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ABSTRACT
Measurements show that the Earth’s global-average near-surface temperature has increased by about 

0.8℃ since the 19th century. It is critically important to determine whether this global warming is due to 

natural causes, as contended by climate contrarians, or by human activities, as argued by the 

Intergovernmental Panel on Climate Change. This study updates our earlier calculations which showed that 

the observed global warming was predominantly human-caused. Two independent methods are used to 

analyze the temperature measurements: Singular Spectrum Analysis and Climate Model Simulation. The 

concurrence of the results of the two methods, each using 13 additional years of temperature 

measurements from 1998 through 2010, shows that it is humanity, not nature, that has increased the 

Earth’s global temperature since the 19th century. Humanity is also responsible for the most recent period 

of warming from 1976 to 2010. Internal climate variability is primarily responsible for the early 20th century 

warming from 1904 to 1944 and the subsequent cooling from 1944 to 1976. It is also found that the 

equilibrium climate sensitivity is on the low side of the range given in the IPCC Fourth Assessment Report. 

KEYWORDS
Climate Change; Global Warming; Climate Forcing; Internal Variability 

Cite this paper
M. J. Ring, D. Lindner, E. F. Cross and M. E. Schlesinger, "Causes of the Global Warming Observed since the 

19th Century," Atmospheric and Climate Sciences, Vol. 2 No. 4, 2012, pp. 401-415. doi: 

10.4236/acs.2012.24035.  

References

OPEN   ACCESS  

[1] M. E. Schlesinger and N. Ramankutty, “An Oscillation in the Global Climate System of Period 65-70 

Years,” Nature, Vol. 367, 1994, pp. 723-726. doi:10.1038/367723a0 

[2] IPCC, “Policymakers’ Summary,” In: J. T. Houghton, G. J. Jenkins and J. J. Ephraums, Eds., Climate 

Change: The IPCC Scientific Assessment, Cambridge University Press, Cambridge, 1990. 

[3] IPCC, “Summary for Policymakers,” In: S. Solomon, et al., Eds., Climate Change 2007: The Physical 

Science Basis, Cambridge University Press, Cambridge, 2007. 

[4] S. F. Singer, Ed., “Nature, Not Human Activity, Rules the Climate: Summary for Policymakers of the 

Report of the Nongovernmental International Panel on Climate Change,” Heartland Institute, 

Chicago, 2008. 

[5] Gallup, “Gallup Poll Social Series: Environment,” 2011. 

http://www.gallup.com/poll/146606/concerns-global-warming-stable-lower-levels.aspx 

[6] G. C. Hegerl and F. Zweirs, “Use of Models in Detection and Attribution of Climate Change,” Wiley 

Interdisciplinary Reviews: Climate Change, Vol. 2, No. 4, 2011, pp. 570-591. doi:10.1002/wcc.121 

[7] International Ad Hoc Detection and Attribution Group, “Detecting and Attributing External Influences 

on the Climate System: A Review of Recent Advances,” Journal of Climate, Vol. 18, No. 9, 2005, pp. 

1291-1314. doi:10.1175/JCLI3329.1 

[8] N. G. Andronova and M. E. Schlesinger, “Causes of Temperature Changes during the 19th and 20th 

● Open Special Issues

● Published Special Issues

● Special Issues Guideline

ACS Subscription

Most popular papers in ACS

About ACS News

Frequently Asked Questions

Recommend to Peers

Recommend to Library

Contact Us

Downloads: 48,110 

Visits: 138,472 

Sponsors, Associates, and 
Links >>



Centuries,” Geophysical Research Letters, Vol. 27, No. 14, 2000, pp. 2137-2140. 

doi:10.1029/2000GL006109 

[9] M. E. Schlesinger, N. G. Andronova, B. Entwistle, A. Ghanem, N. Ramankutty, W. Wang, and F. Yang, 

“Modeling and simulation of climate and climate change,” In: G. C. Castagnoli and A. Provenzale, 

Eds., Past and Present Variability of the Solar-Terrestrial System: Measurement, Data Analysis and 

Theoretical Models. Proceedings of the International School of Physics “Enrico Fermi” CXXXIII, IOS 

Press, Amsterdam, 1997, pp. 389-429. 

