
Supplementary information: Stratospheric water

vapor affecting atmospheric circulation

Edward Charlesworth1*†, Felix Plöger1,2†, Thomas Birner3,
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Supplementary Figure 1 Lowermost stratosphere moist bias in individual CMIP6 cli-
mate model simulations. Relative differences in water vapor distributions compared to SWOOSH
merged satellite observations for CMIP6 multi model mean (lower right) and individual CMIP6 mod-
els (all other panels) for boreal winter (December–February). Relative differences are calculated by
the relevant distribution minus SWOOSH as a percentage of local SWOOSH values. Only data from
2000–2014 were used. The SWOOSH water vapor distribution is shown in light grey solid contours,
the 20, 30, and 40 m/s zonal wind contours from the relevant distributions are shown in white, and
the tropopause as thick black line.
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Supplementary Figure 2 Lowermost stratosphere moist bias in CMIP6 model simula-
tions, boreal summer. Same as Figure ??, but for boreal summer (June–August).
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Supplementary Figure 3 Lowermost stratosphere moist bias in individual CCMI2 cli-
mate model simulations. Relative differences in water vapor distributions compared to SWOOSH
merged satellite observations for CCMI2 multi model mean (lower right) and individual CCMI2 mod-
els (all other panels) for boreal winter (December–February). Relative differences are calculated by
the relevant distribution minus SWOOSH as a percentage of local SWOOSH values. Only data from
2000–2018 were used. The SWOOSH water vapor distribution is shown in light grey solid contours,
the 20, 30, and 40 m/s zonal wind contours from the relevant distributions are shown in white, and
the tropopause as thick black line.
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Supplementary Figure 4 Lowermost stratosphere moist bias in CCMI2 model simula-
tions, boreal summer. Same as Figure ??, but for boreal summer (June–August).
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Supplementary Figure 5 Changes in tropopause height induced by lowermost strato-
spheric water vapor. (a) Climatological temperature profiles at 50◦N are shown for boreal
winter (December–February, black) and summer (June–August, red) from control (solid lines) and
Lagrangian modified (dashed) EMAC simulations. (b) Shows the same, but at 50◦S.
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Supplementary Figure 6 Tendency contributions to lowermost stratospheric water
vapor. Tendencies for control EMAC simulated water vapour at (a) 215 hPa and (b) 100 hPa averaged
over the middle latitude region (50◦-70◦N). Shown is the seasonal cycle of tendencies for advection,
cloud processes (including e.g. dehydration, evaporation, ice sublimation), convection, parameterized
vertical diffusion, and the sum of all these individual contributions. At 100 hPa, the tendencies due
to convection, clouds and vertical diffusion overlie the zero line.
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