
! "#$%&'()*+$,-".$! /012$
! 03&*4$5+67&*

!"#$%&'!"#$%&'()*+,-()*+,-.()*+,-./012-'0,-!"#$%&'!"#$%&'
13042'

()*+,-()*+,-()*+,- /012-'0,-/012-'0,-/012-'0,-()*+,-()*+,-
13042'13042'*/12)506*)721813042'
$'

13042'13042'13042'
$'$'9*7,6'52,6+)2'9*7,6'52,6+)2'9*7,6'52,6+)2'6*$'$'9*7,6'52,6+)2'9*7,6'52,6+)2'
16+-:'
9*7,6'52,6+)2'9*7,6'52,6+)2'6*6*9*7,6'52,6+)2'
16+-:'16+-:'6;2'<+,

89$8*:'6;"$429$<(+)6+= *'$6>9
" ?@28%1$! <0A1$! /6+3BC16&>6D4$5+67&*
, %<@$! 03&*4$5+67&*



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



/E<@AF 3B 6 B&3*7'3:3& G3BB3(7 =*=3&6'*= '(
';* B'K=D (: ';* 1K79

2;* /3&6+= G3BB3(7 *MJ67=B ()B*+I6'3(7B (:
';* L>()6> J6+6G*'*+B (: ';* 1K7 37 ';* ;(J*
(: >37N37L ';* I6+36)3>3'D (: 3'B '('6> 67= BJ*&'+6>
3++6=367&* '( 3'B L*(G*'+3& B;6J*9

" ! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$O"PQR

!"#$%&

!"#$%&'<=>

<7?'@20)1'*A'<*B0)'=/12)5067*,

!"#$%& */12)5067*,1 0)2
C0-2 -+)7,( 6;2 0142,-7,(
3;012 0,- 6;2 3B0620+ *A
1*B0) 4:4B2 DEF



!"#$%& <=> 3B ';* L+(K7=C)6B*=
&(GJ(7*7' (: ';* /E<@AF G3BB3(7 67=
3B (J*+6'3(76> B37&* 86+&; ,-""
O<6>*+74 5+67&*R ! %<@ 67= ?@28%1
O<0A1R9

",S-$G

!"#$%& 3B 6 BJ6&*C)6B*= G3BB3(74 T;3&;
T6B >6K7&;*= (7 "Q UK7* ,-"- 37'( 6 1K7
BD7&;+(7(KB =6T7C=KBN (+)3' OSVQ NG4
E7&>376'3(7W #X9,#YR9

" ! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$O,PQR



Z$"4V--4---$3G6L*B$6&[K3+*=

/E<@AF$;6B$+*&(+=*=$G(+*$
';67$(7*$G3>>3(7$B(>6+$3G6L*B$
:+(G$UK7*$,-"-$'($@J+3>$,-"\9

Z$"Q-4---$3G6L*B$6&[K3+*=

/E<@AF$1%?$(J*+6'*B$
7(G376>>D$B37&*$,-""9

!"#$%& !"#$%&'<=>

" ! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$OVPQR



. <*B0) $16)*C26):

G201+)2 6;2 1*B0) -70C262) 0,- 6;2 1*B0) */B062,211
H0/1*B+62 50B+21I 0,- 6;27) 4;0,(21 *52) 67C2F

. %0-7*C26): 0,- 3;*6*C26):

8*6BK+* ';* '('6> B(>6+ 3++6=367&* O21ER 37 6)B(>K'* 67= (I*+ '3G*9
EGJ6&' (7 ';* &>3G6'*9

]B'6)>3B; ';* +*>6'3(7B;3JW I6+36'3(7 (: ';* B(>6+ =36G*'*+ P &;67L* (: ';* 21E OB(>6+
J6+6G*'*+ ^R9

8*6BK+* ';* I6+36'3(7B (: ';* B(>6+ BJ*&'+6> 3++6=367&* 37 ';* _` O37:>K*7&* (7 (a(7* 67=
&>3G6'*R9

. J2B7*1271C*B*(:

%)B*+I6'3(7B (: >(TC:+*[K*7&D 6&(KB'3& (B&3>>6'3(7B 67= =*'*&'3(7 (: ';* JCG(=*B
O=*'63>*= B'K=D (: ';* 7K&>*6+ &(+* 67= ;3B =D76G3&BR9

" ! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$O\PQR



b FK+37L ';* >6B' \- D*6+B4 B(>6+ +6=3KB G*6BK+*G*7'B :+(G L+(K7= ;6I* )**7
J*+:(+G*=9 E7 J6+'3&K>6+4 5+67&3B ?6&>6+* B'6+'*= 37 "#SQ 6 B*+3*B (: +6=3KB
G*6BK+*G*7'B 6' <6>*+7 O%)B*+I6'(3+* =* >6 <c'* =d@aK+4 5+67&*R9

b 2;*B* ()B*+I6'3(7B B;(T*= I6+3(KB *I(>K'3(7B (: ';* B(>6+ +6=3KB 6' '3G*
B&6>* (: ';* ""CD*6+ B(>6+ &D&>*9

b 2;* (+3L37 (: ';*B* I6+36'3(7B 3B K7&>*6+9 E' G6D )* =K* '( ';* ()B*+I*+4 ';*
6'G(BJ;*+* O'K+)K>*7&*R (+ ';* 1K7 3'B*>:99

b E: 6 &(++*>6'3(7 )*'T**7 ';* B(>6+ +6=3KB 67= ';* B(>6+ 6&'3I3'D 3B J+(I*=4 3'
G6D B*+I* 6B 6 J+(MD '( +*&(7B'+K&' ';* *I(>K'3(7 (: ';* J6B' B(>6+ 3++6=367&*
:(+ &>3G6'* G(=*>37L9

b 1(>6+ +6=3KB &67 )* =*+3I*= :+(G ()B*+I6'3(7B =K+37L B(>6+ *&>3JB*B B37&* ';*
"X'; &*7'K+D9

b 13GK>'67*(KB G*6BK+*G*7'B :+(G BJ6&* 67= :+(G L+(K7= KB37L ';* B6G*
37B'+KG*7' &(K>= 6>>(T '( B*J6+6'* ';* 6'G(BJ;*+3& *::*&' :+(G ';* '+K* B(>6+
I6+36'3(79

" ! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$OQPQR

. <*B0) )0-7+1



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



<=&"<G 3B 67 ""C&G A3'&;*DC<;+*'3*7 3G6L37L
'*>*B&(J* 6BB(&36'*= T3'; 6 ,eM,e <;6+L*C
<(KJ>*= F*I3&* O<<FR4 '6N37L B(>6+ 3G6L*B 6'
:3I* T6I*>*7L';B O,"Q4 V#V9VS4 QVQ9S4 .-S9" 67=
SX,9, 7GR9

1%FE18 G637 &;6+6&'*+3B'3&BW
C 2*>*B&(J* 'DJ*W A3'&;*D <;+*'3*7
C 5(&6> >*7L';W ,.,. GG
C 53*>= (: I3*TW VQ 6+&CG37K'*B
C @7LK>6+ +*B(>K'3(7W "9-. 6+&CB*&(7=
C F3G*7B3(7BW V--MV-XMVS- GGV

C 86BBW ,.9\ NL
C /(T*+W V-9. ^
C F6'6 :>(TW ,9, f)3'B J*+ =6D
C %7* 3G6L* J*+ G37K'*

K)*,6'
L7,-*L

, ! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7

!

K)*,6'
L7,-*L



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



V ! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D

!

!

2K+)K>*7&*$G(73'(+
1(>6+$=36G*'*+$'*>*B&(J*$O1%FE18 EER

/;('(G*'*+ /D+67(G*'*+
FK+37L$';*$,-",$
'+67B3'$(:$`*7KB

2;*$G637$()H*&'3I*B$(:$';*$/E<@AF$1%?$G3BB3(7$6+*W
C 2($K7=*+B'67=$';*$37:>K*7&*$(:$';*$6'G(BJ;*+*$(7$';*$B(>6+$+6=3KB$G*6BK+*G*7'B4
C 2($&(7'37K*$B(>6+$+6=3KB$G*6BK+*G*7'B$T3';$L+(K7=C)6B*=$37B'+KG*7'B9



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B$OB(>6+$+6=3KB$6)B(>K'*$I6>K*R

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



C 0(3B*$+*G(I6>$OG*=367$:3>'*+$'($+*G(I*$(K'>3*+$J3M*>B$';*7$6$f6KBB367$)>K+$3B$6JJ>3*=$
'($BG((';$';*$*=L*B$37$';*$3G6L*R9$

