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Motivation 
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Instantaneous Radiative Forcing for present 

day relative to Maunder Minimum  
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Global mean temperature response 
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Global mean temperature response 

From Jones et al., 2013 
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Surface air temperature trends 	
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Global mean temperature response 

GHG forcing range 2.6-8.5 W/m**2 
GHG warming range 1-4 K, 100 years 

 
1.   The simulated response depends mostly on 

the applied forcing 

2.   All models properly maintain energy balance  

3.   Even the extreme forcing cannot compete 
against GHG 

4.   The extreme values of forcing cannot be 
excluded 
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Temperature response on seasonal/regional scale 

Ineson et al. (2015) Chiodo et al. (2016) 
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Kodera and Kuroda, (2002) 

EPP cooling 
and O3 decrease 

Hadley sell shift and ... (J.Haigh) 

Thomson & Wallace (1998) 

Solar UV 
 heating 
and O3 increase 

Temperature response on seasonal/regional scale 
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Near-global	mean,	short-wave	heaBng	rate	differences	between	minimum	and	
maximum	of	the	11-year	solar	cycle	in	January	(K/day),	from	Forster	et	al.	(2011)	

Performance of the radiation codes 

UV	only	 O3	only	 UV+O3	
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Which spectral intervals are important? 

LYA 121.0–122.0 
SRB 175.0–205.0 
HAR 250.0–280.0 
HUG 280.5–360.0 

Sukhodolov	et	al.	(2014)	

Ineson et al. (2015) 
UV (200–320 nm) !! 

Chiodo et al. (2016) 
UV (200–350 nm) !! 

libRadtran	results	
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Spectral dependence of the penetration depth 

Chiodo et al. (2016) 
UV (200–350 nm) !! 
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Solar heating response 

1.   Oxygen absorption controls mesospheric 
heating, but it is absent in many models; 

2.   No all UV is absorbed in the stratopshere, 
therefore careful description of the UV 
forcing is necessary to distinguish between 
stratopshere and surface driven 
mechanisms  
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Magnitude of SSI variability 

Ineson et al. (2015) applied  6.43% UV (200–320 nm) 
reduction based on the SORCE data extrapolation 

I. Ermolli et al.: Spectral irradiance and climate 3947
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Fig. 2. Relative contribution of the UV (200–400 nm), visible (400–
700 nm), near-IR (700–1000 nm) and IR (1000–2430 nm) ranges to
the TSI change over the solar cycle as derived from measurements
and models described in Sects. 2 and 3. For SORCE/SIM, only the
period between 2004 and 2008 can be considered. For other data
and models, the plotted relative differences are between solar max-
imum an minimum. Within each wavelength bin, from left to right:
WR-2002 (light green, only in UV; Woods and Rottman, 2002),
UARS/SUSIM (green, only in UV; Morrill et al., 2011a), NRLSSI
(black), SATIRE-S (blue), COSI (purple), OAR (light blue), SCIA-
MACHY (brown), SORCE (red), and SORCE re-analysis (orange,
only in UV; Woods, 2012). The exact wavelength ranges used for
SUSIM and SCIAMACHY in the UV are 150–400 nm and 240–
400 nm, respectively. The possible related corrections are, however,
expected to lie within 2–3%. Note that for the SCIAMACHY-based
model, the original values listed by Pagaran et al. (2009) are shown.
As discussed by Krivova and Solanki (2013), these values should
most likely be corrected by a factor of roughly 1.2.

the Earth’s atmosphere, possibly also through indirect mech-
anisms (e.g. the “top-down” mechanism, Gray et al., 2010).
Hence, although the UV radiation shortward of 400 nm rep-
resents less than 8% of the TSI, its variability may have
a significant impact on climate. In contrast, the visible and
IR bands, which have the largest contribution to the TSI,
small variations over the solar cycle, and no absorption in
the atmosphere but in some well-defined IR bands, directly
heat the Earth’s surface and the lower atmosphere. The large
amount of solar flux at the visible and IR bands implies that
small flux differences may induce important terrestrial con-
sequences. The impact of the variability of these bands on the
Earth’s climate is expected to be small, although it may in-
volve amplification mechanisms (e.g. the “bottom-up” mech-
anism, van Loon et al., 2007; Meehl et al., 2009).
Early satellite measurements of the solar UV variability

have shown a qualitatively consistent behaviour (DeLand
and Cebula, 2012), which is fairly well reproduced by SSI
models (e.g. Lean et al., 1997; Krivova et al., 2006; Unruh
et al., 2012; Lean and DeLand, 2012). This situation changed
with the launch of the Spectral Irradiance Monitor instru-
ment (SIM, Harder et al., 2005a) onboard the Solar Radi-
ation and Climate Experiment satellite (SORCE, Rottman,
2005) in 2003, which was shortly after the most recent max-

imum of solar activity. The SORCE/SIM data showed a 4–6
times greater decrease of the UV radiation between 200 and
400 nm over the period 2004–2008 (Harder et al., 2009), part
of the declining phase of solar cycle 23, compared to earlier
measurements and models (Ball et al., 2011; Pagaran et al.,
2011a; Unruh et al., 2012; DeLand and Cebula, 2012; Lean
and DeLand, 2012). This larger decrease measured in the UV
(Fig. 2), which exceeds the TSI decrease over the same pe-
riod by almost a factor of two, is compensated by an increase
in the visible and NIR bands. Variability out-of-phase with
solar activity is indeed predicted by some SSI models in the
NIR, but with a significantly lower magnitude than found by
SORCE/SIM. Details are provided in the following. The in-
verse variability observed by SIM in a wide integrated band
in the visible was, however, unexpected. It can be interpreted
as a result of effects induced by the evolution of surface mag-
netism in the solar atmosphere (e.g. Harder et al., 2009).
However, other observations and analyses of existing long-
term SSI data show results in contrast with those derived
from SORCE/SIM (Wehrli et al., 2012).
When used as solar input to CCM simulations,