[10] C. P. Morice, J. J. Kennedy, N. A. Rayner and P. D. Jones, “Quantifying Uncertainties in Global and 

Regional Temperature Change Using an Ensemble of Observational Estimates: The HadCRUT4 

Dataset,” Journal of Geophysical Research, Vol. 107, No. D08101, 2012, 22 pp. 

doi:10.1029/2011JD017187 

[11] J. Hansen, R. Ruedy, M. Sato and K. Lo, “Global Surface Temperature Change,” Reviews of 

Geophysics, Vol. 48, No. RG4004, 2010, 29 pp. doi:10.1029/2010RG000345 

[12] T. M. Smith, R. W. Reynolds, T. C. Peterson and J. H. Lawrimore, “Improvements to NOAA’s 

Historical Merged Land-Ocean Surface Temperature Analysis,” Journal of Climate, Vol. 21, No. 10, 

2008, pp. 2283-2296. doi:10.1175/2007JCLI2100.1 

[13] K. Ishihara, “Calculation of Global Surface Temperature Anomalies with COBE-SST,” (Japanese) 

Weather Service Bulletin, Vol. 73, 2006, pp. S19-S25. 

[14] K. Ishihara, “Estimation of Standard Errors in Global Average Surface Temperature,” (Japanese) 

Weather Service Bulletin, Vol. 74, 2007, pp. 19-26. 

[15] S. Levitus, J. I. Antonov, T. P. Boyer, R. A. Locarnini, H. E. Garcia and A. V. Mishonov, “Global Ocean 

Heat Content 1955-2008 in Light of Recently Revealed Instrumentation Problems,” Geophysical 

Research Letters, Vol. 36, No. L07608, 2009, 5 pp. doi:10.1029/2008GL037155 

[16] R. K. Kaufmann, H. Kauppi, M. L. Mann and J. H. Stock, “Reconciling anthropogenic climate change 

with observed temperature 1998-2008,” Proceedings of the National Academy of Sciences, Vol. 108, 

No. 29, 2011, pp. 11790-11793. doi:10.1073/pnas.1102467108 

[17] C. MacFarling Meure, D. Etheridge, C. Trudlinger, P. Steele, R. Langenfelds, T. van Ommen, A. Smith 

and J. Elkins, “Law Dome CO2, CH4 and N2O Ice Core Records Extended to 2000 Years BP,” 

Geophysical Research Letters, Vol. 33, No. 14, 2006, Article ID: L14810. doi:10.1029/2006GL026152 

[18] R. G. Prinn, et al., “A History of Chemically and Radiatively Important Gases in Air Deduced from 

ALE/GAGE/ AGAGE,” Journal of Geophysical Research, Vol. 105, No. D14, 2000, pp. 17751-17792. 

doi:10.1029/2000JD900141 

[19] S. J. Walker, R. F. Weiss and P. K. Salameh, “Resconstructed Histories of the Annual Mean 

Atmospheric Model Fractions for the Halocarbons CFC-11, CFC-12, CFC-113, and Carbon 

Tetrachloride,” Journal of Geophysical Research, Vol. 105, No. C6, 2000, pp. 14285-14296. 

doi:10.1029/1999JC900273 

[20] G. Myhre, E. J. Highwood, K. P. Shine and F. Stordal, “New Estimates of Radiative Forcing Due to 

Well Mixed Greenhouse Gases,” Geophysical Research Letters, Vol. 25, No. 14, 1998, pp. 2715-

2718. doi:10.1029/98GL01908 

[21] D. S. Stevenson, C. E. Johnson, W. J. Collins, R. G. Derwent, K. P. Shine and J. M. Edwards, 

“Evolution of Tropospheric Ozone Radiative Forcing,” Geophysical Research Letters, Vol. 25, No. 20, 

1998, pp. 3819-3822. doi:10.1029/1998GL900037 

[22] P. Forster, et al., “Changes in Atmospheric Constituents and Radiative Forcing,” In: S. Solomon, et 

al., Eds., Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the 

Fourth Assessment of the Intergovernmental Panel on Climate Change, Cambridge University Press, 

Cambridge, 2007. 

