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Global ws (Wm-2) (Trenberth et al., 2009)

Incoming (235) 239 Outgoing

102\ Reflected Solar

107)\ Radiation Solar Longwave
101.9W m™ Radiation f Radiation
341.3Wm? 238.5Wm?

Reflected by

Clouds and .
Atmosphere (165 ’ f 40 xif:ggsvherlc
Emitted by 169
Atmosphere

78 Atmosphere
(67)

(24)17

_ Greenhouse
| Gases

— 350)356 333(324

=) Back

=) Radiation
161 A168) (24) (390) 306 (324)

17 Surf 333
Absorbed by Thermals Evapo- priace
Surface transpiration Radiation Absorbed by

Surface

1

S 4
~255K

~0
4
S, KEGES., r: HIEKRO¥EE, o  HIEKO T L E— | o : Stefan—BoltzmannjEZX

So(l - a)

S’ (1-a) = oT* 4’
40

(1-a)=oT* T={



iR UEREENZREL TOKGEED

KNEGHEHIEDEELZEILTLNEM?

— 11FEFER

— BERA#EKRBER

NGB DOEE CTHRSURDEENZHRATELHMN?
— YO —BINES

— HIEKDNERENIE—SSaEYF-H(4I)L

— KEBHRARIRIL

KRG ERERIZEEZFRERD(TEAN=ZX LITFM?
— BEBEAYUIZLBENEDRIN

— FHREE
KIEBRHFLUNDSIEZEBERDKESIE?

— ANBEEEIZEIREMNRALAR,. T7OVILDOHEH

— WIUME KX

TNt



KBEED., RMETOREN=ILBEOHHERE—FEVOTITRM-BIXXE
BFB&E1E 201244 A 198 (K)188404 FRfE

KRG TFEBEIBLAFEREDHIGEF ODERGEFADISLTEBET. NMEQTEELHICEHETNIBLESELF
XFEIBICRETHIENDMNOTIND A, B RXEELEBEERAEFRALEEDEERAEF—LIZ198,. BFEMVDTIIC
KHERIT, ABLZ(FHSIBAONIBIZRESL . Bt EBA R CNBIZHEY D DHHIEEMRLI-EHRKRLT,

BRDRRIE, 1THEZREINS1BHILWOICRABARBEEHMNMETL, EnbZdi=oLizESnbI O 2 —1E/)
HITHEREEEZON TS, BEE, EAMOBLOOCNEQRPNEVIEEDEETAHELNTHY. BIXXED
EHEABRIITZORENROBEHLEHELE. RO —B/NNAD K574 BHIICA-IzEEZ NS |1 ERRT-,

EROIERREWRESIX,. VD TOE ML EHE CAERBOHIGEEEMICHGE R, FEE108 . LB I1TH%E
FEDOSEBMONIBICEDLYDDOHLENEHERLI-, —H. BiBIXSEIARFATNIEBEDEE T, SARIZEHEmAHNIB(ZA
SRIAHELST=,

W OIS L. KRG EEIDIIEELIE A DERICHEICEELTHY., ISLEEIENEENREICHELTINVS
ATREMEEH D ELND,

2008 2012«




(ERLRXEDEHKIY)

1650~1700F 2 a5
NEDETAFEIZIE?

—1 250
—Ezoo
—E150ﬂ
J
T 100 B
W PRALRARAAI 3o

1600 1650 1700 1750 1800 1850 1900 1950 2000

78 &

N BT LR



TSI [W/m?)

Total Solar Irradiance Database

1375 T T | T T T T T T T T T |
i I 1000 ppm
1370 —
B ACRIM 11l
1365 —
i ACRIM Il o TIM
B -
1360 [— !l! !i l!li -
= P —
- LI . e - l
o . ‘---\ .‘. H —
- = sg » ETI S ¥_ F.Y ." - ' ""
» - -:- - .-l ... - . vane .":-." ". -..':o - L 'f'"' 3 —t
ﬂ,"’.{’ 1 1 | 1 1 1 M - \.Ah'hr = 1 | L L 1 e {-.w 1 1 | L 1 1 2 |
1975 1980 1985 1990 1995 2000 2005

Yeaqr

FRRGEEBRICEDIKREMSH (KIZER) OELERRD11EFH
(R.CahalanlZ& %)

250
200
150
100
50

Averoge Monthly Sunspot Number



. . B DIEE (4. 154F)
Milankovitch Cycles - >

BEDE (105 4F)

HIkDEEESR  R=1.471x108~1.521x108 km
(IPCC, 2007)



2004 F L2007 FE D KGRHFTFARIRILDZE

)]

(Haigh et al., Nature 2010)

n-1)

S

N

2000

oy

€]

o

o
|

1000 —

(=)

SOLSTICE

|
N

Solar Irradiance (W m~=2 pm~-1)

=
=

||||||||||||||

Difference in spectral irradiance at <242 nm (mW m=2 nm-)

Top of Atmosphere
Surface (6, = 60°)

| _— Rayleigh scattering

/

|
400
Wavelength (nm)

300

I T |
500 .