C ]M'+6&'37L$&(7'(K+B$OKB37L$6$1()*> :3>'*+$67=$';*$<677D$G*';(=R

2;*$'+67B3'$(:$`*7KB$(7$UK7*$,-",$J+(I3=*=$6$K73[K*$(JJ(+'K73'D$6*'-262)C7,2'6;2'
0/1*B+62')0-7+1'*A'6;2'<+, KB37L$B(>6+$3G6L*+B9$2;*$'+67B3'$T6B$()B*+I*=$:+(G$BJ6&*$
)D$';*$/E<@AF$BJ6&*&+6:'9

G26;*-'A*)'-262)C7,7,('6;2')0-7+1'*A'M2,+1'0,-'6;2'<+,'H"!!'C26;*-I

g(+3a(7'6>$L+6=3*7' `*+'3&6>$L+6=3*7' 0(+G$(:$';*$L+6=3*7'

@KM3>36+D$3G6L*B$
()'637*=$:+(G$

J+3BGB

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$O6)B(>K'*$I6>K*R



!"# !"" !$# !$" !%#
#

#&'

#&(

#&$

#&)

*

*&'

+,-./01203

45
62
5
17
68
,-
.
/9
76/
.
/8
,:
5
763

;<=./,=7>9,?2/7@.67@2

,

,

$#%&*,5>,ABC!),D/<E7=2,0<5@<=@2?,F76G,;HI4;C,D1EJ

$#%&*,5>,AKH;4,D/<E7=2,0<5@<=@2?,F76G,;HI4;C,D1EJ

L7>9,756251768,.6,$#%&*,5>

;<=./,=7>9,?2/7@.67@2,.6,$#%&*,5>

'# '' '( '$ ') M# M' M( M$ M)
#

#&'

#&(

#&$

#&)

*

*&'

+,-./01203

45
62
5
17
68
,-
.
/9
76/
.
/8
,:
5
763

N25:1,=7>9,?2/7@.67@2

,

,

N25:1,=7>9,?2/7@.67@2,.6,$#%&*,5>,A#O,−,2P:.6</J
N25:1,=7>9,?2/7@.67@2,.6,$#%&*,5>,A!#O,−,D<=2J
N25:1,=7>9,?2/7@.67@2,.6,$#%&*,5>,A*)#O,−,2P:.6</J
N25:1,=7>9,?2/7@.67@2,.6,$#%&*,5>,A'%#O,−,D<=2J

;HI4;C,>2.1:/2?
=7>9,?2/7@.67@2,75,1D.02

;HI4;C,QG2</2670.=
=7>9,?2/7@.67@2

AF76G,BC!),.5?,KH;4
1<=./,D/<E7=21J

C <*7'*+$=*'*&'3(7$KB37L$';*$g(KL;$G*';(=
C ]M'+6&'37L$';*$37:>*M3(7CJ(37'$J(B3'3(7$OE//R
C <;6+6&'*+3a37L$';*$)*B'$:3'$O&3+&>*4$*>>3JB*4$*'&9R
C F*'*+G376'3(7$(:$`*7KB$+6=3KB$67=$1K7$+6=3KB

G26;*-'A*)'-262)C7,7,('6;2')0-7+1'*A'M2,+1'0,-'6;2'<+,'H"!!'C26;*-I

`*7KB$67=$1K7$hg(KL;i$G6J ]M'+6&'37L$';*$37:>*M3(7CJ(37'$J(B3'3(7

`*7KB$
1K7

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$O6)B(>K'*$I6>K*R



<+CC0):'*A'6;2'!"#$%&'1*B0)')0-7+1'*/12)5067*,1'06'-7AA2)2,6'L052B2,(6;1

Wavelength [nm]
200 300 400 500 600 700 800 900 1000 1100

So
la

r r
ad

iu
s 

[a
rc

se
c]

959

959.5

960

960.5

961

961.5

962
PICARD - SODISM (space-based measurements)
PICARD SOL - SODISM II (ground-based measurements)
PICARD SOL - SODISM II (ground-based measurements)

Photosphere

"Chromosphere"

