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Does the Sun contributes to Climate Change!

1996 1998

“The result of this review of the foregoing five
periods is, that, from the price of wheat, it seems
probable that some temporary scarcity or defect
of vegetation has generally taken place, when
the sun has been without those appearances
which we surmise to be symptoms of a copious
emission of light and heat.”

— Sir William Herschel, Phil. Trans. Roy. Soc. London, 91, 265 (1801)

Max & Min moments of '"Be and relative prices level in the
1580-1700 year (Maunder Minimum)

Relative Price

1588 1599 1610 1621 1632 1643 1654 1665 1676 1687 1698 1709
Years

Pustilnik & Din (2003)
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Historical sunspot records

Cycle 24 Sunspot Number Prediction (October 2011)
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| 1610 pekte Galileo og Thomas Harriot teleskopet mot Solen for
forste gang.

Galileo skadet synet p.g.a. disse observasjonene.
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What is the Solar Wind?

* A constant stream of particles «blowing» from the solar corona with a typical velocity of 1.5
million km/h (400 km/s).The solar wind reaches the outher part of the solar system and affects all
planets. It pushes on our magnetosphere.
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Effects from the Halloween storms

* More than 20 satellites and spacecrafts were affected ( not
including classified military instruments), Half of NASA satellites
affected. One Japanese satellite lost

« Severe HF Radio blackout — affected commercial airlines

* FAA issued a first-ever alert of excessive radiation exposure for
air travellers

* Power failure in Sweden
« Climbers in Himalaya experienced problems with satellite phones.

« US Coast Guard to temporarily shut down LORAN navigation
system.

* Radiation monitor device on Mars Odyssey knocked out Parts of
the Martian atmosphere escaped into space




Protonevents affects the ozone-content
(ved 0.5 hPa eller ~55 km)

October 27, 2003 This event reduced the ozone content for 8 months (~42 km)
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Source: Charles Jackman & Gordon Labow (NASA) og FMI




Climate Change - Forcing's

BE News Sport Weather Travel Future /Aul

NEWS SCIENCE & ENVIRONMENT |

Home UK Africa Asia Europe Latin America Mid-East US & Canada Business Health SIS

15 January 2013 Last updated at 17:59 GMT Od=a8

Global Average Near-Surface Temperatures 1850-Sep 2011

Climate change: Soot's role
underestimated, says study

By Matt McGrath
N Environment correspondent, BBC News
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Based on Brohan et al.(2006)
1860 1880 1900 1920 1940 1960 1980 2000

Black carbon, or soot, is making a much larger contribution to Related Stori
global warming than previously recognised, according to research. elated Stories

Anthropogenic climate change
Emission of greenhouse gases
Emission of soot / dust (aerosols)
Land Use Change (irrigation, deforestation, urban heat islands)

Natural Climate Variability
Changes in the solar activity
Volcanoes
Internal dynamics in the climate system (El Nino, La Nina, ocean currents, water vapor, clouds)
(The Earths orbit/tilt etc. are related to climate change on longer time)
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Climate change - on a longer time scale

Global average temperature 1850-2007
Based on Brohan et al. 2006

Anomaly (°C) wrt 1961-90

Summit (Greenland) reconstructed
surface temperatures since 8000 BP

Air temperature (deg.C)

] | | T T | | S Begin of
temperature
~ recordings
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CO2 and temperature

Temperature changes, according to GISP2 bore holes on Greenland (Alley 2004) and
changes in atmospheric CO2 levels.

MAAT in Norway
and Denmark 2-3 C
above present values.