SORCE/SIM observations lead to significantly larger short-
wave (SW) heating rates in the upper stratosphere com-
pared to results obtained by using the commonly utilised
NRLSSI (Naval Research Laboratory Solar Spectral Irradi-
ance) model data (Lean et al., 1997; Lean, 2000), and a de-
crease of stratospheric ozone above an altitude of 45 km dur-
ing solar maximum (Haigh et al., 2010). These changes in ra-
diative heating and ozone photochemistry in the stratosphere
also impact the responses of the “top-down” solar UV mech-
anism in the Earth’s atmosphere and at the surface (Kodera
and Kuroda, 2002), which may depart from current under-
standing (Cahalan et al., 2010; Ineson et al., 2011; Merkel
et al., 2011; Oberländer et al., 2012; Swartz et al., 2012).
Validation of the results of these model simulations with
ozone, zonal wind, or temperature measurements is difficult,
because the data are sparse and do not cover enough solar cy-
cles. Although some ozone observations seem to agree with
model calculations (e.g. Haigh et al., 2010; Merkel et al.,
2011), it should be noted that the SIM measurements em-
ployed for the analysis covered less than one solar cycle
and required extrapolation over a full cycle, and therefore,
added uncertainty (Garcia, 2010). Also the transition alti-
tude from in-phase (lower and middle stratosphere) to out-of-
phase (upper stratosphere) ozone signals with the solar cycle
is not consistent among the different models and requires fur-
ther investigations.
Unfortunately, observations of the full solar spectrum will

likely have a multi-year gap before the next generation SSI
instrument is launched. Based on data presently available,
a thorough understanding of the impact of SSI on climate
requires verification and validation of existing SSI mea-
surements for internal consistency, calculations of middle-
atmosphere climate models with different reliable scenar-
ios of SSI variations, and comparison of measurements and

www.atmos-chem-phys.net/13/3945/2013/ Atmos. Chem. Phys., 13, 3945–3977, 2013

Ermolli et al. (2013) 
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How it can be constrained? 
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How it can be constrained? 

Experiment setup 
 

•  CCM SOCOL in Nudged mode  
(winds,T, surface pressure) 

•  Prescribed SSTs, source gases, aerosol 
•  Identical runs, except SSI 

Constant Sun    SORCE*  
NRLSSI     SATIRE-S 

Ball et al. (2016) 
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Surface	Pressure	changes	(hPa)	 Surface	Temperature	changes	
Martin-Puertas et al., 2012 
WACCM 3.5 results 

Implications 

Also true for : 
Ineson et al., Nature Geo, 2012 
Ineson et al., Nature Geo,  2015 
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Magnitude of the solar variability 

1.   High variability obtained from SORCE data is 
not supported by ozone measurements; 

2.   New efforts in the study of top-down 
(stratosphere driven) mechnism are 
necessary 
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 Precipitating energetic particles 

Mironova et al., 2015 
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 Precipitating energetic particles 

Baily et al., 2009 
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January 
Polar 
AER LBL code 

Cooling rate due to polar ozone 
depletion
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Auroral electron influence on SAT 

DJF, SOCOL v2.0, 
all EP 
Rozanov et al., 
2012 

NDJ composite 
High D1- 
Low D1 
from GISS 
Maliniemi et al., 2013 
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Impact of middle range energy electrons 

Zonal mean ozone 

	 	
	

(A) ΔO3 (DJF) (B) ΔO3 (JJA) 

Arsenovic et al., 2016 
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Implications 

MEE 
Arsenovic et al., 2016 

UV 
Chiodo et al., 2016 
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Middle range energy electrons 

1.   MEE are potentialy important and can be 
treated in the models using existing 
ionization rate compiltaion; 

2.   The effect of MEE is comparable with the UV 
impact 
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NOy in the polar middle atmosphere NOy balance in the polar middle atmosphere
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NOy in the polar middle atmosphere 
MIPAS, 60o-90o North 

AE+SSW 

Meridional transport 

MEE 

MIPAS data provided by B. Funke 
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NOy at 60 km 
MIPAS+models  60o-90o North 

MIPAS  SOCOL3: AE+SPE AE+SPE+MEE AE+SPE+MIPAS Assimilation  
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NOy at 60 km 

MIPAS+models  60o-90o North 

MIPAS data provided by B. Funke 
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NOy in the polar middle atmosphere 

1.   Models significantly underestimate NOy in 
the polar middle atmosphere; 

2.   Proper treatment of thermospheric sources 
are necessary (high top models, 
assimilation of MIPAS data) 
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End  