C 1$+*J+*B*7'B$';*$B'67=6+=$=*I36'3(7$(:$';*$G*67$I6>K*$Ojk"R9
C @$+*J+*B*7'B$';*$6)B(>K'*$K7&*+'637'D$Ojk"R$37$';*$=*'*+G376'3(7$(:$';*$B(>6+$
+6=3KB$T3';$+67=(G$67=$BDB'*G6'3&$*++(+B9

A$k$.#.4"Q.$N"\Q NG$
O/E<@AFR$! .-S9"$7G

1J6&*C)6B*=

f+(K7=C)6B*=

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$O6)B(>K'*$I6>K*R



Wavelength [nm]
200 300 400 500 600 700 800 900 1000 1100

So
la

r r
ad

iu
s 

[a
rc

se
c]

956

957

958

959

960

961

962

PICARD - SODISM (space measurements)
PICARD SOL - SODISM II (ground-based measurements)
Space data polynomial fit (Rozelot et al., 2015)
Space data with EIT polynomial fit (Rozelot et al., 2015)
EUV-Hα to millimeter radio waves polynomial fit (Rozelot et al., 2015)

"Chromosphere"

Photosphere

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$O6)B(>K'*$I6>K*R



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B$OB(>6+$+6=3KB$I6+36'3(7BR

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



8*6BK+*G*7'B (: ';* B(>6+ +6=3KB 6+* (: L+*6' 37'*+*B' T3';37 ';* B&(J* (: ';* =*)6'* (7 ';* +(>* (:
';* 1K7 37 &>3G6'* &;67L*9

/(BB3)>* '*GJ(+6> I6+36'3(7B (: ';* B(>6+ +6=3KB 6+* 3GJ(+'67' 6B 67 37=3&6'(+ (: 37'*+76> *7*+LD
B'(+6L* 67= 6B 6 G*&;673BG :(+ &;67L*B 37 ';* 21E9

!"−#$%−&'!' '(−)%*−&'!! &+−,-.−&'!! !!−/01−&'!& &(−234−&'!& !5−678−&'!9 '!−608−&'!+−9

−&

−!

'

!

6
:;
<0
*-
−=
$-
38
>?

#,@A#/

;

;

595B(;8C
D'(B!;8C
(E&B&;8C

!"−#$%−&'!' '(−)%*−&'!! &+−,-.−&'!! !!−/01−&'!& &(−234−&'!& !5−678−&'!9 '!−608−&'!+−9

−&

−!

'

!

6
:;
<0
*-
−=
$-
38
>?

#,@A#/;AA

;

;

595B(;8C
D'(B!;8C
(E&B&;8C

FAG):@;#,H

G38IJK7*0.J38;.$L$=-3%$;-M08K$

N-LJ%=$=;%$*J3>=
OI*3C;234$CP$*
.3;Q$P*70*1R

!"#$%&'*/12)5067*,1

<3042'*/12)5067*,1'0)2'0'3)7*)7'C*16'A05*)0/B2O';*L252)O'13042'2,607B1'0';0)1;'
2,57)*,C2,6F

=,'()*+,-O'6;2'7,16)+C2,61'0)2'0AA2462-'/:'06C*13;2)2F

lR$
/E<@AFP1%FE1
8$BJ6&*C)6B*=$

37B'+KG*7'

@R$/E<@AF$
1%?$L+(K7=C
)6B*=$:6&3>3'D

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

P2A*)2'4*))2467*,1



@R$/E<@AF$L+(K7=C)6B*=$:6&3>3'D$&(++*&'3(7B$! A*:+6&'3(7$67=$'K+)K>*7&*

@B'+(7(G3&6> +*:+6&'3(7 OA*:R 37:>K*7&*B ';* B(>6+ +6=3KB G*6BK+*G*7'B OG(+* ';67 "
6+&CB*&(7=B :(+ ()B*+I6'3(7B G6=* 6)(I* S-Y (: a*73'; =3B'67&*R ';6' T* ()'637 :+(G
3G6L*B '6N*7 T3'; 1%FE18 EE9

<(++*&'3(7B 6+* &>6BB3&B9 %K+ L+(K7=C)6B*= +*BK>'B O/E<@AF 1%?R T*+* &(++*&'*= :(+
';* *::*&'B (: +*:+6&'3(7 )D 7KG*+3&6> G*';(=B9

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

Number of days since T0
0 200 400 600 800 1000 1200

∆
R 

[a
rc

-s
ec

on
ds

]

