
1

MECHANISMS OF CLIMATE CHANGE

NATURAL CAUSES AND IPCC POSTULATE

THE GEOLOGICAL AND RECENT RECORD

Prof. Peter A. Ziegler Dr. h.c.

February, 2013

  

Presenter
Presentation Notes
For the author’s CV go to  http://en.wikipedia.org/wiki/Peter_ZieglerAn extended version of this presentation (December 2011)  can be accessed at the web page of the Friends of Science, Calgary, under >http://www.friendsofscience.org/assets/documents/Global.Warming_Ziegler.pdf. <

http://www.vsp-asp.ch/cms/index.php?option=com_eventlist&controller=events&task=edit&cid%5B0%5D=26&lang=de


Do CO2 emissions cause Global Warming, as advocated by IPCC ?

Source of diagram: Holzhauseret al., 2005 

Alpine Glaciers always waxed and waned, even without anthropogenic CO2 emissions.
Our climate was never stable. The present warm period is one in a sequence.
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Glacier length is not only a function of temperature but also of precipitation rates.In the past humanity has to live for better or worth with cyclical natural climate changes, which controlled for instance the waxing and waning of the Alpine glaciers. Natural climate fluctuations strongly influenced the development of human societies. The Earth is still recovering from the Little Ice Age (1300–1850) (Akasofu, 2010)!During Roman times (400 BC to 400 AC) the glaciers had retreated to free most of the Alpine passes. During 400-700 AC they advanced again during a phase of climatic deterioration that spawned the great migrations. During the great Medieval Warming, spanning 700-1300 AC, the Alpine glaciers had retreated again to about the present level. During the Little Ice Age (1300–1850) they advanced once more, threatening Alpine habitats, and started to retreat again during the Modern Warming (Holzhauser, 2008, 2009; Holzhauser et al., 2005). Paleo-temperatures derived from proxy data clearly show that during the last 2000 years average temperatures of the northern hemisphere fluctuated by about 10C and declined by about 0.310C/1000 years (Ljungqvist, 2010; Christiansen &Ljungqvist, 2012; Esper et al., 2012)References:Akasofu, S-I., 2010. On the recovery from the Little Ice Age. Natural Science 2/11, 1211-1224.Christiansen, B., Ljungqvist, F.C., 2012. The  extra-tropivcal Northern Hemisphere temperature in the last two millenia: recinstructionog low-frequency variability. Climate of the Past 8, 765-786.Esper, J., Frank, D.C., Timonen, M., Zorita, E., Wilson, R.J.S., Luterbacher, J., Holzkämper, S., Fischer, N., Wagner, S., Nievergelt, D., Verstege, A., Bütgen, U.,  2012. Orbital forcing of tree-ringdata. Nature Climate Change, 2 (7), 1-5, doi:10.1038/nclimate1589,July 2012.Holzhauser, H., 2008. Dendrochronologische Auswertung fossiler Hölzer zur Rekonstruktion der nacheiszeitlichen Gletschergeschichte. Bull. angewandte Geologie 13/2, 23-41.Holzhauser, H., 2009. Auf dem Holzweg zur Gletschergeschichte. Mitteilungen der Naturforschenden Gesellschaft von Bern 66, 173-206.Holzhauser, H., Magny, M., Zumbühl, H.J., 2005.  Glacier and lake-level variations in west-central Europe over the last 3500 years.The Holocene 15, 789-801Ljungqvist, F.C. 2010. A new reconstruction of temperature variability in the extra-tropical northern hemisphere during the last two millennia. GeografiskaAnnaler92A: 339–351. Ljungqvist, F. C.: A new reconstruction of temperature variability in the extra-tropical Northern Hemisphere during the last two millennia, GeografiskaAnnaler - Series A: Physical Geography, 92, 339–351, 2010.



Source of diagram: Nahle, 2005, updated 2008

During geological times the Earth’s climate underwent major changes, repeatedly shifting from green-
house to ice-house and back. Temperatures varied by up to 100C while at times atmospheric CO2
concentrations reached over 2200 ppm (presently 390 ppm)

Temperatures and CO2 concentrations as derived from proxy data do not correlate

Climate changed in response to natural processes that are active also at present, including variations 
in solar activity and the galactic cosmic ray flux and ocean current oscillations
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For geological times the surface-temperature record is essentially based on 16O/18O,87Sr/85Sr and 12C/13C isotope ration and is described in detail by Veizer et al. (1999, 2000) and Strauss (1999).Reconstructions of atmospheric CO2 concentrations for geological times are based on the following proxies:  air bubbleinclusions in Antarctic ice cores, analyses of the Stomata frequency on fossilized land plants in lake and swamp deposits and the 87Sr/86Sr  and 12C/13C isotope ratio in marine and pedogenic carbonates (Berner&Khotavala, 2001; Royer, 2006, 2010; Royer et al., 2004)The present-day atmosphere contains 0.0393% CO2 corresponding to 840 Gt C. The oceans contain 39,000 Gt of dissolved Carbon. Vegetation, soils and humus account for a further 2,300 Gt of carbon. About 70 million Gt of carbon are stored in carbonate rocks, coals and bituminous sediments that were accumulated through geological times. The Earth’s mantle is an immense reservoir of carbon that is difficult to quantify.The evolution of the Earth’s climate can be retraced on the base of  its sedimentary record that dates back to 3.8 billion years before present (Priem, 2013).  Atmospheric CO2   concentrations were very high during the late Precambrian and early Paleozoic, decreased sharply during the late Paleozoic, increased again during the Mesozoic to decrease after 140 Ma to the low Holocene levels.During the Permo-Carboniferous and Neogene glaciations CO2 values were below 500 ppm. During the Mesozoic greenhouse atmospheric CO2 concentrations rose significantly. The Cretaceous-early Tertiary greenhouse was characterized by decreasing CO2 values. The Holocene icehouse CO2 values varied between 210 and 390 ppm. The Devonian and Carboniferous draw-down of the atmospheric CO2 content  coincides with the deposition of  extensive  marine  carbonate sequences, the rapid development of  land plants (Gymnosperms) and  the development of extensive coal swamps during the Carboniferous. The Late Permian rise in CO2 coincides with the deglaciation of  Gondwana as it drifted out  of  a  south-polar position and related warming and CO2 degassing of the world oceans. The steady  decrease of CO2 concentrations beginning in Mid-Cretaceous times coincides with the rapid proliferation of the Angiosperms and the development of extensive carbonate shelves and platforms, particularly during the Late Cretaceous high-stand in sea-level. During the late Eocene icecaps began to cover Antarctica and advanced during the Early Oligocene to its shores. In the northern Hemisphere development of glaciers began already during the Miocene and Pliocene. We live in an warm inter-stage of the Quaternary ice age. Variations in solar activity and changes in the Earth’s orbit around the Sun, as well as changes in the distribution of continents and ocean current patterns have a strong bearing on the Earth’s climate.References:Berner, R.A., Kothavala Z., 2001. GEOCARB III: a revised model of  atmospheric CO2 over Phanerozoic times.  American  Journal of Science 301, 182-204Nahle,N., 2005, updated 2008. Cycles of Global Climate Change. Biology Cabinet Journal Online Article No. 295. http://www.biocab.org/carbon_dioxide_geological_timescale.htmlPriem, H.N.A., 2013. Climate Change and Carbon Dioxide: Geological Perspective. In: Rörsch, A. and Ziegler, P.A. (eds), Mechanisms of Climate Change and the AGW Concept: a critical review. Energy and Environment (submitted).Royer, D.L., 2006. CO2-forced climate thresholds during the Phanerozoic. Geochimica et CosmochimicaActa 70, 5665-5675.Royer, D.L., 2010. Fossil soils constrain ancient climate sensitivity. PNAS 107 (2), 517-518.Royer, D.L., Berner, R.A., Montanez, I., Rabor, N.J., Beerling, D.J., 2004. CO2 as the primary driver of Phanerozoic Climate. GSA-Today. March 2004, 5-10.Shaviv N.J., Veizer. J., 2003.Celestial driver of Phanerozoic climate. GSA Today July 2003.Soon, W., 2007. Implications of the secondary role of Carbon Dioxide and Methane forcing on climate change: past, present, future. Physical Geography 28 (2), 97-125Veizer, J., Ala, A., Azmy, K., Bruckschen, P., Buhl, D., Bruhn, F., Carden, G.A.F., Diener, A., Ebneth, S., Godderis, Y., Jasper, T., Korte, C., Pawellek, F., Podlaha, O.G., Strauss, H., 1999. 87Sr/68Sr, d13C and d18O evolution of Phanerozoic seawater. Chemical Geology 161, 59-88.Veizer, J., Godderis, Y., François, L.M., 2000. Evidence for decoupling of atmospheric CO2 and global climate during the Phanerozoic Eon. Nature 408, 698-701.



400 years Northern Hemisphere temperature versus solar activity 

Source of diagram: http://www.friendsofscience.org/, modified after Scafetta& West (2007) to include satellite 
temperature data.

Smoothed heavy curves: variations in insolation based on the Sun’s spectral irradiance and
magnetic field up to 1980 and on satellite data thereafter

Serrated stippled thin curve: temperatures derived from proxy records up to 1850, 
instrumental surface temperature data up to 1980 and satellite data thereafter 

changes in solar activity and temperature correlate closely
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This diagram shows a correlation between the total solar irradiance (TSI) and northern hemisphere temperatures since 1600. Temperatures up  to 1850 were derived from proxy records. The temperature curve is from surface temperature records from 1850 to 1980, and from satellite lower troposphere records from 1980 onward. The surface temperature record is contaminated by the effects of urban developments. Black soot aerosols have contributed to a portion of the recent warming. Two TSI proxy reconstructions are shown. This diagram suggests that changes in solar activity are the primary cause of recent climate change. Note the low solar activity during the Maunder Minimum (1645–1715) and during the Dalton Minimum (1795–1825), which together define the Little Ice Age. Solar activity increased cyclically after the Maunder Minimum. The Solar Grand Maximum of the Modern Warm Period commenced in 1924, culminated during the 1960s and 1990s and came to an end in 2008 (de Jager&Duhau, 2012)References:de Jager, C., Duhau, S., 2012. Sudden transitions and grand variations in the solar dynamo. Journal of Space Weather Space Climate 2 A07, DIÒI: 10.1051/swse/2012008 Lean, J., 2000. Evolution of the Sun’s Spectral Irradiance Since the Maunder Minimum. Geophysical Research Letters  27 (16),  2425-2428. Scafetta, N. and West, B..J, 2007. Phenomenological solar signature in 400 years of reconstructed Northern Hemisphere temperature record, Geophysical Research Letters 33, 112, D24S03, doi:10.1029/2007JD008437, 2007.ScafettaN., 2010. Empirical evidence for celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-Terrestrial Physics (2010), doi:10.1016/j.jastp.2010.04.015Wang, Y.-M.,Lean, J. L.; Sheeley, N. R., Jr. 2005. Modeling the Sun's Magnetic Field and Irradiance since 1713. The Astrophysical Journal 625 (1), 522-538.



Source of diagram: http://www.friendsofscience.org/

Whereas atmospheric CO2 concentrations rose continuously during the last 33 years, lower
troposphere temperatures increased cyclically until 2002 and then leveled out.
Positive temperature spikes reflect strong El Ninõs (EN), negative ones strong by La Ninas (LN)
that relate to changes in atmospheric and ocean currents but not to Global Warming
The negative temperature spikes of 1984 and 1992 relate to volcanic eruptions

the temperature changes and rising atmospheric CO2 concentrations of the last 33 years are at 
odds with the rapid Global Warming Concept of IPCC

Temperature
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This diagram gives lower troposphere temperature changes (from the surface up to about 8 km), as determined from the average of two analyses of satellite data from 1979 up to December 2012. The UAH analysis is from the University of Alabama in Huntsville and the RSS analysis is from Remote Sensing Systems. The two analyses use different methods to adjust for factors such as orbital decay and inter-satellite difference. The purple best fit line from January 2002 onwards indicates a stable trend. The Sun's activity, which increased through most of the 20th century, has started to decrease in the late 1990s, causing a change in the temperature  trend (see sunspot slide 9).The green line shows the CO2 concentration of the atmosphere, as measured at Mauna Loa, Hawaii. The ripple effect in the CO2 curve is due to seasonal changes in CO2 uptake in the northern hemisphere, causing a drop of the atmospheric CO2 concentration varying in the 5 -8 ppmv range, thus far exceeding annual anthropogenic CO2 emissions. Seasonal changes affect far greater sea and land area in the northern hemisphere than in the southern one. During the northern hemisphere summer there is a large uptake of CO2 by growing plants and by the Arctic seas in response to sea ice thawing.The positive El Nino and the negative La Ninia temperature spikes relate to changes in oceanic and atmospheric high/low pressure systems of the so-called Southern Oscillation (ENSO) that does not directly relate to Global Warming. The cooling effect of dust particles and aerosols injected into the atmosphere by major volcanic eruptions, such as El Chichon and Pinatubo, is transitory only (2-3 years).Norm Kalmanovitch of the Friends of Science writes in March and November 2011: The February 2011 value brings the global temperature trend since 2002 to precisely zero allowing the comment that since 2002 CO2 emissions have had no measurable effect on global temperature which contradicts IPCC 2007 Fourth Assessment Report and the Bali Declaration, stating that the world is warming rapidly and that the IPCC is 90% certain that this is caused by human activities. This is even more damning because there was a rapid rise in CO2 emissions from 24.530 Gt in 1998 to 33.158 Gt by 2010 representing a 35% increase in global CO2 emissions without any detectable global warming!References and further reading: Ashworth R., Nah N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth!www.tech-know.eu/uploads/Greenhouse_Gases_Cool_Earth.pdfKalmanovitch, N., 2010. The Effect of a Doubling of the Concentration of CO2 in the Atmosphere as Depicted by Quantum Physics. Geological Association of Canada annual meeting GeoCanada  2010, Calgary (abstract).Haynie,F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfSoares, P.C., 2010. Warming power of CO2 and H2O: correlation with Temperature changes. International Journal of Geosciences 1, 102-122,. 
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Since 1958 global surface air temperature and atmospheric CO2
concentrations do not always correlate while there is a striking correlation 

between the Pacific Decadal Oscillation and temperature.

Source of diagram: Climate4you Greenhouse Gases

The NCDC, GISS, RSS MSU and UAH MSU temperature curves show the same temperature/ atmospheric 
CO2 concentration relationship as the HadCrut3 curve given in this diagram

Note the November 1988 start-up of the IPCC and the Anthropogenic Global Warming Scare
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This diagram shows the  HadCRUT3 monthly global surface air temperature estimate (blue) and themonthly  atmospheric CO2 content (red) according to the Mauna Loa Observatory, Hawaii. The Mauna Loa data series begins in March 1958, and this date has therefore been chosen as starting point for this diagram. Reconstructions of past atmospheric CO2 concentrations (before 1958) are not  incorporated in this diagram, as such past CO2 values are derived by other means (ice cores, stomata, or older measurements using different methodology) and therefore are not directly comparable with modern atmospheric measurements. The purple solid line indicates approximate linear temperature trends, and the boxes in the lower part of the diagram indicate the correlation between atmospheric CO2 and global surface air temperature, negative or positive. Last month shown: April 2012 (CO2) and April 2012 (HadCRUT3). Last diagram update: 26. May, 2012.Mean surface temperatures have leveled off since 2002 despite continuously  rising atmospheric CO2 concentrations, baffling even IPCC climatologists (Ternbreth, 2010; Ternbreth&Fasullo, 2010).The about 30 years cyclicity and 60 years periodicity of  Pacific Decadal Oscillation (PDO), that is enhanced by the Atlantic Multidecadal Oscillation (AMO), involves major changes in the Pacific atmospheric and oceanic current systems which have a strong effect of tropospheric temperatures. The driving mechanism of the PDO is of the astronomical-physical type, involving gravitational interaction of Jupiter and Saturn with the Sun and its tidal effects on the Earth (Scafetta, 2010; d‘Aleo& Easterbrook,2010; Scafetta, 2010, 2012; Vahrenholt&Lüning, 2012) (see slide 24). The effects of the PDO on global surface air temperatures are superimposed on temperature changes induced by variations in solar activity, as reflected by sunspot activity (see slides 27 to 28).On the origin of the IPCCBert R.J. Bolin, professor for meteorology at the Stockholm University, was involved in atmospheric research and alerted in the mid-1980s his school-friend, the Swedish Prime Minister Olof Palme to the potential danger of CO2-related anthropogenic Global Warming (AGW), building on the 1896 concept of Swante Arrhenius. Palme, concerned with the oil dependence of Sweden, wanted to promote nuclear power. In order to achieve his goals, he supported the development of an intergovernmental panel on AGW as proposed in the Brundtland Report of 1987. After having built up a corresponding scientific organization Bert Bolin was appointed chairman chairman of the Intergovernmental Panel on Climate Change (IPCC) that was launched in November 1988. Bert Bolin held this position until 1997.References:Arrhenius, S., 1896. On the Influence of Carbonic Acid in the Air Upon the Temperature of the Ground. Philosophical Magazine 41, 237-76-d‘Aleo, J, Easterbrook, D., 2010. Multi-decadal tendencies in ENSO and Global Temperatures related to multi-decadal oscillations. Energy & Environment,  21 (5), 437-460.Ternbreth, K.E., 2010. Tracking Earth’s Global Energy. Where has global warming from increased GHGs gone? http://www.joss.ucar.edu/events/2010/acre/thursday_talks/trenberth_EnergyBudgets.pdf Ternbreth, K.E. and Fasullo, J.T., 2010. The Earth‘s Energy. Where has the energy from Global Warming gone? Science 328 (5976), 316-317).Vahrenholt, F., Lüning,  S., 2012. Die kalteSonne. Warum die Klimakatastrophenichtstattfindet. Hoffman and Campe, 445 pScafetta, N., 2010. Climate change and its causes – a discussion about some key causes. Science Public Policy Institute (SOOI), original paper.Scaffetta, N., 2010. Empiricalevidencefor a celestialorigin of theclimateoscillations and itsimplications. Journal of Atmospheric and Solar-TerrestrialPhysics, 80, 296-311.Scafetta N., 2012. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter–Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296–311.



Source of diagram: http://joannenova.com.au/global-warming/ice-core-graph/

The oceans are an immense reservoir of CO2 that releases/absorbs large volumes of CO2
into/from the atmosphere in response to slow warming/cooling of the oceans in response to 
variations in solar irradiance

The thermal inertia of the oceans accounts for the observed delay between changes in 
global surface temperatures and atmospheric CO2 concentrations

Temperature forces atmospheric CO2 concentrations and not vice-versa

7

Ice core data show that Ice Age temperatures rose and fell hundreds
of years before atmospheric CO2 concentrations rose and fell
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Ice core data clearly  demonstrate that temperatures rose 800 ± 200 yearsbefore the CO2content  of the atmosphere started to rise. Similarly, cooling commenced well before the drawdown of atmospheric CO2 began.  This time lag is attributed torapid warming/cooling of  the oceanic surface layer and lower atmosphere in response to orbital forced increases/decreases in solar irradiation and decreasing/increasing albedo, and the slow responseof deeper oceanic layers to warming/cooling.Since the CO2 content of oceanic waters is temperature and pressure dependent, warming of the oceans results in their release of  CO2 to the atmosphere whilst cooling oceans absorb atmospheric CO2.  Mauna Loa records demonstrate that  annual- scale increases/decreases in sea surface temperatures precede by 11 to 12 months increases/decreases in the growth rate of atmospheric CO2 concentrations (Humlum et al., 2012). The oceans are a huge CO2 reservoir that exchanges annually vast amounts of CO2 with the atmosphere. Solar short wave radiation penetrates the top 100m of the oceans, thus warming their surface layer and the lower atmosphere. The CO2 content of  oceanic surface waters is in equilibrium with the CO2 saturation of the atmosphere. Wind-driven currents and the slow, deep-reaching thermohaline circulation (oceanic conveyor belt; see slide 25) mix the warm oceanic surface waters with the colder and CO2-rich waters of the deeper parts of the  oceans, very slowly warming the. In response to decompression, upwelling deep ocean currents release large volumes of CO2 into the atmosphere, particularly in the Southern Oceans. The cyclical increase in solar activity during the last century  presumably underlies the concomitant increase in atmospheric CO2 concentrations (slide 9). Contrary to the views held by IPCC, a gradually increasing/decreasing atmospheric CO2 content forces only minor additional warming/cooling (see slide 12). The IPCC concept of anthropogenic CO2 emissions causing global warming (AGW) is at odds with this observation. The validity of the AGW concept is therefore seriously questioned.References and further reading:Ashworth R.,Nahle N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth!www.tech-know.eu/uploadsCaillon, N., Severinghaus, J.P., Jouzel, J., Barnola, J.-M., Kang, J. and Lipenkov, V.Y. 2003. Timing of atmospheric CO2 and Antarctic temperature changes across Termination III. Science 299: 1728- 1731.Humlum, O., Stordahl, K., Solheim, J-E., 2012. The phase relation between atmospheric carbon dioxide and global temperature. Global and Planetary Change, August 2012 (in press). http://dx.doi.org/10.1016/j.gloplacha.2012.08.008http://www.skepticalscience.com/salby_correlation_conundrum.htmlMudelsee, M. 2001. The phase relations among atmospheric CO2 content, temperature and global ice volume over the past 420 ka. Quaternary Science Reviews 20: 583-589.Shaviv, N.J., 2008. Using the oceans as a calorimeter to quantify the solar radiative forcing. Journal of Geophysical Research 113, A11101,doi:10.1029/2007JA012989.Sigman, D.M., Hain, M.P., Haug, G.H., 2010. The polar ocean and glacial cycles in atmospheric CO2 concentration. Nature 466/1 July;  2010/doi:10.1038/nature09149Soares, P.C., 2010. Warming Power of CO2 and H2O: Correlations with Temperature Changes. International Journal of Geosciences, 2010, 1, 102-112.  /Greenhouse_Gases_Cool_Earth.pdfWhite, G., 2009. CO2 Forcing: Fact or Fiction (Graphics – www.palisad,com)
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During industrial 
Global Warming
atmospheric CO2

concentrations,
anthropogenic emissions

and temperature
do not correlate

Early Global Warming coincided with a slight increase in CO2 emissions, while Global Cooling was 
paralleled by a dramatic increase in CO2 emissions from 4.0 Gt/yr in 1942 to 20.0 Gt/yr in 1975. 

Atmospheric  CO2 concentrations rose already prior to 
the increase in fossil fuel consumption around 1835. 
Temperature variations and the slow rise of CO2
concentrations before 1910 can hardly be attributed to 
fossil fuel emissions. Between 1910 and 1942 the World 
warmed rapidly while atmospheric CO2 concentrations 
gradually rose and CO2 emissions increased slowly from 
3.5 to 4.0 Gt/yr.
During the negative PDO of 1942 to 1977 the World 
cooled, CO2 emissions increased 5-fold while 
atmospheric CO2 concentration accelerated sharply.
During the positive PDO of 1977 to 2000 temperatures, 
CO2 emissions and atmospheric CO2 concentrations 
rose rapidly.
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Source of diagram: IPCC AR-4, 2007
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Presentation Notes
Upper Diagram:the green curve gives the atmospheric CO2 concentration in ppmv  (right scale) between 1751 and 2008.The purple curve gives the cumulative anthropogenic CO2 emission in Billions of metric tons (Gt) of CO2 (left scale) between 1751 and 2008.Lower Diagram is from the 2001 IPCC Third Assessment Report and shows four independent representations of global temperature anomalies all of which show that the Earth warmed rapidly from 1910 to 1942 when there was barely  an  increase in CO2 emissions but when CO2 emissions did increase five fold from 1942 to 1975 the Earth cooled! From 1975 onward, temperatures increased in unison with CO2 concentrations until the beginning of 2002 when temperatures started to level off  while atmospheric CO2 concentrations  continued to grow (see slide 9).If  CO2 emissions from fossil fuels are the prime contributor to the observed increase in atmospheric CO2 concentrations and Global Warming, as advocated by IPCC,  the increase in the rate of CO2 emissions that occurred during the cooling phase of 1942 to 1975 should be clearly reflected in the atmospheric CO2 concentration curve.  As this is obviously  not the case, something other than CO2 emissions from fossil fuels must be contributing, if not driving, the observed  CO2 increase and temperature variations.
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Source of diagram: L. McInnes, 2007. In: Wikipedia: Solar Variations
Thick lines for temperature and sunspots:  25 year moving average smoothing of raw data. 

During the last 150 years atmospheric CO2 concentrations rose during a period of
cyclically increasing temperatures and solar activity that came to an end in the 1990s
The steady increase in atmospheric CO2 concentrations and temperatures since the
1950s is attributed by IPCC to the Greenhouse Effect of anthropogenic CO2 emissions,
despite the fact that prior to 1950 the temperature and CO2 curves do not correlate

This questions the validity of the Anthropogenic Global Warming Concept   

Presenter
Presentation Notes
blue line - Law Dome CO2 data: ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/law/lawco2.txtblue serrated line - Mauna Loa CO2 data:http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_mm_mlo.datred curves - Temperature data: http://www.cru.uea.ac.uk/cru/data/temperature/hadcrut3gl.txtorange and yellow curves - Sunspot data: http://sidc.oma.be/DATA/yearssn.dat[edit]IPCC writes 2007 in its Fourth Assessment Report:Chapter 2. Changes in Atmospheric Constituents and in Radiative Forcing, Executive Summary:The combined anthropogenic radiative forcing (of climate) is estimated to be +1.6 [–1.0, +0.8]2 Wm–2, indicating that, since 1750, it is extremely likely that humans have exerted a substantial warming influence on climate. This radiative forcing estimate is likely to be at least five times greater than that due to solar irradiance changes. For the period 1950 to 2005, it is exceptionally unlikely that the combined natural RF (solar irradiance plus volcanic aerosol) has had a warming influence comparable to that of the combined anthropogenic rediative forcing.Chapter 9, Understanding and Attributing Climate Change. 9.2. Frequently Asked Question. Can the Warming of the 20th Century be Explained by Natural Variability: It is very unlikely that the 20th-century warming can be explained by natural causes. The late 20th century has been unusually warm. Palaeoclimatic reconstructions show that the second half of the 20th century was likely the warmest 50-year period in the Northern Hemisphere in the last 1300 years. This rapid warming is consistent with the scientific understanding of how the climate should respond to a rapid increase in greenhouse gases like that which has occurred over the past century, and that this warming is inconsistent with the scientific understanding of how the climate should respond to natural external factors such as variability in solar output and volcanic activity,



The Greenhouse Concept is a blatant misnomer
a greenhouse traps heat by suppressing convection

Source: http://commons.wikimedia.org/wiki/File:The_green_house_effect.svg

The Earth is insulated from space by the atmosphere, which together with 
the hydrosphere maintains a degree of climate equilibrium by convective 

distribution of heat from low to high latitudes (air conditioner effect) 10
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Presentation Notes
The Earth’s atmosphere and hydrosphere are strongly coupled and exert an air conditioner effect on the climate by transporting heat from the strongly insolated low latitudes to the poorly insolated high latitudes. As latitudinal mean temperatures vary  by more than 4 0C due to the Earth’s inclination, the atmosphere is not  in global thermodynamic equilibrium. The heat storage capacity of the oceans is 3,300 times greater than that of the atmosphere (Carter, 2010).  The oceans cover 70% of the Earth’s surface and have a stabilizing effect on the climate. Solar short-wave (SW) radiation penetrates the oceans, is absorbed in their upper 100 m, causing warming of their surface layer, evaporation and warming of the lower atmosphere. Warm surface waters mix with deeper, colder waters by thermohaline circulation and by wind-driven currents and are transported pole-ward by the oceanic current conveyer belt. Increasing solar SW radiation will be compensated by increasing ocean circulation, increasing evaporation (cooling effect) followed by increasing reflection of SW radiation by high clouds back to space (Albedo, cooling effect). Long wave infra-red (LWIR) radiation emitted by the Earth is mainly lost to space and is only partly absorbed by greenhouse gas molecules (including water vapor). LWIR radiation is partly reflected back to the surface of land and oceans. As sea water is opaque to LWIR radiation causing only increased evaporation (cooling effect).SW radiation hitting the continents is partly reflected back to space as LWIR  radiation (Albedo) and partly absorbed, causing warming and convection of the atmosphere. Greenhouse gases retain heat only from the day to night and redistribute energy within the atmosphere. Over the tropics, the sun is strongest because it hits the Earth most squarely. The equatorial Hadley Cells provide the power for the atmospheric convection system. Warm, dry air descends at about 300N and 300S, forming the great  desert  belts that circle the globe. Heat is transported by a combination of the ocean and atmosphere circulation to the poles. At the poles, the heat is radiated out to space.Selected references:Ashworth, R., Nahle, N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth!  www.tech-know.eu/uploads/Greenhouse_Gases_Cool_Earth.pdfCarter, R.M., 2010. Climate: the counter consensus. Stacy International,London, 315 p.Eschbacher, W., 2010. The thunderstorm thermostat hypothesis: How clouds and thunderstorms control the Earth’s temperature. Energy & Environment 21, 201-216.Sigman, D.M., Hain, M.P., Haug, G.H., 2010. The polar ocean and glacial cycles in atmospheric CO2 concentration. Nature 466, 47-55.Thones, D., 2010. The stabilizing effect of the oceans on climate. Energy & Environment 21, 237-240.
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Greenhouse Gases (GHG)

• Water vapor and clouds cause 90-95% of
the total greenhouse effect, CO2 4.2-8.4%
and Methane, Ozone, N2O, CH4, CFCs etc
about 1.3%.

