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Motivation

• Review of recent SSI data sets is in preparation

• Proper information about their climate related 
performance is necessary the climate community

• Previous attempts did not cover all relevant aspects 
of the problem 
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Review: Heating rates1138 G. Thuillier et al.

Figure 8 Differences in solar heating rate values calculated for each reconstruction relative to the values
obtained using the MGNM. SSI for SEA at wavelengths below 160 nm and for MOCASSIM at wavelengths
below 150 nm, are assumed to be zero as they are not provided. A cloudless condition, overhead Sun, and
equatorial ozone profile are considered in calculating the solar heating rates.

Both figures show that the differences are more pronounced in two altitude regions:
around 45 km altitude and above 70 km. Around 45 km, the differences among the re-
constructions for a given year can be larger than 3 K day−1 (Figure 8). Another important
point to note is that the differences are not significantly dependent on solar activity (here
expressed in terms of solar minimum or maximum). Although SEA results would suggest
larger differences from MGNM for the Maunder Minimum (year 1680), in general there
is no significant difference when comparing reconstructions relative to each other for the
past or current times. For altitudes above about 70 km, where the strong absorption by
molecular oxygen occurs, SEA and MOCASSIM reconstructions completed with zeros for
shorter wavelengths result in relatively large heating rate values. However, when both SEA
and MOCASSIM reconstructions are completed with the MGNM SSI values at the shorter
wavelengths, the heating rate values converge in the mesosphere (not shown). This result
demonstrates the importance for models to include absorption in the Schumann–Runge con-
tinuum and Ly α in order to properly estimate the energy balance at the mesospheric heights.

Different SSI reconstructions lead to different variability from solar maximum to the
2008 solar minimum (Figure 9). Again, we observe larger differences in the upper strato-
sphere – lower mesosphere, or around 45 km altitude. The amplitude of this variability varies
from one reconstruction to another, with the SEA reconstruction providing the strongest sig-
nal. The year of 1957 stands out as a stronger solar maximum. It is noteworthy that the SEA
reconstruction does not capture 2008 as the lowest solar minimum of the modern times.

Thuillier et al., 2014
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Matthes	et	al.,	GMDD,	2016,	annual mean Solar Max – Solar Min
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Review: Ozone
is interesting that our pure photochemical model running in
transient mode on a short time scale consistently reproduces this
feature too.

The 1!s error bars on MOCASSIM data in Fig. 5 show that
the solar variability signal is much larger than the uncertainty on
flux and Ox concentration values, so the variation is statistically
significant. The uncertainty on the values corresponding to mini-
mum activity are not shown as the ATLAS-3 spectrum was used,
and not the MOCASSIM reconstructions. Also, the other models'
fluxes and Ox partitioning ratios do not fall inside MOCASSIM's
error bars, except for the MGNM flux at maximum activity.
Fig. 6, panels A1 and B1, also includes the 1!s interval on the Ox

response obtained with MOCASSIM. None of the other re-
constructions fall within this interval for Cycle 22, and both do for
Cycle 23.

Finally, it is useful to compare our results with those from other
published studies. Note that only the region above about 35 km
altitude is comparable with modelling studies that include dy-
namics and transport, because photochemistry is fast enough to
dominate the response there (Muncaster et al., 2012). The ampli-
tude of the responses to irradiance variabilities from SORCE and
NRLSSI data around 40 km altitude is found to be in very good
agreement with the available literature. For instance, Shapiro et al.
(2013) found about 2% O3 response when using SIM/SORCE data
and 1% response with NRLSSI reconstruction, in agreement with
our results presented in Fig. 6(B1). Similar responses were found
by Haigh et al. (2010) at this altitude. Above 45 km however, most
other modelling and observational studies show a reduction of the
response with altitude and an inversion of the Ox response near or
above the stratopause. This behaviour is not found in our photo-
chemistry model most likely because of its limited vertical cov-
erage. Our response in OH is also in very good quantitative
agreement with Shapiro et al. (2013) (compare our Fig. 7, Panel B2,
with their Fig. 2a).

