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Objectives

• We investigate the role of moist convection in the climate
system and in climate change with focus on the feedback
between the soil and the deep atmosphere from first
principles.

• A new framework is introduced using an idealized CRM

• We study the sensitivity of the moist convection to mid- and
upper-tropospheric humidity, static stability and soil moisture.
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Model set-up

COSMO CLM (CCLM) 4.0

• grid-spacing 0.02◦=̂ 2.2km

• domain of 100x100x50 grid points

• initial condition from sounding (T, QV, U and V)

• full set of physical parameterizations

• no parametrization for convection

• periodic lateral boundary conditions

• no Coriolis force

• no topography
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State of diurnal equilibrium
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Cloud water, cloud ice and precipitation

Control simulation
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Set of simulations

Different atmospheric lapse rates

CTL: dT
dz =−0.7 K
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Set up

Soil moisture saturation close to the surface

• 20 %
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Relaxation, τsoil=1 day
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Set up

Soil moisture saturation close to the surface

• 20 %

• 40 %

• 60 %

• 80 %

Relaxation, τsoil=1 day
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LFC, LCL, PBL height
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Spatial distribution of accumulated precipitation
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Spatial distribution of accumulated precipitation
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Cross sections
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cf. e.g. Clark et al. (2004), Taylor et al. (2005), Taylor et al. (2010)
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Triggering of single cells
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Summary

• Soil moisture has a decisive influence on the diurnal cycle of
convection and precipitation amounts

• Unstable atmospheric profile: increase of soil moisture leads
to more precipitation

• Stable atmospheric profile: increase of soil moisture leads to
more clouds. Incoming shortwave radiation is blocked but
outgoing longwave radiation is trapped ⇒constant net
radiation.

• Different triggering mechanisms for convection are identified
(cf. Findell and Eltahir, 2003). The triggered convection
transports moisture out of the boundary layer

• Positive feedback acting at spatial scales of O(40 km)
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Budget considerations

∂Watm

∂t
= Lv ·LE −PR +R ≈ 0 (1)

SW +LW +H +LE +G ≈ 0 (2)

• dry soil (ET below potential rate): soil cannot meet
atmospheric demand, a decrease of soil moisture leads to a
decrease of ET

• wet soil (ET at potential rate): reduction of potential
evaporation

• Reduction of available energy (SW +LW )
• Increase of near-surface humidity (reduction of saturation

deficit)
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Relative humidity at 1200 UTC
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Moisture is transported out of the boundary layer by convection
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The different magnitudes of the simulated soil moisture–

precipitation feedback indicate a significant sensitivity

to the employed closure, triggering function, and in

general design of the convective parameterization. The

replacement of the moisture convergence in Tiedtke by

a CAPE closure and the resulting weaker sensitivity

confirm that a closure based on moisture considerations

likely accentuates a positive feedback loop (see section

4c). The negative feedback sign obtained with the Kain–

Fritsch–Bechtold scheme is noteworthy. Inspection of

the cloud cover evolution (not shown) indicates that,

similar to the cloud-resolving results, the formation of

deep cells is almost suppressed in WET25_KFB, while

the cloud cover below 700 hPa considerably increases.

Since CTL25_KFB already exhibits a more pronounced

increase in stability at the top of the PBL than both

CTL2 and CTL25, the Kain–Fritsch–Bechtold scheme

likely overemphasizes the negative feedback. As Bechtold

et al. (2001) noted, the Kain–Fritsch–Bechtold scheme

tends to produce weaker vertical fluxes across the up-

per part of the shallow cumulus layer compared to

large-eddy simulations, which eventually leads to too

humid and cloudy conditions at low levels and to re-

duced deep convective activity. Pan et al. (1996) as well

as Gallus and Segal (2000) also obtained different pre-

cipitation responses upon identical initial soil moisture

perturbations by switching from the Kuo to the Grell

scheme and from the Betts–Miller–Janjic to the Kain–

Fritsch scheme, respectively. Both studies investigated

synoptically forced convective events over the United

States.

Clouds, and especially shallow low-level clouds which

do not precipitate, represent another critical factor in

the feedback loop. They contribute to the stabilization

of the above-PBL air and to a reduced surface warming

and, in this sense, favor the development of a negative

feedback loop. To test this hypothesis, we consider the

simulations with suffix NOSC in which subgrid-scale

clouds have been discarded. Figure 10c shows that

DRY2_NOSC yields larger precipitation amounts than

CTL2_NOSC and WET2_NOSC. However, as com-

pared to Fig. 2d, the differences between the integra-

tions are smaller, thus revealing a weaker negative soil

moisture–precipitation feedback. Discarding the for-

mation of subgrid-scale clouds reduces the simulated

total cloud cover by 10% and, especially, the amount of

low clouds by 15%. This allows for a larger warming at

the earth’s surface and for the generation of stronger

thermals that are more likely to break through the stable

layer and trigger deep convection, even in the WET run.

Comparison of the temperature profiles between WET2

and WET2_NOSC further confirms the presence of a

weaker stable air barrier in WET2_NOSC (not shown).

Finally, to investigate the relative role of high- versus

low-resolution topography, we consider the simulations

with suffix TOP25. They employ a smooth orographic

representation roughly corresponding to that used at

25-km resolution. Figure 10d reveals that DRY2_TOP25

produces more precipitation than CTL2_TOP25 and

WET2_TOP25. The differences between the integra-

tions are roughly akin to the ones in Fig. 2d. Hence, the

use of a higher-resolution topography in the 2.2-km

simulations relative to that at 25 km is not of major

importance for the simulated magnitude and sign of the

soil moisture–precipitation feedback, although it clearly

affects the simulated rainfall amounts in each integra-

tion. In other words, specific circulation patterns gen-

erated by the 2.2-km topography play a negligible role

FIG. 10. Results of sensitivity studies at (a),(b) 25-km and (c),(d) 2.2-km horizontal resolution. Monthly mean

diurnal cycles of precipitation (mm h21) for 1–30 July obtained in (a) WET25_TCAPE, CTL25_TCAPE,

DRY25_TCAPE; (b) WET25_KFB, CTL25_KFB, DRY25_KFB; (c) WET2_NOSC, CTL2_NOSC, DRY2_NOSC;

and (d) WET2_TOP25, CTL2_TOP25, DRY2_TOP25. WET, CTL, and DRY are shown in dotted blue, black, and

dashed red, respectively. The precipitation has been averaged over the Alpine domain. Time is in UTC.
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Input profile = reference profile

constructed profiles: a few parameters to control the vertical
structure of the atmosphere
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Divergence
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