• Only part of the infra-red radiation reflected
by the Earth’s surface toward space is
absorbed in the atmosphere by the so-
called GHG. The rest is lost to space

• Some of the infra-red radiation that is
absorbed by the GHG molecules is re-
emitted by them, partly back towards the
Earth

• GHG retain heat from the day to the night
and redistribute energy within the
atmosphere

• There is already sufficient CO2 in the
atmosphere to saturate most of the
principal CO2 infra-red absorption bands

(T. Nelson: Cold Facts on Global Warming)

Source of diagram: Global Warming Art Project, 
Wikipedia, 

http://en.wikipedia.org/wiki/File:Atmospheric_Trans
mission.png

Absorption of the reflected ultraviolet, visible and infrared radiation 
by the different GHG of the atmosphere. 

Absorption saturation: 100% absorption of the respective 
wavelength (Peixoto& Oort, 1992)
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Presentation Notes
This diagram shows the absorption bands in the Earth‘s atmosphere (middle panel) and the effect that this has on both incoming SW solar radiation and up-going LWIR thermal radiation (top panel). The lower panel gives the absorption spectrum for major greenhouse gases and for Rayleigh scattering.Owing to the insulating effect of the atmosphere, surface temperatures fluctuate around a comfortable level of ± 150C.  Without this insulating effect surface temperatures would theoretically be at  -190C, although a hydrosphere could not be present in the absence of an atmosphere. Of the total warming effect of all GHG combined (including water vapor and clouds) the contribution of CO2 is variably estimated at 5 - 20% (lower values more likely), of which human emissions account for 10% only, translating to 0.5% to maximum 2.0% of the total greenhouse effect. Thus, 99.5 - 98% of the total GHG warming have nothing to do with human CO2 emissions. During industrial times, the total increase in atmospheric CO2  concentration  probably  caused a temperature increase of about 0.10°C (Archibald, 2007).In the moist  lower troposphere a considerable overlap between the LWIR absorption bands of water vapor and CO2 limits the radiative effect of CO2. In the drier upper troposphere CO2 takes over the role of water vapor. Similarly, in the dry troposphere of Polar areas CO2 plays a more important role than water vapor.Schmidt et al. (2010), representing the IPCC position, attribute the GHG effects as follows: Water vapor about 50%, Clouds about 25%, CO2 about 19%, others about 7%. Curtin (2012) estimates that water vapor accounts for 90% GHG effect. IPCC (2007) assumes that with increasing atmospheric CO2 concentration, the CO2 absorption bands will widen, allowing for further warming. Absorption saturation, as postulated by Archibald (2007), is rejected.References and further reading: Archibald, D.C., 2007: The Past and Future ClimateAshworth, R., Nahle, N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth! www.tech-know.eu/uploads/Greenhouse_Gases_Cool_Earth.pdf Clark, R., 2010. A null hypothesis for CO2. Energy & Environment 21 (4), 171-200.Colose, C., 2010. Introduction to feedbacks  > http://www.realclimate.org/index.php/archives/2010/09/introduction-to-feedbacks/ <Curtin, T., 2012. Applying Econometrics to the Carbon Dioxide “Control Knob”. The Scientific World Journal, Volume 2012, Article ID 761473, 12 pagesdoi:10.1100/2012/76147Kalmanovitch, N., 2010. The Effect of a Doubling of the Concentration of CO2 in the Atmosphere as Depicted by Quantum Physics. Geological Association of Canada, Annual meeting GeoCanada, Calgary  2010 (abstract).Nelson, T.J., Science Notes: Cold Facts on Global Warming. > http://brneurosci.org/co2.html <Peixoto, J.P. &Oort, A.H., 1992. Physics and Climate, Springer. Schmidt, G.A., Ruedy, R., Miller, R.L., Lacis, A., 2010. The attribution of the present-day total greenhouse effect. Journal of Geophysical Research  (in press) White, G., 2009. CO2 Forcing: Fact or Fiction (PPT), Graphics – www.palisad.com



With increasing atmospheric CO2 concentrations the 
warming effect of CO2 decreases logarithmically

CO2 concentrations:                                     Glacial 180 ppm   pre-industrial 280 ppm   present 390 ppm

Temperature increase for successive 20 ppm increments of atmospheric CO2concentrations up to 420 ppm 
(MODTRANS; Archibald,  2007) 

The temperature effect of the first 20 ppm of CO2 is far greater than of the next 400 ppm.
The total industrial atmospheric CO2 increase caused a temperature rise of ±0.10°C 

CO2 concentrations may rise from 380 ppm in 2007 to 420 ppm in 2030. The related 40 ppm increase
reduces radiation to space by 0.4 Watts/m2, equating to a temperature increase of 0.04°C. Increasing
CO2 concentrations to 620 ppm by 2150 would result in an additional temperature rise of about
0.16°C .

12

Presenter
Presentation Notes
Venus if often cited as an example of the “greenhouse effects gone wild”. The Earth’s atmosphere can, however, not be compared with the atmosphere of Venus, which lacks a hydrosphere; its very high density atmosphere (surface pressure 92 times that of Earth) consists of 97% CO2  includes dense clouds of sulfuric acid and heats the planet to 4600C (Beer, 2010). The Earth is a water planet; without its atmosphere water would not exist.  Arthur Rörsch wrote on comparison of Earth to Venus, Jupiter and other planets: ”I am not fond of considering other planets for 'greenhouse effects', and have these compared to our water planet. ….I think we should focus our attention on the water cycle of our own planet*.References:Archibald, D.C., 2007. The Past and Future of Climate. Lavoisier Group 2007 Workshop. ‘Rehabilitating Carbon Dioxide’.www.lavoisier.com.au/papers/Conf2007/Archibald2007.pdfArchibald, D.C. (2008). Solar Cycle 24: Implications for the United States. International Conference on Climate Change . March, 2008, pdfBeer, J., 2010. Heliophysics: Evolving Solar Activity and the Climates of Space and Earth. In: C.J. Schrijver& G.L. Siscoe (eds.) Heliophysics: Evolving Solar Activity and the Climate of Space and Earth. Cambridge University Press, pp. 17-52.Clark, R. 2010. A null hypothesis for CO2. Energy & Environment 21, 171-199Kalmanovitch, N., 2010. The Effect of a Doubling of the Concentration of CO2 in the Atmosphere as Depicted by Quantum Physics. Geological Association of Canada, Annual meeting GeoCanada, Calgary  2010 (abstract).Soares, P.C., 2010. Warming power of CO2 and H20: correlation with temperature changes. International Journal of Geoscience 1, 102-112 (http://www.SciRP.org/journal/ijg).Rörsch, A., 2010. Introductory paper on paradigm shift: Should we change emphasis in greenhouse-effect research? Energy & Environment 21, 165-170.White, G.,  2009. CO2 Forcing: Fact or Fiction. Science provides the unambiguous answer. co2@palisade.com
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IPCC overestimates the CO2 temperature forcing by assuming unrealistic 
positive feedbacks from a concomitant water vapor and cloud increase

Source of diagrams:  IPCC AR-4, 2007;  Trenberth et al., 2009  

In 2011 K.E. Trenberth still shows the Earth as warming by 0.9 Wm-2/yr despite
Solar irradiance having decreased during the last 10 years and wonders:

Were has global Warming from increased GHG gone?
The magnitude of the radiative electro-magnetic flux portrayed as ascending
from the surface to high cloud levels and returning to surface is controversial.
The model neglects latitudinal changes in solar irradiance and pole-ward
convective heat transfer.

?
3-dimensional and not 
unidirectional radiation

Presenter
Presentation Notes
IPCC Global Circulation Models erroneously assume a net warming effect for clouds (Gray & Schwartz, 2011; Gray, 2012; Spencer & Braswell, 2011). The diagram presented in this slide does not distinguish between the effects of low and high clouds.Low clouds tend to have a net cooling effect on global climate. Low level clouds are often thick and reflect much of the incoming shortwave radiation. In addition, because of their low altitude and resulting high temperature they emit large amounts of long-wave radiation towards space and higher levels in the atmosphere. Conversely, high clouds tend to have a net warming effect as owing to their high altitude and resulting low temperature they emit only little long-wave radiation towards space. In addition, they are usually thin, and reflect only little of the incoming shortwave radiation. The overall reflectance (Albedo) of planet Earth is about 30 %, meaning that about 30 % of the incoming shortwave solar radiation is radiated back to space. If all clouds were removed, the global Albedo would decrease to about 15 %, and the amount of shortwave energy available for warming the planet surface would increase from 239 Wm-2 to 288 Wm-2 (Hartmann, 1994). However, the long-wave radiation would also be affected, with 266 Wm-2 being emitted to space, compared with the present 234 Wm-2 (Hartmann, 1994). The effect of removing all clouds would therefore still be an increase in net radiation of about 17 Wm-2. So the global cloud cover has a clear overall cooling effect on the planet, even though the net effect of high clouds is opposite. This is not a pure theoretical consideration, but is demonstrated by observation (Climate4you, Climate and Clouds).References:Climate4you, Climate and Clouds, http://www.climate4you.com/ClimateAndClouds.htFrenley-Jones, B., 2011. Does the Trenbreth et al “Earth’s Energy Budget Diagram” Contain a Paradox? http://wattsupwiththat.com/2011/10/26/does-the-trenberth-et-al-“earth’s-energy-budget-diagram”-contain-a-paradox/Gray, V., 2010. Icing the Hype. http://icecap.us/index.php/go/icing-the-hype/the_flat_earthGray, W.M., 2012. The Physical Flaws of the Global Warming Theory andDeep Ocean Circulation Changes as the Primary Climate Driver. Heartland Institute 7th International Conference on Climate Change (ICCC-7), Chicago (IL), May 21-23, 2012, http://typhoon.atmos.colostate.edu/Includes/Documents/Publications/gray2012.pdf Gray, W.M., Schwartz, B., 2011. The Association of Albedo and OLR Radiation with Variations of Precipitation –- Implications for AGW. Science and Public Policy Institute Reprint Series, March 2011.Hartmann, D.L., 1994. Global Physical Climatology.  Academic Press. 357 pp. Spencer, R.W., Braswell, W.D., 2011. On the Misdiagnosis of Surface Temperature Feedbacks from Variations in Earth’s Radiant Energy Balance. Remote Sensing 2011, 3, 1603-1613; doi:10.3390/rs3081603. http://www.friendsofscience.org/index.php?id=535Ternbreth, K.E., 2011.Tracking Earth’s Global Energy. Where has global warming from increased GHGs gone? Workshop Observing and modeling Earth‘s energy flow. International Space Science Institute, Bern, 10-14.01.2011 (slide show).Trenbreth, K. E.,  Fasullo, J.T. , Kiehl, J., 2009. Earth's Global Energy Budget. Bulletin of the American. Meteorological Society 90, 311–323.



IPCC’s Global Circulation Models postulate for a CO2 doubling that water cycle-related 
feedbacks strongly amplify solar radiative climate forcing

. 
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magnitude of feedback by different 
processes according to GCMs
magnitude of feedback by different 
processes based on observations
results of individual GCM runs

Source of diagrams: Gray & Schwartz, 2011, 
modified after Bony et al., 2006

GCMs assume that doubling of the 
atmospheric CO2 concentration from a pre-
industrial level of 280 ppm will cause by 
outgoing IR blockage 1.1oC warming that is 
amplified by associated water-vapor related 
IR blockage, giving rise to a positive 
feedback of  2.1oC, resulting in a net 
temperature increase of 3.2oC.
Observations show, however, that the 
combined water vapor, clouds and  Albedo 
feedback is with -0.8oC clearly negative 
and thus reduces the postulated net CO2
warming effect to 0.3oC

Presenter
Presentation Notes
This diagram shows in the background a scatter plot of the extra global feedback energy increases resulting from water vapor, albedo, cloud, and lapse-rate changes in response to a doubling of CO2 based on 19 GCMs of the 2007 IPCC-AR4 report (Chapter 8, Figure 14). Most of these models give strong positive energy feedbacks.Superimposed on this plot, the yellow circles give the IPCC-AR4 mean estimates of global changes in the five feedback domains in response to a doubling of CO2 whilst the red squares give the estimates of the independent review by Gray & Schwartz (2011). Except for the lapse-rate term, their estimated feedback effects of water vapor, cloud, albedo, water vapor+lapse rate give much less positive energy feedbacks than do the IPCC GCM simulations. Combining all feedback terms, Gray & Schwartz  (2011) obtain a net water vapor, cloud, albedo and lapse-rate feedback of about - 0.8°C for a doubling of CO2.; this compares to a positive value of  +2.1°C obtained by the averaged IPCC-AR4 GCM  runs. This is a feedback difference as large as 2.9°C. Related estimates of the amount of global warming occurring as a result of a doubling of CO2 are ~0.3°C as compared to the average of the IPCC GCM estimates of ~3.2°C. IPCC Global Circulation Models address exclusively the effects of radiation changes resulting from increases in atmospheric CO2 concentrations and neglect temperature-related changes in evaporation-precipitation and deep ocean circulation (Gray, 2012) References and further reading:Ashworth, R., Nahle, N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth! www.tech-know.eu/uploads/Greenhouse_Gases_Cool_Earth.pdfBony, S., Colman, R., Kattsov, V.M., Allan, R.P., Bretherton, C.S., Defresne, J-L., Hall, A., Hallegatte, S., Holland, M.M., Ingram, W., Randall, D.A., Soden, B.J., Tselioudis, G., Webb, M.J., 2006. How Well Do We Understand and Evaluate Climate Change Feedback Processes?  Journal of Climate 19, 1 August 2006., 3445-3482. Colose, A.C., 2010. Introduction to feedbacks  > http://www.realclimate.org/index.php/archives/2010/09/introduction-to-feedbacks/ <Dessler, A. & Sherwood, S.C., 2009. A matter of humidity. Science 323, 1020-1021.Gray, W.M., 2012. The Physical Flaws of the Global Warming Theory andDeep Ocean Circulation Changes as the Primary Climate Driver. Heartland Institute 7th International Conference on Climate Change (ICCC-7), Chicago (IL), May 21-23, 2012, http://typhoon.atmos.colostate.edu/Includes/Documents/Publications/gray2012.pdf Gray, W.M., Schwartz, B., 2011. The Association of Albedo and OLR Radiation with Variations of Precipitation –- Implications for AGW. Science and Public Policy Institute Reprint Series, March 2011.http://scienceandpublicpolicy.org/reprint/the_associate_of_albedo_and_olr_radiation_with_variations_of_precipitation_implications_for_agw.htmlLindzen, R.S., Choi, Y.S., 2011 – On the Observational Determination of Climate Sensitivity and it is implications. Asia-Pacific Journal of Atmospheric Science 47 (4), 377-390. Schmidt, G.A., Ruedy, R., Miller, R.L., Lacis, A., 2010. The attribution of the present-day total greenhouse effect. Journal of Geophysical Research 15, D20106, doi:10.1029/2010JD014287.. 



Source of diagram: Gray & Schwartz, 2011

GCMs (Global Circulation Models): upper troposphere temperature und humidity increase,
cloud-induced Albedo decreases, outgoing infra red radiation decreases -warming effect
REALITY (observations): upper troposphere temperatures and humidity decrease while
cloud-induced Albedo and outgoing infra red (IR) radiation increase - cooling effect

Warming of the Lower Troposphere, associated with rising CO2 levels, 
stimulates convection and Upper Troposphere cooling and IR emission to space
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This diagram explains some of the arguments advanced by Gray & Schwarz (2011)and Gray (2012) in their assessment of feedbacks as presented in slide 22. Two contrasting views of the effects of deep cumulus convection are shown. The upper diagram, which is compatible with satellite observations, emphasizes the extra cloud albedo and extra return mass flow subsidence associated with extra IR energy being emitted to space. By contrast, the lower diagram interprets the outflow from the deep cumulus as moistening the upper levels and blocking additional IR emission to space due to little change in albedo. The lower diagram, summarizing IPCC concepts built into their GCMs, is not realistic according to Gray & Schwartz (2011). Increasing temperatures cause an increase in evaporation, in the water vapor profile, in  the cloud cover,in air convection and in  precipitation. Evaporation is a very powerful negative feedbackthat is not even listed in the IPCC AR-4, chapter 8. About half of the solar radiation energy absorbed by the Earth’s surface is transferred by evaporation and convection to the upper atmosphere where it escapes to space. Satellite measurements show that  a 1 0C temperature rise increases evaporation by  6% whilst the IPCC GCMs allow for only a 2% increase in evaporation per 10C warming. Correspondingly, GCM  predictions of anthropogenic global warming are exaggerated (Kininmonth, 2010).Similarly, Gray & Schwartz (2011) and Gray (2012) show that IPCC GCMs underestimate the change in evaporation and precipitation with warming and overestimate water vapor and cloud feedbacks, thus predicting far too much global warming. Analyzing changes in albedo and IR radiation associated with rainfall variations using 21 years of satellite data, theses authors find that in areas of heavy rainfall the albedo cooling is much stronger than the reduction in outgoing LW radiation. Increasing storm cell convection increases also the downward return flow of air around cloudy areas, which causes a reduction in humidity in the upper troposphere that leads to enhanced cooling in response to LW radiation to space. This is opposite to the assumptions built into the IPCC GCMs (see graph).Gray & Schwartz (2011) conclude: “we do not find a positive water vapor feedback as do the IPCC GCMs, but rather a weak negative water vapor feedback”. We estimate CO2 doubling will cause only 0.30C warming, less than a tenth of the GCM projections of 3.2 0C.References:Gray, W.M., 2012. The Physical Flaws of the Global Warming Theory andDeep Ocean Circulation Changes as the Primary Climate Driver. Heartland Institute 7th International Conference on Climate Change (ICCC-7), Chicago (IL), May 21-23, 2012, http://typhoon.atmos.colostate.edu/Includes/Documents/Publications/gray2012.pdf Gray, W.M., Schwartz, B., 2011. The Association of Albedo and OLR Radiation with Variations of Precipitation –- Implications for AGW. Science and Public Policy Institute Reprint Series, March 2011. http://scienceandpublicpolicy.org/reprint/the_associate_of_albedo_and_olr_radiation_with_variations_of_precipitation_implications_for_agw.htmlKininmonth, W., 2010.ClausiusClapeyron and the regulation of Global Warming. Il NuovoSaggiatore 25 (56), 61-70.



IPCC’s missing equatorial 
Hot-Spot 

Source of diagrams: D. Evans, 2010

IPCC’s Global Circulation Models 
(AR4 chapter 9, 2007) predict that 
warming causes in the upper 
troposphere of the tropics the 
development of a distinct pattern of
enhanced warming - a “hot-spot” (see 
red blob in upper diagram) 

The lower diagram shows the results 
of weather balloon radiosonde data. 
There is no evidence for such a "hot 
spot”. If it were there, it would have
been readily detected.

IPCC’sGCMs are based on unrealistic 
assumptions. The troposphere cannot 
store energy.  Increasing atmospheric 
CO2 concentrations cause only a very 
small temperature increase that hardly 
enhances the hydrologic cycle..
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Ashworth et al., 2011 write: The IPCC developed a theoretical greenhouse signature through a computer model. The greenhouse signature developed is very distinct – see upper diagram. If this signature were present, warming would be concentrated in a distinct “hot spot” about 8 to 12 km up over the tropics, with less warming further away, turning to cooling above 18 km. Actual measurements have been taken where the warming is occurring using satellites and balloons. The real observed signature is shown in the lower diagram. As one can clearly see, the predicted IPCC "Greenhouse" signature is not seen - no "hot spot" exists! Singer (2013) demonstrates that limited computer runs of complex and sophisticated general circulation models, as used by the IPCC, do not permit to draw reliable conclusions on the presence of the postulated tropical atmospheric “hot spot” and fail to simulate the available radiosonde and satellite data.  See also slide 15 and discussion by Gray & Schwartz (2011).Reference: Ashworth, R., Nahle, N., Schreuder, H., 2011. Greenhouse Gases in the Atmosphere Cool the Earth www.tech-know.eu/uploads/Greenhouse_Gases_Cool_Earth.pdfEvans, D., 2010. The Missing Hot-Spot,  21 July 2008, Last major revision 22 Mar 2009, Last minor revision 18 Sept 2010.Web address: http://sciencespeak.com/MissingSignature.pdfGray, W.M., Schwartz, B., 2011. The Association of Albedo and OLR Radiation with Variations of Precipitation –- Implications for AGW. Science and Public Policy Institute Reprint Series, March 2011. http://scienceandpublicpolicy.org/reprint/the_associate_of_albedo_and_olr_radiation_with_variations_of_precipitation_implications_for_agw.htmlSinger, S.F., 2013. Inconsistency of Modeled and Observed Tropical Temperature Trends. In: Rörsch, A., Ziegler, P.A. (eds), Mechanisms of climate change and the AGW concept: a critical review. Energy and Environment (submitted).



The atmosphere contains 0.0394% of CO2
one tenth of which is attributed to anthropogenic emissions  

Source of diagram:  modified after Siddons &D˙Aleo, 2007. 
based on Carbon Dioxide Analysis Center http://cdiac.ornl.gov/trends/co2/contents.htm

Between 1750 and 2009 atmospheric CO2 concentrations increased from 280 to 387 ppmv,
reflecting a Carbon content increase of about 210 Gt (red curve), while anthropogenic emissions
had increased by 2002 to 8.3 Gt Carbon/year (light green curve, 10 Gt steps).
The δ13C record of atmospheric CO2 suggests that the airborne fraction of anthropogenic CO2
had increased by 2002 to 78 Gt or 9.7% (vertical dark green bars, 10 Gt steps).

Since 1750 atmospheric CO2 concentrations increased by about 35.5% 
of this about ⅓ is attributed to anthropogenic emissions and ⅔ to natural sources
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Presentation Notes
This graph suggests that during the last 150 years the rate of  increase in atmospheric CO2 concentrations exceeded  the rate of increase in anthropogenic CO2 emissions. Yet, provided  all anthropogenic CO2 had accumulated in the atmosphere, atmospheric CO2 concentrations would have exceeded since 1960 the observed ones (Siddons &D˚Aleo, 2007).The atmospheric residence time of 12CO2 is about 5 years and that of 14CO2 (injected into atmosphere during A-bomb tests 1950s-60s) about 16 years, and not more than 50-200 years as postulated by IPCC. About one fifth of the total atmospheric CO2 is annually  exchanged between the different sources and sinks.Annually, biotic land and oceanic sinks remove at least 57% of the CO2 emitted by human activity. These sinks grew at almost the same rate as the anthropogenic emissions (Essenhigh, 2009; Segalstad, 2009; Knorr, 2009).Measurements of δ13C in atmospheric CO2 suggest  that  the atmosphere contained in 1978 about  6.3%, in 1988 about 7.9% and in 2002 about 9.7% of anthropogenic CO2  (78Gt, including natural biogenic CO2;), with the remaining atmospheric CO2 being isotopically  indistinguishable from "natural”,  inorganic CO2. which is exchanged with and out-gassed from the oceans and from volcanoes and the Earth's interior (Segalstad, 1992). Between 1978 and 2002 the δ13C ratio has annually decreased by  0.02-0.03 pro mill  from -7.489  to  about -8.05 pro mill (CDIAC) while the total atmospheric carbon content increased from 710 to 800Gt. This is interpreted as reflecting an increasing contribution from fossil fuel combustion that paralleled warming and out-gassing of the oceans. Conversion factor: 1 ppm CO2 = 2.12 Gt C, 1 Gt C = 3.66 Gt CO2.Theδ13C data suggest that only 35.5% of the atmospheric CO2 increase observed during the last 150 years may be attributed to the  burning of  fossil fuels. However, in the course of the annual cycle, about one fifth of all atmospheric CO2 is absorbed and released againby natural sinks. The volume of  CO2 annually exchanged between the atmosphere and sinks is an order of  magnitude greater than the total CO2 emissions from anthropogenic sources.  About 27% of what  is annually  absorbed originates from fossil fuels, but the released volume probably contains less that 27% fossil fuel-derived carbon because the sinks contain a smaller fraction of  fossil fuel-derived  carbon than the atmosphere.Therefore, a significant  part of the CO2  originally  emitted by fossil fuel burning may be trapped in sinks and is replaced by  natural CO2. Thus, possibly  a larger part of  the total  increase  in the atmospheric CO2 content  may be related  to  burning of  fossil fuels, regardless of the amount anthropogenic CO2 that, according to δ13Cdata,  currently  resides in the atmosphere.An important source of CO2 are the gradually warming oceanic surface layers, which probably  contributed materially to the accelerated atmospheric CO2 increase since the1960s owing to rising sea surface temperatures (see slide 20). On the other hand, changes in the atmospheric CO2 concentrationsand the δ13C ratio  appear to  be nearly  simultaneous in the Southern and Northern Hemisphere, thus speaking for the Southern Oceans as a main CO2 source, probably related to ENSO-type oscillations of their sea surface temperatures (Keeling, 2008; Quirk, 2009). Haynie (2010, 2011) points out that the atmospheric δ13Crecord reflects  not onlyanthropogenic CO2 emissions but also biogenic CO2and that  variations in atmospheric CO2 concentrationand  δ13C largely depend on  temperature differences between CO2 sources and sinks.References:Boden, T.A., Marland, G., Andres, R.J., 2010. Global, Regional, and National Fossil-Fuel CO2Emissions. Carbon Dioxide Information Analysis Center, OakRidge National Laboratory, U.S. Department of Energy, OakRidge, Tenn., U.S.A. doi 10.3334/CDIAC/00001_V2010CDIAC, Atmospheric Carbon Dioxide and Carbon Isotope Records at CDIAC: http://cdiac.oml.gov/trends/co2/contents.htmEngelbeen, F., 2010. CO2 Measurements. http://www.ferdinand-engelbeen.be/klimaat/co2_measurements.html#The_13C12C_ratioEssenhigh, R.E. 2009. Potential dependence of global warming on the residence time (RT) in the atmosphere of anthropogenically sourced carbon dioxide. Energy &Fuels Vol. 23: 2773-2784.Haynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfHaynie, F.H., 2011.Quantifying the Anthropogenic Contribution to the Global Background Level of Atmospheric CO2.http://retiredresearcher.wordpress.com/2011/11/03/quantifying-the-anthropogenic-contribution-to-the-global-background-Keeling, R.F., 2008. A Study of the Abundance and 13C/12C Ratio of Atmospheric Carbon Dioxide to Advance the Scientific Understanding of Terrestrial Processes Regulating the GCC. DOE OSTI Final report Grant DE-FG02-04ER63898Knorr, W., 2009. Is the airborne fraction of anthropogenic CO2 emissions increasing? Geophysical  Research Letters Vol. 36, L21710, doi:10.1029/2009GL040613.Sarmiento, J.L., Gruber, N., 2002. Sinks for anthropogenic Carbon. Physics Today. August 2002, 30-36.Segalstad, T. V. 1992: The amount of non-fossil-fuel CO2 in the atmosphere. AGU Chapman Conference on Climate, Volcanism, and Global Change. March 23-27, 1992. Hilo, Hawaii. Abstracts: 25; and poster: 10 pp. Available at: http://www.co2web.info/hawaii.pdfSegalstad, T. V. 1996: The distribution of CO2 between atmosphere, hydrosphere, and lithosphere; minimal influence from anthropogenic CO2 on the global "Greenhouse Effect". In: Emsley, J. (Ed.): The Global Warming Debate. The Report of the European Science and Environment Forum. Bourne Press Ltd., Bournemouth, Dorset, U.K. (ISBN 0952773406), pp. 41-50. http www co2web infoSegalstad, T. V. 1998: Carbon cycle modeling and the residence time of natural and anthropogenic atmospheric CO2: on the construction of the "Greenhouse Effect Global Warming" dogma. In: Bate, R. (Ed.): Global warming: the continuing debate. ESEF, Cambridge, U.K. [ISBN 0952773422]: 184-219. Available at: http://www.co2web.info/ESEF3VO2.pdfSegalstad, T.V., 2009. Correct Timing is Everything -  Also for CO2 in the Atmosphere. CO2 Science, Vol. 12, No. 31, August 2009.Siddons, A., D˚Aleo, J., 2007. Carbon Dioxide: The Houdini of Gases. http://www.ilovemycarbondioxide.com/pdf/Carbon_Dioxide_The_Houdini_of_Gases.pdfQuirk, T., 2009. Sources and Sinks of Carbon Dioxide. Energy & Environment, 20 (1), 105-121.UriarteCantolla, A., 2003.The 13C cycle in nature. Based on: "Historia del Clima de la Tierra" (in Spanish), http://homepage.mac.com/uriarte/carbon13.html

http://cdiac.ornl.gov/trends/co2/contents.htm


According to models 40-45% of the annual anthropogenic CO2 emissions 
accumulate in the atmosphere and 55-60% are taken up by oceanic and 

terrestrial plant sinks

Global Carbon Project 2010; updated from Le Quéré et al. 2009; Canadell et al. 2007
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Despite rising emissions, the airborne fraction of anthropogenic CO2 probably increased since
1850 by less than10% and not by 37% as postulated by models