North Greenland and
Svalbard 4-5 C
above present values

Summit (Greenland) reconstructed

surface temperatures since 8000 BP _ ‘ W h at Ca u S e d t h e S e te m P e ratu re C h a, nge S ?
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Total Solar Irradiance (TSI)
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Large sunspots decrease TSI Plages/Facular brightening increases TSI



Total Solar Irradiance (TSI)

Plage

Filaments

f

Detached
Prominence

Prominence ———m

Sunspots, plages and bright network contributes to TSI

12



Total Solar Irradiance (TSI)

MECHANISMS OF THE SOLAR
TOTAL IRRADIANCE CYCLE

Facular Brightening

Sunspot Darkenihg




Total Solar Irradiance (TSI)
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Total Solar Irradiance (TSI)

Days (Epoch Jan 0, 1980)
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d) IRMB Composite
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Upper Panel The daily averaged values of TSI from radiometers on different space platforms since November 1978: HF on Nimbus7, ACRIM I, ERBE,
ACRIM II, VIRGO, ACRIM Ill, and TIM on SORCE. The data are plotted as published by the corresponding instrument teams.

Lower Panels The PMOD, ACRIM and IRMB composite TSI - where different groups get slightly different results The daily values plotted in different colors
to indicate the data sources used in the composite.

SOURCE: PMOD. (ACRIM is the Active Cavity Radiometer Irradiance Monitor, ERBE is the Earth Radiation Budget Experiment, VIRGO is the Variability of
solar Irradiance and Gravity Oscillations).
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Reconstructing solar irradiance

Different methods and proxies are used (sunspot numbers, solar cycle length, Ca Il images,
other stars and geomagnetic indexes).

lar uradiang

total

104 Ca K image

Source: National Sclar Observatory (JA Harvey) HAO A-0Q04

|6



Reconstructing solar irradiance

Different methods and proxies are used (sunspot numbers, solar cycle length, Ca Il images,
other stars and geomagnetic indexes).

TSI variation between 0.1 (0.0) - 0,6% since 1750 (0.2% often used in climate models)

Historical TSI Reconstructions

10A Ca K image Magnetogram
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Source: National Sclar Observatory (J. Harvey) HAO A-004 IPCC ARS

Wang et al (2005)

Lean (2000)

Greg Kopp



Solar irradiance - Sea Surface Temperatures
Global mean SST (Reid; 1999)

INDIAN OCEAN

The relatively small amplitude of TSI (0.2 W m-2)

is too small to explain the observed SST response
of about 0.1 C.

Thus, there must be some amplification
mechanisms.

s

s 1996 2006

DECADAL SOLAR IRRADMANCE ANOMALIES (Wm™)




Solar effects on the Earth’s climate

TOP-DOWN EFFECT

Ultraviolet radiation from the s n
is absorbed by the stratosphere an
warms it. Thlshelpsgenerm
stratospheric winds, which
weather below. For exam g
wlndsboosttln]ctstnam. N
minimum, the stratosphere re
less UV and winds are e
the jet stream slows ¢

makes weather syste
around for longer and ca

to extreme weather event

Visible light filters throu
atmosphere and warms
oceans. Warming is g
the tropics, where itinc
evaporation, fuelling rai
the intertropical converg
abelt of thunderstorms that circ
the Earth. During a solar maximun
more solar energy means more
evaporation and rainfall, though
the effectis weak

d COSMICRAYS .

Solar winds deflect ionising cosmic rays
away from Earth. Studies suggest that
ionised particles cluster on clouds, creating
layers of electric charge. These may make it
easier for large water droplets to form, generating
rain and shortening the cloud’s lifespan. Solar winds
are stronger during solar maxima and weaker during £
solar minima, deflecting more or fewer cosmic rays, respectively

©NewScientist
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Solar climate mechanisms

Inferred from solar source magnetic field, AT‘

Observed, ATO

* Long term variations in total solar irradiance (TSI)

Global temperature change AT (°C)

lag,dt = 2 years; r = 0.9293

1880 1900 1920 1940 1960 1980
Year

* Long term variations in UV/EUV irradiance - will lead to changes in
chemistry (ozone), temperature and dynamics.

