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/<�B���; ��LHG 1,2 �KJI 1,3

(1. U�6?� �`Eq5 / ��Eq5�>� 650011 � 2. U�6?� E�y��(� 100049;

3. U�6?� �`Eq5 9PC2^'�K��(� 100012)?=�7N{℄5�J!#��4W,}���7N{℄p58�W{�7N^"Æ�Æ4�\i?T^"�7N{℄5.A`�VGU`7NV�℄5�7N℄525�C��?L�7N:�Q�KB1�xL�l�IR�C�#��4�[#����'TI�
�H�4+2��H/��5"~\Tgi���j��n℄7N℄5�>�℄7N℄5�:f�S�}q�n℄�S"��? �
Q? g"��[%C��N-<n℄7N℄525�
n�j ℄7N{℄5�\~Q-!4+C�i�[%tx�?
1/T�'n��-?eB�C�P�?s℄[%.J�� � Æ�7NxL=�7N℄5�7N^"D1�#��P182 ��� 46�,%�A

1 �q��F6Mz\4 (Total Solar Irradiance, TSI) �I#J6MZnBn�gx� b6MS)_?)�?�h��g}eJ��g�J��G�;�(|\o�ZC�� TSI  qn�_L\��UFT_6MU�\4 (Spectral Solar Irradiance, SSI) �6M\4�SH0w���fSA���"?3*�fSD0� [1,2] �,!}���FV�SHn�� �.SIp�"?�3V>Aw6M��Z�~��do�Ko9`\E��_�D[xq�_\o�6M�3j7C�V-�_�DKDDK [3] ��� -�+(�2010-10-13 � :�+(�2010-12-28FE7&��`xO6?G� (10873032, 10921303, 40636031) � 973 Y3 (2011CB811406)
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, 133�p0"?|���6M\o�Z14�m*}Xn� (1) "?�>6M#J�=x�Æ�O!�14� (2) 6Mws\o�Z�14�$Znm*7b$�K"
R;14$;q [4] �+ns;m$Fnm*� 	��R�;r	b6�SyZEW_6M\4�n℄!�
�� 30 a AJG�9ej+�Rr^9��6M\4 0}���R�}en7h4 14 [5,6] �6M\o��ZA���)C�R�Ks���Z�_\om℄�k,GorA�mD,�����6M�JP9�qXA0�u���|W�A�-p�Rr^�(A�>p06M\414�wKHQ�B�E�\$�	I�G+\Z$�.	0[} [7−9] �7b$�"�	6M\4�14 [3,10] �6M\414�B��>�B�6M�J��}�I4�6M9�qXA0	��wKHQ�G?3*�_*14�bPZ"���4}$[S�sw
F [6,11] �$ 21s�m6M\4��R�TSI j+�R!���f�P�fOI��W�f!�Ce�,y�;m�$ 3 1;m TSI �f!��Z$_*=;�P TSI  $ 24 6MA0_L�*�F�[_L��t��$ 4 1;m\414��m�$ 5 1iS�m6M\4�[}P, 3*B�h�Z$sw�>���7�W�	0.S�&m��,Z1>dA�B�O�>r5Sa9�WnO��
2 8O^6�T
2.1 TSI �
ZnA�^bA�6M\o��Z^�14�bP8X14'Ru�"?3*�t�ZE~pp5<_��/) [12] �# 1837 ��I�wK<_ Claude Pouillet �r�Bn<_
John Herschel �J�ZiM�4o�%�zm�k�M,{%�,RFAT- TSI �F�2yR�����_	 �Z#� 1884 �w�Bn<_�R\oRX�G�7 Samuel Langley aQaQ�a�?=�fh�J� ZB�DK}8> TSI 	0RZb�u"?�3~��u�����F_ 2 903 W/m2 � 1902 � 1957 �e�w�BAwK<_ Charles Abbot �,2Z$S DK
7"C	0RZ�0�F 1 322 � 1 465 W/m2 Ce�}Xn*�*
Npw� TSI RZ���Zn� 1954 � Johnson u� 20 �^ 50 ��b6�"��Do (sVC) RZ���y�U|,�� TSI F_ 1 394 W/m2 �fZn� 1971� Labs � Neckel y� 20 �^ 60 ��"��j9�R�����F_ 1 352 W/m2 [13] �"�RZ4D70�"��"?�3�u��DK�70w�_1r)��R&��3Ip�0Nw��3��g>OIDÆ�K�K} (>67"o�DK67�M�<+hVZZ� {Z�DoRZ%���R}e:�_1{Z��DK_1}3�Zk�Q��mD8$�R�D�oKZN�F�vD7�FB� TSI �14�w~ 1978 � 10 �w�
NIMBUS7 j+&�� Hickey-Frieden98\oX
Hickey-Frieden cavity radiometer, HF) Goz9b,�TSI ���\{W3j+�℄	0�W;�R (Z!} 2∼4 nj+K}	0) �m9 1 [6,14] �8$_14&�}�("o\oX
 (Electrically Calibrated Radiometer, ECR) �3{ZnwA~�6M\4�98�Zn("o�RgZm<1~f [15] �P 1(a) �	\8$j+�R���!��7b��-r�{�DK_10&��("o
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HF NIMBUS7 1978—1993 [16]