-1.5

-1

-0.5

0

0.5

1

1.5

Number of days since T0
0 200 400 600 800 1000 1200

∆
R 

[a
rc

-s
ec

on
ds

]

-1.5

-1

-0.5

0

0.5

1

1.5 SODISM II

Number of days since T0
0 200 400 600 800 1000 1200

∆
R 

[a
rc

-s
ec

on
ds

]

-1.5

-1

-0.5

0

0.5

1

1.5
Daily mean
Monthly mean

O?*:'R ]I(>K'3(7 (: ';* B(>6+ +6=33 6' (7* 6B'+(7(G3&6> K73' OK7&(++*&'*= 67= &(++*&'*= =6'6 :(+ +*:+6&'3(7 T3';
G*67 I6>K* (: NR B37&* ';* :3+B' G*6BK+*G*7'B &6++3*= (K' )D 1%FE18 EE 37 86D ,-""9



5 10 15 20 25 30
0

0.05

0.1

0.15

0.2

0.25

[arcsec]

ar
bi

tra
ry

 u
ni

t

930 940 950 960 970 980
0

0.1

0.2

0.3

0.4

0.5

0.6

[arcsec]

in
te

ns
ity

 [a
rb

itr
ar

y 
un

it]

ro = 1 cm 

ro = 3 cm 

ro = 5 cm 

solar limb at the           
focal plane without         
atmospheric effect          

ro = 7 cm 

ro = 5 cm 

ro = 3 cm 

ro = 2 cm 

ro = 1 cm 

(a) (b) 

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

! " # $ %& %!
&

&'!

&'"

&'#

&'$

%

%'!

%'"

%'#

(&)*+,-

./
01
()(
12
34
5)
63
15
)*1
(+
−5
7+
/8
25
-

)

)

! " # $ %& %!
&

&'!

&'"

&'#

&'$

%

%'!

%'"

%'#

(&)*+,-

)

)

./
01
()(
12
34
5)
63
15
)*1
(+
−5
7+
/8
25
-

! " # $ %& %!
&

&'!

&'"

&'#

&'$

%

%'!

%'"

%'#

(&)*+,-

)

)

./
01
()(
12
34
5)
63
15
)*1
(+
−5
7+
/8
25
-

! " # $ %& %!
&

&'!

&'"

&'#

&'$

%

%'!

%'"

%'#

(&)*+,-

)

)

./
01
()(
12
34
5)
63
15
)*1
(+
−5
7+
/8
25
-

9:9';)8, #&;'%)8, ;$!'!)8, %&!9'&)8,

%K+ L+(K7=C)6B*= +*BK>'B O/E<@AF 1%?R T*+* &(++*&'*= :(+ ';* *::*&'B (: OBDB'*G6'3&
)36B >37N*= T3'; ';* 5+3*= J6+6G*'*+ O+-RR9 1** EN;>*: *' 6>94 ,-".



1*I*+6> J;DB3&6> J;*7(G*76 &67 >*6= '( B*I*+* =*L+6=6'3(7 (: ';* (J'3&6> J*+:(+G67&* (: (K+
BJ6&*C)6B*= +*BK>'B O/E<@AFR9 E7 ';* &6B* (: 1%FE184 ';*B* *::*&'B *7'63> B(>6+3a6'3(7 67=
J(>DG*+3a6'3(7 (: G(>*&K>6+ &(7'6G376'3(7 O-+)7,( 6;2 B0+,4; 0,- 7, 13042R9

CCC 0(+G6>3a*= '3G* B*+3*B (: 37'*L+6'*= 37'*7B3'D =K+37L ';* /E<@AF BJ6&* G3BB3(7
" g3L; =*L+6=6'3(7 37 ';* _`

lR$/E<@AF$1%FE18$BJ6&*C)6B*= 37B'+KG*7'$B(>6+$+6=3KB$I6+36'3(7B$67=$&(++*&'3(7B

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



! " #! #" $! $" %! %" &! &"
!'#"

!'$

!'$"

!'%

!'%"

()
*+
,-
./+
01
*+
23
/,4
1.+
.3
24
15_

61−
17
8
9

:+;),41<41;+/*1<4-=/*1241230>4;40.

1

1

!"−#$%−&'!' '(−)%*−&'!! &+−,-.−&'!! !!−/01−&'!& &(−234−&'!& !5−678−&'!9 '!−608−&'!+
':''5

':'!