,"‘\o The Sun Approaching Solar Maximum

Ca Solar and Heliospheric Observatory, Extreme ultraviolet Imaging Telescope

Early 1997 Mid 1998 Late 1999

e Long term variations in solar wind/magnetic field
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Total Solar Spectral Irradiance (TSI)

e The Suns spectral irradiance back to 1700 (Fligge and Solar Irradiance: 0.12-0.4zm
Solanki, GRL, 2000) UltraMialet | iaht

- TSI 0.2%

- UV <300nm 3.0%

— NUV <300-400 nm 1.3%

— Visible 400-700 nm  0.32% < Solar Irradiance
— Infrared >700 nm 0.15% T [Visible Light)

e Since the UV radiation from the Sun controls the amount of
ozone scientists claim that variations in the UV will
contribute to climate change (e.g. Haigh 1996)

Solar Irradiance: 1—"100um
(Infra-Red Light]

1996

Also here we find more recent conflicting results (Foukal et al 2009, Ermolli et al. 2009.....)

pA



The solar EUV Sun - from min to max

1996 2006




Variations in the UV and climate change
_ _Wi'nte'r N'A'inQex'up'dated to vyint'er2_OO'8/2'OO€') |

* The North Atlantic Oscillation is
assumed to be affected by natural
variations (e.g. solar activity).

* NAO-index is important for the
climate in Europe

.
| II [

E II|II|' LM |l|\ waifll)’d

NAOQO index (dimensionless)

1850

* NAO can be reconstructed back to
658 from pressure, temperatures
and precipitation.

* Climate models suggest that low
solar activity between [400-1700 ogtirgs
altered the atmospheric circulation. fosromy

* A"weaker” Sun reduced the VE
westerly winds and cooled Europa. |

22

Shindell et al. Science, v294,2149,2001
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Very deep Solar Minimum 2008-2010

* Total Solar Irradiance - lowest on record (1979)
* UV irradiance 6% lower than the two previous minima

* Solar cycle length > |3 year (longest since 1790)

* Solar wind/magnetic field lowest in 50 years 10 | Galactic cosmic rays (Oulu neutron monitor)
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Dim Sun causes cold winters in Europa!

Lockwood et al. 2010 Shindell et al. Science, v294, 2149, 200

jet stream eddy refraction and/or

polar vortex changes heated equatorial

stratosphere

cold north- They identified a link between fewer sunspots
easterlies and atmospheric conditions that "block" warm,
\« ‘ westerly winds reaching Europe during winter

Icebergs
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® 2007 Thomson Higher Education



Cold winters - natural variability

nature
geo SClence PUBLISHED ONLINE: 9 OCTOBER 2011 | DOLL15;I3-8-/I;GEEO3852

Less cold stratosphere
e

Solar forcing of winter climate variability in the
Northern Hemisphere

Sarah Ineson'*, Adam A. Scaife!, Jeff R. Knight'!, James C. Manners', Nick J. Dunstone’,
Lesley J. Gray? and Joanna D. Haigh?

The average of recent winters (2008/9, 2009/10 and 2010/11) shows
cold conditions over northern Europe and the United States and mild
conditions over Canada and the Mediterranean associated with
anomalously low and even record low values of the NAO.

/ WHOI

On decadal timescales the increase in the NAO from the 1960s to
1990s...may also be partly explained by the upwards trend in solar
activity evident in the open solar-flux record....

) FHEIDE & J. COOK
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Cosmic rays and climate - is there a link?

Cloud Effects On Earth's Radiation

Incoming solar
shortwave
radiation

o
o

Reflected
solar
radiation

N
w
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solar
shortwave
radiation

Outgoing
longwave

Reflected radiation

solar
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Earth's surface

e GCR seeds low clouds (Svensmark + + +)

e The GCR affects the electrical conductivity of the atmosphere through ion
Solar Wind Termination Shock production (TinSIGy +++)

Interstellar Heliopause
Wind .

Cosmic Rays

Bow Shock

Cosmic Ray
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CGR - if they affect clouds

More active Sun than 100 years back:
® Less CGR today than before

® Less low clouds than before

e A warmer climate!
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Cloud observations/modelling

e Many studies support AND disputing solar GCR cloud correlations (e.g. Usoskin 2006; Svensmark
et al. 2009; Sloan & Wolfendale 2008; Erlykin et al. 2009; Harrison 2008, Svensmark et al.2017....)

e Some modelling studies support this mechanism - others dispute it (Yu et al. ACP 2008, KAzil et al.
APC2006, Pierce & Adams GRL 2009.....).
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Usoskin et al, GRL 2006

Longitude




Natures own experiment
Are there short term effects from GCR!?