[23] S. J. Smith, J. van Aardenne, Z. Klimont, R. Andres, A. C. Volke and S. Delgado Arias, “Anthropogenic 

Sulfur Dioxide Emissions 1850-2005,” Atmospheric Chemistry and Physics, Vol. 11, No. 6, 2011, pp. 

1101-1116. doi:10.5194/acp-11-1101-2011 

[24] L. D. D. Harvey, et al., “An Introduction to Simple Climate Models Used in the IPCC Second 

Assessment Report,” Intergovernmental Panel on Climate Change, Bracknell, 1997. 

[25] N. G. Andronova and M. E. Schlesinger, “Objective Estimation of the Probability Density Function for 



Climate Sensitivity,” Journal of Geophysical Research, Vol. 106, No. D19, 2001, pp. 22605-22611. 

doi:10.1029/2000JD000259 

[26] T. C. Bond, E. Bhardwaj, R. Dong, R. Jogani, S. Jung, C. Roden, D. G. Streets and N. M. Trautmann, 

“Historical Emissions of Black and Organic Carbon Aerosol from Energy-Related Combustion, 1850-

2000,” Global Biogeochemical Cycles, Vol. 21, No. 2, 2007, Article ID: GB2018. 

doi:10.1029/2006GB002840 

[27] S. D. Fernandes, N. M. Trautmann, D. G. Streets, C. A. Roden and T. C. Bind, “Global Biofuel Use, 

1850-2000,” Global Biogeochemical Cycles, Vol. 21, No. 2, 2007, Article ID: GB2019. 

doi:10.1029/2006GB002836 

[28] A. Ito and J. E. Penner, “Historical Emissions of Carbonaceous Aerosols from Biomass and Fossil Fuel 

Burning for the Period 1870-2000,” Global Biogeochemical Cycles, Vol. 19, No. 2, 2005, Article ID: 

GB2028. doi:10.1029/2004GB002374 

[29] R. A. Betts, P. D. Falloon, K. K. Goldewijk and N. Ramankutty, “Biogeophysical Effects of Land Use on 

Climate: Model Simulations of Radiative Forcing and Large-Scale Temperature Change,” Agricultural 

and Forest Meteorology, Vol. 142, No. 2-4, 2007, pp. 216-233. doi:10.1016/j.agrformet.2006.08.021 

[30] N. G. Andronova, E. Rozanov, F. Yang, M. E. Schlesinger and G. L. Stenchikov, “Radiative Forcing by 

Volcanic Aerosols from 1850 to 1994,” Journal of Geophysical Research, Vol. 104, No. D14, 1999, pp. 

16807-16826. doi:10.1029/1999JD900165 

[31] J. Lean, G. Rottman, J. Harder and K. Kopp, “SORCE Contributions to New Understanding of Global 

Change and Solar Variability,” Solar Physics, Vol. 230, No. 1, 2005, pp. 27-53. doi:10.1007/s11207-

005-1527-2 

[32] Y.-M. Wang, J. L. Lean and N. R. Sheeley, “Modeling the Sun’s Magnetic Field and Irradiance since 

1713,” Astrophyical Journal, Vol. 625, No. 1, 2005, pp. 522-538. doi:10.1086/429689 

[33] N. Nakicenovic and R. Swart (Eds.), “Emissions Scenarios,” Cambridge University Press, Cambridge, 

2000. 

[34] J. Lean, J. Beer and R. Bradley, “Reconstruction of Solar Irradiance since 1610: Implications for 

Climate Change,” Geophysical Research Letters, Vol. 22, No. 23, 1995, pp. 3195-3198. 

doi:10.1029/95GL03093 

[35] D. V. Hoyt and K. H. Schatten, “A Discussion of Plausible Solar Irradiance Variations, 1700-1992,” 

Journal of Geophysical Research, Vol. 98, No. A11, 1993, pp. 18895-18906. doi:10.1029/93JA01944 

[36] M. Ghil, M. R. Allen, M. D. Dettinger, K. Ide, D. Kondrashov, M. E. Mann, A. W. Robertson, A. Saunders, 

Y. Tian, F. Varadi and P. Yiou, “Advanced Spectral Methods for Climatic Time Series,” Reviews of 

Geophysics, Vol. 40, No. 1, 2002, pp. 3-1-3-41 doi:10.1029/2000RG000092 

[37] D. Lindner, “Characterization of the Modes of Interannual-to-Centennial Variability in Observed 

Near-Surface Temperatures,” M. S. Thesis, University of Illinois at Urbana-Champaign, Urbana, 

2010. 

