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Outlook — What we are looking for?

Relationship between Sun-Earth-Climate

Figure 1 (A) Sun; (B) Earth

In this work we used the global, hemispheric and latitudinal averaged air surface
temperature time series, obtained from the NASA/Goddard Institute for Space Studies
(GISS) database and the Sunspot Number (Rz).

In order to search for information about the possible relation between Rz (as solar
proxy) and temperature.
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Relationship between Sun-Earth-Climate

Why temperature?

v The air surface temperature is a basic meteorological
parameter and its variation is a primary measure of global,
regional and local climate changes;

Figure 1 (A) Sun; (B) Earth

v The largest part of this climatic warming is usually attributed to the anthropogenic
effects due to the enhanced greenhouse gases concentrations...

v There seems to be evidence that natural phenomena can contribute significantly with
the temperature variability...

v Solar irradiance variation could have some impact on Earth’s climate, although this is
a topic of intense debate and research...
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Why Sunspot Number (RZ2)?

Relationship between Sun-Earth-Climate

Figure 1 (A) Sun; (B) Earth

Rz is defined as Rz = k(10g+f),
taking into account the number of
individual (f) and groups (g) of spots
visible on the solar disk.

Sunspot

The longest solar activity index is the Sunspot Number (Rz), which was first compiled
by Wolf in the XIX century and it is available as annual averages since 1700.

Average monthly sunspot area
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Data sets

==» Sunspot Number (RZ)

The annual averages of Rz were obtained from the Sunspot Index Data Center— SIDC. The time&iitefva &t R? used

in this study is from 1880 to 2005

== Air surface temperature
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Relationship between Sun-Earth-Climate

Air surface temperature series during 1880-2005 from NASA Goddard Institute for Space Studies (GISS), The
anomaly temperatures used are the monthly deviations in relation to the 1951-1980 interval mean.
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Figure 1 shows a panel A, B and C with 13 plots for the anomaly surface temperatures (AST °C) and Sunspot Number (Rz)

original data series.

and Latitudinal Air Surface Temperature Series from NASA/G

ISS Database and Sunspot Number ...by SouzaEcher et al.
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Methodology

== Meyer wavelet transform

The wavelet decomposition was pefféfmed until the D5 level with approach of the A5. A
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Relationship between Sun-Earth-Climate

The band frequencies are approximately D1 (2-4y), D2 (4-8y), D3 (8-16y), D4 (16-32y), D5 (3264yjA5 f8'the
scaling level, corresponding to the long term periods (> 64y).

Wavelet Results (D3)
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Figure 2 Temperature D3 decomposition level for 12 different regions as we can see (A), (B) and (C) on the

right and Rz on the left
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Relationship between Sun-Earth-Climate

Methodology

==) Meyer wavelet transform
Figure 1 (A) Sun; (B) Earth

Wavelet Results (D4)
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Figure 3 Temperature D4 decomposition level for 12 different regions as we can see (A), (B) and (C) on the
right and Rz on the left
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Methodology

=) ARIST (lterative Regression Analysis)
After decomposing the original data sets, we applied the Iterative

Regression Analysis.

(F: Y'aONS|n(a1Nt+a2N)) frequency and phase; tis the time;

Relationship between Sun-Earth-Climate

Where :Y is the observed signal
aON, alN and a2N are the amplitude,

Figure 1 (A) Sun; (B) Earth

F parameter represents the difference between the measured
value Y and the fit curve for the corresponding abscissa ;and N is

ARIST’s results the frequency

TABLE 1 Significant periods of the air surface temperature.

Global

Northern Hemisphere
Southern Hemisphere
24° North—90° North
44° North—64° North
24° North—44° North
Equator—24° North
24° North—24 South
Equator—24° South
24° South—44° South
44° South—64° South
24° South—90° South

Study About Spectral Properties of the Global, Hemispheric

2-2.8;3.7-6.6; 7.7; 8.3; 9.1, 10.4,; 11.5; 20.6; 26.3; 29.6; 65
2.1-2.8; 3.1-6.6; 7.1, 8.3; 10.2; 11.3; 20.4; 26.4; 54.3;70.4
2-2.6;3.6-5.3; 7.7; 8.3; 9.1, 10;11.9; 14.2; 17.2; 20.7; 30.8
2-2.7,3.3-5.3;6.2-7.7; 8.3; 9.9; 11.1; 12.4; 15.2; 20.5; 26.5; 53.1;72.2
2.1-2.8; 3.3-5.6; 6.3—-7.4;9.1-9.9; 11.2; 12.8; 15.4; 26.7; 53.1;75.6
2-2.7,3-6.4;7.8;8.3;9.1, 12.4; 14.4;,52.7; 67.1
2.4-2.8;3-4.6;5.1-7.1, 8.2; 9; 10; 11.6; 13.4; 19.6; 25.4, 38.4,; 58.6
2.6-2.9;3.2-6.3; 7.1, 9; 11.8; 20; 25.8; 59.9 ; 63.4
2.5-3.6;4.1-6.3;7.6; 9; 11.9; 20.2; 58; 61.4

