SUBREEB)IC BT 3 KEO&RE

~NYY D e ARVANVT

L5

g‘lull

R vy m - SVBITRRT DR Ik
R AR

The Global Warming Policy Foundation

GWPF Report 33




A Henrik Svensmark, FORCE MAJEURE The Sun’s Role in Climate Change
https://www.thegwpf.org/content/uploads/2019/03/SvensmarkSolar2019-1.pdf
% GWPF 0 25 CTHERL 23 D TH 2,

FEHICONWT

5

1 FC®IC

2 IRffE D th o K

UNACT )

KIGIC X 2 FHR D2
RGBSR D1E T

3 HUERIC 31T 2 KIGIEH) & KD HE
4 KIGiEE) & Ko B o E #21E
5 KGGE) & 5UE D BE X 77 = X L
RGBT IR & SR
oM E 2L & i
FHM. E. L TR

H Bk oo & Rl D 22 4E

6 51D KIGIEH)

T ER

K5 Eh D5 E
KIGEEIFRA 71 = X L
FHMEA =X L
BIGA D =X L

8 diam

9 fifx fHHMREET VI K Z2EHE
23R

EEIZDOINT

~V D) s ARV A7 (1958 fEET ) WYY E T, Tv~v—27DY avta—
ICdH 2 EZFHWYEHT (DTU Space) REAEPELY: - RAWFLAE O AR TH 5,
1987 fFic T v=— 27 IRRYECHL S 2L, Z20&%, A Y 74 A=T RKFEN—=T L —
K ALBREERYIBRASET, = — AR - K= TR cYBE oL R 2 550 72, Bl


https://www.thegwpf.org/content/uploads/2019/03/SvensmarkSolar2019-1.pdf

7E1% DTU Space DK « SUENIIE 7V — 7 2R nTwn b,

HiEE

ARICERR AV I 2FE L NEZT—RA - F v 7272 b - E—F v+t (Lars
Oxfeldt Mortensen), =—/L + ¥ ¥ &7 (Nir Shaviv), Y27 + X Z~</)L7 (Jacob
Svensmark)., X U2 L OEGEE IEHT S,

BE

W 20 FERE T, RURICHTT 2 KIS OEEIC O W T OFRITAE AT, Frio, %<
DORMEERIBITEIC X 0 . KEEI 02 L35t (X 2#k 1 HEH) 2ficbiz > TR
EICHELZRITLTEALILARINT VS, K LAIL NI, PEE 1000 425 o
PR IC KEIEBI SR T H 0. 2 DH /K (FE/8 1300~1850 4) & IEiFh 5 5
W I KR EAMEKETH 572 2 L TH B, EEAREIEIZ, SURIC3 2 KB
DB ERILT e TH D, 11 FORGHAIAZEL THIERS AT LICHRAT 540
F—131.0~15W/mFEE L HBAL T3, ZHIIKEGHBEBEZ I 0 FHEINAEL
DIFIT 1HIRE < KEEBEIAMT S 2 O KFGBFEIC X o TR I TV 5 2 & 2R d
%,

K & SUEDBER FHT 2 720, FICRD 320 REINT WS,

- KBsESMR 0 Z1E

- BRIONT 2 KAELORE

- KB X o TR A8 FHER (BREZEICGERZ S 5. #iERKSUICHEST 2 m T
ANF—RT) D720 TEDEL

EioNb AN R LDRRICE RAESBHBIbNTE /-, BTk, FHBRICL 2
HIROEEOEFT L, KGOFEOKREILZHUHT 22 TRV ERICAZ S, ZoM
it KEGEI et O SIRIC K E B2 KT L CE -2 L2k d 5, ZOHfE
13, SURZ BB 2 BUFE <A v (IPCC) o AKX AL I3MEM<TH 5, IPCC I,
1750~2011 4E O KGRt EH] 1 0 2L %5 0.05 W/ m? L #EE L TH YD, K23 W/m?e B
D ONDMENRATADZEICH AL, ToEHETE2fHL LTS, LAL,
KEAFICKIGHEE A 7 = X LHBFEET 272 613, ZBBURE TN 2 #fEESURRE IS &
BEAHY, ZOMPBAELZLNT WS XV IZE 2 IR & 2RRT 3,

WS 51T, AfRICn s 3 KRG8 o8 12, Ala vy e v RP9RERT 5 L 013550



RE 0, Lo T, THERERPIY TR 2 EHELRENRETH 5,

1. [ZC&®HIZ

K, KA L#EHED %, % LCIeiic i3tk botdaz L2 2 A0 F—DI313
TRTCEMHBE LTS, LaL, Blllsh ko fELLicB L <. KBEo%Elicown
THRBZ L T, ZNICD bbb T, S[UERETIE. KBHEEIOFEII 2K
JRHHARE (TSI /NS RZEBICRO ., [E~DFE AT 2w  nlav ey
PABERI N T WD, TIITRELETNICEIT 2 BUffE-< 2 v (IPCC) 2 1 {EEHED
W EICHARITR TR TWw 3, IPCCIE, 1750~2011 ED KIGIEHIC X 3 &~ D it
s 2% 0.05 W/m? & BEED 3, Zoffiid. #7 2.3 W/m? & HEE X 1L 3 A SRR ER)
FEH2DZAIC X BREEI N, Foz K mHTE 5, !

KU F—+DHMIE, KEEBIA SR IC KT THEICET 2% 2 MBls s 2L Th
%,

FRoa vy R eI RRIC, SERHICREASUR~K & 28 % T L, KBiE
AR OIR & S OREH O SURED 1~2 KBRETH o 72 & & 2R T FAEMEEIL B E 1
Hb, COLIBKERRELZHI LD vy IR EBEETS, KEIEH) & HIERO R
L DRICHEDHEDL BRIV 2ERHZ 2 2R LTS, MEIL, KBE Ao ES
BT AA =X L, L) e TH DL, RBAAERIZ, 11 EoKEGRHEZEL
THHEICHAT 2 TA VX =258 1.0~1.5 W/m*T, ®IGT 3 & KGHEEE (TS o
28 ($02W/m?) X0IIE1IHTRENZ & ThB, KEEHNIZ. TSI LSO & 20D 2
A=A LIT Ko T, TSIZBNCH L CHIEI LTw» 5,

O L ZEE LS 2 ERIZIE»ICD H B, KEEENE TSI Aoy ic b Hn
%, Bz, KRGS DK = =28 b, KGR (8 % S EAL T O i) DX,
HIERARSUC BT 5 FHAEREOZH, EIME (UV) BREZRETH 2, chbidniTi
b [RIGEE) ) o—&<Th b, JMRICO 8L T TARErN RN &/, LV b
J. Bl I R L 2 Sl C & B - R - BIIC X o TR I N A =X 4
BEINTWE I L EARECRT,

RUFR— bk, WIROSURICN T 2 KIGOREICB T 2 T X CoFRRMLEMHET 2 D
DTIER L, KEGEE) & SEDEEICOWCTOBREDH R 2 ICRT Z L2 HIN & &
%o KGRI RITTREZEICO WU R UATIC AR I N TW 52, 3 TIC
BIFRTDD D TH Y, ZDth, KEEHI & [IEZFE S DT 5 A H = X LicDo W CTEHERE
BB - 7z, FMHEEIZ DT, BLOH 2582 S bIcliERE/H/ O 5 X 9 Bk



NI

2. FEDFDKE
PNZRET

KIGICEAT 2 REZE 2 b b N AR O —21F, KESIER ICEBINTH v, Kb
SETHEL VWIRKMRT — A TELERTE WS 2L TH B, KEE#NL, KE5o2EH)0
Rl K57 7 XA~ DOMMIC X o TAEKIN WG IC X VA2 I s, KBoRE Ik
XD S EFEL CTH Y, FREDRERFIAIZK 256 HTH 2 Dicht L, #Tld#) 38 HTH
%, TOEICK> T, BRI TR N Lichb,

% T RRIR 1 D [ S & gk NIRRER > DEE DM Z 2T XY | AR R A ISR G R

B 1 : KEEBIH3E T R R D Ko
KEER R~BOEOWEIR) LYV ERO7 7% 27 (HEOHK) BHZO L), GF#EEHELTWa, H
U S BRI R I BE 3 2 KGN 7 7 v 7 A% 2 2 —7F5. B2 WREBUIHIN & & 2 #H1A
»BH 5,



HU C NASA /=2 — FFHRITR v &2 — BlIEA{L 2 2 o4,

TN DA A2 DIE, WEHSNREZI R 2720, JEH X D IRERK N5 T
Hb, BEICMAT, [77%F27] LMENZHZ WEED H 25, I KEBERIOR
RigE T, FEoNKE v bFricERTHE (K1), BEADOHARNAEEIIHN 11 £
TEENEA L KIS SR T35 0 HE JRHAY 2 i e SCHiR 2> B4R U %o B KGRI © B mig
WxCe—21GEL, 2k TRERSEEIEAH] Lo, 2ok, BFEOEEB /R,
K iE TREEEIRR/NH ] &I iEh 2 KB o IR IC A 2,

L0 ROERE 2 7 — v BHE~T4) <k, KEEENCIIRERAZ8 25 ), 11
FORGAMAETT 2, HlzF, ditts X020 BRI 11 ERHor —2708E L
o 7z—J, M2ind~y v X —f/hMi (1645~1715 ) £+ v/
(1796~1820 4E) ITIHE V2, 1FEAEAbNAD» 572, &2 CTOEBRLEkIIERETIC
L3 BAEBHNICH S, EIZ1610FICHI LA - HV L4 ICkoTHHRO LN, 20
%, LROBHIEIC X o> ThilF bhiz729, 400 FELL okl e > T 3,

15
ol E
2 10 S §
E T E
2 s | | £ |
g 3 =
S E & |
o S | ©
2 2 o
% 2 | | ‘
5 S I it
wn |
WIELRE
|
i
xll \
0 L LJ L] T T T L] T
1600 1700 1800 1900 2000
Hoyt and Schatten Svalgaard and Schatten ——— Usoskin et al.

