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IPCC 55 PO IR A A2 AL AL A5 48 1 i E A4F
(B8] 42 BRP- 2 <l B THE A] 82 A8 3 R EUR =
SR M EE | TF T 8 (Solomon et al, 2007), NIPCC
DU XoF I Fi 4 T3 5 , A A BIR Bl e 22 Ak ) oK B 2l
AR AL, TR 2= SR (Idso et al, 2009). BN
NGB 2R SR AL RS2, B e w2
A W) A AR AT 5 PR R I R FES 3 2 e A
SR . K BHELVEE B (Total Solar Irradiance, VLT
{7 PR TSI 4K 390 M 000 i 4f K G g s o el e D) 2
W I T AR B L SRR

AR, R BT 3l 5 2R R G2 1)
A 7E B % Bk & (Foukal et al, 2006; Jager et al, 2006;
Gray et al, 2010; Reid, 2000; Rind, 2002; #% 2% 4,
2011), HFE IR T AF 2 AR RUBE I S 28 Ak 52 K I
% 3 89 B e S 2 (Eddy, 1977; Karlen et al, 1996;
Stuiver, 1980; Wang et al, 2005; Yu et al, 2011), K
PR gl e b TST RSk , 52 00 21 3 M T 8 K BH 4
S, ORI E KGR BRI —
NEM S RGN FE ARSI R Z —, X

Ife BHEE.2013-04; 81T HEH . 2013-07.

S AR AL 1 5 A Bz R L $2 (Egorova et al, 2004;
Shindell et al, 2001), .4 A58 & B, b BR % 1 4F
PR B AEBR AR B AL ) S TSI AR i i
TEAR G OC R, HHAR BE KT 98%([5] 1)(Tung et al,
2008).

Y& 4 1k, e ) RUEE K PHE 2h 3k sl < e AR 4k
P BRAIL I 186 R 58 4 o Bl i) TSIALEIAY ,
K PH % S g s Bk R KR LK TSTEK 3
ARk (Willson, 1997), 1 WL = 52 2 B, K BH
B HCPE K BA S 2 8 v A KR IR 249 1.3 W/m*(Will-
son, 1997). A [l AF 52 35 1 WL I &5 SR A S — 3L
(Pachauri et al, 2007; Frohlich et al, 2004; Rottman,
2005; Willson, 1997; Willson et al, 2003), {H
1906-2006 4F- 4= BRI 2B fb R M H ol 0.74 K,
1975 4E LIS HE & L) 0.2 K/10a 1438 2 U 34K (Han-
sen et al, 2006), JCIS A FFLIN AR i , 482 AR
5 A B T Y A8 A R N 1~2 S B (E R,
2009). FifiJ5 AT 5T 2 AN [A] A BE 3 R BH 7
SRR AR AR B SR B, A0 K BH e 38t R S AR AL ML
(UV #L 1) (Haigh, 1994, 1996) 1 25 [i] K <, (Space-
weather)#L i (Tinsley, 2000; J& 37 &4, 2007),
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T B 9 R AL T NCEP/NCAR FAMT R (1) 1959-2004 474
BREET- b R AR AL, R R IRAE T2 TSIZE AK (Lean et al,
1995); BRSP4 10 RS TSI R BN 0.47(f7F K-
98.4%); TSIAH78 0 1 W+ m™, 42 RAF- 447 1ty 32 SRR 1 79 [l )5
{4 0.18+0.01 K/(W-m?),

P 1 BRI T Ul 5 4R 24 TSTEE 741
Fig. 1 Annual mean global surface air temperature and annual

mean TSI time series

FWIATR I BATE B34 BR A S A i BR 5l , T
WG AEAE AL I PR B, A T
AP AR BRI ] TST -5 FE e 5%, A BE W TSI
XA B BTk . R, X6 BHE Sl 2
AEHIHLIA A A 22 1], [T AR FERT TSI ZZ
AR I 5 i A, PR AR TST 5 AU B b 22 8] 1y 2 2%
i SEALAR] , S TE SR R AL B B A 2.
e, AR SO I TSI -5 8 40T ) F 5 SR
PARGERI, -0 M B AT 5 AR K e

