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KBH S 58 B/ (Total Solar Irradiance, TSI) J&48HE B K H— R ICHALLL, 7ERAKRBHA O N
BROHIERTE L, B @ AT AR R R B RS RE R 2. TSI fEA KT
FE N4 A BR AR BH 43 Y68 BR (Spectral Solar Irradiance, SST) . A FH#E B2 A2 Fr FREUR A9 3=
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Gkt BR BB B9 K FH R S RE AR R I A A (1) HUBRAHRS RPHEE . M <%
PESR A, (2) KM E SRR, 55— B F A LR 5T B2 R
G5 W, RSO RE A E R, FEBURLIN B BLLART, A — B K P A
W EJEAT 30 a AR B2 8] TR WL OB R BT, K FH 48 IECTE B A7 B8 408 X0 I ey i 1) ROBE
LA EAEAL BT KBRS RE EORTE T % 0 KA I Y, & —RFVESTHBERE
KGR, B HR /N2 BIKH P &R T A FE SR R . LAk, BEE LI B
Bregie 2, X 5HEA MR KL P E L E B BF RIS TR KRS, kIR T — BT
EA 700, R AR G b P B B R R A AR A 100 KRR A B AL B AT, TR SR R
B AL, KPR S S S AR B B, 2RRARpRIIAEL, UKL H %
AEHEREZN Y ANE O

5 2 BREA GOKIH B8 BRI, TSI TR BR A& 8, S MO E M s 4o s 2
[ A TR 26 3 BEie TST & MR — 2 RIRFIE, & TSI 7ES 24 XFHE 3 AR/
BB ER S AR/ 56 4 SRR AL IR 26 5 FEIR A 49K BH 48 IR B B A
AR L — N, HESEERNVRETLERIEE. RIF—EXNARRHBITEIT
] 4% HH 2 s iy LA D7 T

2 K RH e HOUL

2.1 TSI WM

—ANZ M LIk, KHfEMERERITASL, DL B PR Ak (8 1 5 ne b BR A5 55 (] B —
HBEIERERUFZA O 12 BAE 1837 4F, IREYHEZZK Claude Pouillet FITEE K ¥ K
John Herschel it 105 BH G S TR FHEAL R, SRS B /K89 He VB SR TSI M{E, fib
IS HI L R A MAER —F. 1884 FERE R CEFRK. MR HIHH K 1 # Samuel Langley
TEMRFBA AN AR B 1L b, @t 72— R R B ZI 0 TSI #8470 2 DATE B Hh BRI e
B, BRIMMEN 2903 W/m? , 1902 F] 1957 4[], FEE RAEYFZS Charles Abbot Al
Hoft—26 NFEA A 45 B K47 i, B ASEL7E 1322 3] 1465 W/m? Z[8], HH Y L8
Z 5 F# TSI ISR — 4 J& 1954 4 Johnson fiR4fE 20 20 50 4R LAY b AT AT (52
ANIX) MERZER, GA4HrERE] TSIEN 1394 W/m? 55— 1971 4F Labs fil Neckel £
£ 20 28 60 AR AT R 2 R 45 RAS RIS 1352 W/m? 191

S TG I 5 TS AN T R S 52 B MU BRI, AR BT BRI A . WIS RS
AR TR I RS YEBOE AR R AR, R] B 7 48 X A7 BEAS HERT R Rl AR BE R AR 1
WAERFAERE; KF N Z BN E E 4, SR ZE R, REMUES A R RS H 4.
] THT 3K S M A5 A B HER — B0 (E, FARTTRERMFSE TSI A8k, B M 1978 4 10 HEH
NIMBUS7 TE#H « Hickey-Frieden ZZfE$85f11” Hickey-Frieden cavity radiometer, HF) & &
F2ELE, TSI gARE] T i JUS L EM AT RSN (—KF 2~4 S TEFB#T) , W
#1614 S ey BRER I B ASERE ST (Electrically Calibrated Radiometer, ECR) ,
B — F SR IR O FH 48 RE A 25 A — A B ROHE B R i e g Al 1)