The atmospheric residence time of CO2 is about 5 year and not 100 years as IPCC claims
About 20% of the atmospheric CO2, representing 165 Gt C, are annually exchanged with 

oceanic and terrestrial plant sinks while annual anthropogenic emissions amount to 8.8 Gt C
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Presenter
Presentation Notes
Models for the Global Carbonate Budget are based on a quantification of anthropogenic CO2 emissions and their exchange with natural sinks (Knorr, 2009; Quéré et al., 2009). Seasonal and annual atmospheric CO2  fluctuations are very large, vary with sea surface temperatures (Keeling, 2008) and can be an order of magnitude greater than the annual anthropogenic emissions (Haynie, 2010). In view of the short  residence time of CO2 in the atmosphere (variably estimated to be about 5 to 10 years for 12CO2 and about 16 years for14CO2), its rising atmospheric concentration demands that  the atmosphere is continuously recharged with CO2, probably from upwelling ocean currents and in response to slowly rising sea surface temperatures, and not exclusively from anthropogenic emissions (Quirk, 2009; Haynie, 2010, 2011; Evans, 2011).The decadal increase of the airborne fraction of anthropogenic CO2 is estimated by Knorr (2009) and to amount to 0.7 ±1.4% rather than 2.5 ±2.1% as reported by Canadell et al. (2007). Although such a decadal increase is probably close to the error limit a steady rise in the combined biogenic and anthropogenic fraction of 13C depleted CO2 is clearly evident (Haynie, 2010, 2011).The contribution of mantle and lithosphere out-gassing to the global carbon budget is difficult to quantify.  Gerlach (2010) estimates that the CO2 contribution from subairial and submarine volcanic activity amounts to less than 1% of the annual anthropogenic emissions. Nevertheless, degassing of the Solid Earth probably  played an important role in the fluctuation of atmospheric CO2 concentrations during geological times, considering amongst others variations in sea floor spreading rates (Kerrick, 2001; Touret& Huizenga, 2011).How the global carbon budget 2009 that is shown in this diagram was put together (http://www.globalcarbonproject.org/carbonbudget):Atmospheric CO2. The data is provided by the US National Oceanic and Atmospheric Administration Earth System Research Laboratory. Accumulation of atmospheric CO2 is the most accurately measured quantity in the global carbon budget with an uncertainty of about 4%.Emissions from CO2 fossil fuel. CO2 emissions from fossil fuel and other industrial processes are calculated by the Carbon Dioxide Information Analysis Centre of the US Oak Ridge National Laboratory. For the period 1958 to 2007 the calculations were based on United Nations Energy Statistics and cement data from the US Geological Survey, and for the years 2008 and 2009 the calculations were based on BP energy data. Uncertainty of the global fossil fuel CO2 emissions estimate is about ±6% (currently ±0.5 PgC). Uncertainty of emissions from individual countries can be several-fold bigger.Emissions from land use change. CO2 emissions from land use change are calculated by using a book-keeping method with the revised data on land use change from the Food and agriculture Organization of the United Nationals Global Forest Resource Assessment 2010. Uncertainty on this flux is the highest of all budget components.Ocean CO2 sink. The global ocean sink is estimated using an ensemble of five process ocean models. Models are forced with meteorological data from the US national Centres for Environmental Prediction and atmospheric CO2 concentration.  Current  uncertainty is around 0.4 PgC y-1.Land CO2 sink. The terrestrial sink is estimated as the residual from the sum of all sources minus ocean+atmosphere sink. The sink can also be estimated using terrestrial biogeochemical models as in previous carbon budget updates.More information on data sources, uncertainty, and methods are available at:http://lgmacweb.env.uea.ac.uk/lequere/co2/carbon_budget.htm References:Canadell, J.C., Le Quéré, C., Raupach, M., Field, C.B., Buitenhuis, E.T., Clais, P., Lonway, T., Guilett, N.P., Haughton, R.A,  Marland, G., 2007.  Contribution to accelerating atmospheric CO2 growth from economic activity, carbon intensity, and efficiency of natural sinks. PNAS 104 (47), 18866-1887.Evans, R., 2011. Atmospheric CO2 short residence time.http://chipstero7.blogspot.ch/2011/09/it-is-often-asserted-that-we-prove.htmlGerlach, T.M., 2011. Volcanic versus Anthropogenic carbon dioxidd. Eos 92 (24), 201-108..Haynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfHaynie, F.H., 2011.Quantifying the Anthropogenic Contribution to the Global Background Level of Atmospheric CO2.http://retiredresearcher.wordpress.com/2011/11/03/quantifying-the-anthropogenic-contribution-to-the-global-background-Keeling, R.F., 2008. A Study of the Abundance and 13C/12C Ratio of Atmospheric Carbon Dioxide to Advance the Scientific Understanding of Terrestrial Processes Regulating the GCC. DOE OSTI Final report Grant DE-FG02-04ER63898Kerrick, 2001. Present and past nonanthropogenic CO2 degassing of the Solid Earth. Review of Geophysics 39(4), 565-585.Knorr, W., 2009. Is the airborne fraction of anthropogenic CO2 emissions increasing? Geophysical  Research Letters Vol. 36, L21710, doi:10.1029/2009GL040613.Le Quéré, C., Raupach, M.R., Canadell, J.G., Marland, G. et al., 2009. Trends ins sources and sinks of carbon dioxide. Nature Geoscience 2(12), 831-836. Sarmiento, J.L., Gruber, N., 2002. Sinks for anthropogenic Carbon. Physics Today, August 2002,30-36.Touret, J.L.R., Huizenga, J.M.,2011. Fluid-assisted granulite metamorphism: a continental journey. Gondwana Research 21, pp. 224–235.Quirk, T., 2009. Sources and Sinks of Carbon Dioxide. Energy & Environment, 20 (1), 105-121.
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δ13C of atmospheric CO2
• Natural Carbon has the two stable isotopes 12C and 13C and the radiogenic isotope 14C. It  

generally consists to 98.987% of 12C and 1.103% of 13C plus traces of 14C. 

• The ratio 13C/12C is expressed as δ13C ‰ relative to the standard VPDB carbonate which has a 
δ13C of +0.11‰. Positive values indicate 13C enrichment, negative ones 13C depletion.

• Carbon isotopes are kinetically fractionated during the photosynthesis of terrestrial and marine 
plants and by bacteria, all favoring 12C. Their biomass is 13C depleted and depending on type and 
species has a δ13C ranging between -10‰ and -30‰. 

• Decaying terrestrial biomass releases CO2 with an average δ13C of about -26‰ while CO2 derived 
from the burning of fossil fuels has a δ13C of about -29‰ (range -20‰ to over -70‰).

• Decaying phytoplankton and fecal pellets sinking to depth are converted by bacteria to inorganic 
carbon, thus increasing the carbon content of the deep ocean layers and decreasing their δ13C 
(biological pump).  

• Equilibrium fractionation of carbon isotopes during the exchange of CO2 between the atmosphere 
and oceans (solubility pump) depends mainly on pCO2 and temperature differences between the 
two media. It is more efficient at the ocean-air transition (-12.2‰) than at the air-ocean transition (-
2.4‰). 

• As 13CO2 has a lower vapor pressure than 12CO2 it is slightly preferentially absorbed by water 
droplets of clouds and rain, which upon evaporation preferentially release 12CO2.Cloud droplets 
freezing and evaporating in the upper troposphere probably decrease its δ13C.

• Atmospheric CO2 has a δ13C ranging from -7.8‰ to -8.6‰,  presently averaging to 8.2‰.
CO2 released by the oceans has a δ13C between +1.5‰ and -7‰.  

Presenter
Presentation Notes
Carbon has two stable isotopes, 12C and 13C. In general 12C forms 98.987% of natural carbon and 13C 1.103%. The occurrence ration of these two stable isotopes is given as δ13C in comparison to a standard VPDB carbonate (Vienna Pee-Dee Belemnite) that consists of 0.0112372 part of13C to 1 part of total carbon. Positive values of  δ13C stand for more 13C, negative values for less 13C. Fractionation of stable carbon isotopes depends on the rate at which chemical reactions and physical processes take place and vary with the mass of  isotopes present. Carbon isotopes fractionation occurs during the photosynthesis of plants, which discriminate against 13C and thus have a lower δ13C than the atmosphere, as well as  during the temperature-dependent exchange of CO2 between the atmosphere and oceans in which CO2 released into the atmosphere is variably 13C depleted (Schmitt, 2006; Köhler et al., 2006). During the  photosynthesis of  terrestrial plants kinetic fractionation of the lighter 12C and heavier 13C results in 13C-depletion of their biomass, whichdepending on the plant type has a δ13C varying between -10‰. and -26 ± 3‰. This causes a 13Cenrichment of the atmosphere (Mook, 1986). Terrestrial biomass can be stored in wood, peat and soils. Decaying terrestrial biomass release 13C depleted CO2 with a δ13C of about -26‰., thus counteracting 13C enrichment of the atmosphere during growth seasons.During the photosynthesis of marine plants and plankton kinetic carbon fractionation reduces theirδ13C by up to 19‰  in warm, tropical waters and 30‰  in cold, polar waters, causes nutrient depletion of the surface waters and leaving their surface carbon enriched in 13C. Decaying phytoplankton with a δ13C of -20‰ to -25‰, together with fecal pellets and larger carbon fragments sink to depth, are converted by bacteria to inorganic carbon and enrich the deep ocean layers in 13C depleted carbon that is ultimately released again to the atmosphere via upwelling cells of the oceanic thermohaline circulation system (Köhler et al., 2006; Lynch-Stieglitz et al., 1995; Anonymous).Coals derived from terrestrial biomass have a δ13C of -20 to -30‰, oils derived from marine humic, algal and/or bacterial source rocks have a δ13C of -20 to -44‰ , thermal gas derived from coals and/or oil source rocks has a δ13C in the -30 to -69‰ range and bacterial gas has a δ13C in the range of -60 to -90‰ (Revesz et al., 2009; Quirk, 2009).Temperature dependent equilibrium fractionation of carbon isotopes during the air-sea exchange of CO2 reduces the δ13C of surface waters by 10.2 ± 0.3‰  during the release of CO2 and by 2.4 ± 0.8‰ during the CO2 uptake (Anonymous). Down-welling cold water enhances the CO2 uptake while upwelling water enhances the CO2 release (Köhler et al., 2006).  Absorption of atmospheric CO2 by oceanic surface layers reduces their δ13C while their CO2 out-gassing increases their δ13C (Lynch-Stieglitz et al., 1995).In addition, the continuous absorption and release of CO2 by  water droplets of clouds probably has also a  fractionation effect on carbon isotopes. Since the heavier 13CO2 has a lower vapor pressure it  is slightly preferentially absorbed and released by  the water droplets of clouds and rain. Cloud droplets rising into the upper troposphere and stratosphere freeze and  release their 13C depleted CO2. Others falling towards the surface warm, evaporate and release somewhat preferentially their lighter 12CO2. This process may  occur many times as moisture is transported from the tropics towards the poles, thus enriching the upper troposphere  (Haynie (2010; 2011).δ13C of atmospheric CO2 varies between -7.0 and -8.2‰ and has over the years steadily decreased with increasing CO2 concentrations. CO2 derived from the ocean has a δ13C ranging from -7 to +1.57 (Quirk, 2009; Engelbeen, 2010).References:Anonymous, Global Hydrological – Climate Cycle, Chapter 7: Natural abundance of the Stable Isotopes of C, O and H. http://www-naweb.iaea.org/napc/ih/documents/global_cycle/vol%20I/cht_i_07.pdfEngelbeen, F., 2010. CO2 Measurements. http://www.ferdinand-engelbeen.be/klimaat/co2_measurements.html#The_13C12C_ratioHaynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfHaynie, F.H., 2011.Quantifying the Anthropogenic Contribution to the Global Background Level of Atmospheric CO2.http://retiredresearcher.wordpress.com/2011/11/03/quantifying-the-anthropogenic-contribution-to-the-global-background-Köhler, P., Fischer, H., Schmitt, J., Munhoven, G., 2006. On the application and interpretation of Keeling plots in paleoclimate research – deciphering 13C of atmospheric CO2 measured in ice cores. Biogeosciences, 3, 539–556.Lynch-Stieglitz, J., Stocker, T.F., Broeker, W.S., Fairbanks, R.G., 1995. The influence of air – sea exchange on the isotopic composition of oceanic carbon: Observations and modeling. Global Biochemical Cycles 9, 653-665.Mook, W. G., 2006.13C in atmospheric CO2, Netherlands Journal of Sea Research, 20(2-3), 211–223.Revesz, K.Bree,K.,Baldassare, F., 2009. Natural gas migration problem in Pennsylvania. Stray Gas Workshop, Pittsburg Geological Society 2009. http://www.mde.state.md.us/programs/Land/mining/marcellus/Documents/2_1030_Revesz.pdfSarmiento, J. L., Gruber, N., 2006. Ocean biogeochemical dynamics, Princeton University Press, Princeton, Woodstock, 2006.Schmitt, J., 2006. A sublimation technique for high-precision δ13C on CO2 and CO2 mixing ratio from air trapped in deep ice cores. Ph.D. Thesis, Alfred-Wegener-Institut für Polar- und Meeresforschung, University Bremen.Quirk, T., 2009. Sources and Sinks of Carbon Dioxide. Energy & Environment, 20 (1), 105-121.White, W.M., 2013. Geochemistry, Chapter 9: Stable Isotopes. Wiley-Blackwell (in press; http://geoweb.gg.uwyo.edu/geol4490/White%20Geochemistry/Chapter09.pdf
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The Oceans, a giant CO2 reservoir, contain 
about 39,000 Gt of dissolved C while 

atmospheric CO2 represents 834 Gt C
source of diagrams: climate4you

Global Upper Ocean Heat 
Content
0-700m

Mauna Loa atmospheric  
CO2 concentrations

Global temperature anomalies

CO2 solubility in sea water is mainly pressure and temperature
dependent; CO2 isreleased upon decompression and/or
warming
The CO2 content oceanic surface layers is ± in temperature-
dependent equilibrium with atmosphere CO2 concentrations

Large volumes of Carbon are annually exchanged between the
oceans and atmosphere. Carbon is also sequestered in sea
floor sediments (coral reefs, pelagic limestones, organic shales)

Solar SW radiation is absorbed in the
upper 100 m of the oceans, warming them
and causing their CO2 out-gassing, and by
warming of the lower troposphere
enhanced evaporation and related cooling

IR radiation reflected back to Earth does
not penetrate and warm the oceans but
fosters evaporation and related cooling

The troposphere cannot warm the oceans

The North Atlantic Deep-Water current
links the seas of the Arctic region, the main
CO2 sink, with the upwelling currents of the
Southern Seas, the main CO2 source

Presenter
Presentation Notes
Most of the solar energy the Earth receives is absorbed by the equatorial oceans from where it is transported northward by wind-driven and thermohaline currents (see slide 26). Sea water contains carbon ions of dissolved carbonates and CO2. Decaying organic matter is another source of CO2 in sea water. The solubility of CO2 is water  depends on its temperature, pressure, salinity, pH and the amount of dissolved inorganic carbon. CO2 dissolves in the ocean to form carbonic acid (H2CO3), bicarbonate (HCO3-) and carbonate (CO32-). There is about fifty times as much carbon dissolved in the waters of the oceans as is present in the atmosphere (Henry’s Law).  Atmospheric CO2 appears to be nearly in isotopic equilibrium with the oceanic dissolved bicarbonate. The δ13C (HCO3 ) values in the ocean are about +1 to +1.5‰, in agreement with the ocean-air equilibrium fractionation at temperatures between 15 and 200C (Anonymous) The upper graph (smoothed line 3 year running average) shows that the heat content of the upper ocean layers (down to 700 m depth) has slowly increased since the 1970’s (since 1955 by 0.17oC; Bosnich, 2011). By 2004 this warming trend clearly slowed down. Similarly, global Troposphere temperatures, shown in the lower graph by the multi-colored serrated curve (smoothed line 3 year running average), rose cyclically since the 1970s but  flattened out starting in the early 2000s. Both curves reflect the decrease in solar irradiance since the late 1990s whereas, as shown by the blue curve in the lower graph, atmospheric CO2 concentrations continued to increase. A  detailed curve issued by Climate4you shows, however, that also the rate of the atmospheric CO2 increase has slowed down since 2002 (http://www.climate4you.com/images/CO2%20MaunaLoa%20Last12months-previous12monthsGrowthRateSince1958.gif) in concert with  the upper ocean heat content and global temperature curves.Each year approximately 170 Gt C are exchanged between the atmosphere and oceanic and land plant sinks whereas annual anthropogenic emissions amount to about 8.8 Gt C (2010), representing 32.2 Gt CO2. As monitored by the Mauna Loa Observatory (see lower graph purple wiggly line) the CO2 content of the atmosphere increased during the past 14 years (1997 to 2010) nearly linearly at an average of 1.996 ppmv/yr (varying between 0.91 and 2.79 ppmv/yr), corresponding to 15.49 Gt CO2. The total atmosphere, with a mass of approximately 5.14 x 1015 metric tons (Ternbreth& Guillemot, 1994), contains at the current CO2 concentration of 394.45 ppmv  about 3052 Gt  CO2, with each ppmv  representing 7.56 Gt CO2. The atmospheric CO2 increase of the last 12 months (July 2012) amounted to 1.86 ppm, representing 14.43 Gt CO2 or 3.95 Gt C (Conversion factor: 1 ppm CO2 = 2.12 Gt C, 1 Gt C = 3.66 Gt CO2)The question is, why  in the face of annual anthropogenic emission of about 32 Gt CO2 is the annual atmospheric CO2  increase not larger than about 15 Gt?  According to the Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory  (http://cdiac.ornl.gov/ftp/ndp030/global.1751_2007.ems) worldwide emissions increased steadily  from about  24.36 Gt CO2 in 1997 to about 30.6 Gt  CO2 in 2007, corresponding to nearly 200% of  the recorded annual increase in the total atmospheric CO2 content.  Apparently  more than half of the annual emissions are absorbed by natural sinks of which the oceans are the most important (Sarmiento & Gruber, 2002; Keeling, 2005).CO2 is continuously emitted by deep upwelling oceanic currents, particularly in the tropics, where temperatures are high and the partial pressure of CO2 (pCO2 ) in the upper layers of the oceans is higher than in the atmosphere. CO2 is continuously absorbed higher latitudes by the upper oceanic layers where  colder temperatures reduce the pCO2 of the oceans to below the pCO2 of the atmosphere. This is especially the case at the North Atlantic down-welling branch of thethermohaline ocean circulation (Engelbeen, 2010). Correspondingly, the southern and equatorial oceans with their deep upwelling systems (slide 25; http://en.wikipedia.org/wiki/Upwelling) represent the most important  sources of atmospheric CO2 while the oceans of the Arctic region represent the most important CO2 sink (Haynie, 2010; Piper, 2012). Northern Hemisphere seasonal  fluctuations in terrestrial vegetation and marine phytoplankton (Keeling, 1960) play also an important, though perhaps secondary role as CO2 sink and source.Carbon derived from decaying plankton and fecal pellets accumulates in the deeper layers of the oceans (Sigman et al., 2010). Large amounts of carbon are sequestered in bottom sediments of the oceans, particularly in the form of limestones above the Calcium Compensation Depth (CCD) that ranges in depth  between -4000 and -6000m, depending on temperature, pressure and the age-dependent CO2 content of the water. Down-welling currents with a low CO2 content are associated with a deeper CCD than deep upwelling currents with a high CO2 content (http://en.wikipedia.org/wiki/Carbonate_compensation_depth). Changes in water  temperature can cause shallowing of the CCD and massive CO2 degassing of the ocean at basin scales, as evident at the end of the last ice age (Elsig et al., 2009; Schmitt et al., 2012). Similarly, changes in the pattern of down-welling and upwelling currents can affect the CCD and related variations in CO2 degassing/absorption on regional and shorter time scales. Moreover,  increasing atmospheric concentrations of CO2 are thought to influence the depth of the CCD, with zone of down-welling being affected first.In conjunction with overall warming since the Little Ice Age and the related reduction in sea ice cover, the shallow layers of the oceans, which are saturated in the carbonate ion and essentially in equilibrium with atmospheric CO2 concentrations, have slowly warmed,  resulting in a lowering of their pCO2 and thus their steady CO2 out-gassing, as seen in the pre-industrial rise in atmospheric CO2 concentrations (see slide 17). Significantly, the South Pacific Oscillation Index closely correlates with inter-annual CO2 and δ13C fluctuations, suggesting that related variations in sea surface temperature and atmospheric pressure control out-gassing of the oceanic surface layers (Piper, 2012) (see slides 21 to 22).   Reference:Bosnich B., 2011. The Chemistry of Ocean pH. http://joannenova.com.au/2011/11/the-chemistry-of-ocean-ph-and-acidification/ Elsig, J., Schmitt, J. Leuenberger, D., Schneider, R., Eyer, M. , Leuenberger, M., Joos, F, Fischer, H., F. Stocker, T.F., 2009.Stable isotope constraints on Holocene carbon cycle changes from an Antarctic ice core. Nature 46, 507-510, doi:10.1038/nature08393Engelbeen,F., 2010. CO2 Measurements. http://www.ferdinand-engelbeen.be/klimaat/co2_measurements.htmlHaynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfKeeling, C.D., 1960. The Concentration and Isotopic Abundance of Carbon Dioxide in the Atmosphere. Tellus 12 (6), 200-203Keeling, C.D., 2005. Tyler Price Lecture. http://scrippsco2.ucsd.edu/talks/cdk_tyler_prize_lecture_2005.pdfPiper, S.C., 2012. Study of the Role of Terrestrial Processes in the Carbon Cycle Based on Measurements of the Abundance and Isotopic Composition of Atmospheric CO2. DOE OSTI Final report grant DE-FG02-07ER64362 (Scripps CO2 Program) Sarmiento, J.L., Gruber, N., 2002. Sinks for anthropogenic Carbon. Physics Today, August 2002,30-36.Schmitt J. & 10 others, 2012. Carbon Isotope Constraints on the Deglacial CO2 Rise from Ice Cores. Sciencexpress29 March 2012 / Page 1/ 10.1126/science.1217161Sigman, D.M., Hain, M.P., Haug, G.H., 2010. The polar ocean and glacial cycles in atmospheric CO2 concentration. Nature 466, 47-54.Ternbreth, K.E., Guillemot, C.J., 1994. The total  mass of the atmosphere. Journal of Geophysical Research 99, (D11), 23,079-23,088.
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Natural CO2 and δ13C variations
Source of diagram:  Scripps CO2 Program, January 2012

black curves: Mauna Loa, red curves: South Pole

Variations in atmospheric CO2 concentrations and 
δ13C correlate closely and reflect temperature 
differences betweenoceanic and terrestrialCO2 
sources and sinks
ENSO- and PDO-type oscillations of ocean 
currents and sea surface pressure/temperature 
modulate at inter-annual and multi-decadal scales 
out-gassing of the Southern Ocean CO2 source 

The efficiency of the northern oceanic 
CO2 sinks is modulated at seasonal and 
multi-decadal scales by sea-ice cover 
and the temperature of sea water
The pronounced seasonal variations in 
atmospheric CO2 concentration of the 
Northern Hemisphere apparently involve 
only the 13C depleted fraction
Variations in solar irradiance control 
ocean temperatures, ocean circulation 
patterns and long-term variations in 
atmospheric CO2 content and δ13C

atmospheric CO2

Presenter
Presentation Notes
Charles David Keeling presented in the Tyler Prize Lecture 2005 his famous curves for the development of atmospheric  CO2 concentrations, changes in δ13C and the emission of CO2 from fossil-fuel burning-. He stressed the close correlation between CO2 concentrations and CO2 derived from fossil-fuel emissions, provided 58% of the latter remained in the atmosphere. His curves show that atmospheric CO2 concentrations rose gradually since 1740 but accelerated around 1955 to follow the curve given in the lower slide, and point out that indeed fossil fuel emissions accelerated sharply in 1955. Systematic δ13C measurements on atmospheric CO2 began at the South Pole and Mauna Loa in 1977 and 1980, respectively, and demonstrate its progressive decrease (upper diagram).These curves and their interpretation gave strong support to the concept that anthropogenic emissions are responsible for the observed increase in atmospheric CO2 concentration and decrease in δ13C. In the same vein, and based on surveys of the Revelle Factor of the oceans, Sabine et al. (2004) claimed that between 1800 and 1994 mainly the shallow layers of the oceans had absorbed 118 ± 19 Gt of anthropogenic CO2, accounting for 48% of the total emissions while the remainder was stored in the atmosphere, and that the absorption capacity of these oceanic layers is decreasing. Evans (2011) points out, however, that the Revelle Factor disregards Henry’s Law, which gives a solubility constant for gases in water that strongly depends on temperature and weakly on salinity. This constant gives for the Earth’s average surface temperature of 150C a CO2 partitioning ratio between the atmosphere and oceans of about 1:50, suggesting that 98% of the anthropogenic emissions should be absorbed by the oceans and that upon equilibrium only 2% should remain in the atmosphere. Therefore, the observed increase in the atmospheric CO2 concentration probably does not exclusively reflect an increasing airborne fraction of anthropogenic CO2.Whereas the Southern Oceans with their deep up-welling systems are the most important source of CO2, the cold seas of the Arctic region together with the biosphere of the large Northern Hemisphere land masses represent the greatest CO2 sinks (see slide 25). When covered by sea ice, the Arctic Seas can no longer absorb CO2; conversely, when it thaws strong CO2 absorption resumes. Moreover, as with increasing sea surface temperatures the rate of CO2 absorption decreases, the observed steady  increase in atmospheric CO2 concentration is compatible with increasing sea surface temperatures due to increasing solar irradiance, and particularly in the Arctic region due to the invasion of warmer currents (Haynie, 2010; Piper, 2012). The atmosphere contains a mixture of naturally and anthropogenically 13C–depleted CO2 and natural,13C-un-depleted CO2.. Values of atmospheric CO2 concentrations include both fractions while  δ13C addresses the ratio of 13C/12C in both fraction. Therefore, curves describing the temporal variation of CO2 concentrations and δ13C display similar configurations. Detailed analyses show, however, that seasonal variations in atmospheric CO2 concentration affect  only the 13C depleted fraction (Haynie, 2010) that consists of natural, biogenic and oceanic components and an anthropogenic component. In the Northern Hemisphere  seasonal variations in atmospheric CO2 concentrations and δ13C increase with increasing seasonal severity northward, towards the large circum- Arctic land masses and the Arctic Seas, both representing large seasonal CO2 sinks, and withincreasing distance from the Southern Seas, the largest  CO2 source(Keeling, 1996; Haynie, 2010; Piper, 2012), where deep upwelling currents bring isotopically depleted carbonate and CO2 saturated water to the surface (Schmitt et al., 2012). This indicates that the depleted fraction of atmospheric CO2 consists not only of an anthropogenic and a natural biogenic component but includes also an atmosphere/water exchange related equilibrium fractionated component. The relative contribution of the different processes to the observed changes is, however, difficult to assess. Haynie (2010) suggests that only the depleted CO2 fraction is subject to seasonal fluctuations.In the Northern Hemisphere (e.g. Mauna Loa) strong seasonal oscillations in atmospheric  CO2  content(up to 15ppm) and 1δ13C ( up to 0.8‰) are superimposed on long-term increasing, resp. decreasing trends. These oscillations are presumably controlled by seasonal changes in the growth and decay of terrestrial plants and Arctic sea ice cover (Haynie, 2010; Piper, 2012). In the Southern Hemisphere (e.g. South Pole) seasonal variations are muted and have a weaker relationship with the Antarctic sea ice extent, but permit to readily detect inter-annual and decadal trends, which are hidden in the highly serrated Northern Hemisphere curves. However, de-trending time series observations of 15 stations distributed between the Canadian Arctic Islands and the South Pole show that such variations in atmospheric CO2 concentrations and δ13C are evident at all stations, correlate with each other and show that CO2 concentrations and δ13C vary in concert. Peaks of the de-trended curves coincide closely with El Nino-Southern Oscillations (ENSO) and Pacific Decadal Oscillations (PDO), thus suggesting that these variations have nothing to do with anthropogenic emissions. Although the bulk of  fossil fuels is consumed in northern mid-latitudes (300N-600N),  atmospheric CO2 concentrations and δ13C vary nearly simultaneously in the Northern and Southern Hemisphere. This contrasts with the dispersion of  the radioisotope 14C from the Northern to the Southern Hemisphere that took several years after atomic tests (Keeling, 2008; Quirk, 2009; Haynie, 2010 Piper, 2012). Due to the temperature dependent solubility of CO2, gradual warming of the oceans and related changes in their thermohaline circulation, mobilizing the CO2-rich  deep waters of the Southern Oceans, leads to their CO2 out-gassing (Sigman et al., 2010; Skinner et al., 2010) and a concomitant decrease in δ13Cthat is mainly caused by the temperature-dependent isotopic fractionation during the gas exchange between the ocean surface and the atmosphere. Moreover, variations in sea ice cover of the Arctic Seas, and related changes in the thermohaline ocean circulation, have strong repercussions on the atmospheric CO2 content and δ13C . In addition, increasing temperatures and atmospheric CO2 content foster the growth and decay of land plants and the release of 13C depleted CO2 into the of atmosphere (Köhler et al., 2006).Although the observed multi-decadal increase in atmospheric CO2 concentration and decrease in δ13C obviously contain a strong natural component, and cannot  be exclusively attributed to anthropogenic emissions (Quirk, 2008; Keeling, 2009; Haynie, 2010; Piper, 2012), the footprint of anthropogenic emissions is seriously claimed to be unmistakable (Francey et al., 1999; Böhm et al., 2002; Ruddiman, 2003; Engelbeen, 2010).References:Böhm,F., Haase-Schramm, A., Eisenhauer, A., Dullo, W-C., Joachimski, M.M., Lehnert, H., Reitner, J, 2002. Evidence for Preindustrial Variations in the Marine Surface Water Carbonate System from Coralline Sponges. Geochemistry, Geophysics, Geosystems 3, 1019, 13p.,doi:10.1029/2001GC000264Evans, R. 2011. The Revelle Factor vs Henry’s Law. http://chipstero7.blogspot.ch/2011/10/revelle-factor-vs-henrys-law.htmlEngelbeen, F., 2010. CO2 Measurements. http://www.ferdinand-engelbeen.be/klimaat/co2_measurements.html#The_13C12C_ratioFrancey, R.J., Allison, C.E., Etheridge, D. M., Trudinger, C. M., Enting, I. G., Leuenberger, M., Langenfels R. L., Michel, E., Steel L. P., 1999. A 1000-year high precision record of d13C in atmospheric CO2. Tellus 51B, 170–193.  Haynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfKeeling, C.D., 2005. Tyler Price Lecture. http://scrippsco2.ucsd.edu/talks/cdk_tyler_prize_lecture_2005.pdfKeeling, C.D.,Chin, J.F.S., Whorf, T.P., 1996. Increased activity of northern vegetation inferred from atmospheric CO2 measurements. Nature 382, 146 – 149; doi:10.1038/382146a0Keeling, R.F., 2008. A Study of the Abundance and 13C/12C Ratio of Atmospheric Carbon Dioxide to Advance the Scientific Understanding of Terrestrial Processes Regulating the GCC. DOE OSTI Final report Grant DE-FG02-04ER63898 (Scripps CO2 Program)Piper, S.C., 2012. Study of the Role of Terrestrial Processes in the Carbon Cycle Based on Measurements of the Abundance and Isotopic Composition of Atmospheric CO2. DOE OSTI Final report grant DE-FG02-07ER64362 (Scripps CO2 Program) Quirk, T., 2009. Sources and Sinks of Carbon Dioxide. Energy & Environment, 20 (1), 105-121.Ruddiman, W. F., 2003. Theanthropogenicgreenhouseerabeganthousands of yearsago. Climate Change 61, 261–293.Sabine, C.L., Feely, R.A., Gruber, N and 12 others. 2004. The Oceanic Sink for Anthropogenic CO2. Science 305, 367-371.Sabine, C.L., Feely, R.A., Gruber, N., 2012. Scripps CO2 Program.  http://scrippsco2.ucsd.edu/introduction/introduction.Schmitt J. & 10 others, 2012. Carbon isotope constraints on the deglacial CO2 Rise from ice cores. Sciencexpress29 March 2012 / Page 1/ 10.1126/science.1217161Sigman, D.M., Hain, M.P., Haug, G.H., 2010. The polar ocean and glacial cycles in atmospheric CO2 concentration. Nature 466, 47-54.Skinner, J.C., Fallon, S., Waelbroek, C., Michel, E., Barker, S., 2010. Ventilation of the Deep Southern Ocean and Deglacial CO2 Rise. Science 428, 1147-1151