Fig. 5. Ozone maximum mixing ratio on day 5 of solar maximum and minimum
simulations, as a function of integrated flux between 119.0 nm (the lowest wave-
lenght taken into account in the model) and 241.0 nm, for Cycle 22 and models
MGNM (plus symbol, purple), MOCASSIM (star symbol, dark blue) and NRLSSI
(diamond symbol, blue-green), all linked with a solid line. The same quantities are
plotted for Cycle 23 and NRLSSI (square symbol, green), MOCASSIM (star symbol,
light blue) and SORCE (triangle symbol, red). As expected, the minimum flux values
in this band are the same for MOCASSIM and MGNM since both are taken from the
ATLAS-3 spectrum, on the same wavelength grid. As for SORCE and NRLSSI, they
differ from the other two because of the smoothing applied on the original ATLAS-3
spectrum. The MOCASSIM model's spectral interval starting only at 150 nm, the
missing flux is replaced by MGNM's values. (For interpretation of the references to
colour in this figure caption, the reader is referred to the web version of this paper.)

Fig. 6. Relative solar maximum–minimum response in Ox and O at noon, for Cycle 22 (panels A), Cycle 23 (panels B) and 1680 vs March 2009 (panels C). The different model
results are illustrated with different colours. The inherent variability obtained with MOCASSIM as 71s about the average, estimated from 10 statistically independent
realizations, is shown in dotted black lines, for Cycles 22 and 23. All profiles peak at similar heights (∼40 km), but responses differ by a factor ∼2 in amplitude. The maximum
variability at noon for each solar irradiance model/data set, for each period, are listed in Table 1.
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Fig. 6. Relative solar maximum–minimum response in Ox and O at noon, for Cycle 22 (panels A), Cycle 23 (panels B) and 1680 vs March 2009 (panels C). The different model
results are illustrated with different colours. The inherent variability obtained with MOCASSIM as 71s about the average, estimated from 10 statistically independent
realizations, is shown in dotted black lines, for Cycles 22 and 23. All profiles peak at similar heights (∼40 km), but responses differ by a factor ∼2 in amplitude. The maximum
variability at noon for each solar irradiance model/data set, for each period, are listed in Table 1.
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Bolduc et al., 2015
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Matthes	et	al.,	GMDD,	2016,	annual mean Solar Max – Solar Min
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Review: Temperature

Matthes	et	al.,	GMDD,	2016,	annual mean Solar Max – Solar Min
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Review: Surface air temperature

Feulner,	GRL,	2011
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1-D framework and runs
Radiative-convective model with
photochemistry, mixed layer ocean
and major climate feedbacks.

dT2x	=	2.5K	

SSI	affects

Heating	rates
Photolysis	rates

Surface	energy	balance

Model	runs	cover

1600-2000
Using	SSI	from

SATIRE
NRLSSI2
SSR11m
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Applied SSI data sets
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Surface air temperature response
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Ozone response
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Ozone response
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Ozone response (NRL-SATIRE)
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Temperature response
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Temperature response
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Temperature response (NRL-SATIRE)
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Water vapor response
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Conclusions
We compared the ozone, temperature and H2O responses to solar irradiance variability for
NRLSSI2, SATIRE and SSR11m data sets.

The surface temperature responses obtained with NRLSSI2, SATIRE are almost identical.
SSR11m data set gives the same decadal scale response, but 4 times larger response on
centennial (and longer) time scales.

Stratospheric ozone responses obtained with NRLSSI2, SATIRE differ by 0.2% in the
stratosphere and up to 0.5% in the mesosphere on decadal and are twice larger on centennial
time scale.

Stratospheric temperature responses obtained with NRLSSI2, SATIRE differ by 0.1 K in the
stratosphere and up to 0.2 K in the mesosphere on decadal and are twice larger on centennial
time scale.

Stratospheric responses obtained with SSR11m are almost the same at decadal and 4 times
larger on centennial time scale. Smaller variability in shortwave SUV in SSR11m is visible.

Early 20th century warming remains unexplained.
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Early 20th century warming
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