2 R e R JRE i)

R BH S5 JERE (TST) S 45 78 B A7 B i) P 2 54
o] BRI (G475 b 3R 10 ) S A AT RR L %) i A U B )
WEARST B R SR, B T H MR B HbakZE H AR
B SECE R R I, TSI 3G 2 552 K FH 58 3 e
AR RZ I (TR 50 R A, 2011) FH T 2%
RN IR T R 388 R TSR — N E 2 1 3
L, WA K BH R %L (solar constant) {272, HAE1Y
{HZ°4 1365~1372 W/m*( L4435, 2009), ifi 5 Wi il
ORI AN KR 22 TR A5 AU HE A ) )z I
L AT GRS TSTHE AW AE LY (Smith et al,
1983), %ETF TSIMEEE X, M) Z R
S S ERCEHL L KET TR T LS AR AT
B BRI T AR,
2.1 HEF SR TSIIEM

e W) A9 TSI W T A 32 2R FE 1 56 &5 58

W AR A B A 18374F, Clasude Pouillet(H: [E )
Fi 22 5%) 55 John Herschel( 5 [E K 3C 27 %8) 221l /K
() b A TSTHEATHESE. , 159 21 29 S 41 TSIGH L
1367 W/m®)—F By WL 45 2R (T 50 R4, 2011), 2
S B TABAT 11 2R 2 18 381 DRS00 A R A 5 1 R WAL
FH o BCIE 2 SC B TSTREAT) 12 /Y Hi v W 46 T
1957-1958 41 [ P i 2R ) BEAE (Wild et al, 2005), 1
[ [ 20t 50 4R GR A FIF UL TAE, AR
HAE R TR 26 b DX J b o TST Wl T4, 5 2R
IR—E LR,

Hiu T TST W I 3400 57 3] Hb R KA AN R SR
2H 43 RV U WSV FH %) 52 M 368 1 7 25
T — R AN [ I 200 f8) TST RATH B RS 500, 3 ek
5 AW & W DO R 17 25 5 A5 O 1A S 2 TSI
MR, 85T (bolometer) 2 Wi i TSI fit F2: 3
JFF {11119 32 %2 T B (Fleagle et al, 1980), A [ 2% 3 fir
ol FH A e B AR i B LA B I B 158 1 M s
JEASTR] T 0l b 1A W 45 SR AT AT IE , iR
ITIER S — Iy e R ST, KA IR 2R 278
B e ) g o 1 o N = B B
H & BCR 540 R L, DL AR B E AT |
WA ST A R 2, K PR S R AE B e A —
et (L= TR R R AR AR ) , 52 M B4R 5
WG RE B Fa] A 2s [a] b p e St 120 T Kt
(B RO I SE TAE , X A2 W I 7 vk A e i
S

TSI W E A0 i, 284 o B BB A Wl o1 55 i
AN JE DA e TST A 0 A8 1k B 5 R B SRl I 0
ol RIS Z B R ik, A2l
Bl — S5 A 48 A f T 6 TR 1) [i) ) B0 % TSTAZ 4k
JP5. BESE R, KRBHE 5 TSI HA MG, &
SRR BH 2B 0 A5 A I AN R 58 42 S B TSTZEAS [
RUEE B A8 AR I 0, BRI R PH SR 250 ) 25 TSI
(1 % B2 AT 47 1Y (Hoyt et al, 1993, 1998; Lean et al,
1995; Solanki et al, 1999). H-7E 1749 4F , AfT5EE
XK BT 64732 H iE S0 5%, 3 H TSI g s
PR AR B Dy s KA K FH
PRI S5, A BRI A RUE Y TSTAR{E
P51, ESMNF 22 E O IF R A DB H# T AR, 45
T — Z& %1t 2= TSI A2 4L JF %1 (Foster, 2004; Krivova
et al, 2003; Lean et al, 1995; Scholl et al, 2007; So-
lanki et al, 1999; Vaquero et al, 2006)( €] 2); [E P 2%
FA TR AR 56 T AR, s 3 A2 SN A B 7