22

• Atmospheric δ13C decreased with increasing temperatures, evaporation and atmospheric 
CO2 concentration that stimulated the efficiency of the atmosphere-ocean gas exchange, 
the terrestrial and marine biosphere and the release of CO2 from stored terrestrial biomass.

• Inter-hemispheric atmospheric CO2 concentration and δ13C gradients are too small to result 
from anthropogenic emissions and thus speak for very efficient CO2 sources in the tropical 
Southern Oceans and for equally efficient circum-Arctic oceanic and biogenic CO2 sinks.

• The δ13C of atmospheric CO2 gives a measure of the airborne fraction of 13C depleted CO2
that originates from large natural sources as well as from anthropogenic emissions.

• δ13C-based and mass balance calculations suggest that about 30% of the current 
atmospheric CO2 are isotopically depleted with more than ⅔ originating from natural marine 
and biogenic sources and less than ⅓ from anthropogenic emissions.

Atmospheric δ13C is dominated by 
naturally depleted CO2

Source of diagram: Böhm et al., 2002

Since the Maunder Minimum atmospheric 
CO2 concentrations increased from 280 to 
390 ppm while δ13C declined from -6.3 to -
8.20, accelerating with the beginning of fossil 
fuel consumption in the 1830s and in 
response to the rapid increase in fossil fuel 
consumption in the 1950s. Does δ13C clearly 
reflect the anthropogenic emissions?

δ13C -6.37
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Presentation Notes
The curve presented here gives the δ13C development  of  atmospheric CO2  and of dissolved carbon in shallow marine waters. Atmospheric values were derived) from ice cores (Francey  et  al., 1999), the shallow water data from coralline sponges (Böhm et al.,2002). Legend: outer left: δ13C ‰ atmosphere; inner left: δ13C‰  sponges, calibrated to δ13C atmosphere; right: atmospheric partial pressure 1/pCO2ppmv.Owing to natural fractionation of carbon isotopes, the carbon in coal or oil contains 1.083% 13C while the carbon of  atmospheric CO2 contains 1.103% 13C. Mean δ13C values of atmospheric CO2 vary between -7 and -8. CO2 derived from biogenic sources has a δ13C of  about -26.5 while CO2 derived from fossil fuels has an average δ13C of -29 (ranging from -20 to -44) whereas CO2 derived from the ocean has a δ13C ranging from -7 to +1.57 (Quirk, 2009; Engelbeen, 2010).During the height of the Little Ice Age, atmospheric δ13C increased slightly  in response to global cooling, and declined progressively during subsequent warming phase. This decline accelerated in the 1830s with the onset of fossil fuel consumption and accelerated further in the 1940-60s as fossil fuel consumption increased sharply, reaching in 2010 a δ13C of -8.20 (Francey et al., 1999; Böhm et al., 2002). This decrease in δ13C is generally attributed to an increase in the airborne fraction of anthropogenic CO2 that was paralleled by an increase in atmospheric CO2 concentrations from 280 ppm in 1750 to 390 ppm in 2010. Is this decline in δ13C indeed the smoking gun for much of the anthropogenic emissions being stored in the atmosphere?The atmospheric CO2 mass is in equilibrium with oceanic HCO3 (bicarbonate) and CaCO3 (calcium carbonate) at a δ13C  value of -7, whereas anthropogenic (including biogenic) CO2 when in equilibrium has a δ13C value of about  -26. If humanemissions had  increased the atmospheric CO2 content by about 25% from 280ppmv in 1750 to approximately 351ppmv in 1988,the δ13C value would have to be  -11.75 (i.e. 25% of -26 and 75% of -7). However, in 1988 Keeling measured an atmospheric δ13C  value of  only -7.807, implying that the maximum amount of anthropogenic CO2 residing in the atmosphere (including biogenic CO2) was about 4% (rather than the 54% of the total emissions, as claimed by Keeling) while 96% was entirely natural (Segalstad 1996, 2010; Evans, 2011). The greatest source and sink of CO2 are the shallow layers of the oceans. Their warming, particularly in Arctic regions, probably dominatesthe marked increase in atmospheric CO2 concentration since the1950s. As inter-annual and decadal changes in atmospheric CO2 concentrationsand the δ13C ratio are nearly  simultaneous in the Southern and Northern Hemisphere, the Southern Oceans, in which deep isotopically depleted and carbon-rich currents well up to shallower levels (Schmitt et al., 2012), must be regarded as the greatest CO2 source, with changes in their out-gassing being controlled by ENSO-type oscillations of the sea surface temperature and pressure (Piper, 2012). Similarly, the efficiency of the Arctic Seas CO2 sink  depends on its temperature and ice cover (Keeling, 2008; Quirk, 2009; Haynie, 2010). In this sense Piper (2012) notes that “the inter-hemispheric gradients (of atmospheric CO2 and δ13C) are considerably smaller than can be expected from fossil-fuel burning alone, suggesting ….that the oceans play a large(r) role in the southward transport of Carbon…involving natural CO2 releases around Antarctica balanced by widespread oceanic uptake to the north“.Increasing temperatures and atmospheric CO2 concentrations stimulate the photosynthesis, respiration and growth of  plants and the release of CO2 from  stored terrestrial  biomass, resulting in a decrease in atmospheric δ13C (Elsig et al., 2009). The divergence of the rate-of-change curves for atmospheric CO2 and δ13C observed since early 2005 probably reflect the stimulation of the terrestrial biosphere under current climatic conditions (Piper, 2012) rather than anthropogenic emissions.Whereas seasonal variations in δ13C are small in the Southern Hemisphere their amplitude increase in the Northern Hemisphere with latitude. Latitude has, however,  no effect on the long term changes of the observed δ13Cvalues that are identical in both hemisphere (Quirk, 2009; Piper, 2012). The observed long term changes indicate that the atmospheric CO2  is derived from both natural and anthropogenic sources. Variations in δ13Cand sea surface pressure/temperature suggest, however, that anthropogenic CO2 did not measurably accumulate in the atmosphere. The atmospheric δ13Crecord probably reflects, apart from anthropogenic emissions and the response of the terrestrial biosphere to changes in the atmospheric CO2 concentration, also variations in the temperature difference between the principal CO2 sources and sinks, the Southern Oceans and the seas of the Arctic region (Haynie, 2010; Piper, 2012; Francey et al., 1999).Therefore, the depleted fraction of atmospheric CO2 consists not only of an anthropogenic and a natural biogenic component but includes also a very important  and probably dominant atmosphere/water exchange relate fractionated component. Although the relative contribution of the different processes to the observed short- and long-term changes is difficult to assess, natural processes appear to play a far greater role than anthropogenic emissions. It must be pointed out, however, that large parts of the anthropogenic CO2 emissions are absorbed by the oceans of which only to a small fraction is re-emitted into the atmosphere. An estimate of the fraction of 13C-depleted atmospheric CO2 is obtained by dividing the measured δ13C value by -27.3, the assumed average δ13C of biogenic CO2 (Haynie, 2011). Depending on authors, the airborne fraction of anthropogenic CO2 ranges currently between 4%(Segalstad, 2006, 2010; Evans, 2011) and 7% (Haynie, 2011).References:Böhm, F., Haase-Schramm, A., Eisenhauer, A., Dullo, W-C., Joachimski, M.M., Lehnert, H., Reitner, J, 2002. Evidence for Preindustrial Variations in the Marine Surface Water Carbonate System from Coralline Sponges. Geochemistry, Geophysics, Geosystems 3, 1019, 13p.,doi:10.1029/2001GC000264Elsig, J., Schmitt, J. Leuenberger, D., Schneider, R., Eyer, M. , Leuenberger, M., Joos, F, Fischer, H., F. Stocker, T.F., 2009.Stable isotope constraints on Holocene carbon cycle changes from an Antarctic ice core. Nature 46, 507-510, doi:10.1038/nature08393.Engelbeen, F., 2010. CO2 Measurements. http://www.ferdinand-engelbeen.be/klimaat/co2_measurements.html#The_13C12C_ratioEvans, R., 2011. Atmospheric CO2 short residence time. http://chipstero7.blogspot.ch/2011/09/it-is-often-asserted-that-we-prove.htmlFrancey, R.J., Allison, C.E., Etheridge, D. M., Trudinger, C. M., Enting, I. G., Leuenberger, M., Langenfels R. L., Michel, E., Steel L. P., 1999. A 1000-year high precision record of d13C in atmospheric CO2. Tellus 51B, 170–193.  Haynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdfHaynie, F.H., 2011.Quantifying the Anthropogenic Contribution to the Global Background Level of Atmospheric CO2.http://retiredresearcher.wordpress.com/2011/11/03/quantifying-the-anthropogenic-contribution-to-the-global-background-Keeling, R.F., 2008. A Study of the Abundance and 13C/12C Ratio of Atmospheric Carbon Dioxide to Advance the Scientific Understanding of Terrestrial Processes Regulating the GCC. DOE OSTI Final report Grant DE-FG02-04ER63898 (Scripps CO2 Program)Piper, S.C., 2012. Study of the Role of Terrestrial Processes in the Carbon Cycle Based on Measurements of the Abundance and Isotopic Composition of Atmospheric CO2. DOE OSTI Final report grant DE-FG02-07ER64362 (Scripps CO2 Program)Segalstad, T. V. 1996: The distribution of CO2 between atmosphere, hydrosphere, and lithosphere; minimal influence from anthropogenic CO2 on the global "Greenhouse Effect". In: Emsley, J. (Ed.): The Global Warming Debate. The Report of the European Science and Environment Forum. Bourne Press Ltd., Bournemouth, Dorset, U.K. (ISBN 0952773406), pp. 41-50.Segalstad, T. V., 2010, Geochemistry of CO2: the whereabouts of CO2 in Earth. Heartland Conference on Climate Change #4, Chicago, May 17, 2010Schmitt J. & 10 others, 2012. Carbon isotope constraints on the deglacial CO2 Rise from ice cores. Sciencexpress29 March 2012 / Page 1/ 10.1126/science.1217161Quirk, T., 2009. Sources and Sinks of Carbon Dioxide. Energy & Environment, 20 (1), 105-121.



Since 1850 global surface temperatures increased cyclically by about 0.80C with positive PDO
phases corresponding to warming periods and negative ones to periods of cooling.
Solar activity increased cyclically until the mid-1990s. The Sunspot number correlates poorly with
TSI, which was distinctly lower during negative PDO phases than during positive ones.
Steadily increasing atmospheric CO2 concentrations reflect progressive out-gassing of the slowly
warming oceans but do not reflect the PDO-related cooling phases.
The 20th Century warming trend can be attributed to a centennial-scale increase in TSI causing
slow warming and degassing of the oceans rather than to an increase in atmospheric CO2
concentration.

Variations in solar activity dominate climate change. Variations in GHG concentration 
and composition (water vapor, CO2) play a secondary role. 23
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Left slide:after L. McInnes, 2007, http://en.wikipedia.org/wiki/Solar_variationBlue thin line: Law Dome CO2 Data: ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/law/lawco2.txtBlue serrated line: Mauna Loa CO2 data: http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_mm_mlo.datRed curves: Temperature Data: http://www.cru.uea.ac.uk/cru/data/temperature/hadcrut3gl.txtOrange and yellow curves: Sunspot data:http://sidc.oma.be/DATA/yearssn.dat[edit]PDO:  Pacific Decadal oscillation, positive (warming), negative (cooling)Right slide: variations in TSI, reconstructed from solar magnetic flux (Hoyt &Schatten, 1997) and ACRIM satellite measurements (Wilson and Mordvinov, 2003) by Scafetta (2013).Solar power available to Earth is on average 1361 Wm-2 and varies during the approximately 11 year long solar cycles between sunspot maxima and minima by  about 1 Wm-2. Total solar irradiation (TSI) increased since Maunder Minimum (1645- 1715) of  the Little Ice Age by some 1.25-6.8 Wm-2, peaking in the mid-1990s at about 1362.5 Wm-2, corresponding to a change in radiative forcing at the top of the atmosphere of at least 0.24 Wm-2 (IPCC claims 0.12 Wm-2) (Gray et al., 2010; Shapiro et al., 2011). De Jager et al. (2010) find that 40% of the temperature variations during the period 1645-1970 can be attributed to solar variability,with the remaining 60% being possibly related to a decreasing cloud cover, induced by a decrease in the  galactic cosmic ray flux, and minor CO2 forcing (Rao, 2011). The exceptional Modern Solar Grand Maximum commenced in 1924, culminated in the 1960s and again around the 1990s, decreased  gradually since then and ended in 2008 (de Jager&Duhau, 2012). During this period global surface temperatures rose cyclically until about 2002 when they stabilized and began to decline (see slide 6). Although there is hardly a lag in the troposphere temperature response to a solar warming of the ocean surface layers, it is difficult to quantify the time it takes to warm/cool the deep ocean owing its great heat storage capacity, which is 3,000 times great than that of the atmosphere (Carter, 2010).In their 2007 AR-4 the IPCC recognizes Pacific and Atlantic short- and decadal-term oscillations as natural phenomena but fails to suggest a connection between these cyclical oceanic changes and observed global cyclical temperature changes. However, the Pacific Decadal Oscillation (PDO; Mantua & Hare, 2002) clearly overprints the slow 20th century warming trend. During positive PDO phases, warming is enhanced while during negative PDO phases warming is dampened up to net cooling. With a rhythm of about 30 years and a cyclicity of roughly 60 years, the PDO reflects in the Pacific major changes in oceanic current systems and the areas of warm and cold surface waters (slide 24). This, combined with variations in large-scale atmospheric flow patterns and  in TSI, influences tropospheric temperatures. The effect of the PDO is reinforced by the Atlantic Multidecadal Oscillation (AMO), which is more or less in phase with the PDO but typically lags 10-15 years behind the PDO. The combined PDO, AMO and the North Atlantic/Arctic Oscillation (NAO/AO), which anti-correlate with the AMO, affect the global climate (d’Aleo& Easterbrook, 2010; Knudsen et al., 2011; Cohen & Jones, 2011). Sunspot numbers are generally used as a proxy for solar activity but appear to correlate poorly with TSI fluctuations and the positive and negative phases of the PDO-AMO. TSI derived from the open solar magnetic flux (Hoyt &Schatten, 1997) and satellite observations from 1980 onward (Willson&Mordvinov, 2003) increased cyclically since 1900 by 2 Wm-2  with fluctuations of 1.5-2 Wm-2 clearly correlating with the positive and negative PDO-AMO phases and associated temperature variations (Scafetta, 2013). This suggests that the cooling and warming effect of PDO-AMO oscillations is largely controlled by TSI variations.The driving mechanism of the PDO-AMO and underlying solar variations is probably of an astronomical-physical type, involving gravitational interaction of Jupiter and Saturn with the Sun; this affects the activity of the Sun, as well as the Earth’s rotation rate (Scafetta, 2010, 2012, 2013; Wilson, 2011; Sharp, 2012; McGowan et al., 2010; d’Aleo& Easterbrook, 2010; Vahrenholt&Lüning, 2012; see also slide 32). When in alignment with the Moon, the Sun adds an extra 46% to Moon’s gravitational “pull” on Earth.Greatest gravitational interaction of the Sun and its planets with the Earth occurs when Venus, Mars and Jupiter are half way between perihelion and aphelion (line of nodes) and are in alignment with the Earth and Moon at line of nodes. This happens rarely, though alignments occur to varying degrees approximately every 30-35 years. Such alignments cause greater than average changes in the Earth’s rotational speed, a phase-change of the PDO and AMO, and a change in the frequency of the El Nino and La Nina weather phenomena (Walker, 2012). References:Carter , R.M., 2010. Climate: The Counter Consensus. Stacey International, London.Cohen, J, Jones, J., 2011. A new index for more accurate winter predictions. Geophysical Research Letters 38, L21701, doi:10.1029/2011GL049626, 2011 d‘Aleo, J., Easterbrook, D., 2010. Multi-decadal tendencies in ENSO and Global Temperatures related to multi-decadal oscillations. Energy & Environment,  21 (5), 436-460. de Jager, C., Duhau, S., 2012. Sudden transitions and grand variations in the solar dynamo. Journal of Space Weather Space Climate 2 A07, DIÒI: 10.1051/swse/2012008 de Jager, C., Duhau, S, van Geel, M.B., 2010. Quantifying and specifying the solar influence on terrestrial temperatures. Journal of Atmospheric and Solar-Terrestrial Physics, 72, 926-937.Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Knudsen, M.F., Seidenkrantz, M-S., Jacobsen, B.H., Kuijper, A., 2011.Tracking the Atlantic Multidecadal Oscillation through the last 8,000 years, Nature Communications, February 2011.Hoyt, D. V., Schatten, K.H.,1997. The Role of the Sun in the Climate Change. Oxford Univ. Press, New York. Mantua, N.J., Hare, S.A., 2002. The Pacific Decadal Oscillation. Journal of Oceanography 58 (1), 35-44.McGowan, H.A., Marx, S.K., Soderholm, J., Denholm, J., 2010. Evidence of solar and tropical-ocean forcing of hydroclimate cycles in southeastern Australia for the past 6500 years. Geophysical Research Letters 37, L10705, doi:10.1029/2010GL042918.Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100(2), 223-225.Scafetta, N., 2010. Climate change and its causes – a discussion about some key causes. Science Public Policy Institute (SOOI), original paper.Scaffetta, N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-Terrestrial Physics, 80, 296-31.Scafetta, N., 2012. Testing an astronomically based decadal-scale empirical harmonic climate model versus the IPCC (2007) general circulation climate models. Journal of Atmospheric and Solar-Terrestrial Physics 80, 124-132Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.Sharp, G., 2012. Grand Harmonic Climate Model. http://www.landscheidt.info/?q=node/236Vahrenholt, F., Lüning,  S., 2012. Die kalte Sonne. Warum die Klimakatastrophe nicht stattfindet. Hoffmann & Campe, 445 p. Walker, B., 2012. Extra-Terrestrial Influences on Nature’s Risks. Joint IACA, IAAHS and PBSS Colloquium in HongKong, 2012. http://www.actuaries.org/HongKong2012/Presentations/WBR9_Walker.pdfWilson, I.R.G., 2011. Are changes in the Earth’s rotation rate externally driven and do they affect climate? General Science Journal, December 2011, 1-31.Willson, R. C., Mordvinov,A.V., 2003. Secular total solar irradiance trend during solar cycles 21-23. Geophysical ResearchLetters 30, 1199-1202. 
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Pacific Decadal Oscillation
Particularly in the North Pacific two different 
oceanic and atmospheric circulation 
patterns alternate with each other every 20-
30 yrs with a cyclicity of about 60 yrs, 
controlling changes in areas of warm and 
cold surface waters.
A clear relationship between the PDO and 
surface temperature indicates that during
positive PDO phases the secular warming 
trend is enhanced by increased TSI while 
during negative PDO phases it is dampened 
up to a net cooling by decreased TSI. 
Modeling and satellite data show that the 
cloud cover of oceans decreases slightly 
during positive PDO phases but increases 
slightly during negative PDO phases. This 
affects  the Earth’s Albedo and by radiative 
forcing the climate (Spencer, 2008).
The PDO entered recently a new negative 
phase and thus contributes to the present 
decline of the average surface 
temperatures. 

GCM neglect the PDO

Source of diagram: http://jisao.washington.edu/pdo/

warming
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cooling  
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Source of diagram: Spencer (2012)
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The driving mechanism of the PDO is probably
of an astronomical-physical nature, involving
interaction of planetary tidal forces with the Sun
that affect its activity and motion, the Earth’s
rotation rate and, via Solar and Lunar tidal
forces, the ocean current system.
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Presentation Notes
The Pacific Decadal Oscillation (PDO) was discovered in 1996 and named by S. R. Hare while researching connections between Alaska salmon production cycles and the Pacific climate (http://jisao.washington.edu/pdo/). The PDO does not only affect the North Pacific but the entire Pacific ocean and the Antarctic as shown in the top diagram (Mantua & Hare, 2002). PDO phases persist for 20-30 years while the El Niño/Southern Oscillation (ENSO) events persist for 6-18 months.El Niños occur more frequently during the PDO warm phase while La Niñas are more frequent during the PDO cold phase. It may be that ocean circulation shifts drive PDO phases for decades favoring El Niños, which leads to a PDO warm phase or La Niñas and a PDO cold phase (the proverbial chicken and egg), but the 60 year cyclical nature of the PDO cycle is well established. The climate signal of El Niño is likely to be stronger when the PDO is highly positive; conversely the climate signal of La Niña will be stronger when the PDO is highly negative. This does not mean that the PDO physically controls the El Niño-Southern Oscillation (ENSO), but rather that the resulting climate patterns interact with each other  (d‘Aleo& Easterbrook, 2010).The PDO-index is calculated by spatially averaging the monthly sea surface temperature (SST) of the Pacific Ocean north of 20°N. The global average anomaly is then subtracted to account for global warming. Normally only October to March values are used in calculating the PDO index because year-to-year fluctuations are most apparent during the winter months. When the PDO Index is positive, waters in the north central Pacific Ocean tend to be cool, and waters along the west coast of North America tend to be warm. The opposite is true when the PDO Index is negative (http://ffden-2.phys.uaf.edu/645fall2003_web.dir/Jason_Amundson/pdo1.htm).Joe d’Aleo and Don Easterbrook (2010), and others have pointed out for years that the Pacific Decadal Oscillation (PDO) has experienced phase shifts that coincidently were associated with the major periods of warming and cooling of the 20th Century. The pre-1940 warming coincided with the positive phase of the PDO; then, a slight cooling until the late 1970s coincided with a negative phase of the PDO, and finally, the warming since the late 1970s once again coincided with the positive phase of the PDO. Around 2005-7 the PDOP switched again into a negative phase, contributing to the observed slow temperature decrease. Satellite data permitting to assess the cloud cover over oceans became available only in 1977 just as the PDO switched to its positive phase, marking the ‘Great Climate Shift’ of 1977 at the onset of the warming trend that spawned in 1988 by the launching of the IPCC (Spencer, 2008, 2012).Variations in the duration of the positive and negative PDO phases probably relate to the interference of multiple planetary harmonics. The secular warming trend, onto which the cooling and warming phases of the PDO are superimposed, relates to the quasi-Millennial Climate Cycle that has an amplitude of about 0.7 0C, had bottomed out  around 1650 during the Maunder Minimum and will culminate around 2100 (Scafetta, 2013). References:d‘Aleo, J, Easterbrook, D., 2010. Multi-decadal tendencies in ENSO and Global Temperatures related to multi-decadal oscillations. Energy & Environment,  21 (5), 437-460.McGowan, H.A., Marx, S.K., Soderholm, J., Denholm, J., 2010. Evidence of solar and tropical-ocean forcing of hydroclimate cycles in southeastern Australia for the past 6500 years. Geophysical Research Letters 37, L10705, doi:10.1029/2010GL042918.Mantua, N.J., Hare, S.A., 2002. The Pacific Decadal Oscillation. Journal of Oceanography 58 (1), 35-44.Scafetta, N., 2010. Climate change and its causes – a discussion about some key causes. Science Public Policy Institute (SOOI), original paper.Scaffetta, N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-Terrestrial Physics, 80, 296-311.Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Spencer, R.W., 2008. Global Warming as a Natural Response to Cloud Changes Associated with the Pacific Decadal Oscillation (PDO). http://www.drroyspencer.com/research-articles/global-warming-as-a-natural-response/Sharp, G., 2012. Grand Harmonic Climate Model. http://www.landscheidt.info/?q=node/236Spencer, R.W., 2012. The Pacific Decadal Oscillation (PDO): Key to the Global Warming Debate? http://www.drroyspencer.com/global-warming-background-articles/the-pacific-decadal-oscillation/Wilson, I.R.G., 2011. Are changes in the Earth’s rotation rate externally driven and do they affect climate? General Science Journal, December 2011, 1-31. 
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De-trended temperature series of the last 
100 years document the anti-correlation of 
Arctic and Antarctic temperatures and the 
correlation of their phase changes with 
those of the PDO-AMO.
During the last century the Arctic warmed 
by 20C and the Antarctic by 10C, 
presumably in response to increasing 
solar activity rather than due to increasing 
atmospheric CO2 concentrations.
Arctic and Antarctic temperature 
variations reflect oscillations of TSI and 
the global thermohaline ocean circulation 
system. 
During positive PDO-AMO phases the 
Atlantic overturning system is more 
vigorous, warms W-Europe and the Arctic 
by exporting more heat from the 
Meridional overturning system, thus 
cooling the  Antarctic.
During negative PDO-AMO phases the 
Atlantic overturning system is less 
vigorous,  exports less heat from the 
Meridional over-turning system, thus 
warming the Antarctic and cooling W-
Europe and the Arctic 

