We thank both reviewers for their comments.
Replies and changes are listed below.
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General presentation

Following both reviewers' comments, the manuscript has been revised extensively. Most signicantly,
1. The usage of acronyms has been greatly reduced in the text, in order to improve readability. In gures, we
have chosen to replace SDRECS by the more compact DREsw
clr .
2. The conclusions have been revised to better emphasize, the results that may be model specic from those that
are applicable to others models participating in CMIP6.

2

Reviewer 1
1. the paper eectively does not consider the role of res in their model / data comparisons.
Consequently, the comparisons between data and model over India Asia (in particular) and
anywhere in the tropics will be substantively compromised (e.g. Ramanathan and Carmichael,
Nat Geo 2008 and references therein). In fact it seems likely that their poor model/data comparison in the tropics is likely because res are not obviously considered in the comparison.

Our model includes monthly biomass burning emissions from Global Fire Emissions Database. We agree with
the reviewer that uncertainties in biomass burning could contribute to model biases in tropical regions. However, decadal changes in biomass burning are small relative to those in anthropogenic emissions in the regions
that we focus on (India, China, the Eastern US, and Europe), which suggests it is unlikely to contribute to
errors in the simulated trends in the aerosol eect. We have have added a reference to the van der Werf et al.
[2017], which describes the methodology used to derived GFED emissions and highlighted that it is based on
satellite observations. See also reply to comment 5 and to comment 4 from reviewer 2.
The text was revised as follow:

Monthly biomass burning emissions are from the historical global biomass burning emissions inventory for
CMIP6 (BB4CMIP6, van Marle et al. [2017]). Emissions for the 1997 to 2015 period in this inventory have
been derived from satellite-based emissions from the Global Fire Emissions Database (GFED, van der Werf
et al. [2017]).
2. Line 165: What does this mean? this is apparently one of the many p-tests that gets used
about the literature but essentially has no meaning if not explained.

We have revised the text as follow:

We use the non-parametric Mann-Kendall test [Kendall, 1938] to identify signicant changes in the aerosol
eect. This test quanties monotonic correlations between two variables. It is based on a rank procedure that
makes it less susceptible to outliers than the Pearson correlation and thus especially well-suited for the analysis
of environmental dataset. Here, we use a critical p value of 0.05 for trend signicance. When a signicant
trend is detected, we estimate the linear trend using the Theil-Sen method [Theil, 1950, Sen, 1968].
3. Line 216: (x this statement) Changes in AOD are dominated by spring and summer
We have revised the text as follow:

Observations show that the AOD decreases most in spring and summer
4. Line 231: ??? Again too much acronyms / jargon. What is conclusion about these dierences?
We have revised the text as follow:

In both Europe and the US, we nd that the change in the aerosol eect inferred from the SYN calculation is larger than that estimated from CERES-EBAF outgoing radiation corrected for surface albedo changes
(EBAFC and EBAFM ). The magnitude of the changes in the MATCH AOD, which is used to calculate the
SYN estimate, is also greater than in more recent retrieval of AOD from MODIS (Table 1). This suggests
that the rate of change in SYN aerosol eect may be biased high in Europe and Western Europe.
1

5. Line 353. . . no biomass burning as part of anthropogenic emissions? The bulk of res is due to
human activities so this is an odd statement. Perhaps you mean the subset that is not human
driven? That said, you would see substantial dierences between observed and actual outgoing
radiation if you leave this term out (which you apparently do over the tropics).

We have performed an additional simulation to estimate the forcing from biomass burning. The text was
revised as follow:

We estimate the forcing from biomass burning and non-biomass burning sources separately, as the contribution of anthropogenic activities to changes in biomass burning emissions remains uncertain [Heald et al.,
2014]. The average 20012015 simulated direct radiative forcing from res is -0.011 W m−2 , which falls within
the range of previous model assessments (0.0 ± 0.05W m−2 , [Myhre et al., 2013]).
2.1

Reviewer 2

1. Readability: A good illustration is the term SDRECS. While it is well dened in the paper, it
is technical and not standard in similar literature. Why not simply write "change in outgoing
radiation"? Most of the paper deals with shortwave under clear sky conditions, so this is implicit even from the title. The same goes for Rsutcsaf , Rsutcs and similar.