1045

WP 45+ JRBHLA R AR R 10 M ) 5 o O e i

1569

FERBHBFECS TSIC R, oy ARG AR, &
# 1878-1975 4F 3% 4F TSI 28 1k ¥ %1 (45 #5 3¢ 45,
2009).
22 DEF &K TSLIEN

g T el T W PR B R A T, AR
WERR ) TSI , 20 tH20 70 AR5 AT T iR 249K
R RZ I LY, B TR 5 $5 3% TSI 15

BT
1978 4 , i #& HF =5 i 4 5 11 (Hickey-Frieden
1367.0 f
!
1366.5
1366.0 |
g
Z 13655
2 136501 S
'l\-(‘\ Scholl et al, 2007
1364.5 K <l \ WS e Foster, 2004
------ Lean, 2000
1364.0 —-—- Solanki et al, 1999
—— Lean, 1995
1363.5E CH . L . L
1900 1920 1940 1960 1980 2000

RO
(£ 2 ] A BH 2E- 3 Y TSI 284K 551 (Scholl et al, 2007)
Fig. 2 Reconstruction of TSI series based on sunspot number
(Schéll et al, 2007)

radiometer) ) NIMBUS 7 TV /2 %& 5 7125 (Hoyt et al,
1992), fidF T TLEF- & TSLIEI T4, IbE , 4%
] R 4k &2 5 Z2 301 T 2 6 TST T e sk Wi, &= 4
TSIAME G RHOSE B 30 A4AF AR5 (18 3).
HAT A TSLEMIIRER DEFA 44 =
M4 T2 A (NIMBUS-7/HF, 1978-1993 4F) , K BHIE
A5 T3 2 (Solar Maximum Mission, SMM/ACRIM
1, 1980-1989 4F) , b 35k & S g 5 TL /2 (Earth Radia-
tion Budget Satellite, ERBS/ERBE, 1984-2005 4F) .,
5 [ [F 58 R AU 3 R <4 T2 (National
Oceanic and Atmospheric Administration, NOAA-9,
1984 4F , NOAA-10, 1986 4F) . & J2 K58 L2
(Upper Atmosphere Research Satellite, UARS/AC-
RIM I , 1991-2001 4F) Bk 25 — A48 6] °F- 5 (Europe-
an Research Coordination Agency, EURECA/SOVA,
1992-1993 4F) | K FH A1 A FH JXUZ #80 #§ (Solar and
Heliospheric Observatory, SOHO/VIRGO, 1996 4 &
£) 3 FET S T R S DR B M A R 91 T A (Ae-
tive Cavity Radiometer Irradiance Monitor Satellite,
ACRIMSAT/ACRIM I, 1999 4F % 4%) K FHAR T 5
S A SZ G T3 & (Solar Radiation and Climate Experi-
ment, SORCE/TIM, 2003 4F % 4~) % (Hoyt et al,
1992; Willson, 1994; #& 5t /R4, 2011), #i it 56 /5 &

1375 T T T T —— 1375
L ; ; 4
- z -
1370 [~ — 1370
L EU.RECA/SOVA . ﬁI'E
a i ﬁ ERBS/ERBE, . 2
= o A L SOHO/VIRGO 2
2 1365 [ 1365
17 L
=
- NO’AA-]O
1360 A 1360
=
un
Bt
: =
1355 ; K
1980 1985 1990 1995 2000 2005 2010
Ay

TE A FBUE BRI R A A TR & B a0 4 5 W SR 7 AR 4559 11 1978 4F LIk i TSI H P-4

185 RO BT FIR AR AR R B R T HGE R

B3 AR TR 5 AR S R T ) TST R 55 oK BH R 14

Fig. 3 TSI data from radiometer on different satellites and sunspots number
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E S 32%:

AT — &) RS G TSI Wi ¥ 51 (Forster et al,
2007), T R B2 A8 42 55 8 ) ik 3)(Variability of Irra-
diance and Gravity Oscillations, VIRGO)(Frohlich et
al, 1997)  F= 3l IR S (U4 B8 % Wl (Active Cavi-
ty Radiometer for Irradiance Monitoring, ACRIM 1II)
(Willson, 2001) . A BH =5 18 & Wl (Total Solar Irra-
diance Monitor, TIM)(Kopp et al, 2005)%5,

AN TR TR 5 i SRR TSTEE T A 58 424
I, HAR Bl Fl R 87 1365~1373 Wem?, & 4 fif
RN R AR5 345 19 TSI BH(Rasmus, 2006)
ANJSARTE]  AEAE R B Sl NI 4 5 R R