ACRIM I SMM 1980—1989 [17]

ERBE ERBS 1984—2005 [18]

ACRIM II UARS 1991—2001 [17]

SOLCON Space shuttle 1992—2003 [19]

SOVA EURECA 1992—1993 [20]

DIARAD/VIRGO SOHO 1996— 
 [14]

PMO 06/VIRGO SOHO 1996— 
 [21]

ACRIM III ACRIMSAT 1999— 
 [22]

TIM SORCE 2003— 
 [23]k� “
 ” ;��7Y"�2U��L	

Q 1 TSI 
�k,"��
Y g"��
(a) x 1978 � 11 �dD|sp`2S�HH�\%+ TSI l-$ � (b) PMOD !h$ � (c) ACRIM !h$ �
(d) IRMB !h$ [3] 	
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, 135�\oXCe�3�Zk�bPj+0x9��DK��3yRZ�$)FF+h4D Zn%$�h�vM�Z$��DK_1 KZ}e;NRZ�FV}$�Zk�R^��6M\o�3*�J
 (Solar Radiation and Climate Experiment, SORCE) j+&���6M\4dR1
 (Total Irradiance Monitor, TIM) RZ�$)F�� NIMBUS7/HF RZ�$)FCe�Z� 10 W/m2 �,K}*,2_1RZFVS�g"!� 5 W/m2 �
2.2 SSI �


TSI �"?\o�A$'��nJU�D"?��3��V�"��> TSI �~��do�Ko9`\E�\o����_�R^�7m���)V\o7by��VA[u�"?9��>gV�DsV�;\o >gV�$gV�*~�\ [3] �3*B�e�z_�i�t��6M\4 sV�;�14 [25] �DK�; (�Z) �\oAw6MDKj7�DKm7��3V�^�7m��)V\ofS[x��?�e?V�D X o��sV��AAwZ~��9C�6M\414�UFV��_}��TSI ZnA0_���14 0.1%, 200∼300 nm �\414_Wn�U&�
150∼200 nm �\414_ 10%∼20% �D Ly-a (121.6 nm e�) Go��Z14b� 50% �	$LsV�;�Z�14��� 100% �m}�,M TSI ��JU�ZOS 7m���)V�;�
�14��JUJ sV�; [24] �^P 2 0	�D8JU147��>"?3*�M[x[Su� [25] �R^�Haigh �S,y\ 2004� 11 �� 2007� 11�6M\4�j+�R!�� Lean ���.!� [27] �>B�\6MU�\414>pQ�7�u���R!��	�~ 2004 �� 2007 ��6MA0l`~;�6M sV�; (��_ 400 nm b�) �\4Vl`\�D7m��)V�;�\44(a\� Lean �S��.��%�	3y4l�\���RDZN�B�G	�SSI �8X14)/�N\��j7 45 km b�$gVpQ�7��g�t�K}��R!�V�	�6M>"?3*�\o9(�w (Radiative

Forcing) �6MA0�DK�� [28] �

Q 2 1 o7NB1`O�℄5�℄5�25!roA<�VG? TSI ��?{��-T6�:
℄5���:
℄5�25�jg%�7�E*��� 200 nm 
��u�h`8 40 nm, 200∼400 nm u�h`8� 50 nm, 400∼1 000 nm u�h`8� 100 nm, 1 000 nm 
i��u�h`8� 500 nm [25] �
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�,������� 29 %�m}�B� SSI }h�uyK�\4[x�wK�k�bP3y>"?�3V�3*�u��>,20+�39��B�V}[Sfh [29] ��� SSI :}Zn[SO���14�LsV\ou�RfV�(JV�g1"?hV�3�S3}7 (Neutral Density) �{�j+�9e0���0�}S3}7u��̂ ����}
R3�14����>j+	0v�K�-g���g">jj+Q��723�oK3 [29] �{� "?�3wK�6MwK�B�S�DK��
5SwDKU5k�_1A�RDK�_�\o�Z�0b SSI ��R }eh��;h4�e=���#��w��_�L��3
K� (National Oceanic and Atmospheric Administration, NOAA)  2y��9�sw�"j+
 (Geostationary Operational Environmental Satellites, GOES) hRP�� X o�:R1
 (X-Ray Sensors, XRS’s) �8V>y\	�m;}e�_� SSI W;�R!��},�w���b�℄ A3j+h&�_1RZ6M 	$�;�h�\4�m9 2 [3] �� 2 �� SSI �29�>*` 2 1�l- �2~g / �Y �O	UBaM℄ /nm

