Reply to the reviewers comments on the manuscript “The subtleties of
three-dimensional radiative effects in contrails and cirrus clouds” by Carles et al.

The authors would like to thank the reviewers for reading the manuscript and for their
insightful comments that helped improve it. The following document provides answers to the
comments in blue.

The line numbers given in this document correspond to the latest submitted version. All
changes brought to the new manuscript version are noted in the track changes file provided.

Response to reviewer #1, comment RC1 :

The manuscript investigates cloud radiative effect (CRE) (both overcast and all sky) and 3D
radiative effect using a Monte Carlo ray tracer run in a plane parallel (1D) and 3D
configuration. It investigates the CRE (both shortwave and longwave) of contrails/cirrus
considering a) different idealized geometries, b) for 1D vs. 3D calculations, and c) varying
solar angles (including time-integrated solar angles). It also considers the 3D radiative
effects of contrails for a) the sun at zenith with varying geometries and b) varying solar
angles (including time integrated angles) with set geometry. These many analyses are
accompanied by thoughtful discussion.

The manuscript contains several neat results:

e Overcast 3D radiative effects for the sun at zenith are positive (warming) for both
the SW and LW due to side leakage and side cooling, respectively.

e When varying SZA, 3D radiative effect in the SW switches in sign from positive to
negative at high solar zenith angle with a dependence on cloud optical thickness.

e In looking at time integrated solar position and effect on 3D radiative effect, there is
a strong dependence on the orientation of the cloud relative to the sun and overall the
strongest 3D effects are seen for the winter solstice.

This thorough manuscript would most benefit from better framing. What questions motivated
the study? What have the authors learned that was not previously known or anticipated?
How might the results be used to generalize understanding of how contrails affect radiation?

We thank the reviewer for these comments and questions. We reformulated and added
framing in the introduction, |. 28 to 36, (I. 31 to 39 in the track changes file): “The
three-dimensional effects of radiation are not taken into account in contrail studies based on
climate modelling (Bickel et al., 2020) or simplified process-models (Teoh et al., 2020,
2024). However, they have previously been demonstrated to be non negligible in the
radiative effect of contrails and cirrus (Gounou and Hogan, 2007; Forster et al., 2012).
These few pioneering studies are not yet sufficient to quantify 3D effects on a global scale,
e.g. to know in which situations they are most significant, whether they always have the
same sign, or whether they could be at least partially compensated when considering
temporal (diurnal, seasonal cycle) or spatial averages (along a flight trajectory). Thus, the



objective of our study is twofold : firstly, to quantify the 3D effects of radiation in contrails
and identify the behavior specific to a range of low optical depths representative of these
clouds and secondly to explore the importance of the 3D effects when integrated on
idealised larger time or space scales”.

See also the conclusion, |. 427 to 429 (1.455 to 457 in the track changes file): “The
identification of configurations in which 3D effects are most important paves the way for the
validation of existing parameterizations of 3D effects (Schafer et al., 2016; Hogan et al.,
2016), or the development of new parameterizations adapted to these particular situations.”

The manuscript would also benefit from greater emphasis on novel insights. The manuscript
reports on both 1D and 3D calculations of CRE. The former are less novel than the latter,
and the new results might come out more clearly if the 1D results were reported more
selectively. In particular, the linear relationship between ice water path and CRE for the low
cloud optical thickness regime is well established in the literature (and summarised in the
authors’ table C2); the manuscript could instead rely upon citations to allow for more
attention on 3D radiative effects.

We have re-organized section 3.1.1 on 1D SW CRE and moved some text to Appendix C1.
This has allowed us to shorten this section to put more emphasis on the 3D sections.
Always with the aim of shortening 1D sections, we have removed a paragraph in section
3.1.3 on 1D net CRE (l. 220 to 226 in the track changes file).

Some more specific suggestions:

° Figures 9 and 10 were the most interesting to me but would benefit from a diagram of
the N-S, W-E clouds and path of the sun at equinox and solstice to further illustrate the
author’s insights.

We added a figure of sun paths, Fig. 9, to help vizualisation.

° It would be easier to compare between sections if there were consistency in
language about cloud orientation; the authors use parallel, perpendicular in figure 8 and
N-S, E-W in figures 9 and 10.

We understand the reviewers request for more consistency, but the cloud orientations in
the two sections are not strictly comparable. In section 5, the terms “parallel” and
“‘perpendicular’ cannot be used because the position of the sun relative to the cloud
changes during the day. However, the new figure of sun paths, Fig. 9, may provide a better
understanding of the configurations.

° Figure 7 would benefit from a second panel showing the 3D radiative effects so the
reader does not have to do the calculation with their eye.

Following the reviewer’s suggestion, we added panels of SW 3D effects and 3D effects
relative to 1D calculations in Fig. 7. This led us to also add a panel of relative 3D effects on
Fig. 8 for the sake of comparison between Fig. 7 and 8.



) While the scope of the study does not include the interplay between geometry and
solar angles on 3D radiative effects, synthesis and discussion on this topic would be very
interesting.

We thank the reviewer for this comment. We added a paragraph in the conclusion, |. 430 to
434 (1.458 to 462 in the track changes file), about this topic : “The effect of solar position on
SW 3D effects has been studied for a cloud with a fixed aspect ratio of 1/2 (a cloud width of
1 km and geometrical thickness of 0.5 km). We expect the SW 3D effects to go to decrease
as the aspect ratio goes to zero, but not linearly. Calculations conducted on a cloud with an
aspect ratio of 1/8, i.e. a cloud four times larger (width of 4 km and thickness of 0.5 km, with
a cloud optical depth of 0.25), show that the daytime integrated SW 3D effects do not
decrease by the same amount. This suggests that 3D effects of radiation may still be
significant for clouds with small aspect ratios.”