B 1(a) s TiX 8 TR M R %E. FTLABRE N, B TRRLAR P iy A
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%% BrIR T BT /) G B35 30k
HF NIMBUS7 1978—1993 [16]
ACRIM T SMM 1980—1989 [17]
ERBE ERBS 1984—2005 [18]
ACRIM TI 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 TIT ACRIMSAT 1999— - [22]
TIM SORCE 2003— - (23]
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Wt Z MevEREZE S, DL R TR S RIARR S, BEOT AP EEE LEATE—1
KL L, EEMERK ARMUSSER —B B ENEHERERKRER. Hlm, “KHE
BIAA %R  (Solar Radiation and Climate Experiment, SORCE) T E#mH AT “ K FHEE I W
Mi#s”  (Total Irradiance Monitor, TIM) My FEH{E, 5 NIMBUS7/HF &) F#41{E 2 |
AHZEIE 10 W/m? |, Hofa] B A At S5 I 42 (E 1 22 i A1 29 5 W/m? |
2.2 SSI WM

TST J&HBREE ST R DGR 7, THIBRAT RS, =), HUESEXT TSI MR, A
S R EZUHOR TR SO GI Ais k. lan, W LGRS ZLA MR S AT LA Bt 2 SR T B R M R
REANFIZ; T LI BAR SAEX R ER TR E gkl T B . SAERRFF 00 A
I¥] 0 S A P 6 F 7 S SN B A A 29

AP E (REt) MRS R B KIHAR G E., ARREHRSZE. W, 7 WGHLLM E H
FEAETOERMERRE, M X FRMEIGCRKEZHKE H B X, KSR 8 A
KA R, TSIE—MEEN KA 0.1%, 200~300 nm PY4E AR LA E 5,
150~200 nm NEEIRAAL K 10%~20% , T Ly-a (121.6 nm Bff3r) & H£aE AT 50% ,
SRR R AN B RE AR AL REIR B 100% . I, AR TSI B KER 4 AE 48 e v LB AT
LLHNI B, (HIRASL B R e AN B Y Al 2 BR. X4 AL AT e S X Bk
RGP A EEHRN 2 | Fl4n, Haigh % AT 2004 48 11 A AT 2007 48 11 A KFHEE B
T EWMEIEA Lean ZFHBIARIEIE 27, FEBFSE T K65 BASLT RAA R BRI .
MEHE R, M 2004 3] 2007 FEHRFHIESIKST BB, RFHTEZESME B (2934 400 nm LA
T) Ry%E RIS T, A WICHIZLANE By 4 BRER G N T Lean S8 NRYBLBLZE RN BR B
TN T, SR —2. B A, SSI X Pl F2 TR & B 45 km DU PR
BREWRENDE TR, FE, MR DR, KBRS R EREAE M (Radiative
Forcing) 5 AKFH TGS EARF AR 28,

30 p ————ry
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X TSIRIFIX TR/ 6
S

100 1000

B2 1AKEESEE, EEAERNELAES N BT TSI AAEX STk, HABLFERER, &
KFRBRMAEL, FEBLTREAYIN, 200 nm U FAEAMKE 40 nm, 200~400 nm FHAAKE
24 50 nm, 400~1 000 nm EHAAKEEZ 100 nm, 1 000 nm DA FERERAA K2 500 nm 2%,
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F I, WF5% SSI G FRATEMHE K- AW EERE, DARENX BB SR
R, STHMTERSARNF R AEEZ P, 6T SSIEF - MEREFHE, T
WL SNE S BRI BB R, BB ER R R ER E (Neutral Density) . H T2
B, 2550z 32 A% B R, IR AE A SE TN B AR AL, SEREAE XS TLE HEAT RS
BN, A E MR TR BRAE A AT e SR 29,

TR R W EAK Y B AT, A E 80T B 72 A F 2 B R A A il
AR R AR RE R, BT L SST Ay UL e iof ] A3k Be LR 2 m Wiy, S 0002 R E E K8
HRMRKSEHR (National Oceanic and Atmospheric Administration, NOAA) 7EfB{ITH) “FFi%
N TLE” (Geostationary Operational Environmental Satellites, GOES) LAE R « X &
LRMAR”  (X-Ray Sensors, XRS’s) , XWIRHUE T BAFRPEENT ] A< 19 SST EZEM M. I
J&, SEEFERAARAE 2 5 TR s (S I R P 7E R e e By RS AE, a2 B,