':'!5

':'&

':'&5

':'9

':'95

6
_
;

2T($=3::*+*7'$B(>6+$6)B(+J'3(7$
*I(>K'3(7B$O(J'3&B4$&(7'(K+R

" Q;2)2'71'0'52):'16)*,('
4*,60C7,067*,'*A'6;2'1062BB762
H-+2'6*'1*B0)'30,2B1O'-+)7,('6;2'
B0+,4;O'264FI'

(J'3&B

&(7'(K+
/(>DG*+3a6'3(7$(:$&(7'6G3767'B$O_`R

F*L+6=6'3(7$(:
1f",-5F$J637'

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

lR$/E<@AF$1%FE18$BJ6&*C)6B*= 37B'+KG*7'$B(>6+$+6=3KB$I6+36'3(7B$67=$&(++*&'3(7B



CCC 0(+G6>3a*= '3G* B*+3*B *I(>K'3(7 O&(7'6G376'3(7R

CCC EGJ(+'67' '*GJ*+6'K+* &;67L* (: 1%FE18 :+(7'
T37=(T 67= =3+*&' 3GJ6&' (7 B(>6+ +6=3KB
G*6BK+*G*7'B

" g(T '( &(++*&' ';* =6'6m

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

lR$/E<@AF$1%FE18$BJ6&*C)6B*= 37B'+KG*7'$B(>6+$+6=3KB$I6+36'3(7B$67=$&(++*&'3(7B



^* =*I*>(J*= 6 *7=C'(C*7= B3GK>6'(+ '( &(++*&' ';* h=6'6i O';*+G(C(J'3&6> *::*&'R9

5+(7'$T37=(T$'*GJ*+6'K+*B$6B$:K7&'3(7$(:$;(KB*N**J37L$=6'6

^6I*C:+(7'$67=
n*73N* J(>D7(G36>B

5+(7'$T37=(T$+*:+6&'3I*$37=*M$IB9$'*GJ*+6'K+*$

<(GJ>*M$^6I*C:+(7'$

/(37'$1J+*6=$
5K7&'3(7

?3G)$=6+N*737L$:K7&'3(7$" ?F51%FE18

<(7I(>K'3(7

l3C=3G*7B3(76>$:6B'
5(K+3*+$'+67B:(+G*+

1(>6+$1J*&'+KG$O@'>6B$VR
1(>6+$:>KM$O1%`@/4$/A]8%14$2E84$*'&9R
EA$67=$6>)*=($:>KM$Ol%1R

867D$37B'+KG*7'B$;6I*$
';3B$J+()>*G9

1%FE18$37'*7B3'3*B

lR$/E<@AF$1%FE18$BJ6&*C)6B*= 37B'+KG*7'$G*6BK+*G*7'B

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



2;*+G6>$G(=*>$T3';$l*BB*>$:K7&'3(7B

%J'3&6>$G(=*>
8(=*>$*[K6'3(7BW

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



]I(>K'3(7$(:$';*$B(>6+$+6=3KB$O=*'*+G37*=$)D$
';*$37:>*&'3(7$J(37'$J(B3'3(7$G*';(=R$6B$6$
:K7&'3(7$(:$6$'*GJ*+6'K+*$L+6=3*7'$:(+$=3::*+*7'$
T6I*>*7L';B9

2*GJ*+6'K+*$L+6=3*7'$(7$';*$
1%FE18$:+(7'$T37=(T$

A*>6'3(7$)*'T**7$B(>6+$+6=3KB$6B$B**7$)D$';*$37B'+KG*7'$67=$';*$'*GJ*+6'K+*$L+6=3*7'

lR$/E<@AF$1%FE18$BJ6&*C)6B*= 37B'+KG*7'$G*6BK+*G*7'B

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015 24-Aug-2015 11-Mar-2016

So
la

r r
ad

iu
s 

[a
rc

-s
ec

on
ds

]

960.8
961

961.2
961.4
961.6
961.8

962
962.2 SODISM II (chromosphere)

Start time (15-Jun-2010 00:00)
19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015 24-Aug-2015 11-Mar-2016

So
la

r r
ad

iu
s 

[a
rc

-s
ec

on
ds

]