2-3.7,4.2-6.6; 7.5; 8.3; 10.1; 12.2; 32.9 ; 59.5

2.1-3.8;4.3-6.7; 7.7-8.9; 10.7; 12.8; 15.1; 21.5; 29.4; 41.6; 98.9
2-3.6;4.7-6.7,11.3; 12.7; 14.5; 17.5; 21.1; 28.7; 34.4; 108.7
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Relationship between Sun-Earth-Climate

Cross correlation results

From Cross correlation - Between temperature and Rz for D3 (8-16 years) A | B
and D4 (16-32 years). Figure 1 (A) Sun; (B) Earth

*the cross correlation coefficients between Rz and Global, hemispheric and latitudinal
temperature series in D3 band are low (values from 0.15 to 0.27).

Nevertheless, by spectral analysis we found clearly the 11 years signal in the
temperature series;

* the band D4 shows higher correlation coefficients (values from 0.44 to 0.80). This

seems to indicate that the 20-t0-22 years solar magnetic cycle can
be more influent on temperature than the 11 years solar cycle.
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Summary

We have studied the spectral properties of the Global,
hemlspherlc and latitudinal air surface temperature series e
from NASA/ GISS database and RZ From SIDC. A B

Figure 1 (A) Sun; (B) Earth

We applied:

o Meyer wavelet transform to perform the decomposition , it was performed until
the D5 level with approach of the A5;

0 ARIST to detect principal periodicities;

% Cross correlation between Temp. and Rz;

We found several periodicities in the different latitudinal ranges. In the midst of
these oscillations we have band-pass filtered temperature data around the 11
year and the 22 year periodicities.
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Relationship between Sun-Earth-Climate

Summary

\ a very significant correlation (R 0.57 to 0.80) is found
in the 22 yr solar Hale cycle band (16—-32 years) with lags A R B
Figure 1 (A) Sun; (B Iarth

from zero to four years between latitudinal averages air surface temperature an
Rz.

' we can “speculate” on the fact that the 22 years signal is stronger than the 11
years in temperature time series may indicate that the mechanism could be more
related to the solar magnetic field and solar wind variability, influencing Earth’s
atmosphere, perhaps through galactic cosmic ray modulation of cloud cover and
atmospheric electric field;

\ the physical mechanism that could explain the effects of solar variability on
Earth’s climate cannot be determined by the present study;

y the influence of the natural solar oscillations on the air surface temperature can be

dependent on local conditions, such as ocean—land contrast, latitude and altitude
effects.
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Relationship between Sun-Earth-Climate

Acknowledgments

Figure 1 (A) Sun; (B) Earth

Thanks to the WWLet - CNMAC 2017 (MS5); CAPES ; CNPq

Special Thanks to N.R. Rigozo and D.J.R. Nordemann (in memory)

Study About Spectral Properties of the Global, Hemispheric and Latitudinal Air Surface Temperature Series from NASA/G ISS Database and Sunspot Number ...by Souza Echer et al.



CNMAC 2017 Matematica Aplicada e Computacional acelerando o desenvol vimento do pais, Sep.,19-22, 2017, S&o José dos Campos - SP

References

Relationship between Sun-Earth-Climate

Barnett, T.P., Pierce, D.W., Schnur, R., 2001. Detection of anthropogenic climate change in the world’s oceans.
Science 292 (5515), 270-274. doi:10.1126/ science.1058304.

Currie, R.G., 1993. Luni-solar 18.6 and solar cycle 10-11 years signals in USA air surface temperature records.
International Journal of Climatology 13, 31-50.

Currie, R.G., 1974. Solar cycle signal in surface air temperature. Journal of Geophysical Research 79, 5657-5660.
Echer, E., Rigozo, N.R., Souza Echer, M.P., Vieira, L.E.A., Nordemann., D.J.R., 2004.Reconstruction of the aa index on the basis of spectral. Geofisica
Internacional 93, 103-111.

Echer, E., Gonzalez, W.D., Guarnieri, F.L., Dal Lago, A., Vieira, L.E.A., 2005. Introduction to space weather. Advances in Space Research 35, 855-865.
Eddy, J.A., 1976. The Mauder Minimum. Science 192 (4245), 1189-1202.d0i:10.1126/science.192.4245.1189.