The manuscript has been modied signicantly to improve readability. Following both reviewers' recommendations most acronyms from the main text have been removed. There is no widely accepted acronym to
designate the clear-sky shortwave direct aerosol eect. In gures, we have replaced SDRECS by DREsw
clr , which
we think is easier to understand. We have kept rsutcsaf and rsutcs notations as they are based on CMIP6
naming convention (http://clipc-services.ceda.ac.uk/dreq/index/CMORvar.html). This is now clearly stated.
2. One challenge, especially in the latter part of the paper (the regional trends and RF discussions),
is to follow where the conclusions depend on the specic aerosol parametrizations of the GFDL
model, and where they can be assumed to be more general. I would encourage the authors
to add some further discussion of how model dependent the conclusions are. E.g. in the
Conclusions, how general are the remarks about possible issues with the CEDS inventory?
This is an important discussion for a dataset that will form the basis for much of CMIP6. A
specic example: The authors conclude that "we nd signicant uncertainties in the CMIP6
emissions, including in the seasonality of NH3". In the paper, as far as I can understand, this is
documented through the following: "We conducted a sensitivity simulation using the seasonality
of NH3 column from AIRS (Warner et al., 2017) 265 to modulate NH3 emissions. We nd that
this revised seasonality signicantly reduces the simulated winter trend in SDRECS (0.08 Wm
2 dec
1 ), improving the agreement with observations." I would expect some more discussion
and documentation on this point, to make such a broad conclusion.

=

=

(a) We have added a gure in the supplementary materials comparing the seasonality of ammonia emissions
modulated using CMIP6 seasonality and AIRS seasonality (see Fig. 1 below).
(b) We have revised the conclusion to emphasize that some of the biases may be model specic while others
are associated with CMIP6 emissions and will thus aect all models. The text was revised as follow:

Some of these biases may be model-specic, including the treatment of the mixing between sulfate and
black carbon or the representation of the photochemistry of sulfate and nitrate. Others are attributed
to the CMIP6 emissions and will likely aect other models. In particular, we nd that the model bias
in winter over India can be largely accounted for by uncertainties in the seasonality of ammonia and
black carbon emissions. Similarly, comparisons between the CMIP6 and MEIC emission inventories over
China suggest that the model bias in this region can be largely attributed to an underestimate of the
reduction of SO2 emissions after 2007.
3. For the DRF discussion, it would be good to put the results in a broader context. AeroCom is mentioned; where is AM3 relative to the model mean in terms of forcing strengths?
E.g. a comparison to the similar (but much less detailed) results in Myhre et al 2017, ACP (
https://www.atmos-chem-phys.net/17/2709/2017/) would be useful.

We have added a comparison with the results from Myhre et al. [2017] in the RF section:

2

55
CMIP6
CMIP6 with AIRS seasonality

50
45

GgN/day

40
35
30
25
20
15
10
5

Jan

Mar

May

Jul

Sep

Nov

Figure 1: CMIP6 ammonia emissions for India with seasonality from CMIP6 (black) and AIRS (red)

From 2001 to 2015, the direct aerosol forcing is simulated to be +0.03 W m−2 , including +0.12, -0.03, and
-0.03 W m−2 from black carbon, sulfate, and nitrate, respectively. Myhre et al. [2017] recently reported a
similar change in the overall direct radiative forcing (+0.01 W m−2 ) but dierent contributions from sulfate
(+0.03 W m−2 ) and black carbon (+0.03 W m−2 ). Many factors could contribute to these dierences including
the radiative properties of aerosols (e.g., the mixing of sulfate with black carbon [Bond et al., 2013]) and the
emission inventories. Further studies are needed to examine whether changes in the sensitivity of radiative
forcing to anthropogenic emissions are robust across models. Such assessment would be especially important
in the northern midlatitudes, where the direct radiative forcing from aerosols and greenhouse gases from 2001
to 2015 are simulated to be of similar magnitude (+0.25 W m−2 ).
4. A more technical example: In Figure 1, introduced on line 177, the authors show both CEDS
and MEIC emissions. However, "MEIC" isn't dened or discussed until line 300, making it
dicult to understand even the rst gure without already having read the entire manuscript.
Please review for clarity, with a community reader in mind