XRS’s GOES(B4) 1975— 
 0.05∼0.4, 0.1∼0.8

SUM SME 1981—1991 115∼302

SBUV/2 POES(B4) 1985— 
 252.0∼339.8, 160∼400

SOLSTICE UARS 1991—2005 115∼425

SUSIM UARS Lj 115∼410

GOME ERS-2 1995—2003 240∼400

SEM SOHO 1996— 
 0.1∼50

VIRGO SOHO Lj 402, 500, 862

SXP SNOE 1998—2003 2∼35

XPS TIMED 2001— 
 1∼34

EGS TIMED Lj 25∼200

SCIAMACHY ENVISAT 2002— 
 240∼2 380

XPS SORCE 2003— 
 1∼27

SOLSTICE A/B SORCE Lj 115∼310

SIM SORCE Lj 310∼2 400

GOME-2 MetOp-A 2006— 
 240∼790

SOLSPEC SOLAR/ISS 2009— 
 180∼3 000

SolACES SOLAR/ISS Lj 16∼65, 25∼99, 39∼151, 115∼226

EVE SDO 2010— 
 0.1∼7, 5∼105

2.3 TSI .!��
�)0${�j+�_1���ÆQ�:s}Zn_1�6�RZ!�
h\=n�R}e; (vM4D�Zn6MA0_)�
�SB� TSI �__*14�5S_}e;�MlWn6MA0_�!��m}�5S>8$DK_1RZ�!�	0vX"o�4>{_1�i7g1�
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67w��f!�} 3 X�^P 1(b) � (c) � (d) 0	�$ 1 X�{ Frohlich � Lean� 1997 �Wf� /��[Bn<���hG9��e_� PMOD �f!�
 (�eA��
Physikalisch-Meteorologisches Observatorium Davos, PMOD)�$ 2XV� 1997��{WillsonG9�>� 2003 �v(�e_� ACRIM �f!�
 (�eA�� Active Cavity Radiometer

for Irradiance Monitoring, ACRIM) �$ 3 Xe_� IRMB �f!�
 (�eA�� Institut

Royale Meteorlogique de Belgique, IRMB) �{ Dewitte �S 2004�G9 [3,30] �8 3 X�f!���w>s�DK!<�K�OIA}$��
3 X�f!�,MF�KR���!��
{��fOI�0wO46o�DK�3yCe}$AZk�Zk���"OfS[x�8Xn}e;�1981 �C6�1989� 6� ACRIM

I �*� 1991 � 10 � ACRIM II q*T0i�� ACRIM e=
 (ACRIM-gap) �
;}eN [3] � (>67h� PMOD � IRMB �f4�O49e(>\o7O0 (Space Absolute

Radiometric Reference, SARR) [14,31] �D ACRIM �f%�O4 ACRIM III ��R!� [30] ���iS�m 3 X�f0w�OI�
ACRIM �f� E|,yXnd�j+�R!�[+C��Fvh�"o 3 n ACRIM!�>� NIMBUS7 � ERBS �!�	0�f�s}g1���J�~GF��R!�� 8XOIN�̂ ���!�S� Z${�_1U4Eb*� (Glitch) �$f�{Z�8n�f��}I
��Ml}XnO���m� (1) Xnd�j+�!�	0>�}���w\Xn!�~Ce[+C��$)F�8$℄e�r}"Z���� (2) ^� NIMBUS7/HF �!�� b*��E73 � ACRIM e=
*eK�Gx\U4�
r>�} ACRIM I �

ACRIM II ��>%$gP���{� [32] �
IRMB�f��0}!�4O4 SARR �M,tB��[!F�J��
ZB0}�j+�RF	0$)D���T IRMB �f>0}�w�tZ�RFNw\MX$)I�MD�{�Z$)X+�F�$��!�O� (tBZXnE7l!><� 3 n!�) �3D�MXsq��8$℄e .{EFC	$Zi}�[xS_�{Z [14] �
PMOD �f�t� PMOD �~weGF�j+!��DoK� ({��B1O��g1�E,�zi1�E�m_Z$H)_1F4$f�OMr	�b*�)�2y�g1GF� TSI j+!��>w4g,�!�	0�f� PMOD �~V�ZwZ$ TSI Km�.A�W�g>8$W-�{� TSI j+!��
�0w�8$Km�. �� 10 a NVZE D=g	 [33] �^�W|�ACRIM e=
��tX!��fOI4S�b�Zn$[S�t��m_DK- NIMBUS7/HF \oX �ACRIM e=
�[{�F4DGx\g1�8nt�ZE$}<j�{ Lee III, Chapman �S��>r [3] � ACRIM �f� PMOD �fCe��g�C<��'Rw NIMBUS7/HF �ZiA{C�ACRIM e=
� ACRIM � IRMB �f4w�����j+!��s}0j8nt��D PMOD �f%>GF���!�s}0j�Z$u�	0\4>���3yCe}$�DK� _*BÆh� ACRIM �f�	r�TSI  

22—23 A0_Ce�L�F (1996 � 8 �) �, 21—22 _Ce�L�F (1986 � 9 �) �}
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0.45 W/m2 bh��g(_�D PMOD �f%�	�h�XnL�FCe�14BÆWG7b0l�>;3�XnL�F4, ACRIM � IRMB �s�L�FS! [32] �

Frohlich �S> HF \oX�_*0_	0\�ÆU|�>� HF !�� ERBE �R!��F=Z�[}!�	0\,y�9�K�5S> HF �!�	04> [14] ���GF� PMOD �f!�N�>w�� HF !��	0\[(4>�F)\=nj+Vz*e�b*���i7(a$f�u��>4>\j+_Æq*�(_�,*�U4�{Z [33] �8R��� PMOD �f!�� ERBS 6S��R!��QwF=Z|P	0[}���!�4r��$��>; $ 21 _}72�!��m}*B�7y�w��>yAZ$ [3] �
PMOD�f*sw�,y
N�:m_3we�Z$ TSI Km�K�.���ZN [5,34,35] �MD�{�.���!�� PMOD �f!�Ce�ZkV�$℄e-r�R^ Wenzler �S5S��.> PMOD �f+s	0"ob>jr�7�Z$14��D���	 [5] �VD��u8X><�8$ TSI �K�.O!�fZn"oF�7�� ACRIM E IRMB �f`��v��D;�^�G	h��Km�.E7 PMOD �~>j+!��g>}I
�
r

PMOD �fV�}I
�D
'R�\E�Wng>O!�Z$ TSI Km�.��Zn TSIj+�f!�Ce,y��r��>D���,7�oK3�m_ 5<B�N�Km�.sfw�[�RAhJ�&��DD�K�A [32] �
TSI �f!�Ce�Zk�D� 6MwK�B�h�D; vZ!�G?1�<mh�4}[Sfh�Qw�F 400 a A� TSI �KwI!�j+�f!��bPG?m7Zi	0�	�<U|9�� wX6}*�wX}*�6M14 (fS�\414) 4f_\>3*g10f��w�m*�m}�u�8$U|�6M7���dA3*14�fSz
7 [32] �MD�6M �� 30 a A>G?1��z
\M�$DK-��8fS�{� TSI j+�f!�Ce�Zk (D�K-�n�f!��>K�) ��M�^�6M�z
DK-�8�$fG?1��S_z
V�D�K-� [36] �m}����� 30 a N72� TSI �f!��!}&-3�fh�

