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GENERAL REMARKS

The manuscript presents results from modelling studies of the modification of optical
properties of fractal-like black carbon (BC) particles, when the radius of the primary
particles, fractal dimension, fraction of organics, wavelength, and mobility diameter are
varied. The study uses the multiple sphere T-matrix (MSTM) method. Based on the results
of the studies the authors estimate effects of the parameter variations on the radiative
forcing by the fractal-like BC aggregates and develop a parametrisation scheme for
radiative properties of BC fractal aggregates, which is applicable for modelling, ambient
and laboratory-based BC studies. The study concludes with a detailed analysis of
uncertainties when applying the proposed parameterisations.

The topic is of relevance for the modelling of the climate impact of BC containing aerosol
particles. The study claims a significant improvement of results of climate model studies
compared to the usually applied core-shell model for coated spheres using Mie theory. The
parameter span used in the variation studies covers a wide range of BC properties from
laboratory-generated aerosol to ambient BC containing particles. The study is well
designed and systematically conducted. The presentation is concise and clear, and the
topic fits well into the scope of the journal. Before being acceptable for publication, two
major issues need to be tackled: the increase in knowledge compared to numerous
previous studies on the radiative effects of fractal-like BC agglomerates is not clearly
presented, and the discussion of results requires improvement. Details are specified in the
next section.

SPECIFIC COMMENTS

1. As stated briefly in the General Remarks, a clearer presentation of the novelty of the



study and the gain in knowledge is requested. There have been numerous model studies
published on the optical properties of fractal-like BC particles published, and various
studies are available which conduct in-depth comparisons of model analyses with
observations to quantify the discrepancy between applied theories and observations. It is
recommended to explain the increase in knowledge triggered by this work in the
introduction section.

2. Introduction section and later: Some key references should be included and discussed:

Liu et al. (2020) discussed the life cycle of light-absorbing carbonaceous aerosols in the
atmosphere, this paper should be inlcuded in the introduction section;
one of the key papers on the optical properties of fractal-like aggregates by Berry and
Percival (1986) is missing, here the authors discuss already that optical properties of
fractal-like aggregates are determined by the primary spheres;
the entire discussion of non-fractal light absorbing carbonaceous matter in the
atmosphere from biomass burning is missing (Chakrabarty et al., 2010; Chen and
Bond, 2010; Chung et al., 2012; Feng et al., 2013; Fleming et al., 2020). This aerosol
type plays an important role in atmospheric light absorption but is not concerned by the
proposed parameterisation. It needs to be clearly expressed that the proposed
parameterisations do not apply to this aerosol type which, however, contributes
significantly to the light absorbing carbonaceous aerosol.

3. The entire topic of the impact of atmospheric processing on particle shape and resulting
optical properties requires reconsideration. There are numerous reports on the change in
aerosol morphology during atmospheric processing. Particularly, Liu et al. (2017)
presented a detailed study on the effect of coating of fractal-like particles on the
absorption properties. This study is not mentioned here although it is of high relevance
since it illustrates the gradually decreasing impact of the fractal-line structure of the BC
particle when becoming more and more coated; see Sections 3.3 and 3.4 of the
manuscript. This effect should also be considered when discussing the absorption
Ångström exponent and enhancement factors in Section 3.6.

4. In Section 2.4, the authors use the expression by Chylek and Wong (1995) for the
calculation of the radiative forcing at TOA. A brief discussion on the relationship to the
more widely used radiative forcing efficiency according to Haywood and Shine (1995) and
Sheridan and Ogren (1999) should be added.

MINOR ISSUES

Title: Suggested rephrasing: “Optical properties of … ”; the novelty of the study should
also be reflected in the title. Otherwise the publication becomes indistinguishable from
other papers with almost similar titles.



Line 55: Lab slang should be avoided and hence rephrasing of “by-products of burning like
organics” to, e.g., “by-products of combustion like organic vapours” is suggested.

Line 57: Here the “reshaping of the BC particles into more spherical structures” by vapour
deposition is mentioned but the fractal-like structure of fresh combustion aerosol has not
been introduced before.