X 2 : BEfAEieRo 3 2D HEIT,
EEFL . BRoRAa<chsd TBEH] o ich s, Mr0RE20M L CEHET 2 0E R w7z
O, BEICFELAHOTBBHL T2 o7, 11 FEOHEFMA, XY ROVKHRA 7 — v TEFH T hTw
22 LICERI NG, 320DEILD S B 2 0iF, < v v X — RN LR I RSB A3 R IR i 88n L 72
L EIRT,



Hi8t : Hoyt and Schatten (1610~1995 ££) 3, Svalgaard and Schatten (1610~2015 4E) 4,
Usoskin et al. (1749~1995 4F) 5,

bH A A, BUAGLEIC IXBLHBER C BAGHEGE O LI S Bl A T AR E T, &)
DI IRHEEELR D 2, M2 13 ofERY R, BEBEICOWT 3 20ETT
BRERL TS, 9b 20 (Yv 7 eKEodhfi) 1&. 20 HicKicm 72 KGiEs o &
Wi e 5 BT 254 5, 356 LaL32oH (FHaofhi) 13, 18~19 fitdic—&
LTELLEL, D 22000 L T3, ¢ ZOR-BUTRMRE S, BB+ 2 X5
. FERERKFMAOE{ O D . 20 it K T CRBHAEEI ML 72 & v 5 /By
XRS5,

KRG X 2 FHEBROELH

KEGTEENZ, SR FER e SN 2 FHRELH T 5, Tk, 2EWHE, $4b
bRERINCEEZ b OFEHICE T ANV F —DRFTH D, TNb DRI, BHE (B
LWIBEZEC L CAEZRZ 2EHE) OFBREIC L > TET N, =4 F—%2fF
%o FTHMOPKGRICAS & 223, KEGHEAES KRGS IS E W= FHZERTH
NYFRT7 4T @R L TR bR, £ 2 TTHRN RS 0Ww 5 i X - THE
AL, 2R, 2L DRFB~NVART7 4 THE~DRAZYIT 5415,

FHEAEECH T (90%) &7 7 7RT (9%) THKRI A, LIV EOEVKS
G, TALVF—BEETETLRLE (eV) 2056 102° eV £ TT, KO AL F =
BV ER DI D, FHRE EoPETE= 2 —CBMlTE, —RFHMBEALT v
DT ANLF oL ZRETE 2, KA EMICEIETE 2 /T A0 F — 3G
FEITARAE L. HORE ST DB C 0.01 GeV (1 GeV=10° eV), HilgS/RERHT T
15 GeV £ °&{LT 3%,

FHARD RN ARG EMNE, 1950 SELARRIChEFE= 2 —2 MW TIhE o 72, K31
1951~2006 E D IEML L 2= FHGRE LB & | [FE O RRBOLH 287, 7 FHIMR
SREE | B ] & IS YAHBE 3 5, S ALiE, KSR A ZE NSRS 5 ik U 1
£ %, KIGTEEAEFE R & F BRI S 2 BRI IR B 2 2720 TH 5,

L, PHEFE= X —2HHTE UMD THMEH ICOWTHEREFONS, &
IANF —FEHBRPIRAQPORF L HEET 2 L, M EIERKINE, bl

[FEBERERE (axEey ==y ZRMHE) ] LIEEh, <Y ) 7410, KR 14, H
FR36 VDD, FHMET 7 v 7 AP & FHERFMAEOERED L (. Kk



Yigv, LedioT, Z2ORBOEHPOTHMT 7 v 7 RORE D5, HlZIE, NV
Vv 2410 ("Be) IEFHARIC K o THIBRKR LECERK I L5, "Be Rl Idf/Ne =7 1
Vv (R EIFEST 20T 7 7 A X —) &L, LEICEFOMBICIYATNSG,
TNHRT Y —v T v FKRD X IR WGFT~FEiLL, KIKRa 72 \IL, FRob
25 EKBICEENS "Be i 2l5 2 & T, "Be EEEDR IR, O THBE O FHMR
7 7 v 7 AOMEEMEI RO N5,

X 4 i%@iﬁﬁ%ﬂﬁ%?ﬁ“ FHBE 1391 FF Tl > THEIT L. 1951 FLARRIIHERR
BHESRE VT, 8 MICIE 1610 FLARE O RSB D R 3, M 238 7 5 Wi
=N ﬁ%é@b&%ﬁﬁ@ﬁﬂﬁ?&ﬁm%ﬁ%é R LM RENL B S, flzid, v v v
& —t/NH (1645~1715 4F) ICIZBEADIEF D o725, £ DKM (1690~1715
) OFEHR T T v 7 ZFLHRTh TR EVv,

FHBAEKFICAZ i, &K1 TERTE CFHRREZ2EILTCE 5, 20X I 7%
MEERETTIE, Tl E 72 RBEE o [REEEE (Fo ¥ )] L f?(béo IR 3%
RifE] 2 7 — v Tld, WK DR L2 WHIET 2 R E X H 2560 H 5,

KGN RE OEIT

SKIEBHOHIEE (TSI 13, AR 5 HERAS i B4 2 B % 2 WEIC b7 - C
s L BT T D DR T A F T 5 3 7 2T HERHE T B 2 ¥ — D
IFFRTERT, L7zddoT, HBRDOLRIC YL o THER AT XA -2 THD, 1978 4EL
e HOUERIEEE RIS F - C TSI A B X hC\ 3. Lo L. (R 2L L
LxragL AT NI R b W, EEE L IRV A5 5 I ISR o BIEN A
HWIES 3 0B85 2, ° 7= 2 ORMPHMBOHAD 2700, LEAMEREC S

1T R —E L TuZpa, o1



110

G600

100

90

80

Cosmic rays (%)

70

&0

500

=

Sunspot number

Lad
=
=

P
=
=]

100

1950 1960 1970 1980 1990 2000
—— Cosmic rays

2010
Sunspot number

0
2020

X 3 : BHEAR (1951 £~2018 4F) it kT 2 FHBE L B0 E),

HBi - FEiRR 13 McCracken and Beer® 35 X OF Climax €= & —, BEAEIICHETIT X 2

2006 ELUEDOFHMT — & 13, EEX Oulu E= X —DF — 2 ZHAVWTHRE L 7=,

120
r80
110
#,rwy A
I‘" |I
. | ! E=)
: ' '| J“' “rw“'" Jl"" | ”‘ 5
2 90 £ . th| o
m S H E | WY Fan 2
v E 2 ﬁ 40 3
- o £ =
E Q F20 -
70 3 E S
E NM
ﬁn T T T T T T T U
1400 1500 1600 1700 1800 1900 2000

Cosmic rays

X 4 : 19Be i & % 1391 £ O FHMEEI DETT,
R IC I FHBERE R EEICE T LTE 0, T2 233 2 KBRAES 0 B4 28 < oI

722 ERT,

Group sunspot number

HHE - FE#R 1T McCracken and Beer®, 2 miffac#%iE Hoyt et al.>®,

BRL



BHERMEIX, TSI T —21c 11 FFEPZE2 2 RERBH 2085 »ThHh 5, Tl
RIARY 72 TSI ZALOHEE ., O CTidAE~DE b2, fiET7T—xick s L, TSIiZ
KI5 JE A %38 U TR 0.05~0.07%Z &) 3 %, > KA BTk, 2 i3 13656 W/m* oD
KIGEEITHT LT 1 W/ mICHYS 35, HIERDERIATH 2 2 &I X 2 %M FRE L 7
AXFEEESTLE, HIETEDLT202W/m?TH 3,

LYV RVFFER T — ATl HEOKGIES) 7' 0 % &% v, #EBMILIFTO TSI %
BT aEMThbNTE 2, HHE, TSLIZKGO 3MEOMHEK, T4abbHI WY 7 ¥
27, BeEE 2 LT [FEKE (quiet Sun) ] & WETN 2 Z DD fEI D & O REH
Eofditt LTRING, BEO77F 27 L BN SR 2 Ky 3HEETE 2
25, BEKGOBEDES ZHEE T2 ER LW, Z OMSIEEIX—E & IET 2D
BRI TH 5, KPEDEILTIE. KGO RN RS H ) 0Z /M E v, w7 v &
— RN LA, TSI 340 1T W/ mMEinL 722 &2 bh, HETIZ0.18 W/ micHSd 3,
TFRIRICGEE R RITT I/ $& 5, 1218

KL T, DB TSHETTIR, =7 v 2 —H/NALIREIC TSI 2313 2 22 Ic K& <
L7 (04%., 16 W/m?) Z L ZRBT 5, 415 ook, HEEKE DB IRE
ﬁiﬂ?ff'ﬁ EEHICRELLLIZL WIRFBICED L, ZDGE X, FEETEE & O U IR
E%, FHREEZRAT RGBS >TT A —2{LTE, Z DR TSTITK % 722 @J
BELZLVISDTHE, LaL., BEKEGOBINKRELKE (ZET 2 & wHFiic
BRVGEERI AR I T B, 1017 fil 213, 1914~1996 F D K5 D Ca Il K #15 \z‘nﬂﬁ{%

(A7 Fa~VA 7T 0) ZRGT, 20 tHido TSIZEBHEE S Lz, b DERT
X, ZOMBOWAA Y 7 =27 OEENI T /NS, TSIOKE RABH L IZEAE LDy

- f:o 18,19

SRECEIC D7 D RGEEIME T Lkt hud, TSI OXLBEZ X Y B ICHIFITE 2
AIREED B 5
3 HIEKICH T A KEES) & IIEDIEE

% DRI IC LD, BHEULEE WIEHR Ty —ricsnT, Ao Fuxs 57—
2 L RIGIEEBN O ICHE R AMHEEBIR S D 2 Z & IR & T w5, 1970 R, Y av - =57
1. @2 1000 FERBICHh 72 2 K & 2 — o v oo 5fE & Dlic—E DMHBEBER 2 H
3 IR0 2, FlZE, VK (PEE 1300~1850 4F) (X, KB iE#I 2 iR
WEFTE o 2 HIC RO N IEAICH 72, —J5 T PHEREN (/8 1000~1200 4F)

X, KEGIEBEIER TH - 72 RIcEE Y 3 5,



¥ 5a i3, @7 1000 £ O [RBEENIC OV THRIEDE TR R 2R, 1961~1990 £
x5 RO SKmALER % I L T\ 5,

o ILIEHRED 2002 LT S uFx 2

® FT7HR—NEEICHE S ARAIRDOET B

® EF 150 4R o MR B % >

B 5b X, RDOT—ZICH IS FHMRT 7 v 7 ADETHERE TR T,

® fFifho MCHIESE !