T TR IR A BR ) , 5 ZA R TR -5 1Y
e BERE A RE AR AT I R ) 22 1Y TSI AL Bk
SR, X LEAH A TSI MEIAT 55 (19 TR B gk B s
AW 25 XA Rt TAF TEY-6 EirE
PRI G R S, N2 Has AT B S E B
ARSI 2R T B (R 5 R AR, 2011), BRI, 5 XA
[] TRV 15 A0 B8 1A 7 38 SRS , e L 5 2 A

IR K - I, H AT 3224 PMOD(Frohlich, 2006)
ACRIM(Willson et al, 2003) 1 IRMB(Dewitte et al,
2004)3 Fi G B (181 5)

IR 3 TG WO R Z R — o 1Y 25 5, R
FEF AT 5 B A VR (B 1996 4 AT 9 TSI A,

1375

1370

TSI/W-m™

ACRIMI
1365

19%0 1955 19;0 19;5
Ef
VE ORI A fip:/daac.gsfe.nasa.gov/
P 4 AR TP 5 AR BT TSR L%

Fig. 4 Comparison between different satellites-based TSI data
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A

e BB LA 1978-2007 4F ] TSTASALT 1, 25 B ket 1 A6 L & AR ] TST AL
%, 8. HF .2 ACRIM-1.3) ACRIM-II.@ ACRIM-III.(® VIRGO.® DIARAD; 2 (i f1 £k 4%
FR 81 I B ; ] A 7K P2 40 R 1985 AR (K PH G Bh2E 21~22 JEI 31 =22 [)) Air i1 BRL A

TSI/ MA

&1 5 ARl TSI A i (Gray et al, 2010)
Fig. 5 Different composites of total solar irradiance data(Gray et al, 2010)
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A PR HAGHE Ty i IS AR AN [ T AR 22 50K, ¢
1 J& #£ ACRIM [i] lKf (ACRIM-gap) A9 Bt 8] B P4
(Krivova et al, 2009; Nicola et al, 2009), 7% 3% H
R A B vk B AT & WAFAE A D48 (Krivova et
al, 2009; Lockwood et al, 2008; Wenzler et al, 2009;
Willson et al, 2003), A “#F Kk 3 Fh& BT kAT
AR A5 R4 5 SORCE/TIM (144 it R ([&]
6)(Greg et al, 2011),

{HAF—1RAYE , CHE EZ M AR R (NASA) T
2003 4F K 5 B9 R BH R 5 55 A 52 3% T4 SORCE,
HAEHN 2 ERI B L 2 R RS 25 R B 5
25 1l 32 A0 R PR S e S (TIM), A RS2 H i e
RSO TSR o AL g2 it 17— B,
DA {3 — B S B IO S AR A, IR R
A P AR R 22 AU . SORCE T3 A R4 W ) K BH
PLX G2 V5N AT WL 21 445 i K 1] S o
e, LR T R KBRS 5 K S s 2
THE , 2## 5T SORCE Ul i iR 8l TR 26
75 1Y AR (Haigh et al, 2010; Greg et al, 2011; Ineson
et al, 2011; Matthes, 2011). il 4N, 3&F SORCE %k
Wi, P TSR 32 4F Y TSLIC sk A HERf I, T A
BRIFINAE 11 4K B sl R N, KR RE R 281k
i 2 BRARE 0.1°C; )R8 B A BEA Z 4L 25 30 4F 28K
A ) E 2R AR B TR E IR AARSR
AR AL B SR IR R A 520 (Kopp et al, 2011).

