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Summary
We find that
The climate sensitivity is a fundamental metric of climate change. Climate
sensitivity is usually considered a constant number. Here, we investigate to which
extent climate sensitivity depends on global-mean surface temperature. We
analyse climate model simulations with CO2 ranging from 1 to 16 times the
preindustrial level. We use the mixed-layer ocean version of ECHAM6. In addition,
we compare the results to the CMIP5 abrupt4xCO2 and RCP 8.5 runs.

1. Climate sensitivity is not constant

•

the climate sensitivity increases from 3 K for the first CO2 doubling to 10 K
for the fourth CO2 doubling in ECHAM6,

•

this is caused by a less steep increase of outgoing longwave radiation at
higher temperature,

•

this results from the fact that with increasing temperature the positive
water-vapour feedback strengthens fasterthan the negative temperature
feedback

3. Water-vapour vs. temperature feedback

• Climate sensitivity measures increase in global mean surface temperature
under doubling of CO2.

• LW clear-sky feedback calculated by the kernel method agrees with results
from Gregory method.

• Slope of regression line in the Gregory plot is the feedback factor λ. With R
the net imbalance TOA and F the forcing:

• Water-vapour feedback strengthens faster than temperature feedback from
upper troposphere.
• This results in a less negative overall LW clear-sky feedback with increasing
temperature.

𝑅 = 𝐹 + 𝜆 ∆𝑇
• Mixed layer ocean ECHAM6:
‐ Climate sensitivity triples in our simulations,
‐ This increase is not caused by a change in adjusted forcing for a
doubling CO2, but a wakening of total feedback.
• CMIP5 abrupt4xCO2 and RCP 8.5:
‐ Similar behaviour in 5 of 6 CMIP5 models, one model exhibits no
change.

Figure 3: Vertical profile of feedback factor calculated by the kernel method.
Water-vapour and temperature feedbacks are shown.

4. Radiative-convective model reproduces
increased climate sensitivity
• LW Radiation code of Fu & Liou with following assumptions:

Figure 1: Gregory plot for MLO ECHAM 6 (2xCO2, 4xCO2, 8xCO2 and
16xCO2) and CMIP5 models (abrupt4xCO2 and RCP 8.5). The effective
forcing is calculated by fixed SST experiments.

‒

Tropopause temperature fixed at 200 K inspired by ECHAM6,

‒

Relative humidity fixed at 80% with lapse rate adjust accordingly.

• Increase in climate sensitivity with increasing temperature.
• Water-vapour feedback strengthens faster than temperature feedback.

2. Weakened LW clear-sky feedback
• We apply the Gregory method for all-sky and clear-sky and shortwave and
longwave fluxes.
• SW fluxes counteract the increase in climate sensitivity.
• Flatter slope of total flux caused by flatter slope of LW clear-sky flux.
Figure 2: Feedback factor
calculated by the Gregory
method for LW/SW and
clear/all sky radiation fluxes.
Each dot represents a CO2
experiment.

Figure 4: a) Vertical temperature profile of
ECHAM 6 for different CO2 concentrations.
b) Climate sensitivity and Feedback factor
for water-vapour , temperature and the
total feedback of the radiative-convective
model.
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