&2 Wil SSI MBERLEE

X % g L BT / &0 RECRMPASIERE /nm
XRS’s GOES(Z ) 1975— - 0.05~0.4, 0.1~0.8
SUM SME 1981—1991 115~302

SBUV/2 POES(£H) 1985 - 252.0~339.8, 160~400
SOLSTICE UARS 19912005 115~425

SUSIM UARS k- 115~410

GOME ERS-2 19952003 240~400

SEM SOHO 1996 - 0.1~50

VIRGO SOHO Gl 402, 500, 862

SXP SNOE 19982003 2~35

XPS TIMED 2001 - 1~34

EGS TIMED k- 25~200
SCIAMACHY ENVISAT 2002— - 240~2 380

XPS SORCE 2003— - 1~27

SOLSTICE A/B SORCE Gl 115~310

SIM SORCE Gl 310~2 400

GOME-2 MetOp-A 2006 - 240~790

SOLSPEC SOLAR/ISS 2009 - 180~3 000

SolACES SOLAR/ISS Gl 16~65, 25~99, 39~151, 115~226
EVE SDO 2010 - 0.1~7, 5~105

2.3 TSI HIWHERAHITIE

AT DR ARG R, 3B — AR R R B o 1R R e e B (B
EHAB—AKRMIESE) . ERETE TSI RERL, TERNMEE, Z0JUKHE
ARSI, 75BN (A R A R AT 5 XU HE, 18 1E l (XA SR O
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KBTS B F A RAIRE, EARES NG EES R —E R ER F—HK
T L, BRI AR TSI BN, XA AR,

HEra AryamBEA 3 fh, wmE 1(b) . (). (d) FiR. % 1 FuZ Frohlich #l Lean
T 1997 RSB, TEARRERR XSRS LARN, R4 « PMOD S EHE" (BFRRET
Physikalisch-Meteorologisches Observatorium Davos, PMOD) , %5 2 fiiJ&7E 1997 4, i1 Willson
kI, T 2003 FFFEH, A “ ACRIM G EIE” (BWEIET Active Cavity Radiometer
for Trradiance Monitoring, ACRIM) , 2§ 3 Fi#k A « IRMB & HEHE” (BRI T Institut
Royale Meteorlogique de Belgique, IRMB) , H Dewitte 2 A7E 2004 4E & 5% 330 | X 3 fr& ik,
B, J& RN R T A R K5 SR B 7 I R i 1

3 P e B BAREE T FIAE R A EEE, (Bl T8 MonEm it i 2 RisEm AR, Bz
HEREER, B KR T84 TX P EE B 1981 4R 2 Hi, 1989 4% 6 H ACRIM
I AHAF] 1991 4E 10 A ACRIM II ¥JHARIFFiEAY « ACRIM [a]lf” (ACRIM-gap) HHR B At [H]
BB, fEdaxtpREE L, PMOD Ml IRMB 4 Ul &2 B2 [0 40X 48 5 E 2% (Space Absolute
Radiometric Reference, SARR) 1431 | {fij ACRIM & A& ACRIM 1T f S % B0,
T R EA 4 3 RGBT T k.

ACRIM & . TEHE HEPI LRI T E VLI 20 B S X S ety |, A&cHE 3 A~ ACRIM
BRI NIMBUST . ERBS WEUHRHATE R, A SR IG T2 5 /N A AT B &t . 78
XROTRE, R AGEEE A — 2 TERRE BRI S (Glitch) SFEMATiRE, X5
RO A BEE . EORRAFEAER: (1) HAST EENEIRHTHER, UUAT
PR A 2 R EE XA FHE, XRESHSHERENSER; (2) F NIMBUS7/HF #
BRAFERES, SFETE « ACRIM (AW~ ARG A LT IR, LG ACRIM I H
ACRIM TT § AR K TG Bt e sty 2

IRMB & . AR SARR , R)5 &R LRREUE S EL IR —RrA TLE
SMMME AT - A5 2], B IRMB & Rext BrA RE AT B & H WRIMMECR A 7 483t 483k, 48T,
BT H PR EE TR BIRES (BR—FAEESEHELT 3 MR, BEAZSIT
Fafily, XA GIESEREFAFEOFE, FrE A gz 1,