>/ o
f“\‘.

Bl

y T S R R s T
1 1.5 ZFI e YgRitg s <lig 4.5
Wavelength (um)

Figure 1| Difference in solar spectrum between April 2004 and November
2007. The difference (2004-2007) in solar spectral irradiance (W m™>nm ")
derived from SIM data* (in blue), SOLSTICE data® (in red) and from the Lean
model® (in black). Different scales are used for values at wavelengths less and
more than 242 nm (see left and right axes respectively).
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Figure 1. The evolution of (b) cloud water content (SSM/I), (c¢) liquid water cloud fraction (MODIS), and (d) low
IR-detected clouds (ISCCP) 1s here averaged for the 5 strongest Forbush decreases that their data sets have in common
(order numbers 1, 3, 4, 6, and 7 in Table 1) and is compared with (a) the corresponding evolution of fine aerosol particles in
the lower atmosphere (AERONET). In (a) each data pointis the daily mean from about 40 AERONET stations world-wide,
using stations with more than 20 measurements a day. Red curves show % changes in GCR neutron counts at Climax. The
broken horizontal lines denote the mean for the first 15 days before the Forbush minimum, and the hatched zones show
+10 for the data, estimated from the average variance of a large number of randomly chosen periods of 36 days of each of
the four data sets. The effects on clouds and aerosols are not dominated by any single event among the 5 averaged.
Examples of SSM/I data for several individual events are shown in the auxiliary material.

(Svensmark et al., GRL2009)



Table 3. Correlations between GCR and the four cloud parameters, averaged over all 22 Forbush decrease events. The correlations are given
for the whole region between 0° S and 40° S (TOT, leftmost column), as well as for the individual domains shown in Fig. 1. Statistical
p-values are given in parentheses; the first value is based on an assumption of statistical independence between the data points, while the
second value is obtained by a reduction in the number of degrees of freedom due to auto-correlations. An asterisk indicates 95% significance
when disregarding auto-correlation, while bold numbers indicate 90% statistical significance or more when auto-correlation is considered.

TOT AT1 PAl IN1 AT2 PA2 IN2
Cloud amount 0.313 0.486* 0.461* —0.137 0.048 0.297 0.134
(CA) (0.205/0.425) (0.041/0.286) (0.054/0.045) (0.589/0.719) (0.851/0.883) (0.231/0.428) (0.595/0.727)
Cloud effective —0.624* —0.061 —0.027 —-0.204 —0.726* —0.068 —-0.374
radius (CER) (0.006/0.142)  (0.810/0.789) (0.917/0.922) (0.416/0.327) (0.001/0.095) (0.790/0.861) (0.126/0.498)
Cloud optical —0.508* 0.482* —0.139 0.004 —0.544% 0.115 0.293
depth (COD) (0.032/0.245)  (0.043/0.255) (0.581/0.639) (0.988/0.992) (0.020/0.025) (0.650/0.608) (0.238/0.322)
Liquid water —0.380 0.615* —0.463* —0418 —0.449 0.340 —0.264

path (LWP) (0.119/0.329)  (0.007/0.172)  (0.053/0.292) (0.084/0.476) (0.061/0424) (0.168/0.277)  (0.289/0.555)
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Fig. 2. GCR flux (solid curves) and cloud amount, cloud effective radius, cloud optical depth and liquid water path, averaged over all 22

events and the TOT domain (dashed curves). (Kristj tal., ACP2010)
risgjansson et al.,
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Figure 1 Examples of IRIS and IMG
observed and simulated spectra for a
three-month average (April-June) over
selected regions. a, Observed IRIS and
IMG clear sky brightness temperature
spectra for the central Pacific
(10°N-10°S, 130°W-180°W). b, Top,
observed difference spectrum taken
from a; middle, simulated central
Pacific difference spectrum, displaced
by -5 K; bottom, observed difference
spectrum for “near-global’ case
(60°N-60°S), displaced by -10 K. c,
Component of simulated spectrum due
to trace-gas changes only. ‘Brightness
temperature' on the ordinate indicates
equivalent blackbody brightness
temperature.

(Harries et al., Nature 2001)
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