3 o FEORBH S e E

IFZEAH , TSI TAE HIFJE T 34 K FH G
Sl R, W LI 2o 2 R PR B B L5 [ 1 TSI
AR AR O, B DA B4 0 A SR TST AR Ak 35 S -
X AR AR LR 2 . R, T 1610 4 LA
Bl A BH TIN5}, 5 A B A PR B Ak
fif PR T 25 K BHTE 201 5 TSTAR LA B, DAL

1364

0.02
o 1363 X
= 1362 0.01 ﬂ\lﬂ
2 1361 0 =
2 1360 @
1359 0012

1358 -0.02
L |

) T TS N S T ST N TS T (N Y S T T S

1985 1990 1995 2000 2005 [201()
Ay
T P AT AR W 22-23 A K BHG 3l i 9 TSTEAR B B, Ik (2
BRI bR 22 o
Pl 6 N[l s v i 52 AR 2 2R
Fig. 6 Results of different composites

2 TSI ARt 2 . T4k, A FH = Bl [
W2 T A RARAT 8 S ik 2 0K BH T 213 Wi 9 TSI
AR E A A

31 BETFEMEAZER TSIER

VE R 550 S 4 5 MR RSO 53 J AE O 1) 7
Y, -5 WA % Z (cosmogenic nuclides) 218 ] A BH
TG gl A SE TSI A 2 e ak Ak, = A A7
SIS 1) R P 5 S 38 AR AR RS I T S
A3 i M2 TR BH & S 0 A 288 B L g AR OR
FHRO) B Ak . PRI, K BHAE 20 g 8 X6 21 38 Hi ek ok
IR T LI TIR T o YK AT S 5 O B
TSI =), K B G 5% ma i K, 805 5
LR FREAE T ARREE R ) RESEHI S , i Hbak i
T2 T e S NI A 5 B
% 2 19 7= 4= (Bond, 1997; Masarick et al, 1999); [
2, A BHIE SR X s O . TSTRAEL) B, 5 B [
RN, AR R, "Be W EE 5 K IR T
BORPHE S E 2 bR ) A WFAH S, 5 aa REUD
AR A5 R (Beer et al, 1990).

T K A TSR R R A “Be
FIMC, A X2EH i izt e 1 st L TSI
B9 75221 (Edouard et al, 1997; Magny, 1993; Rais-
beck et al, 1990; Usoskin et al, 2004), {H A [F] iF 55 25
R —ENES . REEN, FES5HTH
R 2 TSRS 2R (2R 48 R 7K.05F)
JITTE X S0 TSTAR Ak e AN ], DL PR 45 2 A i
S 5 G A FER Z Rl 25 S A . HETHE
HEAY TSI AR AL 3 91 v bt ] 31 ] e 4 79 2 A1) i
L Be I (BT B A 48 119300 a BP) LR
(4 TSTAZARL I F1 (] 7), HASARIR EE 2490 2W - m, H;

1+

T ——

—7000 -6500 —6000 —5500 —5000 —4500 —4000 —-3500 —3000

TSIAR L /W m™

—2500 —=2000 —1500 —1000 -500 0 500 1000 1500

P17 FIHI *Be HE AL 25 9300 4F TSIZE fL 751
(Steinhillber et al, 2009)
Fig. 7 Reconstruction of TSI series for the past 9300 years
based on "Be data(Steinhillber et al, 2009)
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Ay,
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I S H IR 2 0.4 W - m?, T b 52 15 /R )
/N ] (Maunder Minimum, 1645-1715 4F) B} & i
0.5 W m™, {H i 7 15 2] JJj 52 #% {E (Steinhillber et al,
2009). B 1Y TSURE I 5 <042 ¥ i W) & 45
LS RS P S VN N N RS 5 A DA S
W(Little Ice Age))— M EAR IHUIXT LY

—MEIAH, “Beid sk MC Al gEse IR RAE
T MCHRE Z 9 E N CO., S 5K ERIZ RS
FIRRAT IR AR, 7 45 B2 AU R A P dh A7 R 4% 1)
TR Al SRR X TST % 5 7= A R 5 Ik
Hh, KA HC I B 5 R BHTE M A 1 5 A ¢
A, I8 TT REAZ BIERER K I ROR 21K “C
Bk %) 52 i) (Broecker et al, 1992), ;=4 T /5 45 i i
X [l 2 T K2 LR “Be , 78 KA AT A7
B 1~2 a, BN Jry AL I0T i 2l AEATY AT Sz 3 oK BH R
TP HN AR P A8 4k, 2 o g K ) B TST Y B ik
¥ % (Horiuchia et al, 2008). 7 248 HAYE , KBHIG
FIHEZ M “Be SR ME— R, FH AT A i
MG, DL RARIR A ORI R A K
SEAOCH R WA (1285, 2007). 640, Hhwg
Gyal e — @ R b DRl 54, Rt g7 — B
AN RS T S e, BT R A
RN AR, X Fh 2 7E C A F5E TR A
FINA R ETE, I, XA 52 M R 2 A 5Tk
TH BRI DR 3R %) T P02 ) 5= A A Rl s
TSI E SGTe BEARI A ]
3.2 EFisbRER TSIER