® [MHMiDKKEaT BBIUNIY —v IV FOKEKEaT 6 icaEENs VBe B

0.5

Medieval Warm Period

Little Ice Age

Temperature anomaly ("C)

_ "I i T T T T T T
g{}D 1000 1200 1400 1600 1800 2000
—— Moberg multiproxy (and 95% confidence int) Instrumental record

Huang boreholes — Mann and Jones multiproxy

(a) 1961~1990 4E DFEfHIC K 3~ 5 [ D IR 2,



-
(=]

. - g g c
-4 5 o 5 c £ —
S = & = 8 2
= =

. 0.5 2
g 5
z s

£ 8

=]

S 0 g
< S
1 5

@
'DS =]
]
4
T T T T T 1.0
800 1000 1200 1400 1600 1800 2000
—AM(C — A'"Be, (Delaygue and Bard 2011) A0Be, Beer et al. (1994)
(b) SAFERE QR — v 5 KEFTEBEI N 3K B CHR)
5:5#% 1000 FFOKRBE L FHEBR 7 7 v 7 2AOEH),
TEBD 77 7 LMt iz L T 3 sICHBE I Nz,
FHMT T v 7 ARG CREIE G, ARSI,
10 4
—-3.5
5
- -4.0
D ]
< L 45 ©
v =
-10 —-5.0
-15 4 L 55
6:5 }'I.Cl 7I.5 EILD BI.S Eli.ﬂ 9:.5

.i\.“‘C (5130 Thousands of years ago



B 6:KimDTuFy b KBEEO 7 v F L ofic A2 BEE MR,
Fe—vollEOABHICEEND 6 B0 IKHEILKIRT — 4%, TNFEVY A—VEKERMT 5, KBIE
75— 216 MC Icko <,

18l : Neff et al.?”

HoD 2 2506, SdmoZ bl KGEENICER S 2 FHR 7 7 v 7 A2t & Dfic
PHE AR B B C L 3 h B, EER. T CORBGIEBEI/ N SR A I LT
5, FHMDZ 7 713tz KInL Tk 0, FHEHM7Z 7 v 7 AnE0WIE EXmAME L, K
WIRERIEAEL R LI FRRINT WS,

KISTES & SlEOBERSIRNICH SN2 2 L 2 RT—2o0 ik, RSO KT &
—ATF=RICHILKRETTER L TH D (M 5a, KOO, Budiih~w - <
VYIRS 272, AT F—VDOEI TR OEESMICTIL, BEOHMEKIREOHEWRIEE TN
5, B INboT—2ic Xnid, PIEEHO RESERIT 1960~1990 F D FLHE(E & [FIfE
EEd, DT, VK O RR AR I FEHEME X 0 1 KK 5 72,

FHMRT 7 v 7 ZADZAL L SAfk & OFHE MBI, #BE 1000 FF£HZTICRoNT, £
THRBEOREICH Rons, M6 iE, BiEL S 6200~9600 RO I 2 MR &3 5K
DELEkZ R T o
o Fv—voldonfEicEEng BORKOL, Bunrfiike v 2 — VEKEDLR

#aon s REHEETH 5,
® KIEGEEDBIEIR T H B FifREm MC &L ¥
T D2 0DRIOMHBRGRIIEETH 5, A~ — v LHPEDOHRE 2 ORI T N DA%
BT aEIc X B &, TV T DE Y R— vkt o2 % dE U KBS & HHBIR
fRICH B T LDTRINT B 2830,

¥ 72, KEiEEh s A fEic ST E RS ks, 2o—fl2s, hEOHRE> 55
7= 1810 o€ v A — ViEtEkCTH 5, THIX KRGS %3 C Gisk & %1 HHBY
L, 3 = v 2=V 25»o 2k, 372 bb/AVkIICRE - It - oK Efo KBz, B
ROBELFFEIN7Z 572 2 L 2T, RIS, £ v 2— VSR I3 SRR & A
O L 72, BKRO~ VY XCHDO B, KRGS o2 ictE: > TiX2ic ko Thl &
INFELEZLONT WS, 238 I —m v 3Ty BB & /NKIAIE AL 7 2
ERIT L 7z, 3%

b RPEEDOTEFHAIEICET 2 5 —2oDFEH TR EHEIZ. Bond et al.30 iz X 2Hf%¢
THD, ok, Wbwd DKIERHEREY) (ice-rafted debris; IRD) | ICECHk & 7= K5



b ORIHES % ot L 7z, JUAKPRE % 55 2 K A580T 2 & . B 7 L B R -8

WIS LT, WD SR L 7= 3 TR, © 5 LK TRk BRI OB E LCllh
1. KO, DWW THABEOELEIIETE 3, /7 12, % 17 2000 4R oKL
FHR DL & . Sl KRBT 02 H) % 1+ RIS C & 5 FHEAK 1C oZ1L
BRT. CCChMEICHEERMBESAR NS,

L20
10 1
5 r10
£ =
— £
7] i
P -3
-E 0 1 0 a
c o
5 &
8 a
_5 - =1 0
'1 0 T T T T T
-10000 -8000 -6000 -4000 -2000 0 2000

— AMC ——— Driftice

7 LREFHORREE) (FCTTHT 1 J74~7Fa)E 2000 £F),
K% 63~150 pm OEERLTIC @ ZOKILEFEGHEREY (IRD) o#l&, "“Cldfmici o<, Bondetal.®
Xy,

KIGEE) & e DRI B e AHBAB R 23 5 2 & v 9 ERCOAIRIZ, fhDd% < DRI X

STHEMITONTWD, Lo T, Mt (stiulk 1 7EM) i<k 2 KRG
B, SURICER G E Y52 T2 2 LIZIITHEETDH 5,



- 1367.0

5

£ 10

£ 10 -
- L 1366.5 E
2 =
1] —
g §
T 7]
g ol - 1366.0 §
i L)
5] [
w 1]
e ©
[=] (73]
1]

I

==

_'] D_
1920 1940 1960 1980 2000

Rate of sea level change 1o error in rate Solar constant

X 8 : #HKAL & KIGTES).
WINLEE T — 2 HD CUBHIKAL, FLGIERI R 7 — LT id, HKNLOZ LR 1X, BZIR % 8 U ClFiEEhE
BOZERMT 2, L7zdo T, KGEZE L CREASRICRE RENMLEH 2 L@ TE 5, 20
FAERHIE 2 ORI RE ) 2 B cx 5,

fime LTH O &y KGihdh & e & oMBBERIB\E T hTw 30, SERticiR-
72T & TlE R\, Rl 2 RAOK IR (2 AR £z &, HlOM S 27 HBIRE
ROBEP VL EDBZDTH S, Lizhio T, HowWBHER T —ic B\ THEBBER A
TES % LHEMS 2 T Bl S 2 L E 2%,

4 KGE8&EXIEDEENEEL

T ZE T, KEES) & SR IZR G R 7 — o (BEE~ETHE) CmefBErs 5
TemRLlz, LAL, THNETTIE, ZOMRBEDK S ICAEL, EOREDOKE X2
T2 b7v, Fv, 11 FEOKRGREIZ®E U CREFEICRAT 2 4 V¥ — 2 H#EE I 1.
KNGEH O R ZERITE S, TOTANF—TFKITNS ZIREZELE D6 L, B
RIE D, Leddo> T, WIhLEHC X 2 H/KALECEk 1T KIGEE DRtk & 72 5, *

X 8 1. 1920~2000 4 DiFHI KN DZEALE & KIGHETEE D EICEA RT, 2 DDl
WCIIEEE AR H Y . A AF—23 11 FOKEEH & 13 1F R CHEFEICHEAT S C
ERRNET S, BllENEORRIZ. KGR %28 CHEECHAT S 1.5 W/m?



DY — gl icHL T 5,

UTFoMY L7zT =%ty b, ZOMBEEMNTITNG P
o R O W EfE

o I KR O I E i

o fEBRNC X 2K AL 024

INOLDT—ZEy bPERLEDDOHRKI TH S,
I ERBICDY, ThbDT — 25583 K@ s 1.0~15W/m*ETH 5, 20
SR KBS A 5 KGR IRE 0 2L CilATcE 220b L\, L2LKIDE
FY., TSI OZAIZH 0.2 W/ mAic§ ¥, BHllZFHAT 2 1CI3E THAE v», Lo
T IS 2DMIEA 7 =X LB T ARTIIER bR, 3 HIEASHEE &5 2 & Dff
B 708 IR IC R T,

2.5
2.0
& P
E 1.54
E +
on
£
=
S 1.0-
=
o
I
0.5- Magnitude of TSI change over solar cycle
0 4 r . r . '
Ocean heat  Sea surface Sea level Sea level Cloud
content temperature (tide gauges) (satellites) fraction
Al ATsst AhTide Ahsar AFtiouds

9 : KEGEEIFHIC B T 2 E~D = A V¥ — e B O HEEE,
TSI (KBS 1. B & 208 H 0 23T 212131318 1 /& 38 5, Hil 0 AhSat 1%
Howard et al.?°, Z &% Svensmark (1998) %,

X Shaviv (2008) 38 X b k%5,

L7zhio T, KIGIEKGRABIORBA 7 -V TRE 8L T LiiwmTE 5, &



Br. 2 OB ITKIGHIUHIRE 272025 PRI N BEHOK 5~T{ETH 5,

5 KIGEBESUIELZREUDITHAEERDH DA H=X L

kﬁ%k?\fﬁ@%@@jﬁ% = %Eﬁﬁﬂ‘j‘éf:yb‘ h¥ ’CLC%( @%%ﬁ)ﬁf%éﬂfgf:o
TZTIE. 2D bIFICEE AR DERY FIF 3,

EXRGBERE & SR

D BRI IZ, TSI OEZEPLMEL T ZHTE 2138 KZ2 v, L 0nHdHDTH
5, L2LHETHEICRLZX Hic, TSI & iz, KGRI ZE U CTHiBky X 7 LI AT
LT ANFX—%HHT LI/ NETES,

bbAA, LVROKEAT =L Tld, X HICKkE A TSI EZBAFET 2 nlfett iz d
%, v v v X =t 2P mEI ) 02tk E 1 W/m? e L, #F2fRE e 7 v
_NFEREET L. RHREERIEOZIF0IKBREL A3 FTH5, 2 ZoWioE
BROSIREL DR B OHEE AT A —AHlEIC X 2 (M5), 28 ZHidf 1 K oZ{LzRg
L. 70—y v FodimEn (BRed) dXFd 2, 4 —J. TSI 2% 0.4%%H) L
7o EROE TR, HIBRTEEE e T AR P A FE L @A 1 W/ mPe & b SR
3K 07K &%, Lo, H 280 [RGB BEOET] CmltizLoic, Tl
ERE R TSIEHZE 21 W,