Friss-Christensen, E., Lassen, K., 1991. Length of the solar cycle: an indicator of solar activity closely associated with climate. Science 245, 698—700.
Frohlich, C., Lean, J., 2004. Solar radiative output and its variability: evidence and mechanisms. Astronomy and Astrophysics Review 12, 273-320.

Haigh, J.D., 2007. The Sun and the Earth’s climate. Living Reviews in Solar Physics, 4.

Hansen, J., Lebedeff, S., 1988. Global surface air temperatures: update through 1987. Geophysical Research Letters 15 (4), 323-326.

Hansen, J., Ruedy, R., Sato, M., Reynolds, R., 1996. Global surface air temperature in 1995: return to pre-Pinatubo level. Geophysical Research Letters 23,
1665-1668.

Hansen, J., Ruedy, R., Glascoe, J., Sato, M., 1999. GISS analysis of surface temperature change. Journal of Geophysical Research 104, 30997-31022.
Hathaway, D.H., 2010. The Solar Cycle. Reviews in Solar Physics 7, /http://www. livingreviews.org/lrsp-2010-1S.

Herman, J.R., Goldberg, R., 1978. A ‘Sun, Weather, and Climate’. NASA, Washington, DC.

Hoyt, D.V., Schatten, K.H., 1997. The Role of the Sun in Climate Change. Oxford University Press (288 pp.).

Intergovernmental Panel on Climate Change, 2007. In: Houghton, J.T., et al. (Eds.), Climate Change 2001. Cambridge University Press, New York.

Jones, P.D., New, M., Parker, D.E., Martin, S., Rigor, I.C., 1999. Surface air temperature and its changes over the past 150 years. Reviews of Geophysics
37, 173-199.

Kane, R.P., Teixeira, N.R., 1990. Power spectrum analysis of the time-series of annual mean surface air temperatures. Climatic Change 17, 121-130.
Kozyra, J.U., Crowley, G., Emery, B.A,, Fang, X., Maris, G., Mlynczak, M.G., Niciejewski, R.J., Palo, S.E., Paxton, L.J., Randall, C.E., Pong, P.-P., Russell llI,
J.M., Skinner, W., Solomon, S.C., Talaat, E.R., Wu, Q., Yee, J.-H., 2006. Response of the upper/middle atmosphere to high-speed streams in the solar wind:
first comprehensive TIMED/CEDAR observations. In: Tsurutani, B.T., McPherron, R.L., Gonzalez, W.D., Lu, G., Sobral, J.H.A., Gopalswamy, N. (Eds.),
Recurrent Magnetic Storms: Corotating Solar Wind Streams, American Geophysical

University Press, Washington DC.

Figure 1 (A) Sun; (B) Earth

Study About Spectral Properties of the Global, Hemispheric and Latitudinal Air Surface Temperature Series from NASA/G ISS Database and Sunspot Number ...by Souza Echer et al.



CNMAC 2017 Matematica Aplicada e Computacional acelerando o desenvol vimento do pais, Sep.,19-22, 2017, S&o José dos Campos - SP

References

Krikova, N.A., Solanki, S.K., 2004. Solar variability and global warming: a statistical comparison since 1850.
Advances in Space Research 34, 361-364.

Kumar, P., Foufoula-Georgiou, E., 1997. Wavelet analysis for geophysical applications.Reviews of Geophysics 35, 385.
Lacis, A.A., Carlson, B.E., 1992. Keeping the Sun in proportion. Nature 360, 297.

Landsberg, H.E., Kaylor, R.E., 1977. Statistical analysis of Tokyo winter temperature approximations, 1443-1970. Geophysical A B
Research Letters 4 (3), 105-108. Figure 1 (A) Sun: (B) Earth
Landsberg, H.E., Kaylor, R.E., 1976. Spectral analysis of long meteorological series. Journal of Interdisciplinary Cycle Research 7, 237-243.

Landsberg, H.E., Mitchell Jr., J.M., Crutcher, H.L., 1959. Power spectrum analysis of climatological data for Woodstock College, Maryland. Monthly Weather
Review 87, 283.

Lang, K.R., 2001. The Cambridge Encyclopedia of the SunCambridge University Press (256 p.).

Lean, J., Rind, D., 1999. Evaluating sun—climate relationships since the Little Ice Age. Journal of Atmospheric and Solar-Terrestrial Physics 61, 25—-36.
Maclennan, C.G., Lanzerotti, L.J., 1978. Spectral analysis of long-interval temperature data. In: Proceedings of the Symposium/Workshop held at the Fawcett
Center for Tomorrow, 24—28 August 1978. The Ohio State University, Columbus, Ohio, pp. 305-310.

Marsh, N., Svensmark, H., 2004. Comment on “Solar Influences on cosmic rays and cloud formation: a reassessment” by Bomin Sun and Raymond S. Brandley.
Journal of Geophysical Research 109, D14205. doi:10.1029/2003JD004063.