We have added the following text in the method section
Anthropogenic emissions in India and China are expecte d to be more uncertain than in the US and Europe
[Saikawa et al., 2017a,b]. Fig. 1 shows that the regional Modular Emission Inventory for China (MEIC)
[Zhang et al., 2009], shows a decline of SO2 emissions starting in 2006 and accelerating in 2012, a decrease
of NO after 2012, and near-stable BC emissions after 2007. In 2014, MEIC NO, SO2 , and BC emissions
are 24%, 48%, and 32% lower than CMIP6 emissions, respectively. NH3 emissions are similar in magnitude
but exhibit dierent seasonality: CMIP6 NH3 emissions peak in spring, while MEIC exhibits a broad peak in
summer, consistent with top-down constraints [Paulot et al., 2014, Zhang et al., 2017].

References
T. C. Bond, S. J. Doherty, D. W. Fahey, P. M. Forster, T. Berntsen, B. J. DeAngelo, M. G. Flanner, S. Ghan,
B. Kärcher, D. Koch, S. Kinne, Y. Kondo, P. K. Quinn, M. C. Sarom, M. G. Schultz, M. Schulz, C. Venkataraman, H. Zhang, S. Zhang, N. Bellouin, S. K. Guttikunda, P. K. Hopke, M. Z. Jacobson, J. W. Kaiser, Z. Klimont,
U. Lohmann, J. P. Schwarz, D. Shindell, T. Storelvmo, S. G. Warren, and C. S. Zender. Bounding the role of black
carbon in the climate system: A scientic assessment. Journal of Geophysical Research: Atmospheres, 118(11):
53805552, 2013. ISSN 2169-8996. doi: 10.1002/jgrd.50171. URL http://dx.doi.org/10.1002/jgrd.50171.
C. L. Heald, D. A. Ridley, J. H. Kroll, S. R. H. Barrett, K. E. Cady-Pereira, M. J. Alvarado, and
C. D. Holmes. Contrasting the direct radiative eect and direct radiative forcing of aerosols. Atmos.
3

Chem. Phys., 14(11):55135527, June 2014. ISSN 1680-7324.
http://www.atmos-chem-phys.net/14/5513/2014/.

doi:

10.5194/acp-14-5513-2014.

URL

M. G. Kendall. A new measure of rank correlation. Biometrika, 30(1-2):8193, 1938. doi: 10.1093/biomet/30.1-2.81.
URL + http://dx.doi.org/10.1093/biomet/30.1-2.81.
G. Myhre, B. H. Samset, M. Schulz, Y. Balkanski, S. Bauer, T. K. Berntsen, H. Bian, N. Bellouin, M. Chin, T. Diehl,
R. C. Easter, J. Feichter, S. J. Ghan, D. Hauglustaine, T. Iversen, S. Kinne, A. Kirkevåg, J.-F. Lamarque, G. Lin,
X. Liu, M. T. Lund, G. Luo, X. Ma, T. van Noije, J. E. Penner, P. J. Rasch, A. Ruiz, Ø. Seland, R. B. Skeie,
P. Stier, T. Takemura, K. Tsigaridis, P. Wang, Z. Wang, L. Xu, H. Yu, F. Yu, J.-H. Yoon, K. Zhang, H. Zhang,
and C. Zhou. Radiative forcing of the direct aerosol eect from AeroCom phase II simulations. Atmos. Chem.
Phys., 13(4):18531877, February 2013. ISSN 1680-7324.
G. Myhre, W. Aas, R. Cherian, W. Collins, G. Faluvegi, M. Flanner, P. Forster, Ø. Hodnebrog, Z. Klimont, M. T.
Lund, J. Mülmenstädt, C. Lund Myhre, D. Olivié, M. Prather, J. Quaas, B. H. Samset, J. L. Schnell, M. Schulz,
D. Shindell, R. B. Skeie, T. Takemura, and S. Tsyro. Multi-model simulations of aerosol and ozone radiative forcing
due to anthropogenic emission changes during the period 19902015. Atmospheric Chemistry and Physics, 17(4):
27092720, 2017. doi: 10.5194/acp-17-2709-2017. URL https://www.atmos-chem-phys.net/17/2709/2017/.
F. Paulot, D. J. Jacob, R. W. Pinder, J. O. Bash, K. Travis, and D. K. Henze. Ammonia emissions in the United
States, European Union, and China derived by high-resolution inversion of ammonium wet deposition data:
Interpretation with a new agricultural emissions inventory (MASAGE_NH3). J. Geophys. Res. Atmos., 119(7):
43434364, April 2014. ISSN 2169-8996.
Eri Saikawa, Hankyul Kim, Min Zhong, Alexander Avramov, Yu Zhao, Greet Janssens-Maenhout, Jun ichi
Kurokawa, Zbigniew Klimont, Fabian Wagner, Vaishali Naik, Larry W. Horowitz, and Qiang Zhang. Comparison of emissions inventories of anthropogenic air pollutants and greenhouse gases in china. Atmospheric Chemistry and Physics, 17(10):63936421, may 2017a.
doi: 10.5194/acp-17-6393-2017.
URL
https://doi.org/10.5194/acp-17-6393-2017.
Eri Saikawa, Marcus Trail, Min Zhong, Qianru Wu, Cindy L Young, Greet Janssens-Maenhout, Zbigniew
Klimont, Fabian Wagner, Jun ichi Kurokawa, Ajay Singh Nagpure, and Bhola Ram Gurjar. Uncertainties in emissions estimates of greenhouse gases and air pollutants in india and their impacts on regional air
quality. Environmental Research Letters, 12(6):065002, may 2017b. doi: 10.1088/1748-9326/aa6cb4. URL
https://doi.org/10.1088/1748-9326/aa6cb4.
Pranab Kumar Sen. Estimates of the Regression Coecient Based on Kendall's Tau. J. Am. Stat. Assoc., 63(324):13791389, December 1968. ISSN 0162-1459. doi: 10.1080/01621459.1968.10480934. URL
http://www.tandfonline.com/doi/abs/10.1080/01621459.1968.10480934.
H. Theil.
A rank-invariant method of linear and polynomial regression analysis. I.
erl. Akad. Wetensch., Proc., 53:386392 = Indagationes Math. 12, 8591 (1950), 1950.
http://www.ams.org/mathscinet-getitem?mr=0036489.