Line 61: Do the authors mean “is less absorbing by nature”?

Line 96: Suggested rephrasing: “as a function of size for various morphologies”.

Lie 137: The effect that “light absorption measurements are insensitive to the radii of the
primary particles” is already explained by Berry and Percival (1986); this should be
mentioned here.

Line 218: The correct reference is Kim et al. (2015), this should be corrected throughout
the manuscript.

REFERENCES

Berry, M. V., and Percival, I. C.: Optics of fractal clusters such as smoke, Opt. Act., 33,
577-591, doi: 10.1080/713821987, 1986.

Chakrabarty, R. K., Moosmueller, H., Chen, L. W. A., Lewis, K., Arnott, W. P., Mazzoleni,
C., Dubey, M. K., Wold, C. E., Hao, W. M., and Kreidenweis, S. M.: Brown carbon in tar
balls from smoldering biomass combustion, Atmos. Chem. Phys., 10, 6363-6370, doi:
10.5194/acp-10-6363-2010, 2010.

Chen, Y., and Bond, T. C.: Light absorption by organic carbon from wood combustion,
Atmos. Chem. Phys., 10, 1773-1787, doi: 10.5194/acp-10-1773-2010, 2010.

Chung, C. E., Ramanathan, V., and Decremer, D.: Observationally constrained estimates
of carbonaceous aerosol radiative forcing, Proc. Nat. Acad. Sci. USA, 109, 11624-11629,
doi: 10.1073/pnas.1203707109, 2012.



Chylek, P., and Wong, J.: Effect of absorbing aerosols on global radiation budget,
Geophys. Res. Lett., 22, 929-931, doi: 10.1029/95gl00800, 1995.

Feng, Y., Ramanathan, V., and Kotamarthi, V. R.: Brown carbon: a significant atmospheric
absorber of solar radiation?, Atmos. Chem. Phys., 13, 8607-8621, doi:
10.5194/acp-13-8607-2013, 2013.

Fleming, L. T., Lin, P., Roberts, J. M., Selimovic, V., Yokelson, R., Laskin, J., Laskin, A.,
and Nizkorodov, S. A.: Molecular composition and photochemical lifetimes of brown carbon
chromophores in biomass burning organic aerosol, Atmos. Chem. Phys., 20, 1105-1129,
doi: 10.5194/acp-20-1105-2020, 2020.

Haywood, J. M., and Shine, K. P.: The effect of anthropogenic sulfate and soot aerosol on
the clear sky planetary radiation budget, Geophys. Res. Lett., 22, 603-606, 1995.

Kim, J., Bauer, H., DoboviÄ�nik, T., Hitzenberger, R., Lottin, D., Ferry, D., and Petzold,
A.: Assessing optical properties and refractive index of combustion aerosol particles
through combined experimental and modeling studies, Aerosol Sci. Technol., 49, 340-350,
doi: 10.1080/02786826.2015.1020996, 2015.

Liu, D., He, C., Schwarz, J. P., and Wang, X.: Lifecycle of light-absorbing carbonaceous
aerosols in the atmosphere, npj Clim Atmos Sci, 3, 40, doi:
10.1038/s41612-020-00145-8, 2020.

Liu, D. T., Whitehead, J., Alfarra, M. R., Reyes-Villegas, E., Spracklen, D. V., Reddington,
C. L., Kong, S. F., Williams, P. I., Ting, Y. C., Haslett, S., Taylor, J. W., Flynn, M. J.,
Morgan, W. T., McFiggans, G., Coe, H., and Allan, J. D.: Black-carbon absorption
enhancement in the atmosphere determined by particle mixing state, Nat. Geosci., 10,
184-U132, doi: 10.1038/ngeo2901, 2017.

Sheridan, P. J., and Ogren, J. A.: Observations of the vertical and regional variability of
aerosol optical properties over central and eastern North America, J. Geophys. Res., 104,
16793-16805, doi: 10.1029/1999jd900241, 1999.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