959.1

959.2

959.3

959.4

959.5

959.6

959.7

959.8

959.9

960

960.1
SODISM (photosphere)
SODISM II (photosphere)

Time [days]
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Su
ns

po
ts

 n
um

be
r

0

50

100

150

200

250

Sunspots number

.RFS'TU.V'C01'32)':20)'06'6L*'17(C0'H1*B0)'W'",16)+C2,60B' $6C*13;2)74'W'
&060'0,0B:171WI'" 52):'1C0BB'50)7067*,

XY'C01'32)':20) 06 6L* 17(C0

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR

$A62)'4*))2467*,1

Z[Y'-0:1 32)7*-



^6I*>*'$2+67B:(+G
<(;*+*7&*$O^2<R$
)*'T**7$BK7BJ('$67=$
1]19$1(>3=$&(7'(K+
>37*B$+*J+*B*7'$';*$#Q$
o&(7:3=*7&*$>*I*>9$
@++(TB$+*J+*B*7'$';*$
+*>6'3I*$J;6B*$)*'T**7$
BK7BJ('$67=$1]1$'3G*$
B*+3*B9$2;*$&(7*C(:C
37:>K*7&*$3B
+*J+*B*7'*=$)D$';*$J6>*$
6+*6B$6'$';*$I*+'3&6>$
*=L*B$(:$';*$:3LK+*9

2;*$:3LK+*$B;(TB$';*$T6I*>*'$'+67B:(+G$&(;*+*7&*$+*BK>'B$)*'T**7$BK7BJ('$67=$1]1$
=6'69
2;*$G(B'$(K'B'67=37L$:*6'K+*$3B$67$6+*6$(:$B'+(7L$B3L73:3&67'$&(;*+*7&*$&*7'*+*=$6+(K7=$
Q#9Q$=6DB )K'$*M'*7=37L$I*+'3&6>>D$'($6)(K'$\Q$67=$X-$=6DB4$67=$>6B'37L$:(+$6)(K'$B*I*7$
G(7';B$O:+(G$';*$*7=$(:$,-""$'($G3=C,-",R9$1G6>>*+$J6'&;*B$(:$B'+(7L$&(;*+*7&*$&67$
6>B($)*$:(K7=$(I*+$';*$37'*+I6>$(:$';*$".C '($VQC=6DB$J*+3(=4$G(B'$>3N*>D$+*>6'*=$'($';*$
B(>6+$+('6'3(76>$J*+3(=9

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015

So
la

r r
ad

iu
s 

[a
rc

-s
ec

on
ds

]

960.6

960.8

961

961.2

961.4

961.6

961.8

962

Start time (15-Jun-2010 00:00)

19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015

So
la

r r
ad

iu
s 

[a
rc

-s
ec

on
ds

]

959.1

959.2

959.3

959.4

959.5

959.6

959.7

959.8

959.9

960

960.1

Time [days]
0 200 400 600 800 1000 1200 1400 1600

Su
ns

po
ts

 n
um

be
r

0

50

100

150

200

250

Sunspots number

SODISM
(photosphere)

SODISM II
(chromosphere)

SODISM II
(photosphere)

CS9Q$pPCX$G6B$J*+$D*6+ 6' 'T( B3LG6
OB(>6+ m$E7B'+KG*7'6>$m$@'G(BJ;*+3& m
F6'6$676>DB3Bm

Z-$G6B$J*+$D*6+ 6' 'T( B3LG6

19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015

So
la

r r
ad

iu
s 

[a
rc

-s
ec

on
ds

]

960.6

960.8

961

961.2

961.4

961.6

961.8

962

19-Sep-2010 07-Apr-2011 24-Oct-2011 11-May-2012 27-Nov-2012 15-Jun-2013 01-Jan-2014 20-Jul-2014 05-Feb-2015

SODISM IISODISM II
(chromosphere)(chromosphere)