NedURL

G. R. van der Werf, J. T. Randerson, L. Giglio, T. T. van Leeuwen, Y. Chen, B. M. Ro
gers, M. Mu, M. J. E.

van Marle, D. C. Morton, G. J. Collatz, R. J. Yokelson, and P. S. Kasibhatla.
Global re emissions estimates during 19972016. Earth System Science Data, 9(2):697720, 2017. doi: 10.5194/essd-9-697-2017. URL
https://www.earth-syst-sci-data.net/9/697/2017/.
Margreet J. E. van Marle, Silvia Kloster, Brian I. Magi, Jennifer R. Marlon, Anne-Laure Daniau, Robert D.
Field, Almut Arneth, Matthew Forrest, Stijn Hantson, Natalie M. Kehrwald, Wolfgang Knorr, Gitta Lasslop,
Fang Li, Stéphane Mangeon, Chao Yue, Johannes W. Kaiser, and Guido R. van der Werf. Historic global
biomass burning emissions for CMIP6 (BB4cmip) based on merging satellite observations with proxies and re
models (17502015). Geosci. Model Dev., 10(9):33293357, sep 2017. doi: 10.5194/gmd-10-3329-2017. URL
https://doi.org/10.5194/gmd-10-3329-2017.
L. Zhang, Y. Chen, Y. Zhao, D. K. Henze, L. Zhu, Y. Song, F. Paulot, X. Liu, Y. Pan, and
B. Huang. Agricultural ammonia emissions in China: reconciling bottom-up and top-down estimates. Atmos. Chem. Phys. Discuss., 2017:136, August 2017. ISSN 1680-7375. doi: 10.5194/acp-2017-749. URL
https://www.atmos-chem-phys-discuss.net/acp-2017-749/.
4

Q. Zhang, D. G. Streets, G. R. Carmichael, K. B. He, H. Huo, A. Kannari, Z. Klimont, I. S. Park, S. Reddy, J. S.
Fu, D. Chen, L. Duan, Y. Lei, L. T. Wang, and Z. L. Yao. Asian emissions in 2006 for the NASA INTEX-B
mission. Atmos. Chem. Phys., 9(14):51315153, July 2009. ISSN 1680-7324. doi: 10.5194/acp-9-5131-2009. URL
https://www.atmos-chem-phys.net/9/5131/2009/.

5

