low bias composite. In a,b) thick, black,

dashed lines indicate the latitudes over which the bias index is calculated. The corresponding future change in

the stationary eddy stream function (RCP8.5-Historical) is shown for c) the high bias composite and d) the low

bias composite. Unfilled contours in c,d) indicate the Historical climatology with the same contour interval as

a,b).
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Fig. S6. Sensitivity of the barotropic model experiments to the poleward bound of the 𝑆′ forcing region. The

multi-model mean stationary eddy stream function change is shown for a) RCP8.5 - Historical in the full CMIP5

models on the 400hPa level and b) the barotropic model given the same background state as each CMIP5 model

and forced with 𝑆′ over the South Pacific (180E-80W) and between latitudes 0S-35S. The following panels are

the same as b), but for the latitudes c) 0-20S, d) 0-30S and e) 0-40S. The units are 𝑚2𝑠−1. 𝑆′ is shown in f) and

solid, dashed and dotted lines indicate the latitudes 20S, 30S and 40S respectively.
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Fig. S7. a) The multi-model mean zonal wind response on the 400hPa level to climate change (RCP8.5-

Historical) and b) the multi-model mean zonal wind response to forcing from the Pacific sector in the barotropic

model simulations with the background state taken from the 400hPa level from the CMIP5 models.
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