KIGREHZECCBlllEh s 1.0~1.5 W/ m*omiil )1 (55 4 8i) CRE2 &, KBiE# %
BRI A A = X LPHE L TN R o w2 L IFHL 2 TH 5,

ENMBORN L [E

KI5 % 38 U 7= 2K IR (TSD oZ &)t 0.1%FRE L /X WA, IR~
FCTIZKRE RHNEEBELC 5 2 L 23d 5,
LUF el % & 5,
o JYEHPH 120~121 nm Tk, Z(LEIZH 40%,
o JHEHPH 250~300 nm Tk, Z(LEIZH 1%,
® JHEHPH 600~700 nm Tix, Z{LEIZH 0.1% %2,

CDEET B EIRT AL F — (ISEE TR , INEAR AL 5, Zhic X ) RATE
BROPZEL, Z OB NFEZE > THIERE T ~Mob d afREE R T hTw 5,



BOL A LRBRIEERE 7 v Lhud, HIFRRE~ D IENR 08T TSI &I X 3528 X v /)
T, M L oG, NREOINE IR TE 2 X5 THob, 1 Lo T, ZDXA
= RXLET TR, KGR 28 CCBE~NRAT 2 T A F =28 1 W/m?ZALd 5 &)
B CGE 48D ZEALIC v,

FHR, B, T LTAK

b ) —DODAREIR A =X LE, KGIC X 2 FHMOET ., TNHEEICKIT T
VCZ’O 5 o 40,50-52
FEIHERO T AN F— IR X 2% MITd (ERTIIMERZ ) 20~30 W/mZ4aHI4
3) 720, EORFENLGZIIHERO = A F -, 0wl RMEICER L EE Y KT
7,

I

1996 4F, HIERRSUC AST S 2 SR FHH RO RE S 2IRE R ORH) L HiRICHBIT 2 2 &
BHERINT, T OBHES, KEGEEOLH) & Ak e ORICER S 2 HB DRI & 72 )
525 2 LRI NI, K101, BEBHIIC X 2 FTHREKEEOMBE 2RI, 11 474
HoOEREHICH ) AN F —IELDZ T 1.1 £ 0.3W/m? L HEE T, B WIEd 2
TSIZE X b 1HRZ W,

FHAR E ZOBEAEET 274 5, HERKRICE T 2 FHERER & ERE RS M
ANZZALBHEFEL TN R bRV, REINTWEEZIRZT v LVOBEICERT
%, =T a Y ORETIE, RAH CHERE» SEEEK I NS, Zhb idREok
ML SRR 0 R L CTRE L, 50~100 nm I2E T % & [EEHER (CCN) | LIFiEn 3,
CCNH A4 X7 VY VIFERHICEETH %5, HEBRAKKCERMEKT 2121k, K&K
LHBHE T A RMAMBETH Y, CCN A ZDERMEIRMT 27-0ThH 3,



30 10
£ 29 08
2 x
= =
Q =
v =
T e
2 Y
e 10§
g u
27
-20
1985 1990 1995 2000 2005

Low cloud cover

Cosmic ray flux

B 10 : KBER L HIRICEZET 2FHR 7 7 v 7 AL OHE Y,
EAOBIERERH 2 720, HEFEICDOL-> TERZMET 203 L v, ZORDT — X% 1994 F£0
MEZZTCTCICHBIEINTHEA, ¥ o7 —Xty McidasMERH Y. REMERIZ D 130F

HTEhweEzong, ¥

B 11 AR o 2R, KEERIAR 28T AR T, HOAIIARINERE <.
fito = v v vHERSEMO EESSE (CCN) 2 RAP~HT 2 & TEL 5, BMEh
7- CCN B ZDWMWM A2 2, EWMEIREZEME¢2 (BEx XVHLCT2) 720, X
% L DREHBFEH~KA TN D, A E X FHRICK 2 DD Tidhw, Z OMiff
. CCN O RZM R ZALBHIEKRD = AN F—IICEETH L L 2R LT 5,

FH D CCN OB E S B LG22 2HHT 21ClE, A N=RLBUETH 5,
12 iz o %2R ¥, £3, RIGEHIRGES 28 KBR ozl e LTing, K
FUIFHAMRT7 7 v 7 AL, TFHMIIRAZEHL CEADA A v 2E LIS, &
o DFfEAT I, KAHOMELSELSH L WhT 7 v Y ARTER S, KENLT 2
DET B, &OEELMELXMAEDO—OPHIL T, SEFERITIC X > TRAPTHAILA
KENb,

2006 4F, FHMBMATT 7Y (1~2nm) OPHAAK (B4R %2{@ET 2 &
DEBINCOR I, B8O 5 LA LT v VYV ORERE D IINT 5 2 L 23 H
Cle o7z, M ZORERIFZIC, Y2t — 7D CERN Tftbi7z CLOUD R FEIC X



o CHERR I Tz,

B 11 : de P EE BB EE

Milky Way
-

Galactic cosmic rays

Reflected
_ Atmospheric

sunligh
Photochemistry ionisation
H0 F + * .
Hggﬂg - . g = - = ._> o .
e _ et » —F> 4 * e — 35 —*
L] [] '. .

|
i 5

1-2nm 20nm 50 nm 15um
Trace gases lon nucleation Growth by CCN Cloud Cloud
condensation, droplets formation

ion condensation

B 12 2 REGRGE) 028 & [UARZE) % 46 0 1F 2 PIBIR A 1 = X 4,
s L, ZOHBIIRDLEBY TH D,
(a) KEEBOEFI. (b) KR, (o) TR,
(d) RAEHEDWD, () MARDID & KEDHL,



() EFEGZ (CCN) DA, (g) FEMoWEP, (h) KEHROE T,
(1) KD KPR & B D IRIEAL,

—BEH, BUhz 7 ey R 3nm) 238 2 g, HEIICERS % (CCN, 50~
100 nm) OBz B LEEZzZObNTW, LaL, &EHtioZ7a /- Izl —v3
VICKX DBUERTREIX, 29 TRV I & ERR Lz, ® =7 a Y oA (1~2nm) 23
RELZEHLTH, CCNEIIIEZ WL IR Z7-0TH S, ZOHKENRGERIZ, =
Tu ARz 5 ERAREERSAE D D THA] AEE D, KENEL o T, /&
BT T a YA CON A4 XIGETRNCKE R TR VA~ AT NIHERRFE 5
=%, LRI NIz,

COBAERERIZ. T 0k, EECHAEI N, 7 £3. A3 VR L R EFO RS
L 72, M 13ald, 772 7 A X —HToIclRE 3, EE50nm 2z 5 CCN %
BELRBIZTERTE R 2R T,

(a)

1.6

=

14 I
1.2 I I

m--—--=--=-—=--—--—-—-—-—-—----- ;> I ---l—--

Particle increase
—

13
1.2 - '"'"_.““‘-—&H“h?,a—”f

1.1
O — ——— = — = - — —— — —m— - — - == == = o

Particle increase

0.9

0.8
0 10 20 30 40 50 60 70

Particle size (nm)

M13: 27 a1 CCN 44 X CTHRET 2880 EERNREE,
(a) EBEEZR L. (b) FEEED D, Svensmark (2012) 57 X b 2&Z%,

ISR PHlch 5, L L, FHMOMEZERT 27205 ¥ v N —NDZE
[EBEEBEHRICX T2 (K 13b). 7 TR X —I, KK EEER AT RE X F
T, B2 KET S, ZOBBRREEETAOMBELEFIEL, 44 Vo EE



By SR b RIF T b 2 LR,

AFdvHBzTr V% CCN YA XECTCHESEL0%T 25HLIEH 5, TlX, £D
KO IERT 2 D0, H 21T T molt, PG & EERO M2 55 2210 78 o 72, R
. TNFCEHINTEX AT o AURKE~DEL, ThbbAAVHAGOERICL S
FEEMHAAD L TH L, RATDA IV IdHIRK V7w, A vz T7e/LDE
WMHEERZRZ DV I 2fv, MFORMEGZIZ2 201K T T 5, EHEEEKW
HETh, 7R Y VREEEOR 5%134 A vick 5, EFECEFTENSE S 25810
BHEDNE 2 IR TR D A A VIR HRRE D 50%i8 % 1H 5 WREES H 5, ZNIEE
EHIER D SURICH R it B g3, %

INDORERIZEM DS b HFEINE, ThiCKET auFEERE] &MFEh 28
R e, 77 RXENMIRE @S L, 1~2 B8 FHE 7 7 v 7 202 % 5] %
T eEnDD, 2HLEEHRE 75— v aj@d] EMEN, FHEELEEQRH
AMGET 2 DICHL T2, BbEOT7 4+ —7 v v aflb &Y, ML 72 3 D DEME
FT—XEeyrtlooZTuyAr—Xty FCEFT L L, EL T v M ICHERIG
EBR o7z, 14 1%, FHAEE R/NE R 2HEZOHLZICD T, KHHEV520D
T7Ax—7 vy al@BP AR LR R L. BBl &0 EFs () 2mn
T, 2 o0 OMNDOERFNZ DI, =71 YL CON ~KET 3 0 I % %
T5720TH5, ThoOfERIZ. KEEE? O FTHMR, =7v /L (CCN), E~E5
O HIER A AP CHEAEL T2 C & RRIBT 5, 20 X 5T, FHMR L EoRME
. KGESICBlE 028 1 W/ m*oisHl ok x X 23 L3,



Aeronet S5M/1 MODIS ISCCP

Angstrom Cloud water Liquid water Low IR
exponent* content cloud fraction cloud fraction
02 ~ 33 5
1.3 793' =
. : o
£ £%0 s X
hi E 3 £ i
3 88 235 == £
1.2 Ko dJ g g
[T} W a ]
< = @ e
o b £ -10
8.5 £ &1
g )
1 1 L 1 Il 1 1 1 1 1 1 1 3-4 1 1 1 1 1 1 1 1 1 1 1 15
M 0 w0 20 3% T30 o 10 20 q0 0 10 20 q0 0 10 20
Days Days Days Days
Extent of Forbush decrease Cloud parameter response
B14: 74 —7y ¥ a@BPORiRicBIFE2ED T X — 2 D%,
1990~2005 FED b 5wy 5 FRICOWTEY L 7= H P02k, ¥
DT —XF, FHMT 7 v 7 ADWIBEOWEOLMIHEI O L ERLTWS,
*H v 7R Pu—Lnf5EE. Kb oz T e Y VREERRTREECTH 5,
HiBk D EREIEE D ZEAL