PDO
positive

PDO
positive

PDO 
negativ

e

PDO 
negative

Presenter
Presentation Notes
The Arctic has undergone well documented rapid warming starting in the 1970s while atmospheric CO2 concentration increased from 339ppm in 1980 to 387ppm in 2009. Recent Arctic warming has been about twice the global average. This is in agreement with the results of IPCC AR-4 Global Circulation Model simulations that imply  CO2-related anthropogenic warming, but that are unable to simulate the 1914–1944 Arctic warming that was followed by the sharp cooling period of 1944–1970 (Chyle et al., 2010).D’Aleo& Easterbrook (2010) demonstrated that the Pacific Decadal Oscillation (PDO) and the Atlantic Multidecadal Oscillation (AMO) are in phase and that their phase changes are roughly synchronous. These oscillating changes in the global thermohaline oceanic circulation system (Marshall & Plume, 2008; Rahmstorf, 2006) occur with a periodicity of roughly 30 years and a cyclicity of about 60 years (Mantua & Hare, 2002; d’Aleo& Easterbrook, 2010). The controlling mechanisms is seen in the gravitational interaction of Jupiter and Saturn with the Sun that affects not only the Sun’s activity but also the Earth’s rotation rate and the ocean circulation systems (Scafetta, 2010, 2013; Wilson, 2011; Sharp, 2012).The Atlantic overturning system involves the northward flowing, shallow and warm Gulf Stream that warms Western Europe and encroaches on the Arctic Sea during its more active phases (positive PDO-AMO phases), and the southward directed North Atlantic Deep Water (NADW) current. The Gulf Stream transports warm waters from the South Atlantic part of the Meridional Overturning System northward while the NADW current joins the deep  Antarctic Circumpolar Current that wells up in the southern South Atlantic, Indian Ocean and Pacific Ocean (Marshall & Plume, 2008; Rahmstorf, 2006). In this way heat that would otherwise be available to the Southern Ocean and Antarctica is being exported to the northern hemisphere and northward to the Arctic. The more efficient this transport, the greater the warming in the Arctic at the expense of the Antarctic. Ice core data show that the polar seesaw pattern in temperature variations, similar to the one observed during the 20th century, probably existed also during the past centuries and millennia (Chyle et al., 2010), such as the Dansgaard-Oeschger events (Stocker &Johnsen, 2003).References:Chylek, P., Folland, Ch.K., Lesins, K., Dubey, M.K., 2010. Twentieth century bipolar seesaw of the Arctic and Antarctic surface air temperatures. Geophysical Research Letters. 37, L08703, doi:10.1029/2010GL042793,d‘Aleo, J, Easterbrook, D., 2010. Multi-decadal tendencies in ENSO and Global Temperatures related to multi-decadal oscillations. Energy & Environment,  21 (5), 437-460.Marshall, J.,Plume,R.A.,  2008.Atmosphere, Ocean and Climate. Elsevier Academic Press, International Geophysics Series 93. (their fig, 11.28)Mantua, N.J., Hare, S.A., 2002. The Pacific Decadal Oscillation. Journal of Oceanography 58 (1), 35-44.Rahmstorf, S. 2006.Thermohaline Ocean Circulation. In: Encyclopedia of Quaternary Sciences, Edited by S. A. Elias. Elsevier, Amsterdam.Scaffetta, N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-Terrestrial Physics, 80, 296-311.Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Sharp, G., 2012. Grand Harmonic Climate Model. http://www.landscheidt.info/?q=node/236Stocker, T. F., S. J. Johnsen, 2003. A minimum thermodynamic model for the bipolar seesaw, Paleoceanography, 18(4), 1087,doi:10.1029/2003PA000920.Wilson, I.R.G., 2011. Are changes in the Earth’s rotation rate externally driven and do they affect climate? General Science Journal, December 2011, 1-31. 
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Source of diagram: Gray (2012), modified after Marshall & Plume (2008)
blue: deep, cold, high-salinity currents; red: shallow, warm, variable salinity currents

H: sinking cooled higher-salinity waters;  SAS: sinking  Antarctic cold waters 

Global  Thermohaline Ocean Circulation (THC) and Climate

The oceans with their immense heat storage capacity dampen the climatic effects of 
changes in solar irradiance. The THC distributes heat from low to high latitudes.
The pattern of the THC is controlled by the distribution of the continents and oceans that 
changes at time scales of 106 yrs and by changes in solar irradiance due to orbital forcing 
(time scale 104-5 yrs) and variations in solar activity (time scale 11 to 8000 yrs).
During periods of increased solar irradiance and warming, the Gulf Stream extends further 
northward, enhancing warming of the North Atlantic and Arctic seas.
With a periodicity of ± 30 yr the PDO-AMO overprints the modern secular warming.
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Presentation Notes
The Global Thermohaline Ocean Circulation (THC) is driven by the sinking of dense cooled higher-salinity waters in the northern North Atlantic and the sinking of dense very cold less salty waters in the periphery of Antarctica. The deep, cold higher-salinity North Atlantic Deep Water current (NADW) flows southward through the South Atlantic and override the deep very cold and lower-salinity eastward flowing Antarctic Circumpolar Current that is fed by Antarctic melt waters. Upwelling cells of deep cold water occur in the southern South Atlantic, the Indian Ocean and the Pacific, feeding the shallow westward flowing, warmer and less saline current that extends from the Pacific via the Indian Ocean and flows northward through the Atlantic, where its density increases due to an evaporation (salinity) and cooling in the North Atlantic and Norwegian-Greenland Sea where it sinks to depth to form the southward directed North Atlantic Deep Water (NADW) current. With this the loop of the global oceanic conveyor belt is closed that transfers heat from low to high latitudes at a time scale of about 1000 yrs  (Marshall & Plume, 2008; Rahmstorf, 2006).During the last glacial stage the strength of the Gulf Stream and NADW current apparently changed repeatedly, as indicated by the Dansgaard-Oeschgerevents (abrupt switch of the Atlantic THC from the cold to the warm mode) and Heinrich events (major freshwater input, temporary shut-down of NADW) (http://en.wikipedia.org/wiki/Dansgaard–Oeschger_event). During warm periods, such as at present, the Gulf Stream extends into the Norwegian-Greenland Sea with warm waters infiltrating the Arctic Sea via the Fram Straight and the Barents Sea. At the same time the sea ice boundary is displaced northward, reducing the Earth’s Albedo, thus contributing to warming. Owing to the run-off of fresh waters from the warmed borderlands of the Norwegian-Greenland Sea and the Labrador Sea-Baffin Bay the waters of the cooling Gulf Stream become less dense. This adversely affects the development of the NADW current, gradually slowing it down. During cold periods, such as the Maunder Minimum, the sea ice limit moves southward into the area of Iceland, the Earth’s Albedo increases, the Gulf Stream cools rapidly in the North Atlantic and sinks to depth, invigorating the NADW current (Rahmstorf, 2006).The Dansgaard-Oeschger events of the Arctic area, involving abrupt warming by 8-160C, had a frequency of 1470 yrs and multiples thereof (as yet not explained) and corresponded in Antarctica to mild cooling events (http://en.wikipedia.org/wiki/Dansgaard–Oeschger event). These events reflect global climate changes that lasted 30-40 yrs and probably involved initially a rapid increase and subsequently a slow decrease in the northward directed heat transport by the shallow Atlantic current system in response to an acceleration/deceleration of the deep  Antarctic Circumpolar Current (Stocker &Johnsen, 2003; Schmidt& Hertzberg,2011). Palaeoclimatologic data show that the Arctic Dansgaard-Oeschger warming periods correspond to Antarctic cooling periods.The NADW current plays an important role in the global THC. During cool periods the Meridional Overturning System becomes more vigorous with stronger upwelling of cold water in the South Atlantic, Indian and South Pacific Oceans and an increase in global rainfall by a few percent. This causes further cooling of the global surface temperatures. The opposite occurs when the Meridional Overturning System is more sluggish; there is less upwelling of cold water, global rainfall is reduced by a few percent and the global surface temperatures warm (Gray, 2012). As the Earth is still recovering from the the Little Ice Age (Akasofu, 2010), the 0.80C warming since 1850 can be attributed to a cyclical increase in total solar irradiance (TSI; Shapiro et al., 2011) combined with a gradual slowing down of the global THC (Gray, 2012). For the observed alternation of warming periods (1858-1882, 1914-1947, 1977-2006) and cooling periods (1882-1914, 1947-1977, 2005 to present) the effect of TSI fluctuations associate with the combined Pacific Decadal Oscillation (PDO) and Atlantic Multidecadal Oscillation (AMO) must  be held responsible (Spencer, 2008, 2012; d’Aleo& Easterbrook, 2010; Scafetta, 2013). The secular warming trend can be related to the quasi-Millennial Climate oscillation that has an amplitude of about 0.7 0C, had bottomed out around 1650 during the Maunder Minimum and is expected to culminate around 2100 (Scafetta, 2013).References:Akasofu, S-I., 2010. On the recovery from the Little Ice Age. Natural Science 2/11, 1211-1224.d‘Aleo, J, Easterbrook, D., 2010. Multi-decadal tendencies in ENSO and Global Temperatures related to multi-decadal oscillations. Energy & Environment,  21 (5), 437-460.Gray, W.M., 2012. The Physical Flaws of the Global Warming Theory andDeep Ocean Circulation Changes as the Primary Climate Driver. Heartland Institute 7th International Conference on Climate Change (ICCC-7), Chicago (IL), May 21-23, 2012, http://typhoon.atmos.colostate.edu/Includes/Documents/Publications/gray2012.pdf Marshall, J.,Plume,R.A.,  2008.Atmosphere, Ocean and Climate. Elsevier Academic Press, International Geophysics Series 93. (their fig, 11.28)Rahmstorf, S. 2006.Thermohaline Ocean Circulation. In: Encyclopedia of Quaternary Sciences, Edited by S. A. Elias. Elsevier, Amsterdam.Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Schmidt, M. W., Hertzberg, J. E,2011. Abrupt climate change during the Last Ice Age. Nature Education Knowledge 2(12),11Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.http://arxiv.org/pdf/1102.4763.pdfSpencer, R.W., 2008. Global Warming as a Natural Response to Cloud Changes Associated with the Pacific Decadal Oscillation (PDO). http://www.drroyspencer.com/research-articles/global-warming-as-a-natural-response/Spencer, R.W., 2012. The Pacific Decadal Oscillation (PDO): Key to the Global Warming Debate? http://www.drroyspencer.com/global-warming-background-articles/the-pacific-decadal-oscillation/Stocker, T. F., Johnsen, S-J., 2003. A minimum thermodynamic model for the bipolar seesaw. Paleoceanography, 18(4), 1087,doi:10.1029/2003PA000920.



Source of diagram: Wikipedia File Sunspot Numbers.png, based on NOAA and Royal Observatory of Belgium, 
compiled by Hoyt &Schatten, 1999

Important variations in solar activity are documented for the last 400 years by the observed sunspot
numbers and their eleven-year mean of the monthly average (heavy black line).
Low solar activity characterized the Maunder and less severe Dalton Minimum of the Little Ice Age.
Solar activity peaked during the progressively warming Modern Maximum that started in 1924 and
ended in 2008. The new epoch will be characterized by less intense solar activity and may even
commence with a cool Dalton-type Minimum.

Little    Ice    Age

27

Presenter
Presentation Notes
Variations in solar activity are documented by changes in the sunspot number and Total Solar Irradiations (TSI). However, variations in the sunspot  number and TSI do not fully correlate (see slide 23).  TSI varies by up to 1 Wm-2 between sunspot minima and maxima of an on average 11 year long so-called Schwabe Cycles. The length of Schwabe cycles varies between 9 and 14 years with shot cycles being characterized by a higher peak sunspot number (120-200) than long cycles (50-70) (Strum, 2010). During successive Schwabe cycles sunspots are concentrated either in the toroidal (equatorial) or poloidal (polar) area of the Sun, reflecting changes in its magnetic field. Correspondingly two successive Schwabe cycles  form an on average 22 year long Hale cycle that reflects the fundament magnetic activity cycle of the Sun (Wilson, 2011; de Jager&Duhau, 2012). Since the  Maunder Minimum (1645-1715) sunspot activity  has cyclically increased with TSI increasing by 2 up to 6 Wm-2, peaking in the late 1990s at  about 1361.5 Wm-2 (Shapiro et al., 2011; Scafetta, 2013) This corresponds to an minimum increase in solar radiative forcing at the top of the atmosphere by 0.24 Wm-2 since the Maunder Minimum,which is considered to be more appropriate than the 0.12 Wm-2 estimated by IPCC AR-4 (Gray et al., 2010). Since the late 1990s solar activity gradually decreased again. The modern solar grand maximum had commenced in 1924 and ended in 2008. It will be followed by a period of less intense solar activity, starting possibly with a Dalton-type minimum (Wilson, 2011; de Jager&Duhau, 2012; Scafetta, 2012).Changes in TSI and sun spot activity anti-correlate with changes in the galactic cosmic ray flux. TSI describes direct solar climate forcing. Indirect solar climate forcing amplifies the effect of direct solar climate forcing (see slide 30). Indirect solar climate forcing involves the effects of changes in UV radiations (see slide 37) and the galactic cosmic ray flux which modulates via cloud cover the Earth’s Albedo (reflection of incoming short wave radiation back to space) (Svensmark, 2007; Rao, 2011; Abdussamatov, 2012; see slides 38-40 ) and multidecadal oscillations of the oceanic current systems, which, combined with TSI fluctuations, exert an alternating warming and cooling effect (see slides 23-25;  Spencer, 2012). References:Abdussamatov, H.I., 2012. Bicentennial decrease of the Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Physics Research 4, 178-184.de Jager, C., Duhau, S., 2012. Sudden transitions and grand variations in the solar dynamo. Journal of Space Weather Space Climate 2 A07, DIÒI: 10.1051/swse/2012008 Hoyt, D.V., Schatten,K.H., 1993. The Role of the Sun in Climate Change. Oxford University Press, 267p. (updated in Wikipedia 1999).Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Scafetta N., 2012c. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter–Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296–311.Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.http://arxiv.org/pdf/1102.4763.pdfSpencer, R.W., 2012. The Pacific Decadal Oscillation (PDO): Key to the Global Warming Debate? http://www.drroyspencer.com/global-warming-background-articles/the-pacific-decadal-oscillation/Strum, S., 2010. Relationship between Solar Cycle Length and Global Temperature Anomalies. Frontier Weather, Inc. http://www.frontierweather.com:Svensmark, H., 2007. Cosmology a new theory emerges. Astronomy and Geology 48, 1.18-1.24.Wilson, I.R.G., 2011. Do Periodic Peaks in the Planetary Tidal Forces Acting Upon the Sun Influence the Sunspot Cycle? General Science Journal, December 2011, 1-25. 



Proxies for past solar activity are provided by cosmogenic10Be 
(half-life ±1.36 Mio. yr) and 14C (half-life  ±5‘730 yr)

Source of diagram: Wikipedia File Solar Activity Proxies.png
10Be concentration: Beer et al. (1994). Sunspot frequency: Hoyt &Schatten (1999)

Cosmogenic 10Be and 14C are produced in the atmosphere by cosmic ray spallation of Oxygen and
Nitrogen. 10Be is stored in polar ice and deep sea sediments, 14C in organic remains. The
concentration of 10Be and 14C gives a measure of the cosmic ray flux
The magnetic field of the heliosphere and the solar wind, which together with the geomagnetic filed
shield the Earth from galactic cosmic rays, vary with time and are lowest during periods of reduced
solar activity (few sunspots).
Therefore, the flux of galactic cosmic rays reaching the Earth is lowest during periods of high solar
activity and highest during periods of low solar activity.

Production of 10Be and 14C is inversely proportional to solar activity. 

Maunder Minimum

Modern 
Maximum
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This diagram shows variations in solar activity (sunspot  number, red) and variations in 10Be precipitation (blue). Note that the 10Be scale is inverted, such that upward pointing spikes indicate lower 10Be levels during periods of increased solar activity. The10Be record is derived from ice cores and reaches further back in time than the sunspot observations. Note Maunder Minimum and Modern Maximum.The cosmogenic isotopes 10Be and 14C are produced in the stratosphere and upper troposphere by the absorption of thermal neutrons originating from galactic cosmic rays by Nitrogen and Oxygen.The solar magnetic flux, combined with the solar wind and the geomagnetic field modulates the galactic cosmic ray flux reaching the Earth, which anti-correlates with TSI. Cosmogenic isotopes provide a record of long-term solar variations, involving cyclical Grand Minima and Maxima and periods of normal oscillations. Related TSI and Solar Spectral Irradiation (SSI) variations are difficult to interpret. Note that also during the Maunder Minimum of very low sunspot activity strong variations in 10 Be precipitation are evident, showing clear Schwabe cycles. The record of 10Be and 14C reflects not only the level solar activity, but is also affected by variations in the intensity of the geomagnetic field  and their respective geochemical cycles. These non-solar components increase the uncertainty of solar activity reconstructions (Beer, 2010).References and further reading:Beer, J., 2010. Astrophysical influence on planetary climate systems. In: C.J. Schrijver, G.S. Siscoe (eds.), Evolving Solar Activity and the Climate of Space and Earth. Cambridge University Press, pp. 17-52.Beer,J., Joos, F., Lukasczyk, Ch., Mende, W., Rodriguez, J., Siegenthaler, U., Stellmacher., R.,1994. 10 Be as an indicator of solar variability and climate. In: E. Nemes-Ribes (ed.), The Solar Engine and Its Influence on Terrestrial Atmosphere and Climate. NATO ASI Series, Springer-Verlag, Berlin Heidelberg, Vol., 125: pp. 221-233.Beer, J.,Baumgartner, St.,Dittrich-Hannen, B., Hauenstein, J., Kubik, P., Lukasczyk,Ch., Mende, W., Stellmacher, R., Suter, M., 1994. Solar Variability Traced by Cosmogenic Isotopes. In: J.M. Pap, C. Fröhlich, H.S. Hudson and S.K. Solanki (eds.), The Sun as a Variable Star: Solar and Stellar Irradiance Variations. Cambridge University Press, 291-300.Duhau, S., de Jager, C., 2010. The forthcoming Grand Minimum in Solar activity. Journal of Cosmology 8, 1983-1999.Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Hoyt D.V.,Schatten, K.H., 1993. The Role of the Sun in Climate Change. Oxford University Press, 267p. (updated in Wikipedia 1999).



The 10Be record of ice cores documents strong variations in solar 
activity during the last 10,000 years

Source of diagram: Steinhilber et al.,2009

During the Holocene solar activity varied continuously with Grand Minima occurring
repeatedly (see black ticks on upper margins of graph), involving TSI variations of
at least 1.5 Wm−2 and possibly up to 6.8 Wm-2, and related changes in the galactic
cosmic ray flux

Variations in solar activity, combined with orbital forcing and volcanism, were the 
main forcing mechanisms of Holocene climate changes
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 Steinhilber et al. (2009) write: For the first time a record of total solar irradiance covering 9300 years is presented, which covers almost the entire Holocene (last 11,700 years). This reconstruction is based on a recently observationally derived relationship between total solar irradiance (TSI) and the open solar magnetic field. Here we show that the open solar magnetic field can be obtained from the cosmogenic radionuclide 10Be measured in ice cores. Thus, 10Be allows reconstructing the total solar irradiance much further back than the existing record of the sunspot number, which is usually used to reconstruct total solar irradiance. The resulting increase in solar-cycle averaged TSI from the Maunder Minimum (1650-1700) to the present amounts to 0.9 ± 0.4 Wm−2. In combination with climate models, our reconstruction offers the possibility to test the claimed links between climate and TSI forcing.The entire record of TSI covering the past 9300 years as given in this figure, shows that throughout this period TSI has varied by approximately 2 Wm-2 (Shapiro et al., 2010. envisage amplitudes of TSI variations of up to 6.8 Wm-2). The average TSI of the entire period lies about 0.4 Wm-2below the current values and is about 0.5 Wm-2 higher than the values during the Maunder Minimum. Historical periods of low solar activity are the Dalton (1795-1825), Maunder (Little Ice age1645-1715), Spörner (1450-1550), Wolf (1280-1350) and Oort (1040-1080) Minima. Further Grand Minima occurred ca. 690 AD, 360 BC, 770 BC, 1390 BC, 2860 BC, 3340 BC, 3500 BC, 3630 BC, 3940 BC, 4230 BC, 4330 BC, 5260 BC, 5460 BC, 5620 BC, 5710 BC, 5990 BC, 6220 BC, 6400 BC, 7040 BC, 7310 BC, 7520 BC, 8220 BC, 9170 BC).The variations in solar activity inferred from the 10Be record were probably driven by multiple astronomical mechanisms (Scafetta, 2010).   References:Beer, J., 2010. Heliophysics: Evolving Solar Activity and the Climates of Space and Earth. In: C.J. Schrijver& G.L. Siscoe (eds.) Heliophysics: Evolving Solar Activity and the Climate of Space and Earth. Cambridge University Press, pp. 17-52.Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2010. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing.. Astronomy and Astrophysics 529, A67.Scaffetta, N., 2010. Empiricalevidencefor a celestialorigin of theclimateoscillations and itsimplications. Journal of Atmospheric and Solar-TerrestrialPhysics, 80, 296-311.Steinhilber, F., Beer , J., Fröhlich, C.,2009. Total solar irradiance during the Holocene. Geophysical Research Letters 36. L19704, doi: 10.1029/2009GL040142Steinhilber, F., Abreu, J.A., Beer, J., Brunner, I., Christl, M., Fischer, H., Heikkilä, U., Kubik, P.W., Mann, M., McCracken, K.G., Miller, H., Miyahara, H., Oertle, H., Willhelm, F., 2012.9,400 years of cosmic radiation and solar activity from ice cores and tree rings, PNAS 109(16), 5967-5971.Wanner, H., Beer, J., Crowley, T.J., Cubasch, U., Flückiger, J., Goosse, H., Grosjean, M., Joos, F., Kaplan, J.O., Küttel, M., Solomina, O., Stocker, T.F., Tarasov, P., Wagner, M., Widmann, M., 2008,Mid- to Late Holocene climate change: an overview. Quaternary Science Reviews 27, 1791-1828.



Holocene climate changes based on Solar and Temperature 
Proxies

After we had come out of the last glaciation 11,000 years ago with a temperature rise of
about 4.50C the climate of the Northern Hemisphere was never stable. Temperatures slowly
declined by 1.140C and fluctuated up and down by about 10C around an average of about
150C

The Modern Warm Period is not an anomaly but one in a sequence reflecting 
astronomically-controlled solar oscillations
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Source of diagram:Christian-Dietrich Schönwiese, 1995.Klimaänderung: Daten, Analyse, Prognose. Springer Verlag.The last 10,000 years were characterized by numerous relatively rapid temperature perturbations of up to 10C either way  from an average 150C temperature. These Holocene climate oscillations were probably controlled by cyclical changes in solar activity, driven by multiple astronomical mechanisms (Scafetta, 2010, 2013) and perhaps grouped volcanic  eruptions. Ice core data show that after the initial warming phase of 16,000 to 10,000 BP, these climate oscillations were superimposed on a long-term trend of declining average temperatures that decreased during the last 10,000 years by 1.140C (Davies &Bohling, 2001; Haynie, 2010; Wikipedia). Moreover, tree-ring data from northern Europe document for the last 2000 years a long-term temperature decline of 0.310C/1000 yrs (Esper et al., 2012). These very slow, long-term changes in average temperatures are interpreted as resulting from an orbital forced reduction of polar summer insolation (Kaufmann et al, 2009), probably in response to changes in the obliquity of the Earth’s rotation axis (Beer, 2010).Keep in mind, a  trend line determined on a short term temperature change does not represent long term global climate changes. A temperature rise of more than a couple of degrees is very unlikely because there are natural forces that serve like a limiting thermostat causing triangular wave-form swings (Haynie, 2010).References:Beer, J., 2010. Astrophysical influence on planetary climate systems. In: C.J. Schrijver, G.S. Siscoe (eds.), Evolving Solar Activity and the Climate of Space and Earth. Cambridge University Press, pp. 17-52.Davies, J.C., Bohling, G.C., 2001. The search for patterns in ice-core temperature curves. In: L.C. Gerhard, W.E. Harrison, B.M. Hanson (eds.) Geological Perspectives of Global Climate Change. American Association of Petroleum Geologists, Studies in Geology, 47,  213-29.Esper, J., Frank, D.C., Timonen, M., Zorita, E., Wilson, R.J.S., Luterbacher, J., Holzkämper, S., Fischer, N., Wagner, S., Nievergelt, D., Verstege, A., Bütgen, U.,  2012. Orbital forcing of tree-ringdata. Nature Climate Change, 2 (7), 1-5, doi:10.1038/nclimate1589,July 2012.http://en.wikipedia.org/wiki/File:Holocene_Temperature_Variations.pngHaynie, F.H., 2010. Future of Global Climate Change. http://fedgeno.com/documents/future-of-global-climate-change.pdf.Kaufman, D. S. et al. 2009. Recentwarmingreverseslong-term Arctic cooling. Science325, 12361339.Scaffetta, N., 2010. Empiricalevidencefor a celestialorigin of theclimateoscillations and itsimplications. Journal of Atmospheric and Solar-TerrestrialPhysics, 80, 296-311.
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Source of diagram: http://science-edu.larc.nasa.gov/EDDOCS/images/Erb/components2.gif

• Variations in Total Solar Irradiance (TSI) involve changes in the power of SW radiation that is 
absorbed by the Earth and of the LW radiation that it emits back to space. 

• The Earth’s energy budget is generally in an unbalanced state, oscillates around a shifting 
equilibrium, and absorbs and emits variable amounts of energy.

• The inertia of the oceans, representing an immense thermal reservoir, accounts for a delay 
between long-term changes in incoming SW radiation and long-term changes in outgoing LW 
radiation.