FIFH T B AZ 2 (0 "Be) AT bR B
TS TRV ] ROBE )3 25 TSTHE 5% (Steinhillber et al,
2009; Usoskin et al, 2004), ZR1M , Hi Bk 3 )2 Hb 5 {4
i "Be 7| i AR b A7 B 2 N R LA, 3k
TSI B UESE , 4 0T B 3 19 TSLF 51 $5avh A5 i
W, N T ERR b L TSHC SR, 77 2RI
TSR B LIRS o 24007 AR A4S 2y 43T J b A M
MR, A — M R PR AL T B i A

H T b A AR (i H BR) 3R 2 A R AR Y R
I 7K Pl A 8T R AR Rl (48 A S TE 3 RS2 e, K
I 8 S o P A BRI E . A BRR 2R
HRIZIAAb I TGS, 55— TREE N H R A A
e, FEVATKI AL = A FERN SR I
) o A A 5 A SEY B SRR A DG JF TR B
PR, PRI 8 e v O B2 9 AT AR A TST Y 8 i 5k
e BR T Y S 56 2 B, BN 45 TR L R ) 2k B

HERLAR 500 mZEAYELAL , 4 e S i i 25 500 a Y
K A8 Ak {5 B (Huang et al, 2000; Mann et al,
1999). SHIERARIAE, HER L2 Did X 10 ka iy
AAETER B S AU LG 3, 382 ] 58 W] i >k
P PR AR DR, R T 2 KB T
SFTIK S, 3 AR BRI ) 1k TSI
HET AT EE , A OG22 T R i A e F 5% (Hiroko et
al, 2008; Lean, 2000),

Miyahara % (2008 P TSI 1% 5t (Lean, 2000;
Wang et al, 2005)1F hy i ATHA T I EE T, BF
S8 R DR B X TS M, . 25 R R B I0 s~ A
AR RUEE TSTAREAR 5 BB IR B 10 m, Forb i
JEE 72 A W JRE DA b B 35T 14 0.01 KB S 38 BT 1)
0.017 K, I F~E g TST A J S i i e Ao o 7
H BRIRE BT (Miyahara et al, 2008), %57 #2141t
TR AR H BRAEEF rhn] 345 119 7 3 T ) T 4
i , T SETEA /N RN /N A B ) Bl FBT AT
G . B XA SE, A J5 ] i — 2R
FHR— AR e 3] =AY, IR AR ST H AL
BUE UKL /N 0 Bt 2 B A B At P e R X
S IR BE TS A5 M, AT B VA b b R e
TSIHYZSAEAE L

4 #hig HEH

X BRI 2 %5 MR 2% 2% 22 490 P45 A8 A 1 52 e £
ORI TR, 288 BRI S
FEBLR , A BHIE shd s S AR L 2L 1) [ 2R SR 8h
F1o A FPHLEIAIF ST 75 RIS AL 2 i 4 B T —
E R R, AEL i AL R DR BH G 23R 3 S AR 1k
AL R] 8T, TSIy W I 5 o 2 A 9% 1Y T
SR BUA AR TR SE A W REORI I, K
BH G 20 8 9 v TST A A AR BEAR /N, 3 BE A 1<
AL A A5 R A% i 53 v BT e 28] Ay /< fige A
o (FEREEAER) . (EERA M AEE AR
TSI W I ES 4 |, sk LA IBOK BH T 8l B i 51 & i
TSTAS X S A AR T A 9K S AL , i 22 K BH IS 3h
FIUTSTAS Ak A i B DA B oA ok i S sl A AE H3 1
I

