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Variabilità solare
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THE SUN IS A VARIABLE STAR
At all spatial, spectral, and temporal scales

Ilaria Ermolli – INAF OAR
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THE RADIATIVE ENERGY VARIES
TSI changes in phase with the solar magnetic activity

Ilaria Ermolli – INAF OAR

http://spot.colorado.edu/~koppg/TSI/ 3



CURRENT KNOWLEDGE OF TOTAL SI
Trend over the past 4 solar minima is uncertain

Adapted from Yeo et al. 2014, SSRv
Ilaria Ermolli – INAF OAR

4



Adapted from Solanki et al. 2013, ARA&AIlaria Ermolli – INAF OAR

CURRENT KNOWLEDGE OF TSI LONG-TERM TREND 
Large uncertainty going further back in time

Irradiance variations ~0.7–6 Wm-2 since 1600’s
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CURRENT KNOWLEDGE OF SPECTRAL SI 
SSI is even more uncertain

I. Ermolli et al.: Spectral irradiance and climate 3
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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 maximum 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), SCIAMACHY (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.

to be small, although it may involve amplification mecha-
nisms (e.g. the “bottom-up” mechanism, van Loon et al.,
2007; Meehl et al., 2009).

Early satellite measurements of the solar UV variability115

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-120

ment (SIM, Harder et al., 2005a) onboard the Solar Radiation
and Climate Experiment satellite (SORCE, Rottman, 2005)
in 2003, which was shortly after the most recent maximum
of solar activity. The SORCE/SIM data showed a four to six
times greater decrease of the UV radiation between 200 and125

400nm 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 the130

UV (Fig. 2), which exceeds the TSI decrease over the same
period by almost a factor of two, is compensated by an in-
crease 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 than135

found by SORCE/SIM. Details are provided in the following.
The inverse variability observed by SIM in a wide integrated
band in the visible was, however, unexpected. It can be inter-
preted as a result of effects induced by the evolution of sur-
face magnetism in the solar atmosphere (e.g. Harder et al.,140

2009). However, other observations and analyses of exist-
ing 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-145

wave (SW) heating rates in the upper stratosphere compared
to results obtained by using the commonly utilised NRLSSI
model data (Lean et al., 1997; Lean, 2000), and a decrease of
stratospheric ozone above an altitude of 45km during solar
maximum (Haigh et al., 2010). These changes in radiative150

heating and ozone photochemistry in the stratosphere also
impact the responses of the “top-down” solar UV mecha-
nism 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; Merkel155

Ermolli et al. 2013, ACP
Ilaria Ermolli – INAF OAR
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Acquisition of new 
observations

BUILDING BLOCKS

Ilaria Ermolli – INAF OAR
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OBSERVATIONS
Rome/PSPT Precision Solar Photometric Telescope (1996-) 

CCD camera 2kx2k
0.1% pixel photom accuracy
1 “/pixel

Ca II K 393.3 nm bw 0.25 nm
Ca II K 393.3 nm bw 0.1 nm
Blue 409.4 nm bw 0.25 nm
G-band 430.6 nm bw 1.2 nm
Red 607.2 nm bw 0.5 nm

Ilaria Ermolli – INAF OAR
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OBSERVATIONS
High res spectropol obs from ground- and space-based telescopes

Photosphere
Fe I 630.1 nm 
0.0602′′/pixel

Chromosphere
Ca II K 393.3 nm 
0.0376′′/pixel

Ilaria Ermolli – INAF OAR
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OBSERVATIONS
Modern and Historical Ca II K observations

Ilaria Ermolli – INAF OAR Chatzistergos et al. 2018, A&A
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Acquisition of new 
observations

Recovery of 
historical data

BUILDING BLOCKS

Ilaria Ermolli – INAF OAR
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OBSERVATIONS
Digitization and exploitation of historical observations

Monte Mario Equatorial Spar
filtergrams and drawings
Ca II K 1964-1979: 6177
Ca II K 1965-1981: 1566
WL+Ha 1965-1989: 1000

Collezione Angelo Secchi 
drawings and manuscripts
1858-1878 (drawings: 6401, tables:1045)

Arcetri Spectroheliograms @ OAA 
1926-1974 
12759 plates (Ca II K: 5250, Ha: 6941)

Ilaria Ermolli – INAF OAR
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Acquisition of new 
observations