• Whether the Planet gets colder or warmer depends on the balance between incoming  SW 
and outgoing LW radiation. The troposphere cannot heat the oceans.
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References:Abdussamatov, H.I., 2012. Bicentennial decrease of the Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Physics Research 4, 178-184.
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Solar activity is the primary 
driver of the Earth’s climate
Empirical relationships demonstrate that 
variations in solar activity, involving a wide 
range of parameters, are governed at all time 
scales by tidal forces exerted by the solar 
planets on the nuclear active core of the Sun, 
which greatly amplifies the small tidal energy 
that is dissipated within it. 
Direct Solar Climate Forcing is caused by  
changes in solar activity resulting in 
variations of the Total Solar Irradiance (TSI) 
and the Solar Spectral Irradiance (SSI). 
These underlie changes in the Earth’s energy 
budget.  TSI and the sunspot number do not 
correlate fully.Source of diagram: Sharp, 2012

Indirect Solar Climate Forcing results from changes in solar activity or from solar tidal forces
• Variations in Solar UV radiation affect via stratospheric ozone production the temperature of 

the Stratosphere and thus its interaction with the Troposphere and tropospheric dynamics.  
• Solar activity-related changes in the Open Solar Magnetic flux affect the Galactic Cosmic Ray 

flux, which influences the Earth’s energy budget via global cloud cover and Albedo changes.
• Planetary tidal forces inducing abrupt motions of the Sun around the solar system barycenter  

affect the Earth’s rotation rate, causing PDO-AMO-related changes in ocean current systems.
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The Sun, in which 99.8% of the mass of the Solar system is concentrated, does not take in fixed position but gyrates around the center of mass (barycenter) ofthe Solar System in a series of complex spirals, within a  distance of  0.01 and 2.19 solar radii (José 1965), owing to the gravitational interaction of the planets with the Sun. Thus, the Solar System is a coupled system, 98% of the angular momentum of which is distributed among the planets, with Jupiter and Saturn taking the largest share (Beer 2010; Wilson, 2011b; see also Walker, 2012).The Sun is a variable star whose activity varies over timescales ranging from minutes to millennia (Shapiro et al., 2011). The energy of the Sun is generated in its core by nuclear fusion of Hydrogen atoms, with gravity regulating the rate of fusion. Therefore, gravitational tidal force exerted by the planets orbiting the Sun influence the nuclear processes in its core in which this small tidal energy is dissipated and greatly amplified (Scafetta, 2010, 2012a,b,c; Wilson 2011a). This affects the solar radiation and its spectral composition, the sunspot number, the heliomagnetic field and a score of other parameters (Gray et al., 2010).Applying the concept of a planetary control on solar activity, the on average 11-yrs, respectively 22-yrs, sunspot number Schwabe and Hale cycles could be successfully modeled by considering: a) the 9.93-yrs spring tidal period of Jupiter and Saturn and the tidal 11.86-yr orbital period of Jupiter; b) the 11.07-yrs alignment of Venus, Earth and Jupiter; and c) the 11.08 year cyclical recurrence in the solar jerk-shock vector, which is induced mostly by Mercury and Venus. The multi-decadal, multi-secular and millennial variations in solar activity, as documented by proxy records, appear to results from the complex interference of numerous superimposed planetary tidal cycles. For example, during periods of destructive interference the Sun probably enters into prolonged periods of minimum activity, while during periods of constructive interference it presumably experiences prolonged periods of maximum activity (Scafetta, 2012c; Wilson, 2011a). Based on the concept of planetary tidal forces influencing solar activity, a model involving two Jupiter/Saturn cycles and a hypothetical 10.87 year solar dynamo cycle reproduced not only variable Schwabe cycles but also beats at about 61, 115, 130 and 983 years, which are synchronous with the multi-decadal, secular and millennial solar and climate oscillations observed in solar activity and climate variation proxy records (Sacfetta, 2012c; 2013). Thus, the observed Holocene solar and temperature records (10Be and δ18O) could be successfully modeled at decadal, multi-decadal, secular and millennial time-scales, including the timing of theOort (1010−1050 A.D.), Wolf (1285−1340 A.D.), Spörer (1450−1530 A.D.), Maunder (1645−1715 A.D.) and Dalton (1790−1830 A.D.) solar minima and intervening solar maxima, as well as the quasi-millennial solar cycles. Results of this model accord, moreover, with the ACRIM total solar irradiance satellite composite, indicating that the Sun experienced a secular maximum around 1995–2005 and is now becoming less active, possibly receding into a Dalton-type or Oort-type minimum. Since the hind-cast test of the planetary-forced solar model was statistically successful at multiple time scales, it can also be used for forecasting purposes (Scafetta, 2012b,c; Wilson, 2011a). By contrast, as the IPCC GCMs have failed to reconstruct past climate variations, their forecast of climate developments is also not reliable (Scafetta, 2012d). Empirical relationships, duped the “Grand Cosmic Conspiracy”, indicate that the approximately 30 years periodicity and 60 years cyclicity of the PDO-AMO can be related to inter-decadal changes in the Earth’s rotation rate, which are caused by abrupt asymmetries in the motion of the Sun about the center of mass of the Solar System in response to tidal forces exerted on the Sun by the Jovian planets Neptune, Uranus, Saturn and Jupiter, that are combined with the tidal effects of a Sun, Earth and Moon alignment and a Venus, Earth, Mars and Jupiter alignment (Wilson, 2011b).References:Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Jose, P.D., 1965.Sun's Motion and Sunspots. TheAstronomical Journal, Vol. 70 (3), 193-200.Scafetta N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications.Journal of Atmospheric and Solar-Terrestrial Physics 72, 951-970.Scafetta N., 2012a. A shared frequency set between the historical mid-latitude aurora records and the global surface temperature. Journal of Atmospheric and Solar-Terrestrial Physics 74, 145-163.Scafetta N., 2012b. Does the Sun work as a nuclear fusion amplifier of planetary tidal forcing? A proposal for a physical mechanism based on the mass-luminosity relation. Journal of Atmospheric and Solar-Terrestrial Physics 81–82, 27–40.Scafetta N., 2012c. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter–Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296–311.Scafetta,N., 2012d. Testing an astronomically based decadal-scale empirical harmonic climate model versus the IPCC (2007) general circulation climate models. Journal of Atmospheric and Solar-Terrestrial Physics 80, 124–137.Scafetta, N., 2013. Solar/planetary oscillation control on climate change: hind-cast, forecast and a comparison with the CMIP5 GCMs. In: A. Rörsch (ed.) Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.http://arxiv.org/pdf/1102.4763.pdfSharp, G., 2012. Scafetta and a Possible Tidal Mechanism for Planetary Influence over Solar Output. Posted 05/18/2012 - 20:59  on http://www.landscheidt.info/?q=node/262Walker, B., 2012. Extra-Terrestrial Influences on Nature’s Risks, Joint IACA, IAAHS and PBSS Colloquium in Hong Kong, 2012.http://www.actuaries.org/HongKong2012/Presentations/WBR9_Walker.pdfWilson, I.R.G., 2011a. Do Periodic Peaks in the Planetary Tidal Forces Acting Upon the Sun Influence the Sunspot Cycle? General Science Journal, December 2011, 1-25. Wilson, I.R.G., 2011b. Are changes in the Earth’s rotation rate externally driven and do they affect climate? General Science Journal, December 2011, 1-31.
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Source of diagrams: top: Shapiro et al., 2011; bottom: modified after Hoyt &Schatten, 1999 and de Jager et al., 2010

At centennial time-scales historical data document a clear correlation between solar activity 
and temperature (e.g. cold Maunder and Dalton Minima, warm Modern Grand Maximum)
Of the observed post-Maunder warming of about 1.20C only 40% can be attributed to direct 
solar forcing in response to cyclically increasing  TSI.
Direct solar climate forcing is amplified by indirect solar forcing and feedback mechanisms, 
such as variations in solar UV radiation (ozone production and stratospheric temperature), 
the Galactic Cosmic Ray flux (cloud cover and Albedo) and soli-lunar tidal forces (PDO).
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Presentation Notes
Since 1978 TSI was continuously and directly monitored by satellites. During the last 3½ Solar Cycles solar activity expressed in TSI varied between Smin 1360,8 and Smax 1367 by  6.2 Wm-2 or 0.45% with many short-lived higher amplitude spikes throughout the years (Gray et al., 2010; Kopp & Lean, 2011). Annual TSI variations due to orbital Earth-Sun distance changes amount to 6.7% or 92 Wm-2 (Beer, et al., 2000).On centennial and longer time scales the amplitude of TSI variations is poorly  controlled, is derived from proxies (10Be) and could be greater.  After the Maunder Minimum TSI is estimated to have increased by as little as 1.25 Wm-2 and possibly by  as much as 6.8 Wm-2,corresponding to 0.09% respectively 0.5% of TSI. The longer term variation potential of TSI is poorly constrained (Hoyt &Schatten, 1993; Beer et al., 2000; Wang et al., 2005; Fröhlich, 2009; Steinhilber et al., 2009; Gray et al., 2010; Shapiro et al., 2011).Quantifying Solar Warming (Skeptical Science:Shapiro et al. – a New Solar Reconstruction, posted on 21 May 2011 by dana1981)Solar radiative forcing is the change in TSI in Wm-2 divided by 4 to account for the Earth‘s spherical geometry, multiplied by 0.7 to account for the  planetary Albedo (about 30% of the incoming solar SW radiation is reflected back to space). As with CO2, the equilibrium temperature change is calculated by multiplying the radiative forcing by the climate sensitivity parameter λ. There is considerable uncertainty about the magnitude of the warming effect of a one TSI change at the top of the atmosphere, varying depending on authors between and 0.045 and 0.14 K/TSI (Shapiro et al., 2011; Veira et al., 201; de Jager et al., 2010; Beer et al., 2000).ConclusionSmall centennial TSI fluctuations of the order of 0.5% and up to about 6.8 Wm-2 are not sufficient to explain the cyclical temperature rise of about 1.10C between the Little Ice Age and the Modern Warm Period. Of this temperature increase direct solar forcing accounts for only about 40% (Beer et al., 2000; Haig, 2002; de Jager et al. 2010). Therefore, a substantial amplification of direct solar forcing is required to explain the cyclical temperature rise that commenced at the end of the Little Ice Age and culminated in the late 1990s and and early 2000s towards the end of the uniquely long-lived Great Modern Solar Maximum that had commenced in 1924 and terminated in 2008 (Lockwood et al., 2011; de Jager&Duhau, 2012). Such an indirect solar forcing mechanism is seen in the flux of Galactic Cosmic Rays reaching the Earth that has a bearing on the global cloud cover and the Earth’s Albedo (Svensmark et al., 1997, 2009; Abdussamatov, 2012). An other indirect solar forcing mechanism involves changes in the production of ozone and consequently the temperature of the Stratosphere in response to variation in solar UV radiation that appears to undergo major fluctuations. Variations in the temperature of the stratosphere have a bearing on the stratosphere-troposphere interaction. Moreover, it must be kept in mind that subtle changes in the Earth’s rotation rate are controlled by solar tidal forces and govern the PDO-AMO, which overprint surface temperature trends (see slides 23 to 26).References:Abdussamatov, H.I., 2012. Bicentennial decrease of Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Geophysical Research 4,178-184Beer. J., Mendel, W., Stellmacher, R., 2000. The role of the sun in climate forcing. Quaternary Science Reviews 19, 403-415.Dana 81, posted  21. May, 2011. Shapiroet  al. -a New Solar Reconstruction. http://www.skepticalscience.com/shapiro-solar-2011.html.de Jager, C., Duhau, S., 2012. Sudden transitions and grand variations in the solar dynamo. Journal of Space Weather Space Climate 2 A07, DIOI: 10.1051/swse/2012008 de Jager, C., Duhau, S, van Geel, M.B., 2010. Quantifying and specifying the solar influence on terrestrial temperatures. Journal of Atmospheric and Solar-Terrestrial Physics, 72, 926-937.Fröhlich, C., 2009. Observational evidence of a long-term trend in total solar irradiance. Astronomy and Astrophysics 501(3): L27-L30Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Haig, J.D., 2002. The effect of Solar variability on the Earth’s climate. Philosophical Transactions Royal Society London A (2003) 361, 95-110.Hoyt, D.V., Schatten, K.H., 1993. A discussion of plausible Solar Irradiance variations, 1700-1992. Journal of Geophysical Research 98, 18,895-18.906.Hoyt, D.V., Schatten,K.H., 1993. The Role of the Sun in Climate Change. Oxford University Press, 267p. (updated in Wikipedia 1999).Kopp, G., J. L. Lean, 2011: A new, lowervalue of total solar irradiance: Evidence and climatesignificance. Geophysical Research Letters, 38, L01706.Lockwood, M., Owen, M.J., Barnard L., Davis, C,J.M, Steinhilber, F., 2011, The persistence of solar activity indicators and the descent of the Sun into Maunder Minimum conditions. Geophysical Research Letters 38, L22105, doi: 10.1029/2011GL049811.Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.http://arxiv.org/pdf/1102.4763.pdfSteinhilber, F., Beer, J., Fröhlich, C., 2009. Total solar irradianceduringtheHolocene. Geophysical Research Letters 36, L19704. doi:10.1029/2009GL04040142.Svensmark, H. and Friis-Christensen, E., 1997, Variation of Cosmic Ray Flux and Global Cloud Coverage - a Missing Link in Solar-Climate Relationships, J. Atmos. Sol. Terr. Phys. 59, 1225-1232.Svensmark, H., Bondo, T., and Svensmark, J.,  2009. Cosmic ray decreases affect atmospheric aerosols and clouds, Geophysical Research Letters 36, L15101, 4 pp. doi:10.1029/2009GL038429.Veira, L.E.A., Solanski, S.K., Krivova, N.A., Usonski, I., 2011. Evolution of the solar irradiance during the Holocene. Astronomy and Astrophysics 537, A6DOI: 10.1051/0004-6361/201015843Wang, Y.M., Lean, J.L., Sheeleyjr., N.R., 2005. Modeling the Sun’s magnetic field and irradiance since 1713. The Astrophysical Journal 625, 522-538.
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Direct solar forcing: 34 years of satellite TSI measurements

IPCC 
GCMs
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Source of diagram: Scafetta, 2013 
The ACRIM composite is purely based on observed data and shows that TSI 
increased between 1987 and 1996 and decreased thereafter, akin to the global 
surface temperatures.
PMOD arbitrarily modified the observed data such that their composite conforms to 
the solar regression models of Lean, which shows a steady TSI decline since 1986. 

GCMs used by the IPCC are based on the PMOD composite. As their 
solar forcing function is flawed they underestimate direct  solar  forcing.
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Presentation Notes
Total Solar irradiance (TSI) has been measured directly since 1987 by a sequence of NIMBUS, ACRIM and VIRGO satellites. Composites of their records have been presented by the ACRIM and the PMOD groups. Although these composite TSI time series are based on the same satellite observations they differ in so far as the ACRIM composite shows an increase in TSI between the solar minima of 1987 and 1996 and a TSI decrease between the solar minima of 1996 and 2007, while the PMOD composite shows a persistent TSI decline between these three solar minima. PMOD stands for Physikalisch-Metorologisches Observatorium Davos (Switzerland)– World Radiation Center. ACRIM stands forActive Cavity Radiometer Irradiance Monitor, Columbia University.The GCMs used by the IPCC AR4 adopted the Lean TSI models (Wang et al., 2005) in an effort to show more or less stable solar activity during the last 40 years (Lockwood &Fröhlich, 2007) that could not be responsible for the observed warming after the 1970s (see slide 35). Similarly, the GCMs used by the IPCC AR5 implemented a solar forcing that is based on the Lean solar regression models (Wang et al., 2005), which show that TSI did not appreciably increase  since 1900 and was more or less stable since 1960. It is claimed that Lean's models are supported by actual observations that are provided by the PMOD TSI composite (Fröhlich& Lean, 1998; Fröhlich, 2006, 2009). It must be pointed out, however, that the PMOD team claimed that some of the published TSI satellite records used in their composites required significant modifications (to fit the Lean composite?) that were implemented before the TSI satellite records were combined (Scafetta, 2013). Scafetta (2013) explains that the controversy between the ACRIM and PMOD composites centers mainly on the TSI trend during the so-called ACRIM-gap of 1989-1992. PMOD claims that during this period the Nimbus7/ERB TSI record, which is necessary to bridge the ACRIM1 and ACRIM2 TSI records, must be shifted and inclined downward to produce by 1992 a total  downward shift of about 0.8-0.9 Wm-2. This modification of the Nimbus7/ERB TSI record results in an almost flat TSI trend during 1989 to1992 and causes in the PMOD  composite the 1996 TSI minimum to be almost at the same level of as the 1986 TSI minimum. The ACRIM way of combining the TSI records implies that the 1996 minimum was about 0.5 Wm-2 higher than the 1986 TSI minimum. However, by using a composite methodology similar to the one implemented by PMOD and without modifying satellite measurements, the difference between the two TSI minima would be about +0.8-0.9 W∕m2. Thus, without the PMOD modification, TSI clearly increased during 1980-2000, akin to the global surface temperatures.The PMOD modification is highly controversial and for some unexplained reason the scientific community appears to ignore that the experimental teams who recorded the original TSI satellite data never validated the modifications applied by PMOD. Moreover, they explicitly stated that the PMOD corrections are highly speculative and physically inconsistent with their experimental equipments (Scafetta&Willson, 2009; Scafetta, 2010). Significantly, the ACRIM TSI satellite composite (Willson&Mordvinov, 2003) is based on TSI satellite data as published and shows a TSI increase between 1980 and 2000 and a TSI decrease since then. Therefore, it is likely that the current GCMs using a  solar forcing function that is based on Lean's models, are severely flawed.On the base of GCM using the PMOD composite TSI time series the IPCC claims that TSI variations have not contributed to the observed increase in global surface temperatures of the 1980s and 1990s which must be attributed to anthropogenic CO2 emissions. References:Lockwood, M., Fröhlich, C., 2007. Recent oppositely directed trends in solar climate forcings and the global mean surface air temperature. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Science 463, 2447-2460. Fröhlich, C., 2006. Solar irradiance variability since 1978: revision of the PMOD composite during solar cycle 21. Space Science Reviews 125, 53-65.Fröhlich, C., 2009. Observational evidence of a long-term trend in total solar irradiance. Astronomy and Astrophysics 501(3): L27-L30.Fröhlich, C., Lean, J. 1998. The Sun's total irradiance: cycles, trends and related climate change uncertainties since 1978. Geophysical Research Letters 25, 4377-4380.Wang, Y.-M., J. L. Lean, and N. R. Sheeley Jr., 2005. Modeling the Sun's magnetic field and irradiance since 1713. Astrophys. J. 625, 522-538.Willson, R.C., and A. V. Mordvinov, 2003. Secular total solar irradiance trend during solar cycles 21-23. Geophysical Research Letters 30, 1199-1202.Scaffetta, N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-Terrestrial Physics, 80, 296-311.Scafetta, N., 2013. Planetary control on climate change: hind-cast and forecast. In: Rörsch, A.& Ziegler, P.A. (eds.), Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Scafetta, N., Willson, R.C., 2009. ACRIM-gap and TSI trend issue resolved using a surface magnetic flux TSI proxy model. Geophysical Research Letters 36, L05701. 
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Total Solar Irradiation reconstructions for the last 300 years 

Estimates of  TSI fluctuations since the Maunder Minimum (1650-1700) are based on 
proxies, are still uncertain, both in amplitude and temporal pattern for lack of calibration 
with real data. Reconstructions vary considerably, depending on the proxies used.
The Hoyt &Schatten + ACRIM reconstruction shows strong TSI variations and a total TSI 
increase of 6 Wm-2, similar as the observed surface temperature record.
The Lean + PMOD reconstruction shows small  TSI fluctuations and a total TSI increase 
of only 1.25Wm-2 that hardly reflect the observed surface temperature record. 

IPCC adopted the Lean + PMOD reconstruction in support of its AGW concept 

Source of diagram:  Scafetta, 2013

Presenter
Presentation Notes
On centennial and longer time scales the amplitude and temporal pattern of TSI variations is poorly controlled and is derived from proxies of solar activity. For times after telescopic observation of solar activity had started in the late 1610s, estimates of TSI fluctuations vary considerably, essentially depending on which proxy or combination of proxies is used. Since these reconstructions can only be calibrated with the satellite observations of the last 34 years, they are all uncertain with the degree of uncertainty varying depending on the relation of the proxy to solar variability and TSI fluctuations.TSI variations are a function of changes of the energy transport velocity in the solar convective zone and the resulting variations in the temperature gradient of the photosphere (see slide 32). These fluctuations in solar activity manifest themselves at the surface of the Sun in directly observable changes in the sunspot number, the sunspot structure and decay rates, the solar cycle length, the normalized solar cycle decay rate, the diameter of the Sun and its equatorial rotation rate (Hoyt &Schatten, 1993). Moreover, fluctuations in solar activity are associated with changes in the total photospheric magnetic flux, the strength of interplanetary magnetic field (IMF) and solar wind, which interact with the galactic cosmic ray flux, and geomagnetic activity. The total photospheric magnetic  flux consists of the open flux which correlates poorly with sunspot activity but controls geomagnetic activity (geomagnetic index aa), and the closed flux, which relates closely to sunspot and faculae activity and is the main contributor to TSI, the IMF and solar wind (Wang et al., 2005). In addition the occurrence density of the cosmogenic isotopes 14C (in tree rings) and 10Be (in ice cores and pelagic sediments) are commonly used as proxies for solar activity since the intensity of the GCR flux reaching the Earth depends on the intensity of the IMF and solar wind strength (Steinhilber et al., 2008).      It is variably estimated that  since the Maunder Minimum TSI may have increased by as little as 1.25 Wm-2 (Wang et al., 2005; Kopp and Lean, 2011) and as much as 6.8 Wm-2 (Hoyt &Schatten, 1993; Shapiro et al, 2011),corresponding to 0.09% respectively 0.5% of the 2008 solar minimum period TSI of 1360.8 ± 0.5 Wm-2.The TSI reconstruction of Kopp & Lean (2011; Wang et al. 2005), shown in red, is based on modeling of the Sun’s magnetic field evolution, taking into account the yearly sunspot numbers and a comparison of results with the geomagnetic and cosmogenic isotope records. The TSI reconstruction of Hoyt and Schatten (1993), shown in black, is based on directly observed changes in sunspot numbers, structure and decay rate, solar cycle length and its normalized decay rate, and the solar diameter and equatorial rotation rate. The TSI reconstruction of Shapiro et al. (2011), given in slide 33 top panel, is similar as the Hoyt &Schatten reconstruction concerning the amplitude of TSI fluctuations during the last 300 years though it is less serrated (detailed?). The Shapiro et al. (2011) reconstruction is based on the assumption that the minimum state of the quiet Sun corresponds to the observed quietest area of the Sun at the cycle 23/24 transition and that the amount of magnetic energy that remains at the surface of a spotless (quiet) Sun is the main driver of TSI variability on centennial time scales. Detailed 10Be records  and neutron monitor data were used to interpolate between the 23/24 transition quiet Sun and the minimum state of the quiet Sun. The reconstruction of TSI fluctuations since 1700 is based on the Group sunspot number, available from 1610 onward, detailed 10Be records, available up to about 1970, and neutron monitor data, available since 1965 (see slide 39).The similarity between the Hoyt &Schatten and the Shapiro et al. reconstructions and their close correlation with the observed surface temperature record speak for their credibility. Moreover, these reconstructions are compatible with the “three frequency solar/planetary harmonic model” of Scafetta (2012, 2013). By contrast, according to the Lean reconstruction (Kopp & Lean, 2005) TSI variations account for only about 10% of the observed post Maunder Minimum warming. IPCC adopted the Lean + PMOD reconstruction as it is compatible with its CO2-driven Anthropogenic Global Warming concept. References:Hoyt, D. V., Schatten, K.H.,1993. The Role of the Sun in the Climate Change. Oxford Univ. Press, New York. Kopp, G., and J. L. Lean, 2011. A new, lower value of total solar irradiance: Evidence and climate significance. Geophysical Research Letters 38, L01706.Scafetta, N., 2012. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter-Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296-311.Scafetta, N., 2013. Planetary control on climate change: hind-cast and forecast. In: Rörsch, A.& Ziegler, P.A. (eds.), Mechanisms of Climate Change and the AGW Concept: a critical review.Energy and Environment (submitted).Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.http://arxiv.org/pdf/1102.4763.pdfSteinhilber, F., Abreu, A., Beer, J., 2008. Solar modulation during the Holocene. Astrophysical and Space Sciences Transactions 4, 1-6.Wang, Y.M., Lean, J.L., Sheeleyjr., N.R., 2005. Modeling the Sun’s magnetic field and irradiance since 1713. The Astrophysical Journal 625, 522-538.



SUNSPOT NUMBER AMPLITUDE
and length of Schwabe Solar Cycles 
(varies between 9 and 14 years)

SOLAR RADIO EMISSION FLUX

SOLAR UV IRRADIANCE
varies by up to 6% during Solar Cycles

OPEN SOLAR MAGNETIC FLUX 
Varies up to 70% during Solar Cycles

GALACTIC COSMIC RAY FLUX 
varies up 20% during Solar Cycles

TOTAL SOLAR IRRADIANCE, normalized, 
variation during SC 0.9 Wm-2 , between 
SC 0.9–1.6 Wm−2 and up to 6.8 Wm-2

GEOMAGNETIC Ap INDEX
Earth magnetic field variations
proxy for  Solar Energetic Particle Flux

During and between Solar Cycles not only the sunspot number and TSI vary 
Source of diagram: Gray et al., 2010
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This slide illustrates the variation of a number of parameters during solar cycles 21 to 23. Note the close correlation between the Sunspot number, Total Solar Irradiance and the Open Solar Magnetic flux and their anti-correlation with the Galactic Cosmic Ray flux. The time series of the last 35 years does not tell the entire story of the solar long-term variability potential that probably has a considerably larger amplitude.Kirvova et al. (2010) write:Solar irradiance is the main external driver of the Earth’s climate. Whereas the total solar irradiance is the main source of energy input into the climate system, solar UV irradiance exerts control over chemical and physical processes in the Earth’s upper atmosphere. The time series of accurate irradiance measurements are, however, relatively short  and limit  the assessment of the solar contribution to the climate change. ….. The model predicts an increase of 1.25 W/m2, or about 0.09% in the 11‐year averaged total solar irradiance since the Maunder Minimum. Also, irradiance in individual spectral intervals has generally increased during the past four centuries, the magnitude of the trend being higher toward shorter wavelengths.Total Solar Irradiance TSI: the irradiance integrated over the whole spectrum, changes by about 0.1% between solar activity minimum and maximum. The UV emission changes by a few percentage points at 200–300 nm to up to 100% around the Ly‐alpha emission line near 121.6 nm.By contrast, Shapiro et al. (2010) claim that in post-Maunder times TSI increased by as much as 6.8Wm-2References:Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Kopp, G., and J. L. Lean, 2011: A new, lowervalue of total solar irradiance: Evidence and climatesignificance. Geophysical Research Letters, 38, L01706.Krivova, N. A., Vieira,L.E.A., Solanki, S.K., 2010.  Reconstruction of solar spectral irradiance since the Maunder minimum, J. Geophys. Res., 115, A12112, doi:10.1029/2010JA015431.Shapiro, A.I., Schmutz, W., Rozanov, E., Schoell, M., Shapiro, V., Nyeki, S., 2010. A new approach to long-term reconstruction of the solar irradiance leads to larger historical solar forcing. Astronomy and Astrophysics 529, A67.
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Source of diagram: http://en.wikipedia.org/wiki/Jet_stream