Z-$Z-$Z-$G6B$J*+$G6B$J*+$G6B$J*+$D*6+D*6+D*6+ 6'6'6' 'T('T('T( B3LG6B3LG6B3LG6

EGJ6&'$(:$I*+D$BG6>>$B(>6+$+6=3KB$I6+36'3(7B$Oq,-$G6BR$(7$11E$G(=*>B$=*J*7=37L$(7$J*+3(=3&3'3*Bm

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



E'dB$3GJ(+'67'$'($&(7'37K*$'($G*6BK+*$';3B$*BB*7'36>$&>3G6'*$I6+36)>*9

b 2;*$'('6>$B(>6+$3++6=367&*$O21ER$3B$G*6BK+*=$'($I6+D$)D$6JJ+(M3G6'*>D$
(:$pPC-9-Q$o$O(I*+$';*$>6B'$';+**$""CD*6+$&D&>*BR9

b <(GJ(B3'*$21E$'3G*$B*+3*B$O@<AE84$/8%FR4$21E$BJ6&*C)6B*=$
+6=3(G*'*+B4$(+$G(=*>B$O1@2EA]R$;3L;>3L;'$=3::*+*7&*B$:(+$';*$B(>6+$
G373G69

01-Jan-1980 01-Jan-1990 01-Jan-2000 01-Jan-2010

TS
I [

W
.m

-2
]

1359

1359.5

1360

1360.5

1361

1361.5

1362

1362.5

1363

1363.5

1364
Reconstructed total solar irradiance

2+*7=m
?37N$T3';$B(>6+$+6=3KB$67=$J*+3(=3&3'3*B$
EGJ6&'$(7$';*$&>3G6'*$3:$';*$21E$'+*7=$3B$L+*6'*+$';67$-9V$^$GC,

\ ! 1&3*7'3:3&$+*BK>'BW$B(>6+$6B'+(G*'+D$OB(>6+$+6=3KB$I6+36'3(7BR



! 2;*$/E<@AF$G3BB3(7$67=$';*$B&3*7'3:3&$()H*&'3I*B$

! 2;*$1%FE18$'*>*B&(J*$(:$';*$/E<@AF$BJ6&*C)6B*=$G3BB3(7$

! /E<@AF$1%?4$(K+$L+(K7=C)6B*=$:6&3>3'D$

! 1&3*7'3:3&$+*BK>'B

! <(7&>KB3(7

/+*B*7'6'3(7$(K'>37*



<(7&>KB3(7
2;*$G*6BK+*G*7'B$'6N*7$)D$';*$37B'+KG*7'B$(7$)(6+=$';*$!"#$%&'B6'*>>3'*$T*+*$
&(GJ>*'*=$)D$';*$L+(K7=C)6B*=$G*6BK+*G*7'B9

2;3B$;6B$G6=*$3'$J(BB3)>*$'($K7=*+B'67=$67=$G(=*>$';*$=3B+KJ'3I*$*::*&'$(:$';*$]6+';dB$
6'G(BJ;*+*$(7$B(>6+$()B*+I6'3(7B$&(7=K&'*=$:+(G$';*$L+(K7=9$@G(7L$';*$L+(K7=C
)6B*=$37B'+KG*7'B4$6$+*J>3&6$(:$';*$1%FE18$3G6L37L$'*>*B&(J*$&(KJ>*=$'($6$8E1%?5@$
'K+)K>*7&*$G(73'(+$T*+*$67=$&(7'37K*$'($)*$KB*=9

8*6BK+*G*7'B$J*+:(+G*=$)D$37B'+KG*7'B$(7$';*$/E<@AF$G3BB3(7$;6I*$6>>(T*=$KB$'($
*B'6)>3B;$';*$*I(>K'3(7$(:$';*$B(>6+$+6=3KB$=K+37L$';*$+3B37L$J;6B*$(:$B(>6+$&D&>*$,\9$E'$
;3L;>3L;'B$';*$&(GJ>*G*7'6+3'D$(:$';*$G*6BK+*G*7'B$G6=*$(7$';*$L+(K7=$67=$(K'B3=*$
';*$6'G(BJ;*+*9$5(+$';3B4$T*$=*I*>(J*=$BJ*&3r&$G*';(=B$37$(+=*+$'($&(++*&'$';*$I6+3(KB$
G*6BK+*G*7'B9

8637$+*BK>'BW

C F*'*+G376'3(7$(:$';*$6)B(>K'*$I6>K*$(:$';*$B(>6+$+6=3KB
C ^*6N$T6I*>*7L';$=*J*7=*7&*$(:$';*$B(>6+$+6=3KB
C 1(>6+$+6=3KB$I6+36'3(7B$>*BB$';67$,-$G6B$

2;67N$D(K$:(+$D(K+$6''*7'3(7