® Svensmark et al. GRL, 36 (2009) studied the effects on low clouds and aerosols
during several strong Forbush events. Found that both water content and amount of
low clouds to vary (4%) ca 7 days after the reduction in GCR. The amount of
aerosols also changed significantly (7%).

® Supported by: Dragic et al, Astrophys. Space Sci.Trans. 7,201 | and Rohs et al, JGR
15,2010

® Little or no effects: Kristjansson et al. 2008, Sloan & Wolfendale (2008), Kulmala et al.
2010, Calogovic el at GLR 37 (2010), Laken et al. GRL, 36, 2009

Aerosols Clouds

Liquid water  Liquid cloud fraction = Low Clouds

; - __ AERONET - MODIS . ISCCP

340-400nm

Liquid Water CF
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GCR - historical climate effects

1000 1200 1400 1600 1800
ot

| a) Northern hemisphere temperature

Medieval Warm Little Ice Age

e
~

Siberian climate: Eichler et al GRL 36 (2009)
Ice rafted debris: Bond et al. Science 294 (2001)

Indian ocean monsoon: Neff et al. Nature 41 |

(2001)
Asian monsoon:Wang et al. Nature 451 (2008)
Rainfall, droughts, river floods etc....
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What about our future Sun!?
Are Sunspots weakening?

“Sunspots may vanish by 2015” - William Livingston and
Matthew Penn, National Solar Observatory at Kitt Peak
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What is happening with the Sun!?

A missing jet stream, fading spots, and slower activity near the poles say
that our Sun is heading for a rest period

Latitude-time plots of jet streams under the
Sun's surface show the surprising shutdown of
the solar cycle mechanism. New jet streams
associated with a future 2018-2020 solar
maximum were expected to form by 2008 but
are not present even now, indicating a delayed
or missing Cycle 25.

Cycle 23 (1995-2008) Cycle 24 (2008-20197?) Cycle 25?77 2019?-20307
Equatorward Branch Poleward branch  Equatorward branch
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“Large-Scale Zonal Flows During the Solar Minimum -- Where Is Cycle
25?” by Frank Hill, R. Howe, R. Komm, J. Christensen-Dalsgaard, T.P. Larson,

J. Schou & M. J. Thompson.

“Whither Goes Cycle 24? A View from the Fe XIV Corona” by R. C. Altrock.

“A Decade of Diminishing Sunspot Vigor” by W. C. Livingston, M. Penn
& L. Svalgard.
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What will the Sun do in the future!?

Cycle 24 Sunspot Number {V2.0) Prediction {2016/10)
T T I T T T T | T T T T | T T T T | T T T T
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The complex picture Il - the way through the atmosphere

A Solar wind/IMF Solar EUV/XUV Solar UV

’—rTr:.mtal solar irradiance
variation

1368 Wim2 A=1.3

Earth's surface

eV Cosmic ray Magnetospheric Production of NO,, HO, and
odulation convection lonization in middle atm and
Surface Po0007 YWims? <0.14 VWim? lower thermosphere
B0 km alt. above 500 km alt.

oduction High/mid lat. Middle

lower atmosphere @ atmosphere production and loss

trgpospheric E fields E fields
iopization

Changes in
Transport of tropospheric ionization middle atm
dynamics

Biologically

) ) active
Cloud microphysics UV

Heating (contact ice nucleation?) Stratospheref
troposphere
coupling

Cloud radiative Cyclone
forcing dynamics

Effects on
Tropésphere Dynamics Temperature biosphere




Summary

® Neither anthropogenic or natural variations can alone explain the
temperature variations the last 150 years.

® Whatever mechanisms caused past climate change may work today
and will most probably also work in the future.

® |Improve the climate models to better include natural variability
(both past and the future) is needed. We still don’t have a full
understanding of the different forcings,

® The only thing we know for sure is that the Sun will NOT be constant the
next 100 years.

LIVESCI-NCE
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