KI5 & S OB 2 53 2 7o ic, icd w22 0FH B RIBE T2,
ZD—2l%, BEEE L HKROENAIC Lo TEL ZHIROELICBHT 2bDTHL, 20D
BEAEITEWIC L o THEF S, B EZNET 2 KAA4 4 v olFRIFERZEL 5, K
R[A A VIFFEICFHBRICKL o TERINE 2, ZOEXAMKITKEGROZIIC D ISET
%5, BIDOZD, PIZITERMOFRIREICHEST 2 2L iIcX ., ZoWPHITEHT 2
EVIBMBREINT VDS, O 7272, EBHEPEOWHICHE ST 5 T L 2 3FrT 2 BLIHI
T\ < 22® %, Harrison and Ambaum® (%, JE[ED H 5 Hiri CREENMN DL %25~
Z OEMZ T r & RS s XOBEEKR 7 7 v 7 2 L MHEMBE L 72, 7 — 2 A EAHES
I 2 3 DIHENEZ R L, O IE N\ LI EZOWEICHE T 2L & iR L 7,

6 SERDKEGEE
KGEEOZLZ FHIT 5 2 & BBIEDREN 2 A T2, RO KRG OB % T Hl

T3 L IZIERICAMERTH S, fle LT, YEpEfTh7Z o7 11 FRM D% 24 K5
Hicowt, BRBogKE%z RIS % 105 tfo FlllfTbi s, THlldHREFET v £ 72



YRR XA T VICE O & IISIERS A Z R L, FEE 106, 5 20% £31 TH
o577, 8 L LEBICEIE N5 24 RO R KMEITR 82 L /NE hrolz, T DRI,
KGiEE 2 FHIL X 9 & T 3BOBEZHNICRL TW5,

5% 24 RIGFEIA D F PR A ORKMEIL 8212 L & F b | AFEEEER R o KIGHEE) (38
1AL TRIKDKAEIC D 5, HHEYIC, 1950~1995 fFiF, % 6 <% 1000 T d
KEAEBITEFE T o7z THNIFEL RE 2L Tldh v, B FHEAERFEM A WS
N, KEREEIRRESELBE L2 THoTHL, BEERMWIZ, FERO KRGS
RETETET S22 THL, §CI8, KEREEIR~y v X =Moo X 57% [ v
Felz=al 72340 YRUNO X 5 70 2 g ERZ T N~ 2 o T
2roiERrH2 (M2), 77K I==A3B LR, %EHHic 7~9 [fE % 7-1]
Retksmv (BIA XK 7). L7edio T, RGBT, #i7ar 7V F - L=< L~mp-o
T3 Dh, HITEEIHI~A > T2 D2 Raf L, HBROSAE~DEEZZZ 5L
ICIIERDEH 5, BREH L. T KD & 5k Z i SEEOYELR /) = X Lkt
TN,

KIGTEE O TR E 2 TR 2720, L OETARERTOI TS, TSIZH %
INE W ERET VL, FHEIS N2 RS URNS L, BEHTE S, “ TSI 0.25% K T3
5 EAGE L2 T AT, 2100 FFo Pl IE 0.2~0.3 K LMK T L\, 6566 —J5
Wi T 320 F—IGE RIS AR b —20Filllid, SR 1K T L, ¥z
/KIS E 2 WREE 2R . Z OFHREIE TSI 23 0.5%Z b3 % &\ 5 K& 288 % i
&35, 7 (TSIZFNCOWTIRE 2 {2, BEINLE IV - I =~ L0E
iZ. IPCC O AR EN R A AHEH > 7V A L oBfRTH LI LT 5,

7 EBE

KIGEE) & S0 %R B % R T4 RO seic o 1E, KEGE R 5 RZ B I &
S CHETH S Z LTI TH S (G 3H), Frc, et GaE 154 ZFH~
7% K OWFRIE. K6, M7icmd LHic, KBEH L RMEDIHE R —EEZ R LT,
L7zhio T, SHOEERRARGHE L, A 2 Koz ER L. ot
AT 5L ThHD,

BOE D O BTAEOIH R 7 — LRI & 1 5 SUBRZE) IE, R 0 LRGSR I
ERBLE Ty, KR 7 kiid, o oRE IR —E 7 57z, ¢ L7z
5T, THLDOWMR T — L DRIRES) I —BELIR BRI O LB L 72 vl HEME 1K
Vi,



KGHEB OEE

TSI 3% 0.1% L 2t L 2\ 2 & 2 T 2 FET 2 5T 7 v Tl SAEZH) % I3
RGO EIT/NE L EE X UFERDSURZAL D FRII A REIFIRESN R AT A, =7
o, kiliEBhE b, Michael Mann H1C X 3§ @ 2209 73 & #E 7 1000 F 0 K8
LB OREET L - a2 —2 g Vi, KD ERIZLAE, 3 Eo
=Ll HMR G (K5), Lo T, 2o TSHIC X 2 KE@E I I/hIwews /e
BET20IYARTH L, LirL, PHIREH L IOKHOEZ DT 2 0.1~0.2K & F 5%
WMIETCIE. 12 DEEDOXIEETC & B L 7n vy, B3ALT076 il 2\ F 0 RT R — L ic X 55
T II R O SR L 2 B RS 2 iR <H v . FIHAIRE i SUETEE O T b
ROEEEOE VL DD—2TH %, Huang b DIFZEIL, FlGiZ R SREOREAD R
TAR—nickoE, PR KO 1.0~1.5K OREELRD 272 2 & iR R
T (K5), # %7, Mann O5IRMEIC 29 ICIFERREBPEI N TS, 78 St %
WUTHEVRLBIEINS X ic (7). KEREB)D @R & ARG o E ¢ 1.0~
15K OXBE# D 572 3T 51708, LRl DETLARI /NS BB L Y 132 icg L
Ezbhd,

Thid, RIAICIE TSIZH) 23 X b RZ wp, KREH CRIBEN 2 KI5 A 71 = X L h3 v
TWwdh, $72320MGTTHEI LR BT 25, TSIZEHD Y 2V RETDH 5]
0.1%13/h& <, THAIEL T E, TSI ZH) 7210 <l Bl & 7= 5URZS b % 3iH < % 7x
Wy 10 —F70 #04% L 0D 13 ICKE RELE) ERT TSIEILD 9, IEL T hidsfs
ICE o CTHEREKREZ LD, WP H2HM ML LHIC, TORZLLHOMMIT, Hid
KGOS & & DICRKESEN LB wWHIFEZICH D, Lo LEFEETIE,
CHNIFBHNEM T O RETH 5, FEROBUAIC X - T TSI OZBEIH S 21278 5
TR NG,

KIGEB 28 E ORI K E R ER KT L TE 2L, 20 ido KEEE O Hn b &
MEN7zKBERICEELZLEZLZT L, ZNEEREFNTHRVIZTTH 5, K50
20 tfdo SR ERICKRELFHF G Lz b, KUK S TR IF NI b vy, Ziskin
and Shaviv®? |3, BUHISAURICGEAG T 2 X O®IF L. AARFEER GREMRIRA LT H
Y L KGHEG R ED-HMARET AT, 20 I ORhE S 3 BE N B HEE L 72, % O
F. 20 o KEEEH 112 0.8 £ 0.4 W/m?, SREEEEIZ 0.25 £ 0.09 K/(W/m?) & 72 -
2o Thk, IPCC 2MEET % 1750~2011 0 KBGHEEIC X 2 i 3as 7149 0.05 W/m?
&L RMREE 0.9 £ 03K/ (W/m?) LT RETH D, ! L7zdo T, KfGo&kElsk
D RE TN, FERORREN~DEEDEKRE RS, 20X AERIT, [ECHT 2



KD % X 5 ICf4e 3 2 LM% 7R,

1978 E LD B BLAIAR X, #EIIC X 3 TSIHIEIC X > TRERMICEES 0.1% 0%
fEAERICBIIE N CTH Y FIRIA LDy, KEGEEAZE L CBEICHRAT 2 T4 ¥
— %, TSI D 0.1% %125 BAED SNZHD 5~TETH %, ¥ ZHIIRD 2 sixEK S
%,
® HFICMATE AT —0D 5 b KGIEBNCERE T % 5ok, TSIZZ T2 0 BED 5

NBMEX VIZIT THIRZ , 388
® KIGIEEIZMIECTE 2 A N =X LAMRFEL R TIE RS R (GF 4 fi),

INFTIT, WS ODPDMIBA =X LBEZLNT W3,

KIGENRA 1 =X

Z D=2, KGA~7 P A4 (UV) fEig o2 ic ko <, REREBIHA I I
T, BIREA R PrOz A X =2 NAX VB %E b 2 e h3d b, ML %5
BTRERE N X h, BB LIRS 2, ZhIC Xk Y EREEO FHERAZ L, 4
U — DB~ T ATk S, MR IS B RREE B B, P AR A 1 =X 4
(LA EI R B 7L CHGEE S LT 2 23, 40 SHRE~ o8Ik, KIGFEIHIC D 72 2 28k
NG IC B E N B2 ST 2 ICEHTE2 L9 TH S, EHNMAI=XL1Z. V)
2SR X A1,

PERPEBRE T VCHEESI LTV 5 v ) BIR T, KIBHIEZ AT 2 20 iciREI n-H
AMOH TR D KL T 5,

FHEREA N =X 4

b —DODHRER A A = R LI, KIGIC X 2 FHAROEFICH: S HERDEBOLELTH
%, 0921996 4F, MIEBIANC XY, KGN Z2 8 U CHiBRO ER ST RO 2L & [FAZH
THI2%ZALT 5 2 LRI NTz, ZOEFIHK 1 W/ m*OEflhZicHY L, ¥
FENRAT 2 AV F — DB L —83 2 (K9), HEAZRE 2 1d, FHBIC LI K
SOEHES, BUNT T v A DFERL  & CCN ~DRRICEHEE TH h, CCN FEH, O
WTREBEORICLEZ L5 2L TH B, ®CCN DBIREILZD 5 & EDOHIH AL
L. ZOfEH, EOBSFRE L Faoms»2s 2 (¥12),

BUWETIE, FTHM & BB Z LR 2 BEmR - KR - BUEEILS 5 5, 5798 7272
L. 1O EZICBE T 2 B 28HNIE. EAORIEFED7Z0, ERIFEHTE 5Db



FTlER\v, bokd, COMIMELRET S XY IC, KBEH—-FHRc X 2B -7
B YA —E L) AR, BB OBRZ 7 =D 7 4 — 7y & aiid st o Tl
HENTB, 20 BN T o+ — 7y & 2T FHRZENT 11 Fo KGFRTHS
NaEEEFRECT, BERE 2% L E 5, ©

