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1. The energetics response to global warming
1.1. The Lorenz Energy Cycle (LEC)
The ’energetics of the atmosphere’, as described by the Zonal mean (m) and eddy (e) decomposition provide a

Lorenz Energy Cycle (LEC) (Lorenz, 1955) deals with: better insight. Important steps in the cycle are:
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Figure 1. Two-component LEC diagram.

happens in both directions. —C(Pm,Km)

1.2. Results with ECHAMS5/MPI-OM simulations

Figure 2. Four-component LEC diagram.
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We use the coupled ECHAMS/MPI-OM model (T63L31 resolu-
tion for the atmosphere and GR1.5L40 for the ocean)(*):

e One pre-industrial experiment (50 years long, with 1xCO»).
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e One equilibrium 2xCO 5 experiment (50 years long). £
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Figure 3: 2-box (above) and 4-box (below) LEC diagram with creases.
values of the 1xCO, control run (blue), and of the 2xCO, run
(red). Units are 10° J/m? for reservoirs, and W/m? otherwise.

(*) These results are in good agreement with the previous results obtained with a lower
resolution version of the same model (Hernandez-Deckers and von Storch, 2009).
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e Common pattern of increase in upper
troposphere and decrease in lower and
middle troposphere.

e This pattern seems to originate in Pm
and is then spread to Pe and Ke.

e It suggests a strengthening of the LEC
In the upper troposphere and a weak-

ening below.
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Figure 4. Vertical cross-sections of reservoirs and conversion terms of the LEC in the 2xCO, experiment
(contours), and change relative to the 1xCO, pre-industrial experiment (color-shaded).

2. The role of moisture (and the warming pattern)

The warming pattern of the 2xCO, experi-
ment (Fig. 5) shows two regions of maxi-
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e The upper troposphere at low latitudes.
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e The lower troposphere at high latitudes,
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This warming pattern implies an increase soof [
in equator-to-pole temperature difference in = gim——r
the upper troposphere, and a decrease In , | |

] ] Figure 5. Zonal-mean warming pattern in the
the lower trOpOSphere, which eXpIalnS the 2xCO, experiment relative to the 1xCO, pre-
pattern of Pm-changes (Figure 4, upper left ~ ndustral experiment

corner).

This suggests that the tropical upper-
troposphere warming is causing the upper-
level LEC strengthening, and therefore the
strong increase in Km.
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To verify this, we use the thermal wind -
relationship and two warming patterns in o
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Figure 6. Same zonal-mean warming pattern as
in Figure 5, but masking out the warming below

420 hPa.
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Moisture effects within the tropics are the
main drivers for the tropical warming (Held,
1993). Therefore, moisture is crucial for the
Km-increase seen in the energetics response.

3. Conclusions and outlook

e The energetics response to doubling of COs Is a
strengthening of the LEC in the upper troposphere
and a weakening below, and is driven by the warm-
Ing pattern.

e Our results show that the tropical upper-
troposphere warming is the main cause for the
strong Km-increase in the energetics response.

e This tropical warming is known to be related to
moisture effects, so that moisture is possibly the

. . main driver of this energetics response.
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