3 TSI #��D�{h�Wn�f!�47b-r� TSI ����=;�3� 11 a 6M_*A0�*Q�14_*K"u�Mg II I!�H)�$)F�_ 1 366 W/m2 �Zn_*��14�_ 1.3 W/m2(0.1%) ��3V��RZF�_ 342 W/m2(� TSI � 1/4)[24] �Qw PMOD �f!��U|���7b��Xn}MXfh�_*�u 10.32 a �6MA0_*V�G	_� 32 d �wm_*V!}MXfh�3,"uA0_* (27 d) k��>;e="r	 "uL�*e�� TSI 32 d �wm_*fS{"uA0p0�
�V�[�}�*Q� TSI  Zn6MA0_bh�14fSAw�"u}��4��� �) PYn�}([�y��w� A0_L�*�[�}�u�<[.yÆ�> TSI �tZ"u!
(SN) �tZ"u�J (SA) �vX��U|9��>�"u�[�}�u� Zn6MA0_N> TSI �z
�67Mle�,7 29 d �mP 3 [6] �
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Q 3 u[ TSI G�u[#v" SN(��) u[#v�K SA(6�) �wY��V}&�8;� TSI �� SN (SA) H~gd^2�E$�dH	;�.^2 [6] 	{P7m�� TSI�> SN (SA) s}℄0}����!_ 0.435 (0.146)�� TSI�>3yG}e
Z,℄ 29 d(T℄0 −29 d) }����!���� 0.629 (0.533)�m}W_ TSI p,�6M"uA0 29 d �[x8X	��wK�m:DB��
7bT=3�"u�[�}�I4}��"uLx_>�����J05S�}e�,U4M�{05S�}e:�A�Zn�"uL�x_}e_Wn�}�WB�D"uL�U4}e_�WB�Wn� [6,26] �>tZ"u!�"u�J	0���U|G	�!}MXfh�wm_*e="r	 "uL�*e��H)� TSI �wm_*�
3�F�� 27 d �, TSI �wm_*k��G	 TSI �owm*�G}e
�6℄0WB�}*��"u!��J�g">���m}W_3fS{"uA0p0� "uA0_*�L�*���"u℄℄r	 Z��m;Wnwm_�
� "uA0L�*�"uZ!L�AWBb��8��_�r TSI �"uA0�wm_*�e="r	 6MA0_�L�*�MD�{�[�}�*Q� TSI N�wm_*�e��"uA0�3�F,"uA0wm_*k�Z& [6] �>"u!�B�9��w$ 16 _ (1874 �) bA�$ 23 6MA0_}�_�_*_7
(12.6 a) ��_��tm;}e (8.7 a) �D_*_7�"?G?m7�_*14}[SV� [38,39] � $ 24 _L�e��v"u
pGx�#k�j�0b 23—24_6Mx Zn��!�A0%$���$1��$)"u!��� 1.7(Gx 2008 � 11 �) �3vM7��	�6MA0_bA6MA0��!%$ [38] �� 1900�6,�L�*�) [37] �fV� 8nL�*�6MLC|\L}b6L�� 2/3 ���6M�Z?V,R|g (Open

Flux) ����w 1967 �}�RbA��!F�:}vA�!
~3� [40] �MD� 6MA0%$$!� 24 _L�*�6M\oz�ZT TSI �F�[V,6WnL�*�F!��� 2008 ��\4�R!��6ZnL� (1996 �) ��,G	� 3 n TSI�f!��r���DZN�PMOD � ACRIM �f!�)�	���L�* (2009 �) �
TSI F, 1996��S!� 2× 10−4 W/m2 �D IRMB �f!�%�	���L�*� TSI F
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�,������� 29 %�, 1996 ��Sj� 5 × 10−5 W/m2 �^P 4 0	 [37] �D 3 n TSI �f!� 2000 �C,�F4r��$��8sf���(��R_1�7�723�>j�

Q 4 3 Y TSI  g"�!�
YoB1`M +�G�-zRjL� PMOD !h�v\$ ��L� 3 Z!h$ " 81 d %2.�H	.U��� PMOD !h�7�� ACRIM!h�'�� IRMB !h	 3 p!h� 1996 �N!� 2008 �N!�478�RU� PMOD � ACRIM !h+��t� 2 × 10−4 W/m2 ��u�E IRMB !h&�� 5 × 10−5 W/m2 �)a (RU ppm ;� 10−6) [37] 	
4 8O^636�Æo��6M\4�[14�t��*}�_*<j�fS�m�bZ TSI RZ��7Dj��b -DK�7 DK}eRZ��DK�����6M+s�14:�3yCe��M{Z�E��6ML���7
 (Solar Maximum Mission, SMM) j+j�7�R9� TSI �14�Z�h�"u}:��,�M}\-m�6M&}'G	� (R^U )p0�\o(9, TSI � 4 nZVbh�W/7b0l�m} TSI �14J℄�I,6MU }6 (100∼1 000 s) _�A�;q14 [13] �{6�j+�R!�7B� TSI  ��RZ�}en7h4�14� [6] � TSI �R!�Xn��g�=;���6MA0_*K��_7� 0.1% �14�bP_7�� 0.1% vM,3v��OM�t�,�8X14J℄m; 7 � 10 d �B�9��8X�Ot
�[x��"uL-6Mwmy�7mZ�p0��R^� 2003 � 10 � 31 Z6,�WBN�R� TSIS$�t\� 4 W/m 2(mP 1) �8��R����Ot�,�m��}��"uLr	 ("u!�~ 15 (a�\ 170) �B�6MA0L��}*�"u!
�g"(_�8XOt�t7�r	#k4 (_�MD�$)A'6MJ1[\�8�m_6M9�[�} (� �Yn�}) �!ZV4(a\�D{[�}
h�6M9��J,{"u
h��J(a�vA [3] �
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6B�9��TSI  WUV�Wn�}}en7h�14fS�{>g�bP�>g���|T~D�S|T~D�b|T~Dp0�� WB�Wn+*}en7h�14%{6M9�|\�}0f��w� Zn6MA0_h�TSI � 0.1% _7�14%fSAw"u�4�bP[� �) �Yn�}(Z�y��w [6,41−43] � Solanki �S [43] > VIRGO �
TSI �R!�	0\U|�B�\|\�>g (|T~D) >\414�u��U|9��6M\4 1 h � 1 d Ce�}en7h��0�{9�|\�>g|Kp0�� v_}en7h%{|\f�� v:}en7h�[{>gf�%{�|\�R�7�ÆQD�K-�{�6M\4�9e�R�
6_KLm;\� 32 a � _� 11 a(TZn6MA0_)}en7h�14:D�K- [6] �6M�7�#� 106 ∼ 1010 a }en7h��gg1�%7{(+�}�I4Km	0
R�{�vm���} (^"u) �:�� �Yn�}�[�}�4�6M9�|\A0�Kv��6M9�|\�I4}}:V��m}�Ml
6-A�\414�6M9�|\��}V�� [3,44] ��R9��LS}8$|\�}� �6M9��3y��>J�6M9��Rg/fZn�J��|3
 (Magnetic Obstruction) �>�(aEll\oJZ�"ux/{�\oJZ�fS*�w0Aa9\3�|\97�w
6�|gA0U<k:��6M"u9� [45,46] �3y��4�w7bK�_�Rau
(Thermal Plugs)�"uN�9�{E|\�~tVA�Rgm℄\�w6M\414�8XR3��.	0�X+9��*"um℄�RgD�*i�"Ud�e�M,[(\orA (^�><�8R�8�3�D�p0\4�14) �D�%$"�d��=�\6M�J�8n�k,3~e�[(\orAS;�A�"ux/{�RgZVD�E|~� x�\orA�� ��w�"u�K��6S�>�?Rg�|Q0 [47] ����*}��Rg�[hXMw� 6M�JW|X��DD�$; 6M9�<�"O[	r	�8V��R`��"u_\}$`��[9
Eu+s}�
��8X�Z���w
L} "u�|\�Z(a}M�Gx�D;{"up0� TSI �t�_7��"u�JE|\��g1Vs}9	r�K�\E�� [3] �|([�0_%>��K�7b�3yK�_�Rh3
 (Thermal Leaks) �3y-0A[�m_3y��n7|\ �?9�/f\$A��dt�mD7bPv!�vR�3V�\ov<e"!rA�8Xdt	 a�{�?VjU5k_1E|f��R� [48] �wba|gAU<\o��V7b$��"�	8X�|\�} [49] �8R�tn�� (^"u) �[� (^� �Yn�}�) �}4>6M\4�14}z
�,z
�K�3�Nu�J��>3d��d�Q0Z��R�>,7�jJ���AG+�#�J�.Qw"u�[�}�J�Zi�J��8$�}�z
�a�A[}6M\4�14 [9] �8X�.7b��\414�(�JU�

Pipin �SB�\{6MG(H[x��n7|\>{>gCGo�\ogZ�u��X+9���n7|\�u���>6M\4[x�>_7� 0.07% �*Q�w���gu�6M\4�>7��N3� 11 a _*14�8n�k�fSHQ�� |\� ><�>g#k�g1�bP{��n7|\�[x��d0p0�6M\orA�z�Z (TSI) �14 [50] �
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5 8O^6�℄�k�Æ
6M\414$` (TSI  Zn6MA0_�14_7� 0.1%) �
3\M7��t"?3*�M[x[Su� [36] �_\-Z&�p03*14�DKm*�z
�5S�Aw6M�u�72"mJ,�MD�G?3*14J℄Gx _�
67w\4RZZi�}en7h�m}5S[}\414�j+6}� [4] �8L} ����.�M7��	�8X�.sfÆ7�"$�uy>p0\414�wKHQ�K��:.8����[	a}��R!� [51] �DK�A�J�[}�V7bhJuy>\414�6MA0�K��}h�B�3y�wKHQ��E|�OI�QwKv"u�4�� (Z��KwI!�^"u!�"u�J�� �J�Mg II I!� Ca II K Go�� F10.7 o(gZ��Mg II I!�I Mg II h � k|9��)�l,�3��)/f�e?hV��l/f��?hV�{��? (�l) 14$��m}7bw Mg II I!Z7e? (�)) �14 [52] �3�� �Yn�}(Z�$���Kw�8R�7b{"u!����"u�4I!
�{ Mg II I!����� (ZI!
� �.S��8XXI!�_�_O!�T�[��JU�z
bDK�,R�f�T��U�\4�z\4�9��/�>�U�\4_�F (λ, t) ∝ aλPs(t) + bλPf (t) �>0}�_A�T��z\4�S(t) ∝ aPs(t) + bPf (t) �,S t _}e� λ 9	�_� Ps �
Pf U<9	"u�4I!�� (ZI!� a � b _D\E�}e�O! [30] �{��KwI!L�}Æ"Kv6M\4 	$�;�14�8XOI�D�$�K����
6,yfx�[}OI�F�8R�br�0} _���#B}en7h�\414�4WG�{6M9�|\�I4&-� [53] �^ SATIRE �. [44] �3�Z�Uf(XfU�"u+u (u) �"u#u (p) �� (f)($?Yn�}�[�JU) ���6M
(q) �tXfU�\o97 Ik(i, j; λ) U<Qw Kurucz �F�$�$0�3�.� ATLA9k:	0X+�� [54] �Z� (|PEW;)P) �	Z�**qXfU.��XCwZnGomu αk(i, j; t) 9	 (0 ≤ αk ≤ 1) �,S�"u+u�#u�Gomu αu � αp {W;)P���� �Gomu αf {|P���Fu8 3 XT����6M�Gomu�T
αq = 1−αu −αp −αf �8N (i, j) 9	Z��6�λ 9	�_� t 9	}e� k = u, p, f, qU<�9h� 4 XfU�M,�	}8�	�_x 4 XfUqw�Gomu�\o97�jJ	0A��T��U�\4 SSI �F (λ, t) =

∑
i, j

∑
k

αk(i, j; t)Ik(i, j; λ) ��3>�_	0JUT_-}e14� TSI �S(t) =

∫
F (λ, t)dλ �8X�.,yfx�ZDA�WGw6M9�|\�I4A�� TSI �14�~ 17 �^z�L�*bA 400 a N TSI �_*14�V{Z$B�7y	0\[}�^

Hoyt � Schatten [55] � Lean [27], Wang �S [56] � Krivova �S [34] �8$ TSI �K[}�F
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, 143��"u!�"|A0Zi�6M> 14C � 10B ���e�Kg**QZi�bP,2�6M}��Zi��MD�:D�S℄K:"B�'RM�~8$P�Zi[} TSI �E7Qw8$Zi�[�|�72"[} TSI �14�m}����Wn TSI _*�K[}!�Ce}$�DK�3y�	\DK�14�� (Pattern) �LF�^P 5 0	�
��3yV�	\Z$�)�=;�=<�z�L�* (1645—1715 �) � Dalton L�* (1790—1820 �) �L�F�bP 20 �^h#Y*e TSI �(_�
�h�{�3*>VJ9(�=;�s}e� 8∼12 a �T� TSI  20 �^�#Y*e%mD1� 20 �^h#Y*e TSI �(_\M7���GG?1� [32] �P 5 �	� 4 n TSI �K[} 1975 �b,�}e;NVi	rDK�14BÆ�
Hoyt � Schatten � TSI [}W_ TSI  8;}e(_\�� ACRIM TSI �f!�ZN�D,2 3 n TSI �K[} Lean, Wang �S� Krivova �SW_�w 1978 �A TSI $)A's}g1��� PMOD �f!��	�
R�m}�uy �f TSI j+�R!�}	��DK-3� Qw TSI �K[}}VD���&�m_DK�6M�KwVK��	r TSI DK�14BÆ [32] �

Q 5 4 Y�
 400 a B TSI ��Lx`+\~|j���W=�| Hoyt � Schatten (HS1997), Wang  U (W2005), Lean (L2000) dR Krivova  U (K2007) ���^�$ [32] 	F�if���?be3*14lxb�� (Intergovernmental Panel on Climate Change,