Hi A TR -5 4 TSI W TAE S 38T 4
22 /N [R) Bsf ) R B () 43 B 2 1 TSTAZ AR )7 51
SRIMT, A1 TSR RE ST ) AR W 0 A 45 2 % 0L
RIWFEW (15 Fr A5 10 TSR A 1 2 A
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SEVE, W DB B G R4t SR 1 ] S RS A 1
HE— b, PRI, T Ak SRR K B 3 B Ho
517 TSTASAR AL , 35 L AF 0 B 5 v A A
i AR A AT 5 4 TSTSSI B s[RI i8 7  4
A KA EEE A B 2, ARSI R TSI
W T AR BB FE R B W g R DA T R A O
5%,

BEAN ) s R A% 28 b A b AR 8 R
(75 1%, Sk E a2 A B Bt ) TSTASfL 3t
TR R A A R B T ) 22—, A7 F ]
JERZ A AR, (H X271k ) Je B Ry A A R IA
PR FEEFERE E AW LA, SEEEEE KA 8] P41
RS RE R 2 TSR P A A

BfiZ TSI W IR R R, DL R K AR
B 3 25 TSTE & T AEAS W HEDE , AT 3R & 1
TSI AR b G Rk ot #4152, 0RF 4 2F A PR 21
FH 5 R A TSTASfb 52 i b Bk 36 2 2 48 (R 2
X AR AR TE IR B BB AR BHR A A
T2 W NI s 4R A A Ak Y sk, 3
i s SR FBODA B s e, S IR M IR 35 2 2R 4 Y T 4Rk
K.
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Research progress in monitoring and reconstruction of Total Solar Irradiance

CHEN Shiji, ZHOU Limin, ZHENG Xiangmin
(Key Laboratory of Geo-Information Science of the Ministry of Education, East China Normal University,
Shanghai 200241, China)

Abstract: Total Solar Irradiance (TSI) is defined as total energy of electromagnetic radiation of all bands from
the sun to any sphere (including the Earth's surface) in per unit area and per unit time. Change of TSI in solar ac-
tive cycle has been considered as one of important candidate factors impacting global climate change. Monitor-
ing and reconstruction of TSI is the important foundation for the study of the mechanism of how solar activities
drive global climate change. In this article, we first reviewed the history of both ground-based and satel-
lite-based TSI monitoring and the results they produced. Then, we analyzed the research progress on, and the
problems in, using cosmogenic nuclides and celestial information to reconstruct TSI series. Finally, we provided
an outlook of future directions in this field. Existing ground-based and satellite-based TSI monitoring has access
to lots of TSI series of different time-scales and temporal resolution. The TSI monitoring data shows that TSI
changes very little in each solar activity cycle, not enough to cause the earth surface temperature rise observed
and documented in a variety of records. However, solar physics has not yet fully interpreted the physical process
of TSI change, and, with limited TSI monitoring data, it is difficult to find out the mechanism of how solar activi-
ties cause TSI changes and drive the climate change. It is also impossible to accurately determine the variations
of the past or future solar activities and TSI. In addition, due to instrument capacity, service time, monitoring en-
vironment and other objective factors, the TSI data has many uncertainties. Therefore, it is necessary to continue
exploring the mechanism of solar activities and the TSI change, develop higher precision equipment, integrate
different data composite methods, such as ACRIM, PMOD, and IRMB, and adhere to long-term TSI monitoring.
In addition, use of cosmogenic nuclides such as "Be and "“C in reconstructing TSI change caused by solar activi-
ty is also necessary to obtain long-period TSI series. By using cosmogenic nuclides, many historical TSI series
have been reconstructed. Since the index of cosmogenic nuclides is an indirect record of TSI, we need to find
out the records directly driven by TSI change. Explorations to other planets in the near future may provide a
unique opportunity to resolve this issue. Currently, deriving historical TSI from celestial information such as lu-
nar borehole temperatures has proved to be feasible. Furthermore, limitations of these methods should be no-
ticed, and we need to improve the method of TSI reconstruction, so that we can get longer sequences and more
accurate reconstruction of historical TSI. With the accumulation of long-term TSI monitoring data and progress
in long sequence historical TSI reconstruction, we will obtain more and more detailed and reliable TSI series. It's
important to objectively assess the impact of human activities on global climate change, and take effective mea-
sures accordingly to achieve the sustainability of earth surface system.

Key words: solar activity; Total Solar Irradiance; monitoring; reconstruction; research progress