PMOD & /. &4 PMOD /NAFEFRAAN B T REEIE S AUERR (B T RAS 7 W 89K
B, B RS, BUE R A —HRAMU SR E R RAR L BRES) , IR &
W TSI LE¥EE, HABBUSHEIEHITEM. PMOD /NHM KR —5% TSI BIpBIAE
RN ERIE X SA S S Ry TSI TEZHR, {H2& 0 A i X S BRI TE Sl 10 a B —HAE
Rireieatt 153,

nfefEgE “ACRIM [H]lr”, JEfEmEuE & Mo IS B mime — MREEZE &, EAA
#iE NIMBUS7/HF $#5tiH7E “ACRIM [H]lr” &4 H T2bmAg A T8, I HE—ER
A4, i Lee III, Chapman % A F e84 B, ACRIM &AM PMOD &2 6 & 8.1
KalJe&: EHH NIMBUS7/HF BJid®&€ik4h “ACRIM [H]l”, ACRIM Hl IRMB & . #
W R AR TR REE, WA % XA, Wi PMOD & RN X & A i IR GG B B % e iy —
WM BET TBIE, 4RENZEARRAR: ERPES L, ACRIM G B/, TSITE
2223 1G B H Z FEH/IME (1996 4F 8 A) HiHL 2122 FZ MEHR/IME (1986 4E 9 A) , &
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0.45 W/m? DL B/ BEII; T PMOD &N BR, LW /MEZ 82 (L #5g 2 1]
PAZHE, I H TR /AMESS . ACRIM AT IRMB AR fg# /ME B B2,

Frohlich % A Xt HF #8413+ 89 WA o8 847 7 7R 04, FF4E HF 29 5 ERBE Y
RO, R 0 EANBOIE HEAT T LA, RUIH L HEX HE BERHITBIE Y. Bk
fii i PMOD & 4% B, XA EIR HF BE XGHEfT TERBIE, X TBEMNTIEESH
TE1) 4 B2 15 5 01 SRR BE 398 I AT A, RBIE T LE A BB JR BRI L SFiR
2 B3 X RRR B PMOD & U5 ERBS 37 (9 00 808 ) P 20k e 0 0 P R AT
M5B BAR A S ARG, JF BAES 21 A AT SR 2, R R 5 18 AR AR X
Bz —u B

PMOD & R 75 e 12, 38 IR K B R ARAT— L TST BE iR AR AR iy 2 5 — 3 534991 |
R, AR EIRRE S PMOD S EEZ R g 2 AR A S A H, Fla Wenzler A
TEALHAXT PMOD & A A TRMEIR V& B, — WA R Al B, dR
REHERRIXFEOL: X2 TSI BB 2R 75— P HHEME, FIRES ACRIM = IRMB & FF
SHEY, mH, WREZH LR PMOD /NMAX T EKE I BIER 6EE, A4
PMOD &M A G, NEER, KBTI BIESE —L8 TST BgHR, M—4 TSI
DEAEEIEZ R HEIFRIVIS, FARBIES R RHERTE. FOVEREBIT R, BRI
A IR ISR 4 A PRAY, AR St ok B2

TSI & EEZ RIR Z 5, AMUEXHYBE P L, W EAEE K2R ERFie
L, BEERZEZE X, FALE 400 a Rl TSLAEY R TES MBI, UL2RRIEEL
SRHEAT I B 2 AT R 7E Ol RT AR ol et B, SR PHAE AL (F B2 48 AR AL) #RR
THRESARESEAWER. HI, RIEXEMT, KRS ZRRIEAEH E
BLREkE B AR, KBHTERIT 30 a SEXT 2 BRAE B A0 TR K AR R AT E 1Y, X EER
T TSI DEGMEIRZ MK ER (RaEs e & E8dn e Efr) . B8, WRKHK 5T
B SE RO 16, BRI A TR R RE R E i PO . I, 13RO 30 a HLATHE
iy TSI & s, BA ety R L.

3 TSI Bt 7c

LR IUA G BB E AT LA B, TST £ B B a9 AE & & 32 11 a K E 3195 3h e e
Hl, BSAERBF, Mg 55550, FHEZH 1366 W/m?, —4> M iS04
H 1.3 W/m?(0.1%) , K52 A I H(E 20 2% 342 W/m2 (2 TSI f#g 1/4)24

FIH PMOD & BRI AR, TLERIHAE S E . B 10.32 a f9KMH
EHEBISN, RIKA 32 d WA EABEESHTEX. CHBFESHELY 27 ) Bk, 3
LA DT s B R TR O AR, TSI 32 d AW LB h B TESEIE, HEh2Rs
HIR VR, TSI FE— KRS S A L L L BB [ TR PR, FDCHE. (%55 M
ARG FE SR AERT; TENE SRR, BB MG (4. X TSI 56 H BT
(SN) . fHBFHE (SA) B3 AT, 3T B FHI 550 (0 5% 7E— K PH 1% 3
Hxt TSI f5tk, aiaE0M%EE 294, W 306,
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— SN