[38] D. Lindner, M. J. Ring, E. F. Cross and M. E. Schlesinger, “Quasi Periodic Oscillations in the Observed 

Temperature Records,” In Preparation. 

[39] G. C. Hegerl, F. W. Zwiers, P. Braconnot, N. P. Gillett, Y. Luo, J. A. M. Orsini, N. Nicholls, J. E. Penner 

and P. A. Stott, “Understanding and Attributing Climate Change,” In: S. Solomon, et al., Eds., 

Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 

Cambridge and New York, 2007. 

[40] G. C. Hegerl, T. J. Crowley, S. K. Baum, K.-Y. Kim and W. T. Hyde, “Detection of Volcanic, Solar and 

Greenhouse Gas Signals in Paleo-Reconstructions of Northern Hemispheric Temperature,” 

Geophysical Research Letters, Vol. 30, No. 5, 2003, 4 pp. doi:10.1029/2002GL016635 

[41] P. Jones, M. New, D. E. Parker, S. Martin and I. G. Rigor, “Surface Air Temperature and Its Changes 

over the Past 150 Years,” Reviews of Geophysics, Vol. 37, No. 2, 1999, pp. 173-200. 

doi:10.1029/1999RG900002 

[42] IPCC, “Climate Change 2007—The Physical Science Basis, Contribution of Working Group I to the 

Fourth Assessment Report of the IPCC,” Cambridge University Press, Cambridge, 2007. 

[43] C. E. Forest, P. H. Stone and A. P. Sokolov, “Constraining Climate Model Parameters from Observed 



20th Century Changes,” Tellus A, Vol. 60, No. 5, 2008, pp. 911-920. doi:10.1111/j.1600-

0870.2008.00346.x 

[44] S. F. B., Tett, G. S. Jones, P. A. Stott, D. C. Hill, J. F. B. Mitchell, M. R. Allen, W. J. Ingram, T. C. Johns, C. 

E. Johnson, A. Jones, D. L. Roberts, D. M. H. Sexton and M. J. Woodage, “Estimation of Natural and 

Anthropogenic Contributions to Twentieth Century Temperature Change,” Journal of Geophysical 

Research, Vol. 107, No. 4306, 2002, 24 pp. doi:10.1029/2000JD000028 

[45] A. J. Broccoli, K. W. Dixon, T. L. Delworth, T. R. Knutson, R. J. Stouffer and F. Zeng, “Twentieth-

Century Temperature and Precipitation Trends in Ensemble Climate Simulations Including Natural and 

Anthropogenic Forcing,” Journal of Geophysical Research, Vol. 108, No. D24, 2003, 13 pp. 

doi:10.1029/2003JD003812 

[46] P. A. Stott, G. S. Jones and J. F. B. Mitchell, “Do Models Underestimate the Solar Contribution to 

Recent Climate Change?” Journal of Climate, Vol. 16, No. 24, 2003, pp. 4079-4093. 

doi:10.1175/1520-0442(2003)016<4079:DMUTSC>2.0.CO;2 

[47] G. A. Meehl, W. M. Washington, C. M. Ammann, J. M. Arblaster, T. M. L. Wigley and C. Tebaldi, 

“Combinations of Natural and Anthropogenic Forcings in Twentieth-Century Climate,” Journal of 

Climate, Vol. 17, No. 19, 2004, pp. 3721-3727. doi:10.1175/1520-0442(2004)

017<3721:CONAAF>2.0.CO;2 

[48] T. R. Knutson, T. L. Delworth, K. W. Dixon, I. M. Held, J. Lu, V. Ramaswamy, M. D. Scharzkopf, G. 


