
ACPD
11, C5147–C5150, 2011

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Atmos. Chem. Phys. Discuss., 11, C5147–C5150, 2011
www.atmos-chem-phys-discuss.net/11/C5147/2011/
© Author(s) 2011. This work is distributed under
the Creative Commons Attribute 3.0 License.

Atmospheric
Chemistry

and Physics
Discussions

Interactive comment on “Cirrus cloud-temperature
interactions in the tropical tropopause layer:
a case study” by J. R. Taylor et al.

D. Durran (Referee)

durrand@atmos.washington.edu

Received and published: 20 June 2011

General Comment

The authors examine Calipso lidar data and Cosmic temperature data to investigate the
factors responsible for the multi-day presence of a very large area of thin cirrus cloud in
the TTL above the eastern Pacific. The event and its documentation provide a unique
contribution toward our understanding of thin cirrus. The paper would be suitable for
publication in ACP after minor revisions.

Specific Comments

1) One major concern of the authors, that "the temperature observations do not show
any indication of the expected infrared heating" appears to be misplaced. The 2D
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simulations of the response to a fixed heat source similar in shape to thin cirrus in
Durran et al. 2008 show that only a small part of the potential heating is actually
realized as a temperature rise. In the case shown in Fig. 3b of that paper, a fixed heat
source of 3 K/day produces a temperature rise of less than 1.5 K in 24 hours and that
temperature rise asymptotes to only 1.85 K at infinite time.

Moreover, the 2D geometry greatly overestimates the ultimate (although not the ini-
tial) temperature rise, which in 3D is zero and therefore in perfect agreement with the
authors’ results. The only reference I know for this is Bretherton and Smolarkiewicz
(1989), see the paragraph into which eqns (9)-(11) are embedded.

2) p. 5, 2nd paragraph: while convection can certainly lead to vertical motion, it is hard
to see how such convection would sustain a cloud of this very large horizontal scale.
On the other hand, heating in a stratified fluid can produce updrafts on the scale of
the entire cloud and, unlike buoyant convection, this mechanism does not require weak
static stability. The authors discuss Dinh et al, 2010, and I find Fig. 7 of that paper to
be surprisingly similar to Fig. 4 in this manuscript. The Dinh case is certainly idealized,
but not unreasonably far from scenarios considered in this paper (r= 3 microns, N=1.3
cmˆ(-3), cloud depth 500 m in Dinh, whereas r=5.6 microns, N=1 cmˆ(-3), with the
same 500 m cloud depth in last case in Table 2.) Perhaps this event is an example of
IR/gravity-wave-driven ascent of very small ice crystals?

3) p. 4, 2nd full paragraph: The temperature anomaly in Fig. 7 features cold over warm,
which would correspond to a anticyclonic PV anomaly. However, if this is an intrusion
that has been isentropically advected into the tropics from the subtropics, one would
expect the PV anomaly to be cyclonic.

4) p. 3, first paragraph, righthand column: I’m not sure exactly what the authors intend
to say, but "Figure 2 does not show evidence of coherent small-scale spatial structure
(e.g., wave-like activity) embedded within the 3000 km cirrus cloud)" does not seem
to allow for what appear to be a pair of 500-km wavelength waves centered around
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(@T@t ), and by vertical advection of water vapor (!w@qv
@z ). At

this time j!u@qv@x j " j!w@qv
@z j, so !w@qv

@z accounts for almost
all the water vapor flux convergence. Also, since changes in
Sice outside the cloud do not lead to ice sublimation or
growth, the rates of change of Sice are integrated over
cloudy grid cells only.
[32] The rate of change of Sice implied by @T

@t is negative in
the cloud midlevels and positive in the cloud top and base
levels (Figure 10a). Because latent heat release is two orders
of magnitude smaller than the radiative heating, @T

@t is
produced primarily by either radiative warming or adiabatic
processes. Radiative warming dominates in the cloud mid-
levels, because the ice density is greatest there, while
adiabatic cooling associated with rising motions dominates
at the cloud top and base. The rate of change of Sice implied
by @T

@t summed over the whole cloud layer is negative, which
indicates that on average adiabatic cooling is not sufficient
to counteract diabatic warming.
[33] On the other hand, as also shown in Figure 10a, @Sice@t

implied by !w@qv
@z is positive in most of the cloud layer,

except for a thin layer at the cloud base. The sharp positive
and negative peaks in @Sice

@t implied by !w@qv
@z at the cloud top

Figure 7. Vertical profiles of the horizontally integrated
cloud ice mass at t = 0, 12 h, and 48 h.

Figure 8. Time dependence of (a) the domain-integrated cloud ice mass M*, (b) the domain-integrated
number of ice crystals N*, (c) the mean crystal radius, and (d) the ice mixing ratio averaged over cloudy
grid cells.
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Fig. 1. ascent of simulated ice mass
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