0.2}

o1 60 10 20 0 20 40 60
BhRE/d
K 3 &H TSIMHS5EHEFH SN(EEL) SEHEFEE SAELR) rIA X AR

BABERER TSI M SN (SA) Wi IHIBIRS 3h A KA, SUERERIEHE) 10

HIEIAT I, 24 TSIAHXT SN (SA) BABBIET, HIREON 0.435 (0.146) 5 24 TSIAHXEA]
TR % 29 d(RIFE 3 —29 d) B, AHCRBOREIRK 0.629 (0.533) . HILIA N TSI %5
TRABRTES) 29 d . PAEXFRRAY B IEARE, [Er]LHERE SR HR
PR, BT HAERIFAFRKE BN, BRI R E R S 2.
— AN KRBT AR LA N BUR, 1B FRRAR LR KR URELA A 629

Xt H R RO BT AR AT B /ME A B, B ST SR R T SR B 1 B
RPN, KT TSI AR AR, HERERZ 27d, TSI HEFEM/D. &
B TSI foUE A ¥ 5 SR R mrB 3 LR e, 5 BB FEOM T AU 1 EAHSE, B
NEEBEHBRTEDGHE. ERTENEBPRM, RBRTHWHIAEN T, FFLILTH
Pl HRERTEIINMA, BT —MAFEILRUA. LR A4 TSI MR TIEZH
HEZ S, TaIBT it Hh BEAE RS sh A AR, SR, i T eZ5tanyidml, TSI Baya A
B ek TRYED, EHELBFESHEFEBRfA—R 9.

Xt RTRE PR, H 16 A (1874 4F) LISE, 28 23 KFHTESh A A B iy F IR E
(12.6 a) MER A H T FEFRFEERTIE] (8.7 a) 5 T JE 4 BE 5 U BR 2 BRIR B2 A9 1< S8 (A B EE IR
Z 13839 S 24 FIMUNKPL, KRBT FARENBRRE R, BrLTE 2324 B KM LLE—
AFE B ARAIE SR, B/ NP A PR R TRORAR 17K AETE 2008 47 11 H) , BE&EE
AT R BUAR A BH 155 3l J#] LA SR K BH 7 3 9 S AR B85 55 1900 4R 875 A /NBIAR L BT, 55
b, FERXA/ME, KA IX G R A LART /N 2/3 Ko, KREHAT H BRIZIFIKRE SR (Open
Flux) f R/ F 1967 45 WL LISE # AR, 386 T8 2 IR B & 10

SR, TERFHTE B KVARAKHY 24 FIAR/NME, R FH R S BE LD TST A (R A5t U AT JL A
B/ NABIEARYE 2 4E 2008 47148 RO BE- 5 T — A/ (1996 4F) gAHE A B, 3 4> TSI
BN SR A —2: PMOD fil ACRIM &I B, S/ (2009 4F) 1y
TSIfEH 1996 FFHIZARLY 2 x 107 W/m? ;T IRMB & BB N B/R, SIrti/MiR TST{E
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W 1996 SR B2 5 x 107° W/m? , & 4 Bz B, T 3 4 TSI S MEHRTE 2000 F2 5
BB SRR, X TR T8 BRI A4 B A AT S i 48 .

ERCICIC N e B B S B I S B B B S R B R B B B BN B LB
PMOD & 84

1366 ‘ .
. \WM
: " FM i
E -
= 1364 ]
=

PMOD -188ppm T
IRMB 48ppm

\w/ % ACRIM -224ppm -
NN /1\
e

:~ S ¥ s £t ot e

P AT I 175 4
1996 1998 2000 2002 2004 2006 2008 2010

Ay
B4 3 Fi TSI & U 1 Rl 1 30 JE AR /M 9 fEL A E e
K E#E PMOD &Uff 4 HEUE, FHE 3 Fird mEdRE 81 d TIEMME. HPLgsE PMOD 4R, B4R ACRIM
HH, HAR IRMB AR, 3 MAMM 1996 R/ 2008 /MR TEF:  PMOD #l ACRIM & M4 87
H# 2 x 107* W/m? fFI, i IRMB &84 5 x 1075 W/m? gk (E+ ppm %% 1076) BT,