Marsh, N., Svensmark, H., 2003. Galatic cosmic ray and El Nino—southern oscillation trends in International Satellite Cloud Climatology Project D2

low-cloud properties. Journal of Geophysical Research 18 (D6), 4195.d0i:10.1029/2001JD001264.

Marsh, N., Svensmark, H., 2000. Low cloud proprieties influenced by cosmic rays. Physical Review Letters 85 (23), 5004-5007.

Mason, B.J., 1976. Towards the understanding and prediction of climatic variation. Quarterly Journal of the Royal Meteorological Society 102, 473-499.

North, G.R., Mengel, J.G., Short, D.A., 1983. Climate response to a time varying solar constant. In: McCormac, B.M. (Ed.), Weather and Climate Responses to
Solar Variations, Colorado Associated University Press, Boulder, pp. 243—-255.

Parker, D.E., Jones, P.D., Bevan, A., Folland, C.K., 1994. Interdecadal changes of surface temperature since the late 19th century. Journal of Geophysical
Research 99, 14373.

Percival, D.B., Walden, A.T., 2000. Wavelet Methods for Time Series Analysis. Cambridge University Press.

Pittock, A.B., 1978. A critical look at long-term sun—weather relationships. Reviews of Geophysics 16, 400—420.

Rigozo, N.R., Nordemann, D.J.R., 1998. Ana” lise por regressao iterativa de periodicidades em series temporais de registros geofisicos. Revista Brasileira de
Geofisica 16 (2-3), 149-157.

Rigozo, N.R., Echer, E., Nordemann, D.J.R., Vieira, L.E.A., Faria, H.H., 2005. Comparative study between four classical spectral analysis methods. Applied
Mathematics and Computation 168, 411—430.

Scafetta, N., West, B.J., 2005. Estimated solar contribution to the global surface warming using the ACRIM TSI satellite composite. Geophysical Research
Letters 32 (24). doi:10.1029/2005GL023849.

Scafetta, N., West, B.J., 2007. Phenomenological reconstructions of the solar signature in the NH surface temperature records since 1600. Journal of
Geophysical Research 112. doi:10.1029/2007JD008437 D24S03.

Scafetta, N., West, B.J., 2008. Is climate sensitive to solar variability? Physics Today.

Scafetta, N., 2009. Empirical analysis of the contribution to global mean air surface temperature change. Journal of Atmospheric and Solar-Terrestrial Physics 71,
1918-1923.

Relationship between Sun-Earth-Climate

Study About Spectral Properties of the Global, Hemispheric and Latitudinal Air Surface Temperature Series from NASA/G ISS Database and Sunspot Number ...by Souza Echer et al.



CNMAC 2017 Matematica Aplicada e Computacional acelerando o desenvol vimento do pais, Sep.,19-22, 2017, S&o José dos Campos - SP

References

Relationship between Sun-Earth-Climate

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. doi:10.1016/j.jastp.2010.04.015.

Schlesinger, M.E., Ramankutty, N., 1994. An oscillation in the global climate system of period 6570 years.

Nature 367, 723-726.

Shaw, D., 1965. Sunspot and temperatures. Journal of Geophysical Research. 70, 4997.

Souza Echer, M.P., Echer, E., Nordemann, D.J.R., Rigozo, N.R., 2009. Multi resolution analysis of global surface air
temperature and solar activity relationship. Journal of Atmospheric and Solar-Terrestrial Physics 71, 41-44.

Souza Echer, M.P., Nordemann, D.J.R., Echer, E., Rigozo, N.R., 2007. Long term trend and periodicities in global, hemispheric and latitudinal averaged air
surface temperature time series. In: Proceedings of the Brazilian Geophysical Society, Rio de Janeiro, Brazil.

Torrence, C., Compo, G.P., 1998. A practical guide to wavelet analysis. Bulletin of the American Meteorological Society 79, 61-78.

Usoskin, I.G., Marsh, N., Kovaltsov, G.A., Mursula, K., Gladysheva, O.G., 2004. Latitudinal dependence of low cloud amount on cosmic ray induced ionization.
Geophysical Research Letters 31, L16109. doi:10.1029/2004GL019507.

Vieira, L.E.A., Da Silva, L.A., 2006. Geomagnetic modulation of clouds effects in the Southern Hemisphere Magnetic Anomaly through lower atmosphere
cosmic ray effects. Geophysical Research Letters 33, 14802.

Wolberg, J.R., 1967. Prediction Analysis. Van Nostrand

Figure 1 (A) Sun; (B) Earth

Study About Spectral Properties of the Global, Hemispheric and Latitudinal Air Surface Temperature Series from NASA/G ISS Database and Sunspot Number ...by Souza Echer et al.