Stratosphere

Tropospher
e

Solar UV radiation is partly absorbed in the stratospheric Ozone Layer ( 2-8 ppm Ozone content)
maintaining it and warming the Stratosphere from -60 C0 at its base to near 0 C0 at its top.
The temperature of the stratosphere is controlled by the intensity of UV radiation that varies by up to
6 % during solar cycles, with long-term variations probably being considerably larger.
In the stable Stratosphere, slow Brewer-Dobson circulation transports warm, O3-enriched air from the
upper stratosphere at low latitudes towards the Poles and into the lower stratosphere.
The warm Stratosphere emits thermal infrared radiation towards the Troposphere.
The Troposphere and Stratosphere are dynamically coupled across the Tropopause (thermal
inversion zone). At Jet Stream fronts, warmer stratospheric air is inserted into the colder upper
Troposphere.
Solar-induced stratospheric ozone variations strongly influence the interaction of the Troposphere and
Stratosphere and the dynamics of the Troposphere.
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Variations in Solar UV irradiance affect the tropospheric climate
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Solar UV irradiationThe contribution of the UV wavelengths to the total irradiance is relatively weak (less than 8%) for all wavelengths below 400 nm (Krivova et al., 2010).Most of UV-A radiation (400-315 nm) passes the stratosphere and reaches the Earth’s surface. UV-B radiation (315-280 nm) is partly absorbed in the lower stratosphere while UV-C radiation (280-10 nm) is totally absorbed in the upper stratosphere (http://en.wikipedia.org/wiki/Ozone_layer). During the last three Solar Cycles UV irradiation changed by 2-6%. Changes in Solar UV radiation are generally paralleled by changes in the sunspot number and TSI. However, the large changes in UV radiation observed by the SORCE SIM instrument was not reflected in TSI. Implications are not yet clear, but open up the possibility that long‐term variability of the UV spectrum relevant to ozone production (and the temperature of the stratosphere) has a considerably larger amplitude and a different temporal variation compared with the commonly used proxy solar indices (Mg ii index, F10.7, sunspot number, etc.) and reconstructions (Gray et al., 2010). Although changes in longer-term UV radiation are difficult to quantify, UV radiation may have been lower by a factor of 2 during the Maunder Minimum (Krivova et al., 2011).Thermosphere (85-700 km above sea level)In the thermosphere much of the solar X-ray and UV radiation is absorbed. When the Sun is very active and emits more high energy radiation, the thermosphere gets hotter and expands or "puffs up". Because of this, the height of the top of the thermosphere,the thermopause, varies between 500 and 700 km above the Earth‘s surface. During the transition from solar cycle 23 to 24 (2008-9) solar activity was extremely low, causing the thermosphere to cool and contract, lowering the thermopause from the usual 600+km to 400 km (Emmert al., 2010). UV-C radiation emissions, which make up only 0.5% of the total solar energy emission, influence the thickness, density, ion-density and temperature of the thermosphere and consist of EUV (10-124 nm) and FUV (124-290 nm) radiation. During solar cycles EUV emissions change by up to 300% and FUV emissions by up to 30% in conjunction with sunspot activity and solar flares (Walker, 2012). Auroras (Southern and Northern Lights) occur primarily in the thermosphere at high latitudes where charged cosmic particles (electrons, protons, and other ions, the so-called Galactic Cosmic Rays) collide with atoms and molecules, exciting them into higher energy states at which they emit photons of light. Auroras are strongest during periods of a high Galactic Cosmic Ray flux, corresponding to periods of low solar activity (see slide 37). As such, auroras provide a physical link between astronomical oscillations of solar activity and climate change (Scafetta, 2012).Ozone Layer (20-50 km above sea level)In the upper stratosphere Oxygen molecules O2 absorb short wavelength UV radiation (<200 nm) and disassociate into highly  reactive oxygen atoms. These diffuse through the stratosphere and at the height of  20-50 km combine with oxygen molecules to produce the reactive oxygen allotrope, Ozone O3. Ozone is a strong absorber of longer wavelength UV radiation (200-340 nm). The absorbed energy heats the stratosphere that extends from average an 15 km to 50 km above sea level. The Ozone Layer is responsible for the temperature of the stratosphere that increases with height from about -60 C0 at its base to nearly 0 C0 at its to top (http://www.atoptics.co.uk/highsky/hozon.htm). With changes in solar activity and specifically UV radiation, the temperature of the stratosphere changes as well. Moreover, by emitting thermal infrared radiation  the warm Stratosphere may warm the much colder upper troposphere (Haig, 2002; Haig et al., 2010).Ozone is mainly generated in low latitudes in the upper stratosphere due to near-vertical incidence of solar irradiance. Slow stratospheric Brewer-Dobsoncirculation transports O3-enriched and warmed tropical air Pole-ward and downward into the lower stratosphere. In higher latitudes the Ozone Layer is thicker  and contains 2–8 ppm O3 in its densest parts between 20 and 40 km (http://en.wikipedia.org/wiki/Ozone_layer). In Polar areas the unstable Ozone is not replenished, owing to low solar irradiance, and decays in conjunction with very low temperatures, intense atmospheric circulation (Polar vortex), the development of stratospheric clouds and the impact of the Galactic Cosmic Ray flux; fluctuations of the latter appear to play an important role in the development of the Polar Ozone holes (Lu, 2009).Interaction of the Troposphere and StratosphereThe height of the tropopause does not gradually drop from low to high latitudes (as shown in the diagram), but drops rapidly in the area of the subtropical and polar front jets. When a jet is strong and the associated front at low levels intense, the tropopause height drops suddenly across the jet stream. Sometimes the tropopause actually folds down to 5.5 km and even lower, just behind a well-defined cold front. Within such a tropopause fold (or in less pronounced tropopause dips), the subsided stratospheric air is warmer than the tropospheric air it replaces (Geerts& Linacre, 1997), thus warming the troposphere. Moreover, at the Polar vortices cold stratospheric air masses can be drawn down into the troposphere by intense westerly winds, thus affecting tropospheric circulation at weather and climate time scales. Polar vortices are most intense during the winter months and probably also during periods of low solar activity (Waugh &Polvani, 2010). The boundary between Polar and Ferrell cells is on average positioned at 55°N but ranges from 35° N in the winter to 65°N in the summer (Ball, 2012)There is statistically significant evidence for ±11 year Solar Cycle variations in stratospheric temperature and zonal winds. Strengthening of tropical convection with a Pole-ward shifted Subtropical and Polar Convergence Zones during Solar Cycle maximums is attributed to a combination of solar heating of the stratosphere (top-down influence) and solar heating of the sea surface, combined with dynamically coupled air‐sea interaction (bottom-up influences), in response to relatively small changes in solar forcing (Gray et al., 2010).Changes in solar activity appear to have repercussions on the troposphere/stratosphere interaction and tropospheric climate (see also: Mohanakumar, 2008; Ball, 2012). With decreasing solar UV-irradiance and an increasing Galactic Cosmic Ray flux the ozone content of the Stratosphere decreases, the stratosphere cools and, by cooling of the upper troposphere affects the climate. Prolonged low Solar UV-irradiance can create ice-age conditions in the northern hemisphere and an increase in extreme weather events due to greater temperature differences between oceans and the upper atmosphere (Walker, 2012). This is compatible with the results of a coupled atmosphere-ocean model, which includes stratospheric ozone variations, and with marine sedimentary core data, which indicate thatsolar-induced stratospheric ozone variations strongly influence mid-latitude troposphere dynamics (Varma et al., 2012).References:Ball, T., 2012. Static Climate Models In A Virtually Unknown Dynamic Atmosphere. http://drtimball.com/2012/static-climate-models-in-a-virtually-unknown-dynamic-atmosphere/Emmert, J. T., Lean,J.L, Picone, J.M., (2010), Record-low thermospheric density during the 2008 solar minimum, Geophysical Research Letters 37, L12102.Geerts, G., Linacre, E., 1997. Climate and Weather explained, chapter 11:The height of the Troposphere.http://www-das.uwyo.edu/~geerts/cwx/notes/chap01/tropo.htmlGray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Haig, J.D., 2002. The effect of Solar variability on the Earth’s climate. Philosophical Transactions Royal Society London A (2003) 361, 95-110.Haig, J.D., Winning, A.R, Toumi, R., Harder, J.W., 2010. An influence of solar spectral variations on radiative forcing of climate. Nature 167, 696-699.Krivova, N. A., Vieira, L. E. A., Solanki, S. K., 2011. Reconstruction of solar spectral irradiance since the Maunder minimum, J. Geophys. Res., 115, A12112, doi:10.1029/2010JA015431.Lu, Q-B., 2009. Correlation between Cosmic Rays an Ozone depletion. Physical Review Letters, 102, 118501, 1-5.Mohanakumar, K,, 2008. Stratosphere troposphere interactions: an introduction. Springer Verlag.Scafetta, N., 2012. A shared frequency set between the historical mid-latitude aurora records and the global surface temperature. Journal of Atmospheric and Solar-Terrestrial Physics 74, 145-163Varma, V., Prange, M., Spangehl, T., Lamy, F. Cubasch, U., Schulz, M.,2012.  Impact of solar-induced stratospheric ozone decline on Southern Hemisphere westerlies during the Late Maunder Minimum, Geophysical Research Letters 39, L20704, doi:10.1029/2012GL053403.Walker, B., 2012. Extra-Terrestrial Influences on Nature’s Risks. Joint IACA, IAAHS and PBSS Colloquium in HongKong, 2012. http://www.actuaries.org/HongKong2012/Presentations/WBR9_Walker.pdfWaugh, D.W., Polvani, L.M., 2010. Stratospheroc Polar Vortices. In: The Stratosphere: Dynamics, Transport, and Chemistry. American Geophysical Union, Geophysical Monograph Series 190, 42-57,
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The Open Solar Magnetic flux and the Sunspot Number increased 
cyclically after the Little Ice, reaching a peak in the 1990s

Source of diagram: Lockwood et al., 1999.

Measurements of the near-Earth interplanetary magnetic field show that between 1964
and the 1990s the total magnetic flux leaving the Sun increased by a factor of 1.4 with
surrogate measurements indicating that it increased since the Little Ice Age by 350% while
the Galactic Cosmic Ray flux decreased by about 50%

(Lockwood et al., 1999; Steinhilber et al., 2010; Beer et al., 1994).
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Presentation Notes
The solar wind drags some magnetic flux out of the Sun to fill the heliosphere with a weak interplanetary magnetic field. Connection between the magnetic field of the heliosphere and the Earth’s magnetic field allows energy from the solar wind to enter the near-Earth environment. Changes in the heliospheric magnetic field and the solar wind modulate the flux of galactic cosmic rays that reaches the Earth, the related changes in total cloud coverand the Earth’s Albedo that influence the global climate (Svensmark &Frijs-Christensen, 1997; Svensmark, 2007; Svensmark et al., 2009; Kirkby, 2009; Laken et al., 2010; Rao, 2011; Abdussamatov, 2012).Gray et al. (2010) write: The development of approaches to discriminate between irradiance and cosmic ray effects is important. Galactic Cosmic Rays (GCR) are so closely correlated with solar activity that observed variability in Low Cloud Amounts correlates equally well with GCR, TSI, or solar UV irradiances, and therefore, observed variations cannot be uniquely ascribed to a single mechanism. To clarify this question the CERN Experiment was initiates by Kirkby (2009).References:Abdussamatov, H.I., 2012. Bicentennial decrease of Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Geophysical Research 4,178-184Beer, J.,Baumgartner, St.,Dittrich-Hannen, B., Hauenstein, J., Kubik, P., Lukasczyk,Ch., Mende, W., Stellmacher, R., Suter, M., 1994. Solar Variability Traced by Cosmogenic Isotopes. In: J.M. Pap, C. Fröhlich, H.S. Hudson and S.K. Solanki (eds.), The Sun as a Variable Star: Solar and Stellar Irradiance Variations. Cambridge University Press, 291-300.Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., Kristjánsson, J. E., Staple, A., Kristiansen, J., Kaas, A., 2002.  A new look at possible connections between solar activity, clouds and climate, Geophysical Research Letters 29(23), 2107, doi:10.1029/ 2002GL015646Kirkby, J., 2009. Cosmic Rays and Climate. CERN Colloquium 2009. http://indico.cern.ch/getFile.py/access?resId=0&materialId=slides&confId=52576Laken, B.A., Kniveton, D.B., Frogley, M.R., 2010. Cosmic rays linked to rapid mid-latitude cloud change. Atmospheric Chemistry and Physics 10, 10941-10948.Lockwood, M., Stamper, R., Wild, M.N., 1999.A doubling of the Sun’s coronal magnetic field during the last 100 years. Nature 399, 437-439.Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Steinhilber, F.,  Abreu, J.A., Beer, J., McCracken K. G., 2010. Interplanetary magnetic field during the past 9300 years inferred from cosmogenic radionuclides. Journal of Geophysical Research, Vol. 115, A01104, doi:10.1029/2009JA014193.Svensmark, H., 2007. Cosmology a new theory emerges. Astronomy and Geology 48, 1.18-1.24.White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53. Svensmark, H., Friis-Christensen, E., 1997, Variation of Cosmic Ray Flux and Global Cloud Coverage - a Missing Link in Solar-Climate Relationships, J. Atmos. Sol. Terr. Phys. 59, 1225-1232.Svensmark, H., Bondo, T., and Svensmark, J.,  2009. Cosmic ray decreases affect atmospheric aerosols and clouds, Geophysical Research Letters 36, L15101, 4 pp. doi:10.1029/2009GL038429



The Galactic Cosmic Ray (GCR) flux decreased during solar cycles 20 to 22 of increasing 
solar activity but increased during cycles 23 and 24 of decreasing solar activity

Source of diagram: modified after Cosmic Ray Station, University of Oulu, Finland  

Until the 1990s Solar activity and temperatures increased cyclically whereas the GCR 
flux decreased cyclically.  Thereafter, temperatures leveled out and the GCR flux 
increased again, as shown by the shallower and wider trough of the maroon curve 
during the peak of cycle 23 as compared to the peak of cycle 22 and itsdistinct 
culmination during the cycle 23/24 transition.
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The maroon curve of this diagram gives the galactic cosmic ray (GCR) flux as monitored by the Oulu station in Finland since January 1965. The latest reading dates from October 7th, 2012. For a measure of GCR flux changes with time, compare areas between the maroon curve and the zero line (red line). At times when the GCR flux curve rose above the stippled blue line line, global cooling prevailed; by contrast, when the GCR flux curve dipped below the red stippled  line, global warming prevailed. The blue arrows indicate increasing and decreasing peak solar activity and corresponding changes in the GCR flux. Black numbers and separating back bars give the numbers and boundaries of the Schwabe solar cycles.The intensity of the GCR flux reaching the Earth depends on the solar activity and is modulated by changes of the Solar interplanetary magnetic field, the solar wind and the Earth’s magnetic field; these correlate closely with changes in the sunspot number and TSI but anti-correlate with the GCR flux. Solar magnetic activity and polarity varies with the ±11 year Schwabe and the ±22 year Hale cycles. When the Sun is very active the GCR flux is low and when it is less active the GCR flux is high (Beer et al., 2000; see also http://www.climate4you.com/Sun.htm#Cosmic%20ray%20intensity%20and%20sunspot%20activity). During the 1975 to 2000 warming period, the GCR flux decreased progressively  during the peak of the solar cycles from about -7% in cycle 20 to -15% in cycle 21 and even -24% in cycle 22. During the peak of cycle 23 the GCR flux decreased only to about -7%, which is far less than during the peaks of cycles 21 and 22. At the cycle 23/24 transition the CRF increased to +12%, which is clearly above the preceding transition periods. During the period of 2002 to 2010 the GCR flux increased and temperatures remained stable despite continuously rising CO2 concentrations (see slide 6). At  present  solar activity is gradually building up (see slide 46).According to Svensmark &Frijs-Christensen (1997), Svensmark et al. (2009) and Rao (2011), the higher the GCR flux count is the cooler the Earth gets, and the lower the count gets the higher the temperatures get. If more cosmic rays hit the Earth, more clouds are formed, more sunlight is reflected back to space, and the Earth cools, and vice-versa. For a critical review of the GCR flux and cloud concept see Pierce (2011).References:Beer. J., Mendel, W., Stellmacher, R., 2000. The role of the sun in climate forcing. Quaternary Science Reviews 19, 403-415.Pierce, J. 2011. Cosmic Rays and Clouds: Potential Mechanisms. Real Climate. http://www.realclimate.org/index.php/archives/2011/09/cosmic-rays-and-clouds-potential-mechanisms/Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Svensmark, H. and Friis-Christensen, E., 1997, Variation of Cosmic Ray Flux and Global Cloud Coverage - a Missing Link in Solar-Climate Relationships, J. Atmos. Sol. Terr. Phys. 59, 1225-1232.Svensmark, H., Bondo, T., and Svensmark, J.,  2009. Cosmic ray decreases affect atmospheric aerosols and clouds, Geophysical Research Letters 36, L15101, 4 pp. doi:10.1029/2009GL038429.
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Observational and experimental data indicate that Galactic Cosmic 
Rays reaching the Earth influence the formation of Low Clouds 

Variations in the GCR flux and global Low Cloud cover during Solar Cycles 21 to 23
Source of diagram: Svensmark, 2007.

The GCR flux anti-correlates with TSI and the Open Solar Magnetic flux that, combined with
the geomagnetic field shields the Earth from GCR. The smaller TSI, the greater the GCR
flux, the more clouds and cooling, and vice-versa. GCR-related cloud changes amplify TSI-
related climate changes by reducing the Solar SW radiation reaching the surface and by
reflecting it back to space (Albedo)

This indirect solar climate forcing mechanism is still hotly disputed
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Clouds form in the troposphere when the dew point of water is reached in the presence of condensation nuclei. Cloud condensation nuclei (CCN) are small solid or liquid particles (typically 0.0002 mm) about which cloud droplets coalesce. There are many different types of atmospheric particles that can act as CCN, including dust or clay, soot and black carbon from fires, sea salt from ocean spray, sulfate from volcanic activity, phytoplancton or nuclei formed by cosmic radiation. The ability of these different particles to act as CCN depends on their size and composition.Galactic cosmic rays (GCR) are energetic particles originating from space that impinge on the Earth‘s atmosphere. Almost 90% of all incoming GCR particles are protons, about 8% are helium nuclei (alpha particles) and about 1 % are electrons (beta minus particles). The term „ray“ is a misnomer, as cosmic particles arrive individually, not in the form of a ray or beam of particles.Svensmark &FriisChristensen (1997) postulated that the intensity of cosmic rays incident on the Earth's atmosphere correlates closely with variations of global cloud cover. As clouds both reflect incoming and trap outgoing radiation they play an important role in the Earth’s radiation budget. Changes in cloud cover induced by the cosmic ray flux may have immense implications for our understanding of climate. IPCC’s climate models only include the effects of small variations in direct solar radiation (infrared, visible and UV). The effects of cosmic rays on clouds are not included in these models, which do a rather poor job of simulating clouds in the present climate.For more than 20 years, satellite records of low-altitude clouds have closely followed variations in cosmic rays (see diagram). Just how cosmic rays take part in cloud-making appeared in the SKY experiment, conducted in the basement of the Danish National Space Institute. Electrons set free in the air by passing cosmic rays help to assemble the building blocks for cloud condensation nuclei on which water vapor condenses to make clouds.Cosmic ray intensities – and therefore cloudiness – keep changing because the Sun’s magnetic field varies in its ability to repel cosmic rays coming from the Galaxy before they can reach the Earth (http://www.space.dtu.dk/English/Research/Research_divisions/Sun_Climate.aspx).The CLOUD experiment of CERN has clearly shows how cosmic rays promote the formation of clusters of molecules (“particles”) that in the real atmosphere can grow and seed clouds (Kirkby, 2010, Kirkbyet al., 2011) and thus has essentially confirmed the results of the SKY experiment of the Danish National Space Institute (Enghoff et al., 2011).The Svensmark Theory by (Nigen Calder, 2011, http://calderup.wordpress.com/category/3b-the-svensmark-hypothesis/)Cosmic rays, high-energy particles raining down from exploded stars, knock electrons out of air molecules. The electrons help clusters of sulphuric acid and water molecules to form, which can grow into cloud condensation nuclei – seeds on which water droplets form to make clouds.Low clouds consisting of liquid water droplets cool the Earth’s surface.Variations in the Sun’s magnetic activity alter the influx of cosmic rays to the Earth. When the Sun is lazy, magnetically speaking, there are more cosmic rays and more low clouds, and the world is cooler. When the Sun is active, fewer cosmic rays reach the Earth and, with fewer low clouds, the world warms.The Sun became unusually active during the 20th Century and as a result “global warming” occurred.Recently (2006-2010) the Sun has been unusually lazy and “global warming” seems to have gone into reverse, as expected by the Svensmark hypothesis.Cooling and warming by around 2 0C occurred repeatedly during the past 10,000 years, as the Sun’s activity and the cosmic ray influx varied.Over many millions of year, much larger variations of up to 10 0C occur as the Sun and Earth, travelling through the Galaxy, visiting regions with more or fewer exploding stars.Critical  viewsThe concept of “more GCR, more clouds and cooling, respectively less GCR, less clouds and warming” is still hotly disputed since the observed variability in low cloud cover correlates equally well with GCR, TSI and solar UV irradiances and thus is difficult to ascribed to a single mechanism (Gray et al., 2010; Pierce, 2011; Agee et al., 2012; Voiculescu and Usoskin, 2012). IPCC has so far disregarded, if not outright rejected, this potentially very important indirect solar climate forcing mechanism (AR-4, 2007).References:Agee, E.M., Kiefer, K. and Cornett, E., 2012. Relationship of Lower-Troposphere Cloud Cover and Cosmic Rays: An Updated Perspective.Journal of Climate25, 1057-1060.Enghoff, M. B., Pedersen, J.O.P., Uggerhøj, U.I., Paling, S.M., Svensmark, H., 2011. Aerosol nucleation induced by a high energy particle beam, Geophysical Research Letters 38, L09805, doi:10.1029/2011GL047036.Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Kirkby, J. Cosmic rays and climate. CERN Colloquium 4 June 2009.Kirkby, J., 2010. The Cloud Project: climate research with accelerators. Proceedings IPAC 10, Kyoto, Japan, 03 Special Presentation, p. 4774-4778.Kirkby et al., 2011. Role of sulfuric acid, ammonia and galactic cosmic rays on atmosphere aerosols. Nature 476, 429-432.Laken, B.A., Kniveton, D.B., Frogley, M.R., 2010. Cosmic rays linked to rapid mid-latitude cloud change. Atmospheric Chemistry and Physics 10, 10941-10948.Pierce, J. 2011. Cosmic Rays and Clouds: Potential Mechanisms. Real Climate. http://www.realclimate.org/index.php/archives/2011/09/cosmic-rays-and-clouds-potential-mechanisms/Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Svensmark, H., 2007. Cosmology a new theory emerges. Astronomy and Geology 48, 1.18-1.24.Svensmark, H. and Friis-Christensen, E., 1997, Variation of Cosmic Ray Flux and Global Cloud Coverage - a Missing Link in Solar-Climate Relationships, J. Atmos. Sol. Terr. Phys. 59, 1225-1232.Voiculescu. M., Usoskin, I., 2012. Persistent solar signatures in cloud cover: spatial and temporal analysis. Environment Research Letters 7, 1-11. 



The Earth’s Albedo, Solar activity and Galactic Cosmic Ray flux

Source of diagram: Pallé, 2009

Between 1985 and 1997 the Earth’s Albedo decreased during a period of strong solar activity, a
decreasing GCR flux and a 5% decline in cloud cover.
During this period the up to 10 Wm-2 cloud-driven change in the Earth’s radiation budget
exceeded the 2.4 Wm-2 forcing attributed by IPCC (2001) to the entire industrial anthropogenic
greenhouse gas impact (red bar).
The post-2000 Albedo increase was accompanied by gradually decreasing solar activity, an
increasing GCRflux and a 1.5% increase in cloud cover.

IPCC climate models do not incorporate such large Albedo variability
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The blue lines are the observed earthshine data for 1994-1995 and 1999-2003. The black line is the reconstructed albedo from partially overlapping satellite cloud data with respect to the mean of the calibration period 1999 to 2004. The vertical red line shows the cumulative climate forcing of the increase in greenhouse gases during the 20th century, amounting to 2.4 Wm-2 according to the IPCC (2001). Note that the climate forcing due to changes of the albedo is in Wm.-2 much greater than the one due to the greenhouse gases. Current IPCC climate models do not show such large albedo variability.This diagram is from the Pallé 2009 PowerPoint presentation. It is a modification of the one given by J. Veizer (2005) in his Fig. 15 with the followingcaption:  “Reconstructed annual reflectance anomalies (Δp*) relative to 1999-2001 calibration interval (shaded). The observed anomalies are represented as a thick line. In general, Δp* is a measure of Earth Albedo, likely cloudiness, by observing the "earthshine", the light reflected by Earth's sunlit hemisphere toward the moon and then retroflected from the lunar surface. Note that the decline in albedo (cloudiness) from 1985 to 2000 is a feature that is consistent with the increase in solar irradiance TSI and implicitly also with a decline in cloud nucleation due to diminished cosmic ray flux. Note also that the cloud-driven changes in the Earth's radiation budget (up to 10 Wm-2) during the last two decades exceed considerably the forcing that is attributed by IPCC (2001) to the entire "industrial", that is post-"Little Ice Age", anthropogenic greenhouse impact (2.4 Wm-2). Adapted from Pallé et al. (2004a)”.NASA Images (http://archive.org/details/VE-IMG-16834) writes:If you look closely at a crescent moon just after dark, you’ll notice the faint face of the moon. While the brightly lit crescent is receiving direct light from the Sun, the moon’s dark face is being dimly illuminated by “earthshine”—light reflected off the Earth. The brightness of earthshine depends on the Earth’s total reflectance (called “albedo”). The Earth’s albedo is principally governed by clouds, since they are almost always more reflective than the Earth’s surface. Changes in the brightness of earthshine are mainly caused by changes in cloudiness—the cloudier the Earth, the brighter the earthshine. Scientists from the New Jersey Institute of Technology and the California Institute of Technology have measured earthshine since the 1980s, and continuously since 1997. By comparing the earthshine data with NASA global cloud cover data, they confirmed the relationship between albedo and cloudiness. They also derived an estimate of changes in the Earth’s albedo over the past 20 years. The researchers found that while the Earth’s surface grew sunnier and less cloudy from 1984 to 2000, the trend appears to have reversed itself somewhat from 2001-03. During the last three years the Earth grew cloudier, brightening the planet’s albedo to pre-1995 values. Albedo is an important factor in climate change because it determines the amount of energy from the Sun that the Earth absorbs. These new albedo estimates will help scientists better understand global climate change and improve climate models.Pallé et al. (2009), revising their earlier papers, affirm that changes in the Earth’s cloud cover had caused a decrease of its Albedo by about 8% (6 Wm2) between 1985 and 2000 and an Albedo increase of about 1% between 2000 and 2007. The total global cloud cover has decreased from 69% in 1987 to 64% in 2000 and since then recovered to about 65.5% (Climate4you). References:Climate4you: Climate and Clouds http://www.climate4you.com/ClimateAndClouds.htmPallé, E. , Koonin, S.E., 2004a. Changes in Earth’s reflectance over the past two decades: Science 304,1299-1301.Pallé, E., Goode, P.R., Montañés-Rodriguez, P., Butler, C.J., O’Brien, K., 2004b. The possible connection between ionization in the atmosphere by cosmic rays and low level clouds. Journal of Atmospheric Solar-Terrestrial Physics 66, 1779-1790.Pallé, E. , 2009. Recent changes in Earth’s albedo and its implications for climate. http://www.arm.ac.uk/slides/epb/seminar1.pdfPallé, E., Goode, P.R., Montañés-Rodriguez, P., 2009. Interannualvariations in Earth'sreflectance 1999–2007. Journal of Geophysical Research 114, D00D03, 7 pp, doi:10.1029/2008JD010734Veizer, J., 2005. Celestial Climate Driver: a perspective from four Billion years of Carbon Cycle.  Geosciences Canada 32, 13-28Solomon S. et al. 2010. Contributions of stratospheric water vapor to decadal changes in the rate of Global Warming. Science 327, 1219-1223.



Cooling between 2000 and 2010 involved a slight decrease in TSI 
and an increase in the Cosmic Ray Flux  and cloud cover 

Source of diagram: Roy W. Spencer, 2011.

Cosmic Ray-related indirect radiative solar climate forcing appears to be 2.6 times
greater than TSI-related direct solar forcing. During the solar cycle 23/24 transition
combined direct and indirect solar climate forcing may be 3.8 times greater than
commonly assumed by climate scientists.
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Roy Spencer comments as follows on this graph, which compares cosmic ray forcing to changes in total solar irradiance (TSI) forcing during the years 2000 to 2010, spanning the transition between solar cycles 23 and 24 and a gradual decline of surface temperature (see slide 6):The red curve gives the change in direct solar (TSI) forcing that is based on the CERES Net, LW, and SW data. It is the only kind of solar forcing the IPCC (apparently) believes to  exists, and it is quite weak.The blue curve gives the estimated cosmic ray forcing resulting from the month-to-month changes in the original Moscow cosmic ray time series, computed by multiplying those monthly changes by 0.55 Watts per sq. meter per 1,000 cosmic ray counts change. This conversion factor is based on an estimate of how a change in cosmic ray flux at Moscow relates to changes in the Earth’s radiative energy balance.Trend lines were fitted to these two curves to obtain an estimate of the relative magnitudes of these two sources of forcing: the cosmic ray (indirect) forcing is about 2.8 times that of the solar irradiance (direct) forcing. This means the total (direct + indirect) solar forcing on climate associated with the transition between solar cycles 23 and 24 could be 3.8 times greater than most mainstream climate scientists believe (e.g. Feulner&Rahmstorf, 2010) .Comment:The GCR flux is so closely correlated with solar activity that observed variability in Low Cloud Amounts correlates equally well with the GCR flux, TSI, or variations in SSI (Solar Spectral Irradiation is independent from TSI and includes X-ray, UV spectrum, near IR spectrum). Therefore, it is difficult to ascribe observed variations uniquely to a single mechanism (Gray et al., 2010). In this respect, the conversion factor used by Spencer to calculate the forcing effect of the GCR flux may include the effects of SSI changes (the contribution of UV radiation to TSI is, however, at less than 8% relatively weak).Note that during the time span of 2000 to 2010 atmospheric CO2 concentrations continuously increased while surface temperatures levelled off and began to decline in response to decreasing TSI, increasing CRF and increasing cloud Albedo.References and further reading: Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., Kristjánsson, J. E., Staple, A., Kristiansen,J., Kaas, A., 2002.  A new look at possible connections between solar activity, clouds and climate, Geophysical Research Letters 29(23), 2107, doi:10.1029/ 2002GL015646.Feulner, G., Rahmstorf, S, 2010. On the effect of a new grand minimum of solar activity on the future climate on Earth. Geophysical Research Letters 37 (L05707), doi:10.1029/2010GL042710, 5 pp.Pallé, E. , 2009. Recent changes in Earth’s albedo and its implications for climate. http://www.arm.ac.uk/slides/epb/Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Spencer,R.W.,  2011. Indirect Solar Forcing of Climate by Galactic Cosmic Rays:  An Observational Estimate.http://www.drroyspencer.com/2011/05/indirect-solar-forcing-of-climate-by-galactic-cosmic-rays-an-observational-estimate/Svensmark, H., 2007. Cosmology a new theory emerges. Astronomy and Geology 48, 1.18-1.24.Veizer, J., 2005. Celestial Climate Driver: a perspective from four Billion years of Carbon Cycle.  Geosciences Canada 32, 13-28



Galactic Cosmic Ray Flux and Post-Maunder Minimum Warming

Sunspot Numbers show that after the Maunder Minimum solar activity increased cyclically and peaked after
a TSI increase of at least 1.25 Wm-2 in the 1990s at 1366.5 Wm-2(Krivova et al., 2010; Gray et al., 2010).

The solar open magnetic field, which together with the geomagnetic field modulates the CGR flux reaching the
Earth, correlates closely with TSI. The observed concentration of the cosmogenic isotopes 10Be and 44Ti anti-
correlates with TSI (Beer et al., 2000).
Since the Maunder Minimum the solar open magnetic field increased by about 350% (Steinhilber et al.,
2010) while 10Be data show that the GCR decreased by over 50%, reaching a low in the 1990s (Beer et al.,
1994). 44Ti date indicate a 43% decrease of the GCR flux since 1770 (Taricco et al., 2006).

40% of the about 0.5 0C warming between1715 and 1970 is accounted by direct solar forcing,
the remainder by indirect solar forcing in which the GCR flux plays an important role.