IPCC) 2007��&lNw�3*�.�h���mDZN�3W_� ��Zn�^N�=<� �� 30 a N�6M>3*14�z
$l�MD�8X3*�.b- TSI 9( (Forcing)�6M>3*^Z�u�m*�:w\{ Lean �S [27,56] >r� TSI �K[}!��3�
1978 �bA� PMOD TSI �f!�ZN�MD�^�G	 PMOD �f!��}�{��
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�$)pQ�714) �B�hQw�.[}�6M\4!�s�Dr72��m [28] �D
'R�
63*�.�	r�3*>6M\414,y���i7�7����>6Mg1$�i�WX3*K=HQP> TSI �14K�D|�8$HQ$?�>�u�$gV%:3K=�pQ�7�sV�*Q��6M|\A014}�����e�gZ14>�V�*Q��8$HQ
X�R�6M\414>3*�u� [32] �
6 fC��T�D�Q�Æ
a�}\ TSI �� 32 a �� 3 n6MA0_��R!��
�{�_1�3�Zk�F4��A�Z$DK-3�XMD���72� TSI �f!��V�D�K- TSI }9e�RbA� Zn6MA0_�v_}en7h�_*14BÆ�m}� �RO��5SG+(��R_1�>j_1�/F4�U�723�	D>j�R�7���72��R!��>JGvA��Rr^�> SSI ��RA'�:5S
hvA�;�W;�R�=<�>"?3*14}[Su��sV�;��R� KmB�O���FW�N6M\4�.E�\$�	I�a���b$j��K7�	 TSI �14�
��8H,y���.�F�6M9�|\�I4�m}3\E�|P�R�U5k��K7�uy>"u�� �6MA0wKHQ�K�:D�Wg�qXA0	��6M\414���V�D�$�"-ZK-�[}0w�#�J�3�.}
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Progress in the Measurement and Study of Solar Irradiance

XU Jing-chen1,2, LI Ke-jun1,3

(1. National Astronomical Observatories/Yunnan Observatory, Chinese Academy of Sciences, Kunming 650011, China;

2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China; 3. Key Laboratory of Solar Activity,

National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Total solar irradiance (TSI) is the total amount of solar electromagnetic energy

irradiated from the Sun over the entire spectrum at the top of the Earth’s atmosphere per unit

area and per unit time. The spectrally distributed total solar irradiance is the Spectral Solar

Irradiance (SSI). Solar irradiance input is the driving term in the Earth’s energy budget, and its

variations are reckoned to be the prime solar factors exerting influence on the Earth’s climate. The

absorbtion, scattering, reflection of the solar energy by the Earth’s atmosphere, clouds, or surface

depend greatly on wavelength, and light of different wavelength comes from different regions of the

sun’s atmosphere. There are two main variability components which affect the energy received by

the Earth related to the Sun. The first is due to changes in the orbital parameters of the Earth’s

position relative to the Sun induced by the other planets, and the second component is due to

variability within the Sun itself. Since the first can be predicted precisely and it varies rather

slow, we only discuss the second component here, i.e., solar irradiance. Due to the low precision

of the ground-based instruments, total solar irradiance was believed to be constant before it was

measured with space radiometers started in 1978, and it was consequently know as the “solar

constant”. But now we know that besides modulated by the 11-year solar cycle, it varies at all

time scales at which it has been measured, i.e., minutes to decades, and most probably, on longer

time scales as well.

The variability of solar irradiance has important implication for our understanding of solar

internal structure, solar activities, global changes in the Earth’s climate system, and the solar-

terrestrial relationship. Thus, accompanied with more and more data from space-borne satellites
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during the recent three decades, lots of work has been done. It is believed that Irradiance vari-

ability on timescales from minutes to hours is mainly caused by convection. Short-term changes

of total solar irradiance on timescales of few days to weeks are dominated by magnetic structures.

Over the solar cycle, variations of 0.1% is believed to come mainly from the combination of the

sunspots blocking and the intensification due to bright faculae, plages, and network elements.

Some indexes seems to have certain relationship with the variations of solar irradiance, for exam-

ple sunspot number, Mg II index, faculae area, F10.7 flux index, solar modulation of cosmogenic

isotopes such as 14C and 10B and other solar related records. Based on this knowledge as well as

the measurements of solar surface magnetic field, some models have been developed to reconstruct

both total and spectral solar irradiance. Some of them are very successful and can account for

most of the variance in the observed irradiance time series. There are still some problems with

the three commonly used composite data, because significant uncertainties remain related to the

calibration of the instruments and their degradation over time, and this uncertainty is a serious

problem underlying current solar-climate research.

In Sect. 2 the total and spectral solar irradiance measurements are reviewed. Sect. 3 describes

a statistical analysis of one of the TSI composite, and discuss the trend of TSI during the recent

two solar minimum. Sect. 4 summaries explanations why solar irradiance varies. Sect. 5 describes

reconstructions of solar irradiance and the implication to climate change. Finally, Sect. 6 points

out some directions of future development.

Key words: solar physics; solar irradiance; solar constant