FEORFIAMES AT LCTROBEMEIHEL (. MEERERD—DOTH S, Lizho
T, THIRE ZDE~DFEIZ, ZONWICEHEER L WHEREZINZ 2 WREEREH 5, K
M ffie 7 i, BEEAM/NT 7 0 VLV ORAEKR~RIT TR A ADRA D 2
D5, 90848 B MMM R IF T B, %8

FROBHNCIT TN PERMEL D 225, fFe LTI—ELAGEZRL, Eiftssit
ROEZERIEE L, Tzl U Tak e Ko MRICE ZE LGS 2 L 2R 5, &
Tz, FHRE SRDOBE L W 9 F 2 ITITEERD B3I NTE Y, 8% S Bikam T
Ko Lo LB - BT — 2832 2 1co0., ZOBEZ R LM E > T& 7%,
B2 X, TR e SURDBIEA TS 2 o, Kinihdh & MEAR L b D2 &0, FHIR 7
7y ADED XD BEHS MBI NG 1FFTTH 5, HEAWRFHE R 7 —1 T
3. FTHRT7 7Y 7 ZORELLEFHIKEGR 2 & REEOZ(Lr6EL 5, 29
L72RINA T =V OFHI 7 7 v 7 X L 5feoETiEz s 2 & @2 5 E4ERIC 6 1]
DI, BlERO FHIE B ) FHMR 7 7 v 7 ZADEWRHHICAE U722 L 29REI N5,
093 RIGR I 2 A Y 3 288 & 2, SfRecikic Run7ze 5, 9%

BEAH=A L

HhER DB A EE 2SS IC RIX I8 S . K2 E T 2 & L CieEIhTnd, &
BRARESEE & E0WME (L7228 > TFHBSR) & oMAEERIZ, SUER: O Bk
IR MEI T H 5 235, Z OEEVEZ GG 2 1 38 & A HECTH 5, 019697

8 #ih

W 20 T, KGAHIRO SURICE 72 THENC O T OMRIT R E AT, FF
I, A 1 TERIC BT 5 KIGIEE DK IREE & S IREE D SRE 7 20 13, HRER 72 X5
FUERICHAB SN T WS, 29 LASRIRE (LD ) bid X< AIG N Z DL, FPitiEEIH
(PHJ& 950~1250 4E) & /oK (PEJE 1300~1850 4E) T, *NZF N KIGIEE D &\ REE
EARVIRREICHHIG T 5, MO AIRZE X 1.0~15KEETH 5, ZNITKGIEE I X%
WRERFELRITLCE /2L 2T, ek L IPCC id, 20 thido KiG5l % b
I2005W/m?e BEED V. [URICEETZIC/NITELE LTS, T5&, PR



B &/ NKI D A= 2 BRI CE v & W) BB R 5, Las L. ZOfERIZ. KEZES)
R RKGHHIRED NS RZZ T ICREL TROoNDbDTH S,

KGR LIRICHEST Z AN LFEPICDH B, —2IZKBEBEEIMRIS D21
oK, UL, B0 8 L. KGR Z®E L GERE~NRAT 2 AL F — %3
BT 21T E2 L9 THS, NI L, EE~EET 2 FHRERIC X - TKEIE
BRI NS A= X4, BI N2zl LSS, ZoX =X L3, B
. FEEL BIC X > TR I h w3, 73 —7 vy all@P ity FHiR7 7 v 72 20
aZicky, KEEE 2 S EROZ, =7 u YN, EOEMA~E IO O KB
EBIETE D,

T i, BN I 2 FHEMROFEL, TSIZBL Y LTREWI LD o T
%, FHiRE fEOBEL LT 2 B ORILIT, BETE, & 5 I 3B EE DR R 7
—VCRONZIEER - TH L, ZOWEDOFHEMRT 7 v 7 RIKGROERREDOZ
fbicKid s, KEBEBH L 37 L Tw3d, LadA> T, FHMEEZ2 UMW 7 =
X LMK KR Tl Tl Y . KGR BE S 2 8Ll < iz [URZEIED 2272 D O
SERBALEGZ, LoffmicE s,

SR IRE O RIZAL A & DRI 2 W 152 2 1Rk C©H 5, BEDOHEE L
0.1%% 6. SANETH 5 0.5%F TIEAD D, BERORELHMICL > CTEETH 5,
—77. TSLZB2/NE FE, TSHIZSUREZSIEORR TlxZa v &tk 2, FEko Bl
X > T TSIAE % L Y ICHIFKITZ 205 Lt \n,

BfE, [EREeRIEEEICBEa e, L oMEREboTwE, LosT, A
fEIC BT 2 KGOKRENCE T 2 Eoffimomd b T2 Db REE TRV, LW
R, KRGt 2@ U CRE R E L KIT L C&E 24 b, 20 HHicoRE(LICH 1
UARFERZRITLZETTHY., 2O & LT @LRFICHT 3 A MEEE KD I X4
2, LS LTHE, 2DHEA, BN TWEKBGIEEOMK T I, EEEN X NziE
BLoLich TG L TWB T &b,

2 Th AL, KBEH) L SURE B SO YA H =X LICDOWT, X HICHZET
LREDRD DL, KGOFFEL W BRI A TH 20D X 5 1o THEKRIT RV,
B SRECIR £ 72 1 N 2R D ZEAVIT T 37 2 SUBRIRE 2 D 5 5 2 TIRARD AR IEITE D
Hohbh, [MECHT 2RGOFEOWHTIL. ZonBOMEEKECHED L, DL
mFZEIE. CHPEICEERRANMETSH 2 LZ#E L. O+ R iffseE e % i
5 LTI CTHIREIC 75 b



9 18k : FHEABFEETIVICESHE
AT O 725502 5, TSI OZEB 7213 Tld, 11 4FE I cBI & h 2 il kiR 0 Z8) %
AT 2ICI/NETED 2L 2¥bA 5. FEL < 1F Shaviv (2008) ¥ 2B N,

HERK SR LIS 3510 2 K ERDHEMITRD L BY TH 5,
Sy = 1365 W,/m? (1)

OZANF—ZHIRRASAETFET 2L, XRDOX 5Tk b,
mre So. ) )
S=ﬂum2U—aj=Em4mszﬁﬁ (2)

a =~ 031%. K, E, B, HE2ETHIKROTFET AR Y Ch B, KRGHEH%Z

Z Z T,

> CRIGHUR IR (349 0.1% 2k L. 2hid 1.4 W/ m*IcHYS T 5,
CRATFRRE L TAR RS 5 &, HIRTOZITRD X S itk 3,

o

(3)

pLEi}
Al

o

AS .
AS = =220.7 ~ 0.24 W/m?

TR L iMEDZE (v — 7)) THB. Lizdio T, KEGHMICH: S Lo

RIFIZRD X 515,
(4)

AS4=~0.1 ‘mez

PLEDS, TSI OZHHNC X > TRIGEAZ@E L Tl I n s FY o 2 ¥ — 21l
BEONTz, RICHMARET A B2, 11 EFHO KGR IREAS) 25 5] &k 2 iR E

ZALAT % FiHll5 5,
dAT . ASy
K AT = —— cos(wt
o TK SHCr cos(wt) (5)

T, AT IFEEZ., KIZERE RE~D T3V F—1B8E 2R TH0EE ERER o
W), H 3 ERAEOFEES, Cp REEICET 2 KOHARE. o lI/KOHEETH
% (X15), ZORETIREABHNOKIZHTICEAS L, BERE—DEAT °FE

%o



7 =) TZHAMCTLOABREM . AT = ATw explion2fRAT 5 &, Rz
3.

AT

&AS’_,;! .
= B 17 Cp(w'z | }'{2) 172 Cﬂb{u}t } [9) {6)

B3 KGRI HE 5 KREZBURTRE OB 2 i IuE OIRIEZ &£ 3. A% 0
I, HORFE K 3L V0w L ROBRICH 5,

tanf = w/K )

L7230 T, MHHZEZBITLITHERR K 2 koo b, M0 EBIIRDLEY TH
%

K = lyear1=31-108%s"! ®)
H = 50m
Cp = 42-10° WsK™' /kg

p = 10-10° kg/m*

w = 2x/11.0 years ' = 1.8-107%s™*

Sun

: 2
AS J,

wlr Atmosphere

Mixed layer AT

Deep acean



X 15 : B ORAERE OERX,
AS T, HEICHIBEINIIZALF—T7 Ty 72 ZOBEHETH 3,
Hi3R&EBoEX <, 2Z2Tlk50m &3,

Global ocean temperatures

0.4
02
g OM
'_
<]
0.2
-0.4
Decadal solar irradiance anomalies NE
2 04 =
< 2
:g; 1 0.2 E
= 0 o 3
z £
< 02 3
o e
04 O
1960 1970 1980 1990 S

B 16 : K & £ RBGBEHRE (TS O,

BB 40 EERTIC D 72 2 [IREB O BLH T — £,

KIGES OIRIEA 0.05~0.08 KEETH 2 & LICiEH TNz,
TB - 2KBHUHIEE (TSI O{EITfHE,
i RR BT o2 b, AlliZiEHTo T A ¥ (LR R,
IRIE23%7 0.1 W/ m*Tdh % Z LIciEH I 7>, White etal.® X 0 42,

INSDEEZHRG)ITATE L, IRIBZUTDXHi1Ck 3,

AT, =001 K (9)

K 7 CREINE L OfHZEIR, 3L %300 TH 3,

L2 LEHNC X 3 &, KBRBHICE S BEZ{LoRIEIX 0.05~0.08 K TH 35 (X 16), L
72235 C, B IN/ZKEGY 7 Fvid. KGRETREOZ{LZ 006 PRI N EDK 5
~TECThH s, £ CIRANLEERMIZ, MBEKRBY 7FLrZHIELTHWED», EW1WH T



ETH B,

SE R

1. G Myhre, D Shindell, FM Bréon et al., ‘Anthropogenic and natural radiative forcing,” in
Climate Change2013: The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, T Stocker, D
Qin, GK Plattner etal., (eds). Cambridge University Press, 2013.