Source of diagram: Wikipedia File Solar Activity.  10Be concentration after Beer  et al. ( 1994), Sunspot   Number  after 
Hoyt &Schatten (1999), temperature anomaly after de Jager et al. (2010). Black lines: 25 year moving average.
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The Maunder Minimum, spanning 1645 to 1715, was characterized by temperatures about 1.1 0C lower than at present (deJager et al., 2010).The cyclical temperature increase after the Maunder Minimum can be only partially explained by direct solar forcing that accounts for a TSI increase of at least 1.25 Wm-2 (Krivova et al., 2010; Gray et al., 2010). In the same time span the flux of Galactic Cosmic Rays decreased by more than about 50% (Beer et al., 1994).Taking the findings of Roy Spencer into account (see preceding slide), indirect solar forcing, involving a decrease in the Galactic Cosmic Ray flux,  modulating a progressively decreasing cloud cover and Albedo, may, however, explain much of the warming  that characterized the climate of the last three-and-a-half centuries (Marsh & Svensmark, 2000), while undulations in the temperature anomaly curve may be attributed to PDO-AMO effects (see slides 23-25)Satellite data covering the years 1983-2009 show that with increasing TSI and global surface air temperatures and a decreasing GCR flux the global cloud cover decreased until 2000 and thereafter slowly increased as TSI gradually decreased, global surface temperatures leveled out and the GCR flux increased again (Climate4you; see also slides 41 and 39). References:Climate4you: Climate and Clouds http://www.climate4you.com/ClimateAndClouds.htmBeer, J.,Baumgartner, St.,Dittrich-Hannen, B., Hauenstein, J., Kubik, P., Lukasczyk,Ch., Mende, W., Stellmacher, R., Suter, M., 1994. Solar Variability Traced by Cosmogenic Isotopes. In: J.M. Pap, C. Fröhlich, H.S. Hudson and S.K. Solanki (eds.), The Sun as a Variable Star: Solar and Stellar Irradiance Variations. Cambridge University Press, 291-300.Beer, J., Mende, W., Stellmacher, R., 2000. The role of the Sun in climate forcing. Quaternary Science Reviews 19, 403-415.de Jager, C., Duhau, S, van Geel, M.B., 2010. Quantifying and specifying the solar influence on terrestrial temperatures. Journal of Atmospheric and Solar-Terrestrial Physics, 72, 926-937.Gray, J.L., Beer, J., Geller, M., Haigh, J.D., Lockwood, M., Matthes, K., Cubsch, U., Fleitmann, D., Harrison, G., Hood, L., Luterbach, J., Meehl, G.A., Shidell, D., van Geel, B., White, W., 2010. Solar influence on climate. Review of Geophysics 48, RG402, 2010, 1-53.Hoyt, D.V., Schatten, K.H., 1993. The Role of the Sun in Climate Change. Oxford University Press, 267p. (updated in Wikipedia 1999).Krivova, N. A., Vieira, L.E.A., Solanki, S.K., 2010.  Reconstruction of solar spectral irradiance since the Maunder minimum, J. Geophys. Res., 115, A12112, doi:10.1029/2010JA015431.Marsh, N. D.,Svensmark, H. 2000. Cosmicrays, clouds and climate. SpaceSci. Rev. 94, 215– 230.Steinhilber, F.,  Abreu, J.A., Beer, J., McCracken K. G., 2010. Interplanetary magnetic field during the past 9300 years inferred from cosmogenic radionuclides. Journal of Geophysical Research, Vol. 115, A01104, doi:10.1029/2009JA014193.Taricco, C., Bhandari, N., Cane, D., Colombetti, P., Verma., N, 2006. Galactic cosmic ray flux decline and periodicities in the interplanetary space during the last 3 centuries revealed by 44Ti in meteorites. Journal of Geophysical Research, Vol. 111, A08102, doi:10.1029/2005JA011459.



Source of diagram: DTU National Space Institute, Center for Sun-Climate Research
http://www.space.dtu.dk/English/Research/Research_divisions/Sun_Climate.aspx

As the Solar System drifted during Phanerozoic times through the four spiral arms of
the Milky Way galaxy the intensity of the GCR flux varied significantly, controlling
repeated transitions from greenhouse to icehouse conditions and back. These involved
tropical sea-surface temperatures fluctuations of several 0C, which do not correlate with
changes in atmospheric CO2 concentrations (Shaviv&Veizer 2003; Veizer, 2005).

During Phanerozoic times major variations in the GCR flux controlled 
repeated changes between greenhouse and icehouse climates

44

Presenter
Presentation Notes
During the last 520 Million years the Earths climate shifted repeatedly between hothouse and icehouse conditions. Major periods of glaciations occurred during Late Ordovician-Early Silurian times, the Late Devonian to Early Permian and during the Neogene-Holocene. Minor glacial activity is recorded from the Late Jurassic-Early Cretaceous. Ice sheets began to develop on Antarctica during the late Eocene, reached its shores during the early Oligocene (33.8 Ma) and persisted to the Present (Ziegler, 1990; Miller et al., 2009).   The concept of indirect Solar climate forcing by GCR, influencing the global cloud cover and with this the Albedo, is supported by theoretical and experimental data (Svensmark & Frijs-Christensen, 1997; Svensmark, 2007, 2012; Svensmark et al., 2009; Kirkby, 2009, 2010, Kirkby et al, 2011), as well as by empirical relationships, as summarized in preceding slides (see also Laken et al., 2010; Rao, 2011; Spencer, 2011; Pierce, 2011). GCR indirect Solar climate forcing amplifies TSI-related direct Solar climate forcing, as discussed by Spencer (2011) and Abdussamatov (2012). The flux of GCR reaching the Earth anti-correlates with the magnitude of the Solar magnetic flux and the Solar Wind, both of which increase with increasing solar activity and shield the Earth from GCR. Changes in Solar activity are evident at all time scales from the average 11 yr Schwabe  cycles to the 2300 yr Halstatt cycles, mainly on the base of the cosmogenic 14C and 10Be isotopes (Shapiro et al., 2011). Changes in the intensity of Solar activity  at secular, millennian and larger time scales are thought to relate to the gravitational and magnetic interaction of the Planets and the Sun (Scafetta, 2010, 2011).  Changes in the GCR flux reaching the Earth may also result from orbital forced changes in theEarth-Sun distance (Milankovitch Cycles).The flux of GCR entering the Solar System is, however, not constant but varies with the position of the solar system in and between the spiral arms of the Milky Way galaxy (http://en.wikipedia.org/wiki/Milky_Way). Roughly every 140 million years the Solar System passes through one of the arms of the Milky Way galaxy (Gies&Helsel, 2005). When this happens the intensity of the GCR flux increases strongly, as the Earth is closer to supernovas giving off powerful bursts of cosmic rays. The variations in the GCR flux due to the Solar system passing through four arms of the Milky Way galaxy during the last 550 million years are an order of magnitude greater than those caused by changes of the Solar magnetic flux and Solar Wind in response to variations in Solar activity. The diagram of this slide gives a correlation between the GCR flux and tropical sea-surface temperatures during the last 520 million years after Shaviv&Veizer (2003). See also slide 2 and Ken Gregory (http://www.friendsofscience.org/assets/documents/FOS%20Essay/Climate_Change_Science.html). References:Abdussamatov, H.I., 2012. Bicentennial decrease of Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Geophysical Research 4,178-184.Gies, D.R., Helsel, J.W., 2005. Ice Age Epochs and the Sun’s path through the Galaxy. Astrophysical Journal 626, 844-848.Kirkby, J., 2009. Cosmic Rays and Climate. CERN Colloquium 2009. http://indico.cern.ch/getFile.py/access?resId=0&materialId=slides&confId=52576Kirkby, J., 2010. The Cloud Project: climate research with accelerators. Proceedings IPAC 10, Kyoto, Japan, 03 Special Presentation, p. 4774-4778.Kirkby et al., 2011. Role of sulfuric acid, ammonia and galactic cosmic rays on atmosphere aerosols. Nature 476, 429-432.Laken, B.A., Kniveton, D.B., Frogley, M.R., 2010. Cosmic rays linked to rapid mid-latitude cloud change. Atmospheric Chemistry and Physics 10, 10941-10948.Miller, K.G., Wright, J.B., Kate, M.E., Browney, J.V., Cramer, B.J., Rosenthal, Y., 2009. Climate threshold at Eocene-Ologicene transition: Antarctic ice sheet influences ocean circulation. Geological Society of America, Special Paper 542-11, 1-10.Pierce, J. 2011. Cosmic Rays and Clouds: Potential Mechanisms. Real Climate. http://www.realclimate.org/index.php/archives/2011/09/cosmic-rays-and-clouds-potential-mechanisms/Rao, U.R., 2011. Contribution of changing galactic cosmic ray flux to global warming. Current Science 100 (2), 223-225.Shapiro, A.I., Schmutz, W.,  Rozanov, W.E., M. Schoell, M., Haberreiter, M., Shapiro, A.V., and S. Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to large historical solar forcing. Astronomy&Astrophysics,Vol. 529, 9 pagesShaviv N.J., Veizer. J., 2003. Celestial driver of Phanerozoic climate. GSA Today July 2003.Spencer,R.W.,  2011. Indirect Solar Forcing of Climate by Galactic Cosmic Rays:  An Observational Estimate.http://www.drroyspencer.com/2011/05/indirect-solar-forcing-of-climate-by-galactic-cosmic-rays-an-observational-estimate/Scafetta, N., 2010. Empirical evidence for a celestial origin of the climate oscillations and its implications. Journal of Atmospheric and Solar-TerrestrialPhysics 72, 951–970.Scaffetta, N., 2011. A shared frequency set between the historical mid-latitude aurora records and the globalsurface temperature. Journal of Atmospheric and Solar-Terrestrial Physics, doi:10.1016/j.jastp.2011.10.013Svensmark, H., 2007. Cosmology a new theory emerges. Astronomy and Geology 48, 1.18-1.24.Svensmark, H., 2012. Evidence of nearby supernovae affecting life on Earth.Mon. Not. R. Astron. Soc. Printed 22 April 2012.Svensmark, H., Friis-Christensen, E., 1997, Variation of Cosmic Ray Flux and Global Cloud Coverage - a Missing Link in Solar-Climate Relationships, J. Atmos. Sol. Terr. Phys. 59, 1225-1232.Svensmark, H., Bondo, T., Svensmark, J.,  2009. Cosmic ray decreases affect atmospheric aerosols and clouds, Geophysical Research Letters 36, L15101, 4 pp. doi:10.1029/2009GL038429.Ziegler, P.A., 1990. Geological Atlas of Western and Central Europe, 2nd Edition.  Shell Int. Petrol. Mij., dist. by Geol Soc. Publ. House Bath, 239 pp. and 56 encl. 
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The Sun with its Planets, combined with the Galactic Cosmic Ray 
flux drive the Earth’s climate and not CO2 as professed by IPCC

Source of diagram: http://en.wikipedia.org/wiki/Milky_Way

Position of Solar System in the spiral arms of the Milky Way Galaxy 
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“To confine our attention to terrestrial matters would be to limit the human spirit”. – Stephen W. Hawking Milky Way Galaxy and the Solar SystemThe stellar disk of the Milky Way galaxy is approximately 100,000 light-years (9x1017 km) in diameter, and is considered to be, on average about 1,000 light-years thick. It is estimated to contain at least 200 billion stars and possibly up to 400 billion stars. The Solar System's orbit around the galaxy is expected to be roughly elliptical with the addition of perturbations due to the galactic spiral arms and non-uniform mass distributions. In addition, the Sun oscillates up and down relative to the galactic plane approximately 2.7 times per orbit. The Solar System rotates clockwise around the center of the Milky Way galaxy. It takes the Solar System about 225-250 million years to complete one orbit of the galaxy (galactic year). Since the origin of humans the Sun has accomplished 1/1250 of a revolution around the galaxy (http://en.wikipedia.org/wiki/Milky_Way).Climate Forcing MechanismsDirect, TSI-related, Solar forcing of climate, combined with indirect Solar climate forcing, including the effects of the Galactic Cosmic Ray flux and PDO-AMO related phenomena, have dominated climate changes in the geological past and probably do so also at present times (Shaviv&Veizer, 2003; Svensmark, 2007, 2012; Scafetta, 2012a,b; Wilson 2011a,b). As Solar activity continuously changes, and with it TSI and the Solar Wind, there is no Solar constant  (Shapiro et al., 2011). Similarly the Galactic Cosmic Ray flux entering the Solar system was not constant during geological times but subject to major variations as the Solar  System orbited through the spiral arms of the Milky Way Galaxy (Shqaviv&Veizer, 2003; Svensmark, 2012).IPCC has not been able to present scientific proof that the increase in atmospheric CO2 concentrations from a pre-industrial level of 280 ppmv  to 320 ppmv in 1960 and to 390 ppmv in 2011 has been the main driver of the concomitant temperature increase and not the other way round.  After all, CO2 makes up only a very minor fraction of the atmosphere (0.039%) of which the  anthropogenic contribution makes up at best only about  10% or 39 ppmv (0.0039% of the atmosphere).  Moreover, enhanced atmospheric CO2 concentrations are beneficial for plant growth, biodiversity, food production and the greening of the planet.To comprehend the driving mechanisms of the Earth’s climate, these need to be considered in the context of the Solar System and its host, the Milky Way Galaxy and not only in terms of a diminutive component of its atmosphere!References:Shaviv N.J., Veizer. J., 2003. Celestial driver of Phanerozoic climate. GSA Today July 2003.Shapiro, A.I., Schmutz, W.,  Rozanov, W.E., M. Schoell, M., Haberreiter, M., Shapiro, A.V., and S. Nyeki, S., 2011. A new approach to long-term reconstruction of the solar irradiance leads to large historical solar forcing. Astronomy&Astrophysics,Vol. 529, 9 p.Scafetta N., 2012a. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter–Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296–311.Scafetta,N., 2012b. Testing an astronomically based decadal-scale empirical harmonic climate model versus the IPCC (2007) general circulation climate models. Journal of Atmospheric and Solar-Terrestrial Physics 80, 124–137.Svensmark, H., 2007. Cosmoclimatology: a new theory emerges. Astronomy & Geophysics 48 (1), 1.18-1.24.Svensmark, H., 2012. Evidence of nearby supernovae affecting life on Earth.Mon. Not. R. Astron. Soc. Printed 22 April 2012.Wilson, I.R.G., 2011a. Do Periodic Peaks in the Planetary Tidal Forces Acting Upon the Sun Influence the Sunspot Cycle? General Science Journal, December 2011, 1-25. Wilson, I.R.G., 2011b. Are changes in the Earth’s rotation rate externally driven and do they affect climate? General Science Journal, December 2011, 1-31.



Source of diagram: http://solarscience.msfc.nasa.gov/images/ssn_predict_l.gif

Solar cycle 24 is predicted to culminate in Fall 2013 at a smoothed sunspot number of ±69. Cycle 
23 culminated in January 2000 at a smoothed sunspot number of ±120

The 20th Century Solar Grand Maximum of general warming that started in 1924 and ended 2008 
will be followed by an episode of lower solar activity and notable cooling
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What does the Sun hold in store for the climate of coming decades?

23 24
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Hathaway/NASA/MSCF predicted on 02.01.2013 that the Solar Cycle 24 will culminate in Fall 2013 at a smoothed sunspot number of about 69  (http://solarscience.msfc.nasa.gov/predict.shtml) , making it the smallest cycle since cycle 14 which culminated at sunspot number of 64.2 in 1906.These predictions are for "smoothed" International Sunspot Numbers. We are currently almost three years into Cycle 24. Increased activity in the last few months has raised the predicted maximum above the 64.2 for the Cycle 14 maximum in 1907. The current predicted size still make this the smallest sunspot cycle in over 80 years.The smoothing of sunspot numbers is usually over time periods of about a year or more so both the daily and the monthly values for the International Sunspot Number should fluctuate about our predicted numbers. The dotted lines on the prediction plots indicate the expected range of the monthly sunspot numbers. Also note that the "Boulder" numbers reported daily at www.spaceweather.com are typically about 35% higher than the International sunspot number. There is still considerable uncertainties in these predictions. Solar Cycle 23 (1996-2008) peaked at a sunspot number of 120 and was with 12.5 yr the longest since 1823 and 3 years longer than Cycle 22. Historically, solar cycles longer than the average 11 years are followed by cycles of lower intensity, implying decreasing temperature. The much weaker Solar Cycle 24 is expected to peak at a sunspot number of 72, implying cooling. The average planetary magnetic index (AP) decreased in late 2009 to as low as 1, the lowest reading since 1844, while the Sun’s magnetic field was setting new record lows. Solar activity is now gradually building up to peak around in Fall 2013 at a probably much lower level than during the peak of solar cycle 23 in 1999-2001 (Duhau& de Jager, 2010).Lockwood et al. (2011) write: The minimum in solar activity between solar cycles 23 and 24 was unprecedentedly low and long-lived. The recent low and prolonged minimum of the solar cycle, along with the slow growth in activity of the new cycle (24), has led to suggestions that the Sun is entering a Grand Solar Minimum (GSMi), potentially as deep as the Maunder Minimum. This raises questions about the persistence and predictability of solar activity. The current declines in peak and mean sunspot numbers are the largest since the onset of the Maunder Minimum and exceed those around 1800, which, however, failed to initiate a GSMi. Recent changes in sunspot group numbers reveal the onset of a Solar minimum. There is, however, no clear indicator of the depth of that minimum (i.e., whether it will be as deep and as long-lasting as the Maunder Minimum, and hence a GSMi or could be more like a less severe Dalton Minimum). Owens et al. (2011) predict that the flux of Galactic Cosmic Rays will increase during SC 24 by 10% as compared to SC 23. Comparison of the SC24 sunspot number estimates with previous ends of Grand Solar Maximums inferred from 9300 years of cosmogenic isotope data, places the current evolution of the Sun and heliosphere in the lowest 5% of cases, suggesting Maunder Minimum conditions are likely within the next 40 years. See also Abdussamatov, 2012). Based on the planetary solar forcing concept, Wilson (2011) and Scafetta (2012) predict an Oort-type and Dalton-type GSMi whilst de Jager&Dugau (2012) see after the 2008 end of the recent Grand Solar Maximum rather  a period of more regular solar activity than a GSMi.References:Abdussamatov, H.I., 2012. Bicentennial decrease of Total Solar Irradiance leads to unbalanced thermal budget of the Earth and the Little Ice Age. Applied Geophysical Research 4,178-184Duhau, S., de Jager,C.,  2010. The forthcoming Grand Minimum in Solar activity. Journal of Cosmology 8, 1983-1999.de Jager, C., Duhau, S., 2012. Sudden transitions and grand variations in the solar dynamo. Journal of Space Weather Space Climate 2 A07, DIÒI: 10.1051/swse/2012008 Lockwood, M., Owens, M.J., Barnard L., Davis, C.J., Steinhilber, F., 2011. The persistence of solar activity indicators and the descent of the Sun into Maunder Minimum conditions. Geophysical Research Letters, Vol. 38, L22105, doi:10.1029/2011GL049811.Scafetta N., 2012. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene based on Jupiter–Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-Terrestrial Physics 80, 296–311.Owens, M.J., M. Lockwood, M., Barnard, L., and C. J. Davis, C.J., 2011.Solar cycle 24: Implications for energetic particles and long‐term space climate change. Geophysical Research Letters, Vol. 38, L19106, doi:10.1029/2011GL049328.Wilson, I.R.G., 2011. Do Periodic Peaks in the Planetary Tidal Forces Acting Upon the Sun Influence the Sunspot Cycle? General Science Journal, December 2011, 1-25. 
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CONCLUSIONS
• Climate change during industrial times can be fully explained by natural 

processes

• During the last 550 Million years major natural climate changes involved large 
fluctuations in temperature and atmospheric CO2 concentrations

• Apart from orbital forcing and the distribution of continents and oceans, variations in 
solar activity and the galactic cosmic ray flux controlled climate changes during the 
geological past and probably still do so

• Despite rising atmospheric CO2 concentrations we may experience during the 
coming decades a serious temperature decline akin to the Maunder  Minimum due 
to decreasing solar activity

• There is overwhelming evidence that Temperature forces the Carbon Cycle and not 
vice-versa, as postulated by IPCC

• IPCC underestimates the effects of direct and indirect solar climate forcing but 
overestimates CO2 forcing by assuming unrealistic positive temperature feedbacks 
from a concomitant water vapor and cloud increase

• The IPCC consensus on anthropogenic CO2 emissions causing Global Warming
cannot be reconciled with basic data and is therefore challenged
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“You must look at facts because they look at you”  (Winston Churchill, House of Commons, May 7th, 1925)  ... and not only at General Circulation Models!The concept of anthropogenic CO2 emissions controlling climate change was postulated in 1995 by  the Swedish meteorologist Ben Santer and now forms the basic creed of IPCC whose efforts are devoted to prove that indeed anthropogenic CO2 emissions are responsible for global climate change. This hypothesis is based on climate models that incorrectly forecast positive cloud and water vapor feedbacks with warming (data shows negative feedbacks) and assumes an exaggerated role of the greenhouse gas CO2.  Nevertheless, the postulates advanced by IPCC are widely broadcasted as the truth-and-nothing-but-the-truth, are defended with nearly religious fervor as the consensus of science, and are now a political issue that has no scientific backing.For further information see:Bast, J.L., Karnick, S.T., Bast, D., (eds.), 2011. Climate Change Reconsidered. 2011 Interim Report, Nongovernmental International Panel on Climate Change (NIPCC). The Heartland InstituteCarter, R.M., 2010. Climate: The Counter Consensus. Independent Mind Series, STACEY International, , LondonVahrenholt, F., Lüning S., 2012. Die kalte Sonne. - Warum die Klimakatastrophe nicht stattfindet. Hoffman & Campe Friends of Science http://www.friendsofscience.org/



• IPCC postulates on Anthropogenic Global Warming are not only scientifically
suspect and politically motivated, but are economically dangerous

• There is social pressure to accept IPCC postulates. The press promulgates
uncritically alarmist messages, blaming industrial nations for Climate Change
(Global Warming)

• On the base of scientifically not substantiated concepts, governments, politicians,
economists and businessmen are now concerned with climate control and
ruinous emission mitigation and trading schemes

• CO2 is plant food and not a poison. The observed increase in atmospheric CO2
concentration fosters plant growth, enhancing food production

• At times of diminishing fossil energy resources, sequestering CO2 in subsurface
reservoirs is a waste of energy and financial resources as it does not influence
the climate at all

• Our way of living is not threatened by Anthropogenic Global Warming but by
energy shortages. Fossil energy is still available in large quantities but at rising
prices. Nuclear and renewable energy become ever more important, but not due
to Global Warming

Socio-Economic Implications
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Re. Point 5."Peak Oil " is distinct from "Climate Change". We are now nearing the peak of Oil production. Gas, and particularly Shale-Gas still has room for growth, once fields are connected to consumers at gigantic costs.  Since human industrial activity began over 200 years ago, Coal, later Oil and Gas have been massively exploited. Huge known Coal and Gas resource remain - but Oil  resources have been exploited at a rate at which new discoveries hardly replace production, and this since about 20 years.  Recent Oil and Gas exploration ventures in previously inaccessible deep water have had some major successes in the Gulf Coast, Nigeria, Angola, Brazil and the Caspian Sea. While substantial, they do not offer more than a minor replacement of what has been consumed. These exploration ventures operate at the limit of technology, as demonstrated by the  2010 Macondo disaster in the Gulf of Mexico. Production will be demanding ! These developments  are only commercially viable at high and rising O/G prices. Similarly commercialexploitation of heavy oil sands, e.g. in Western Canada, requires high Oil prices. The same holds for oil recovery from tight reservoirs and shales.Therefore it is imperative  to economize on our O/G resource. It is not the warmer climate that will destroy our way of living! Progressively increasing shortages in fossil energy will pose a more dramatic constraints on our industrialized world.After the Chernobyl accident of the 26.04.1986, the Fukushima accident of the 11.03.2011 alerted nations such as Germany and Switzerland once more to the lurking dangers of nuclear energy production. In the hectic aftermath of this accident the concept of the “Atom Ausstieg” was formulated and widely propagated, conveniently overlooking that the combined very high seismic and tsunami risks that are inherent to the Pacific coast of Japan are orders of magnitude greater than the seismic risks of Germany and Switzerland. Nevertheless, nuclear energy is for the time being absolutely essential to bridge potential energy shortages until (if ever) the renewable energy generation technology has advanced to the point at which it can supply in a steady flow the required large energy volumes needed to support our population and industry, or new and safer generations of nuclear energy production have become operational and publicly acceptable.In the forthcoming years our society has to face an ever more costly and slowly diminishing fossil fuel supply, as well as the impending self-made energy shortage arising from the “Atom Ausstieg” plus steadily increasing CO2 taxes that are designed to save the climate from an imaginary anthropogenic threat.   



Galileo Galilei was condemned for opposing the consensus
of the Church on the Sun moving around the Earth.
Science proved Galileo right and the Church wrong!

“eppur si muove" (“and yet it moves")
The IPCC consensus on Anthropogenic Global Warming 

will ultimately face the same fate as the Church
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Cristiano Banti's 1857 painting“Galileo facing the Roman Inquisition“ in Rome 1633.In summer 1633 Galileo Galilei was sentenced to imprisonment by the Inquisition for being vehemently suspected of heresy due to his adherence to the heliocentric solar system concept, published by Nicolaus Copernicus in 1543, as the Church steadfastly adhered to the Aristotle’s geocentric model of the universe, claiming that God is the Prime Mover of the Universe  with the Christian Heavens located in its outermost sphere, as described by Thomas Aquinas (1225-1274).A heliocentric model of the universe was first advance around 200 BC by Aristarchus of Samos, but was overshadowed by the geocentric model that Aristotle (394-322 BC) had presented around 350 BC. Nicolaus Copernicus (1473-1543) formulated his heliocentric concept in 1514, had finished his manuscript by 1532, but in view of his close ties to the Church and for fear of being exposed as a heretic, had released it for publication only shortly before his death. By the 1680s, his heliocentric concept was, however, widely accepted in the public domain. The church dropped its prohibition of heliocentric literature only in the 1750s.Aristotle’s geocentric model is not compatible with observational data while the heliocentric concept is supported by observational data. Similarly, the Anthropogenic Global Warming concept of the IPCC is not supported by observational data whereas direct and indirect solar forced climate change is compatible with observational data.By now, some have seen the light:On January 11th, 2011 the  German Ex-chancellor Helmut Schmidt pronounced during a lecture to the Max-Planck Society: “It is about time that one of our top scientific organizations critically scrutinizes the postulates advanced by IPCC, assesses their validity and then informs the public of its conclusion in a readily understandable form“(http://www.mpg.de/print/990353)March 2nd, 2011.  The Canadian Government cuts Environmental Funding by 20%, reducing its Climate Change and Air Pollution Program by 59% from CAD 240 Million to CAD 99 Million (http://www2.canada.com/story.html?id=4367709)March 4th, 2011 the United States House of Representatives withdraws its annual USD 2.3 Million support to IPCC.December 5th, 2011: Canada announced its withdrawal from the Kyoto Protocol.December 9th, 2012: The 18th Annual Conference of Parties (COP 18) of the United Nations Framework Convention on Climate Change (UNFCCC) in Doha, Qatar, ended its two-week session 24 four hours late and failed to reach an agreement for the control of CO2 emissions to replace the expiring Kyoto Protocol. Out of 194 countries only 37 agreed to extend the KyotoProtocol to 2020 and to reduce by 2020 their emissions by 18% below the 1990 level (agreeing countries: all members of the EU plus Australia, Belarus, Croatia, Iceland, Kazakhstan, Norway, Switzerland and the Ukraine); these countries account for only about 15% of the global anthropogenic CO2 emissions. Noticeably absent in this extension are New Zealand, Japan, Russia, and Canada. The US has never ratified the Kyoto Protocol. This means that extension of the Kyoto Protocol to 2020 is internationally not binding.January 1st 2013. Russia announces its withdrawal from the Kyoto Protocol.


	���MECHANISMS OF CLIMATE CHANGE���natural causes and IPCC postulate��The Geological AND recent RECORD����
	Slide Number 2
	Slide Number 3
	400 years Northern Hemisphere temperature versus solar activity �
	Slide Number 5
	Since 1958 global surface air temperature and atmospheric CO2�concentrations do not always correlate while there is a striking correlation �between the Pacific Decadal Oscillation and temperature.
	Ice core data show that Ice Age temperatures rose and fell hundreds�of years before atmospheric CO2 concentrations rose and fell
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Greenhouse Gases (GHG)
	With increasing atmospheric CO2 concentrations the warming effect of CO2 decreases logarithmically�
	Slide Number 13
	Slide Number 14
	Slide Number 15
	IPCC’s missing equatorial Hot-Spot �Source of diagrams: D. Evans, 2010
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Proxies for past solar activity are provided by cosmogenic10Be (half-life ±1.36 Mio. yr) and 14C (half-life  ±5‘730 yr)
	The 10Be record of ice cores documents strong variations in solar activity during the last 10,000 years
	Holocene climate changes based on Solar and Temperature Proxies
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	The Earth’s Albedo, Solar activity and Galactic Cosmic Ray flux
	Cooling between 2000 and 2010 involved a slight decrease in TSI and an increase in the Cosmic Ray Flux  and cloud cover 
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49