Recovery of historical 
data

Data analysis &
Models

BUILDING BLOCKS

Ilaria Ermolli – INAF OAR
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Arcetri
16/05/1957

Mt Wilson
04/03/1982

Kodaikanal
23/09/1913

Mitaka
26/05/1964

IMAGE PROCESSING
Chatzistergos et al. 2018, A&A

Ilaria Ermolli – INAF OAR
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PLAGES OVER THE 20th CENTURY

FIRST Plage Area Composite
>290 000 Ca II K images from 43 archives
spanning from 1892 to 2019 (12 solar cycles)

Chatzistergos et al. 2019b, 2020, A&A

Ilaria Ermolli – INAF OAR
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Reconstructed Rome/PSPT
Measured PMOD

RECONSTRUCTING SOLAR IRRADIANCE
From modern and historical observations

Reconstructed Rome/PSPT
Measured PMOD

Chatzistergos et al. 2021, A&A

Ilaria Ermolli – INAF OAR
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APPLICATION TO EARTH’S CLIMATE STUDIES

Earth’s Atm Ozone (%)

Earth’s Atm Temperature (K/day)

Ermolli et al. 2013, ACP

Spectral Solar Irradiance Max-Min

Ilaria Ermolli – INAF OAR
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Papers

Citations

Reads

WORK OUTCOMES

DATA
http://www.oa-roma.inaf.it/fisica-solare/

PAPERS

Source:ADS

Ilaria Ermolli – INAF OAR

18



LEADERSHIP

Ilaria Ermolli – INAF OAR
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EXPOSURE

Ilaria Ermolli – INAF OAR

FOCUS JUNIOR - 2021

RAI QUARK, TGR, TG2, ANSA - 2005

RAI CULTURA NAUTILUS 
Tutta l’energia del Sole – 2019

RAI PLAY ERN 
Cambiamenti climatici – 2019

FESTIVAL DELLA SCIENZA GENOVA
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TEAM

Massimo Fofi (retired 2005)
Carla Bernacchia (1996-1998)
Mauro Centrone (1999-2009)
Cinzia Fazzari (2000-2002)
Elena Marchei (2003-2005)
Valentina Penza (2003-2005)
Corrado Perna (2003-2005)
Matthieu Kretzschmar (2005)
Lidia Contarino (postdoc, 2009)
Serena Criscuoli (2002, 2007-2012)
Marco Stangalini (2012-2018)
Wera di Cianni (2016)
Alice Cristaldi (2014-2017)
Mariachiara Falco (2016)
Fabio Giannattasio (2017)
Cosmin Constantin Puiu (2018)
Theodosios Chatzistergos (2017-2020)
Mariarita Murabito (2017-2021)
Catello Leonardo Matonti (2021-2022)

Max Planck Instute Solar System Research, Goettingen, Germany
Leibniz Institute for Solar Physics, Freiburg, Germany

Universidad de Extremadura, Badajoz, Spain
Nagoya University, Japan

INAF Osservatorio Astrofisico di Catania
Università Sapienza

Ilaria Ermolli, OAR, researcher

Fabrizio Giorgi, OAR, CTER

Giorgio Viavattene, OAR, postdoc

Mariarita Murabito, OACn, TD

Theodosios Chatzistergos, MPS

FTE INAF 1.6 (1.3 TI) + 0.6

Ilaria Ermolli – INAF OAR
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Ministero dell’Ambiente (1995, 1996)

Regione Lazio (2003-2005)

PRIN-MIUR (1998, 2000, 2002, 2004)

ASI-ESS (2008-2010) 

FP7 eHEROES (2011-2014)

FP7-SOLID (2011-2014)

FP7 SOLARNET (2013-2017)

H2020 SOLARNET (2019-2022)

Total acquired: 700 kEuro

FUNDS
1995-2022

Ilaria Ermolli – INAF OAR



PROBLEMS

Ilaria Ermolli – INAF OAR

TEAM
Students

HW
PSPT
IBIS2.0

FUNDS

NASSO
NewGONG
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FUTURE STEPS

Continuation
Rome/PSPT 

& 
Re-installation

IBIS 2.0

Further
exploitation of 
the data and 
models for 

solar variability
studies

UV modelling

Sun-as-a-star

Space climate 
Planetary & 

satellite 
response

Ilaria Ermolli – INAF OAR
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THANKS!
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