2. L] Gray, ] Beer, M Geller et al., ‘Solar influences on climate,” Reviews of Geophysics,
2010,vol. 48.

3. DV Hoyt and KH Schatten, Group sunspot numbers: A new solar activity reconstruction,’
Solar Physics, 1998, vol. 179, pp. 189-219. URL:
https://doi.org/10.1023/A:1005007527816

4. L Svalgaard and KH Schatten, ‘Reconstruction of the sunspot group number: The
backbone method,” Solar Physics, 2016, vol. 291, pp. 2653-2684. URL: https://doi.org/10
.1007/s11207-015-0815-8

5. 1G Usoskin, GA Kovaltsov, M Lockwood et al., ‘A new calibrated sunspot group series
since 1749: Statistics of active day fractions,” Solar Physics, 2016, vol. 291. URL:
https://doi.org/10.1007/s11207-015-0838-1

6. DV Hoyt and KH Schatten,‘Group sunspot numbers: A new solar activity reconstruction,’
Solar Physics, 1998, vol. 181, p. 491. URL: https://doi.org/10.1023/A:1005056326158

7. F Clette, L Svalgaard, JM Vaquero et al., ‘Revisiting the sunspot number. a 400-year
perspective on the solar cycle,” Space Science Reviews, 2014, vol. 186, pp. 35-103.

8. KG McCracken and ] Beer, “The annual cosmic-radiation intensities 1391-2014; the
annual heliospheric magnetic field strengths 1391-1983, and identification of solar
cosmic-ray events in the cosmogenic record 1800-1983,” Solar Physics, 2015, vol. 290,

pp- 3051-3069.

9. C Frohlich, ‘Solar irradiance variability since 1978,” Space Science Reviews, 2006, vol.
125,

pp. 53-65. URL: https://doi.org/10.1007/s11214-006-9046-5

10. RC Willson and AV Mordvinov, ‘Secular total solar irradiance trend during solar cycles
21-23,” Geophysical Research Letters, 2002, vol. 30. URL: https://agupubs.onlinelibrary.wi
ley.com/doi/abs/10.1029/2002GL016038

11. N Scafetta and RC Willson, ‘“ACRIM-gap and TSI trend issue resolved using a surface
magnetic flux TSI proxy model,” Geophysical Research Letters, 2008, vol. 36. URL:



https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008GL036307

12. O Coddington, JL Lean, P Pilewskie et al., ‘A solar irradiance climate data record,’
Bulletin of the American Meteorological Society, 2016, vol. 97, pp. 1265-1282. URL:
https://doi.org/10.1175/BAMS-D-14-00265.1

13. G Kopp, N Krivova, C] Wu et al., “The impact of the revised sunspot record on solar

irradiance reconstructions,” Solar Physics, 2016, vol. 291, pp. 2951-2965.

14. AI Shapiro, W Schmutz, E Rozanov et al., ‘A new approach to the long-term
reconstruction of the solar irradiance leads to large historical solar forcing,” Astronomy &
Astrophysics, 2011, vol. 529, p. A67. URL: https://doi.org/10.1051/0004-6361/201016173
15. T Egorova, W Schmutz, E Rozanov et al., ‘Revised historical solar irradiance forcing,” As
Tronomy & Astrophysics, 2018, vol. 615, p. A85.

16. CJ Schrijver, WC Livingston, TN Woods et al., “The minimal solar activity in 2008-2009
and its implications for long-term climate modeling,” Geophysical Research Letters, 2011,
vol. 38. URL: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2011GL046658
17. PG Judge, GW Lockwood, RR Radick et al., ‘Confronting a solar irradiance
reconstruction with solar and stellar data,” Astronomy &Astrophysics, 2012, vol. 544, p. A88.
18. P Foukal and L Milano, ‘A measurement of the quiet network contribution to solar
irradiance variation,” Geophysical Research Letters, 2001, vol. 28, pp. 883-886. URL:
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2000GL012072

19. P Foukal, ‘A new look at solar irradiance variation,” Solar Physics, 2012, vol. 279, pp.
365-381. URL: https://doi.org/10.1007/s11207-012-0017-6

20. JA Eddy, “The Maunder Minimum,” Science, 1976, vol. 192, pp. 1189-1202.

21. A Moberg, DM Sonechkin, K Holmgren et al., ‘Highly variable northern hemisphere
temperatures reconstructed from low- and high-resolution proxy data,” Nature, 2005,

vol. 433, p. 613. URL: http://dx.doi.org/10.1038/nature03265

22. ME Mann and PD Jones, ‘Global surface temperatures over the past two millennia,’
Geophysical Research Letters, 2003, vol. 30. URL: https://agupubs.onlinelibrary.wil
ey.com/doi/abs/10.1029/2003GL017814

23. SP Huang, HN Pollack, and PY Shen, ‘A late quaternary climate reconstruction based on
borehole heat flux data, borehole temperature data, and the instrumental record,’
Geophysical Research Letters, 2008, vol. 35.

24. CP Morice, J] Kennedy, NA Rayner et al., ‘Quantifying uncertainties in global and
regional temperature change using an ensemble of observational estimates: The
HadCRUT4 data set,” Journal of Geophysical Research: Atmospheres, 2011, vol. 117. URL:
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2011JD017187

25. G Delaygue and E Bard, ‘An Antarctic view of Beryllium-10 and solar activity for the


https://doi.org/10.1175/BAMS-D-14-00265.1

past millennium,” Climate Dynamics, 2011, vol. 36, pp. 2201-2218.

26. ] Beer, ST Baumgartner, B Dittrich-Hannen et al., ‘Solar variability traced by
cosmogenic isotopes,” International Astronomical Union Colloquium, 1994, vol. 143, pp.
291-300.

27. U Neff, SJ Burns, A Mangini et al., ‘Strong coherence between solar variability and the
Monsoonin Oman between 9 and 6 kyr ago,” Nature,2001,vol. 411, pp. 290-293.

28. D Fleitmann, S] Burns, M Mudelsee et al., ‘Holocene forcing of the Indian monsoon
recorded in a stalagmite from southern Oman,” Science, 2003, vol. 300, pp. 1737-1739.
URL: http://science.sciencemag.org/content/300/5626/1737

29.Y Wang, H Cheng, RL Edwards et al., “The Holocene Asian monsoon: Links to

solar changes and North Atlantic climate,” Science, 2005, vol. 308, pp. 854-857. URL:
http://science.sciencemag.org/content/308/5723/854

30. F Duan, Y Wang,CC Shen et al., ‘Evidence for solar cycles in a late Holocene speleothem
record from Dongge Cave, China,” Scientific Reports, 2014, vol. 4, pp. 5159 EP-. URL:
http://dx.doi.org/10.1038/srep05159

31. P Zhang, H Cheng, RL Edwards et al., ‘A test of climate, sun, and culture relationships
from an1810-year Chinese cave record,” Science, 2008, vol. 322, pp. 940-942.

32. DA Hodell, M Brenner, JH Curtis et al., ‘Solar forcing of drought frequency in the Maya
lowlands,” Science, 2001, vol. 292, pp. 1367-1370. URL: http://science.sciencemag.org/c
ontent/292/5520/1367

33. GH Haug, D Gunther, LC Peterson et al., ‘Climate and the collapse of Maya
civilization,” Science, 2003, vol. 299, pp. 1731-1735. URL:
http://science.sciencemag.org/content/299/5613/1731

34. HH Lamb, ‘The early medieval warm epoch and its sequel,” Palaegeography,
Palaeoclimatology, Palaeecology, 1965, vol. 1, pp. 13-37.

35. BM Fagan, The Little Ice Age: HowClimateMadeHistory,1300-1850. Basic Books, 2000.
36. G Bond, B Kromer, ] Beer et al., ‘Persistent solar influence on North Atlantic climate
during the Holocene,” Science, 2001, vol. 294, pp. 2130-2136.

37. F Adolphi, R Muscheler, A Svensson et al., ‘Persistent link between solar activity and
Greenland climate during the last glacial maximum,” Nature Geoscience, 2014, vol. 7, p.
662. URL: http://dx.doi.org/10.1038/nge02225

38. NJ Shaviv, Using the oceans as a calorimeter to quantify the solar radiative forcing,’
Journal of Geophysical Research, 2008, vol. 113.

39. D Howard, NJ Shaviv,and H Svensmark, ‘The solar and Southern Oscillation
components in the satellite altimetry data,” Journal of Geophysical Research (Space

Physics), 2015, vol.120, pp. 3297-3306.



40. H Svensmark, ‘Influence of cosmic rays on Earth’s climate,” Physical Review Letters,
1998, vol. 81, pp. 5027-5030.

41. D Dahl-Jensen, K Mosegaard, N Gundestrup et al., ‘Past temperatures directly from the
Greenland ice sheet,” Science, 1998, vol. 282, p. 268.

42. JL Lean and MT DeLand, ‘How does the sun’s spectrum vary?’ Journal of Climate,
2012, vol. 25, pp. 2555-2560. URL: https://doi.org/10.1175/JCLI-D-11-00571.1

43. JD Haigh, ‘The role of stratospheric ozone in modulating the solar radiative forcing of
climate,” Nature, 1994, vol. 370, p. 544.

44. H Lee and AK Smith, ‘Simulation of the combined effects of solar cycle, quasi-biennial
oscillation, and volcanic forcing on stratospheric ozone changes in recent decades,’

Journal of Geophysical Research (Atmospheres), 2003, vol. 108, p. 4049.

45. JD Haigh, M Blackburn, and R Day, ‘The response of tropospheric circulation to
perturbations in lower-stratospheric temperature,” Journal of Climate, 2005, vol. 18, pp.
3672-3685.

46. D Rind, ] Lean, ] Lerner et al., ‘Exploring the stratospheric/tropospheric response

to solar forcing,” Journal of Geophysical Research: Atmospheres, 2008, vol. 113. URL:
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008JD010114

47. H Svensmark, * Cosmoclimatology : a new theory emerges,” Astronomy and Geophysics,
2007, vol. 48, pp. 010000-1.

48. N Marsh and H Svensmark, ‘Galactic cosmic ray and EINifio-Southern Oscillation trends
in International Satellite Cloud Climatology Project D2 low-cloud properties,” Journal of
Geophysical Research (Atmospheres), 2003, vol. 108, p. 4195.

49. AT Evan, AK Heidinger, and D] Vimont, ‘Arguments against a physical long-term
trend in global ISCCP cloud amounts,” Geophysical Research Letters, 2007, vol. 34. URL:
http://dx.doi.org/10.1029/2006GL028083

50. ER Ney, ‘Cosmic radiation and the weather,” Nature, 1959, vol. 183, p. 451.

51. RE Dickinson, ‘Solar variability and the lower atmosphere.” Bulletin of the American
Meteorological Society, 1975, vol. 56, pp. 1240-1248.