1362 |-

4 KFHE AR IR

KT KRR RE G R, 8AT RS, 2R E D E TSR EA
1o, MELL ) AN [ AR 2 AR [ B ) B B 0 AN TR 45 R B UE PR A S LR 2 BN
HHRARE, B “KHMBKFEFE” (Solar Maximum Mission, SMM) TLE =4 B WLl
KU TSIWZA G HE LR FREUMERE, AAT . KHBERRAE RS (1 a0 5)
IR RS TSI /N 4 MU B, JUFF A28 B TSI F 28408 7 2+ R FH
WEBEES A7 (100~1 000 s) KAF 21y ZA8 A4 5]

AT LRI BRI 40, TSI ZEREAE I Ay iR R LR ARk iy O . TSI W %cds
P I D BRE S 5 K IS 3 SRR IR BEZY 0.1% i97A84E, u&%rﬂi@] 0.1% HZEH
THERHER T, FEXAAGER RS 7 8 104, BRREN, XFh <= gied, 2R
TRERERIH B e 2Et v DL H T 5 20y, #ldn, 7€ 2003 4F 10 A 31 HE(/EHJLR BN E] TSI
SRITRETZ 4 W/m 2(WE 1), XEWMINEIR KR, HIFEREEE KRBT (BT
LM 15 BT 170) . BIERFHTESICRRIEHE, BTEH BEHEK, XMREIRE
AU IR AEIG K. R, TEREKHAERT, XEFE N KHRE RS OCREM I_J«Ik
) BB N T, MR RS E SR KR EA L B PR EA G EL B
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H BT E, TSTAE LA BhENLA /N i ] RO L g 28 EBER MR, AR S R3AH
FHPARRLHR, AFORBLALN, AR ARG TEJLREUA R EUEE L3246 i i oK
FHRM R SR ESEM; E— K& L, TSI 2 0.1% iFEr 2L E2ZR H /T
WL, DARSEIEEE, B PR EA LR A ER 6474 | Solanki A 91 3 VIRGO
TSI M BIELEAT T 087, BFR T REHAXTR CRRLAL) XHE R LA . MR, X
FHARIRAE 1 h 2 1 d Z AR E ) OB A Bl i 3R T RE S MR [ 5 R s 7R BE AR I ]
JOBE L0 phy Rl 5 2 0 B ) ROJBE L by X4 325 Ul 37 UL 00K B2 IR o) AS BE A
RE. TR R = B ROy Ik R8T 4y 32, FERT 11 a(Bl—AKMHEZH)
i ) R R AR RRER & 1O . KBHYGEERISEARAE 100 ~ 1010 a A{E] RUEE b i 2 2028,
Ay fE R A5 S A B AT B

M TR RS (RT) , BREEE, FRIRGSH SR 45M, R E K FH R 1 #5715 3y
LW, HXMHFRMESMRCEEIRR. HL, Z2OEEXR, ERELSRHREE
BHEBAN B W, HERXSHEEHEETRHET, EImaxss KmE
T YRR I — >Rl “féRE”  (Magnetic Obstruction) , FRENE HN=im/ 4 ShHE 1

BT ABURM RS AR, EEGFHERMNER T EN@ZRE. M H TR -GRS3
TR P RT3 0T 45T TR AL AR L AT LA AR “BIET (Thermal Plugs)
BT B R I LR TR Z R RIS 1. O PH 8 138 1 Y 3 oo o A A5 28
THITE SR, BB 756 B i B AN J2 450 1T B 3t ) RS 20 A% ) BB 8 A e ke (A 2R A%
RXFERT, EMARIERRAN) , mRAKFHT 8, XEF T RHEAR, X4
A H DA B 30 BT R S R B RAG 2. R AL R B AL Bt R S B MG BE AL 7 AR A5
X, JCBERAEM S BTN, LA XDEERBOR M REE S 1T L 45 IR, BBH R A RO 9
B LTS SR A7 R K BH PR L+ 748, T AN AR BRAE K PH R T 1) B 7 BB i 2R, 3 Al 55 30
Wrre: BTHBEAMREN <RH” SURARA. HE, XMERW Fi” DAEERT
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Progress in the Measurement and Study of Solar Irradiance

XU Jing-chen®?, LI Ke-jun'?
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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 *C and '°B 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