52. H Svensmark and E Friis -Christensen, ‘Variation of cosmic ray flux and global cloud
coverage — a missing link in solar-climate relationships.” Journal of Atmospheric and Solar
Terrestrial Physics, 1997, vol. 59, pp. 1225-1232.

53. N Marsh and H Svensmark, ‘Cosmic rays, clouds, and climate,” Space Science Reviews,
2000, vol. 94, pp. 215-230.

54. H Svensmark, JOP Pedersen, ND Marsh et al., ‘Experimental evidence for the role of
ions in particle nucleation under atmospheric conditions,” Royal Society of London Proceed

ings Series A, 2007, vol. 463, pp. 385-396.



55. ] Kirkby, J Curtius, ] Almeida et al., ‘Role of sulphuric acid, ammonia and galactic cosmic
rays in atmospheric aerosol nucleation,” Nature, 2011, vol. 476, pp. 429-433.

56. ] Pierce and P Adams, ‘Can cosmic rays affect cloud condensation nuclei by altering new
particle formation rates?” Geophysical Research Letters, 2009, vol. 36, p. L09820.

57. H Svensmark, MB Enghoff, and JOP Pedersen, ‘Response of cloud condensation nuclei
to changes in ion-nucleation,” Physics Letters A, 2013, vol. 377, pp. 2343-2347. URL:
http://www.sciencedirect.com/science/article/pii/S0375960113006294

58. H Svensmark, MB Enghoff, NJ Shaviv et al., ‘Increased ionization supports growth of
aerosols into cloud condensation nuclei,” Nature Communications, 2017, vol. 8, p. 2199.
URL: https://doi.org/10.1038/s41467-017-02082-2

59. H Svensmark, T Bondo, and ] Svensmark, ‘Cosmic ray decreases affect atmospheric
aerosols and clouds,” Geophysical ResearchLetters, 2009, vol. 36, p. 15101.

60. ] Svensmark, MB Enghoff, NJ Shaviv et al., “The response of clouds and aerosols to
cosmic ray decreases,” Journal of Geophysical Research: Space Physics, 2016, vol. 121, pp.
8152-8181. URL: http://dx.doi.org/10.1002/2016]JA022689

61. BA Tinsley, G Burns, and L Zhou, ‘The role of the global electric circuit in solar and
Internal forcing of clouds and climate,” AdvancesinSpaceResearch,2007,vol.40,pp.1126—
1139. URL: http://www.sciencedirect.com/science/article/pii/S0273117707001135

62. RG Harrison and MHPA Ambaum, ‘Observed atmospheric electricity effect on clouds,’
Environmental Research Letters, 2009, vol. 4, p. 014003. URL: http://stacks.iop.org/1748
9326/4/i=1/a=014003

63. WD Pesnell, ‘Predictions of solar cycle 24: How are we doing?’ Space Weather, 2016,
vol. 14, pp. 10-21. URL: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2015
SW001304

64. JL Lean and DH Rind, ‘How will Earth’s surface temperature change in future decades?’
Geophysical Research Letters, 2009, vol. 36. URL: https://agupubs.onlinelibrary.wiley.co
m/doi/abs/10.1029/2009GL038932

65. G Feulner and S Rahmstorf, ‘On the effect of a new grand minimum of solar activity

on the future climate on Earth,” Geophysical Research Letters, 2010, vol. 37. URL:
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2010GL042710

66. GA Meehl, JM Arblaster, and DR Marsh, ‘Could a future ‘Grand Solar Minimum’ like
the Maunder Minimum stop global warming?’ Geophysical Research Letters, 2013, vol. 40,
pp- 1789-1793.

67. H Abdussamatov, ‘Grand minimum of the total solar irradiance leads to the little eic
eage,” Journal of Geology & Geosciences, 2013, vol. 113.

68. A Indermthle, TF Stocker, F Joos etal., ‘Holocene carbon-cycle dynamics based on CO2



trapped in ice at Taylor Dome, Antarctica,” Nature, 1999, vol. 398, pp. 121-126.

69. ME Mann,RS Bradley, and MK Hughes, ‘Northern hemisphere temperatures during the
past millennium: Inferences, uncertainties, and limitations,” Geophys. Rev. Lett., 1999,
vol. 26, pp. 759-762.

70. S Huang,H Pollack, and P Shen, ‘Temperature trends over the past five centuries recon
structed from borehole temperatures,” Nature, 2000, vol. 403, p. 756.

71. WS Broecker, ‘Was the Medieval Warm Period global?’ Science, 2001, vol. 291, pp.
1497-1499. URL: http://science.sciencemag.org/content/291/5508/1497

72. W Soon and S Baliunas, ‘Proxy climatic and environmental changes of the past 1000
years,” Climate Research, 2003, vol. 23, pp. 89-110.

73. DW Oppo, Y Rosenthal, and BK Linsley, 2,000-year-long temperature and hydrology
reconstructions from the Indo-Pacific warm pool,” Nature, 2009, vol. 460, p. 1113. URL:
http://dx.doi.org/10.1038/nature08233

74. B Christiansen, ‘Reconstructing the NH mean temperature: Can underestimation of
trends and variability be avoided?’ Journal of Climate, 2011, vol. 24, pp. 674-692. URL:
https://doi.org/10.1175/2010JCLI3646.1

75. B Christiansen and FC Ljungqvist, ‘Reconstruction of the extratropical nh mean
temperature over the last millennium with a method that preserves low-frequency
variability,” Journal of Climate, 2011, vol. 24, pp. 6013-6034. URL: https://doi.org/10.117
5/2011JCLI4145.1

76. S Liuning, M Galka, and F Vahrenholt, ‘Warming and cooling: The Medieval Climate
Anomaly in Africa and Arabia,” Paleoceanography, 2017, vol. 32, pp. 1219-1235. URL:
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2017PA003237

77. S McIntyre and R McKitrick, ‘Corrections to the Mann et. al. (1998) proxy data base and
Northern Hemispheric average temperature series,” Energy & Environment, 2003, vol. 14,
pp- 751-771. URL: https://doi.org/10.1260/095830503322793632

78. H von Storch, E Zorita, JM Jones et al., ‘Reconstructing past climate from noisy data,’
Science, 2004, vol. 306, pp. 679-682. URL: http://science.sciencemag.org/content/306/
5696/679

79. S Mclntyre and R McKitrick, ‘Hockey sticks, principal components, and spurious
significance,” Geophysical Research Letters, 2005, vol. 32. URL: https://agupubs.
onlinelibrary.wiley.com/doi/abs/10.1029/2004G1021750

80. S MclIntyre and R McKitrick, “The M&M critique of the MBH98 Northern Hemisphere
climate index: Update and implications,” Energy & Environment, 2005, vol. 16, pp.
69-100. URL: https://doi.org/10.1260/0958305053516226

81. H von Storch and E Zorita, ‘Comment on ‘hockey sticks, principal components, and



Spurious significance 'by S.McIntyre and R.McKitrick,” Geophysical Research Letters, 2005,
vol. 32. URL: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2005GL022753
82. S Ziskin and N Shaviv, ‘Quantifying the role of solar radiative forcing over the 20th
century,” Advances in Space Research, 2011.

83. B White, ] Lean, DR Cayan et al., ‘Response of global upper ocean temperature to
changing solar irradiance,” Journal of Geophysical Research: Oceans, 1997, vol. 102, pp.
3255-3266. URL: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/96]C03549
84. ] Kazil, ER Lovejoy, MC Barth et al., ‘Aerosol nucleation over oceans and the role of
galactic cosmic rays,” Atmospheric Chemistry and Physics, 2006, vol. 6, pp. 4905-4924.

85. E Snow-Kropla, ] Pierce, D Westervelt et al., ‘Cosmic rays, aerosol formation and cloud
condensation nuclei: sensitivities to model uncertainties,” Atmospheric Chemistry and
Physics, 2011, vol. 11, pp. 4001-4013.

86. JE Kristjansson, CW Stjern, F Stordal et al., ‘Cosmic rays, cloud condensation nuclei and
clouds-a reassessment using MODIS data,” Atmospheric Chemistry & Physics, 2008,vol.8,
pp. 7373-7387.

87. T Sloan and AW Wolfendale, “Testing the proposed causal link between cosmic rays and
cloud cover,” Environmental Research Letters, 2008, vol. 3, p. 044001.

88. ] Calogovic, CA Ibert, F Arnold et al., ‘Sudden cosmic ray decreases: No change of global
cloud cover,” Geophysical Research Letters, 2010, vol. 37, p. 3802.

89. B Laken, D Kniveton, and A Wolfendale, ‘Forbush decreases, solar irradiance
variations, and anomalous cloud changes,” Journal of Geophysical Research, 2011, vol. 116,
p. D09201.

90. NJ Shaviv, Cosmic ray diffusion from the galactic spiral arms, iron meteorites, and a
possible climatic connection,” Physics Review Letters, 2002, vol. 89, p. 051102.

91. NJ Shaviv, “The spiral structure of the Milky Way, cosmic rays, and ice age epochs on
Earth,” New Astronomy, 2003, vol. 8, pp. 39-77.

92. NJ Shaviv and | Veizer, ‘A celestial driver of Phanerozoic climate?” GSA Today, 2003,
pp-4-11.

93. H Svensmark, ‘Evidence of nearby supernovae affecting life on earth,” Monthly

Notices of the Royal Astronomical Society, 2012, vol. 423, pp. 1234-1253. URL:
http://mnras.oxfordjournals.org/content/423/2/1234.abstract

94. H Svensmark, ‘Imprint of Galactic dynamics on Earth’s climate,” Astronomische
Nachrichten, 2006, vol. 327, p. 866.

95. NJ Shaviv, A Prokoph, and | Veizer, ‘Is the solar system’s galactic motion imprinted

in the Phanerozoic climate?’ Scientific Reports, 2014, vol. 4, p. 6150. URL:
http://dx.doi.org/10.1038/srep06150



96. BA Tinsley and RA Heelis, ‘Correlations of atmospheric dynamics with solar activity
evidence for a connection via the solar wind, atmospheric electricity, and cloud
microphysics,” Journal of Geophysical Research: Atmospheres, 1993, vol. 98, pp. 10375-
10384. URL: https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/93JD00627

97. RG Harrison, The global atmospheric electrical circuit and climate,” Surveys in
Geophysics, 2004, vol. 25, pp. 441-484.



