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1. INTRODUCTION

Solar activity directly or indirectly affecting
terrestrial phenomena has a profound influence on
geophysical processes. Some studies showed variation
of solar activity closely relates to global and regional
climate change (Rasmus, 2006; Miyahara et al., 2008;
Mendoza and Velasco, 2009; Ogurtsov et al., 2013;
Dergachev et al., 2016). Weng (2005) analyzed solar
variation, global and regional sea-surface temperature
and concluded that inter-annual and centennial climate
change signals were not purely internal, but also
external because of solar activity. Ratnam et al. (2014)
thought that solar variation can influence atmospheric
circulation, and then wvariation of atmospheric
circulation impacts precipitation process in some
regions. Investigating possible influence of solar
activity on precipitation in Indian and Huashan
mountain area of China, Ma et al. (2007, 2010)
revealed solar variation affected rainfall variations in
the regions to some extent. Using global land-ocean
temperature change series released from the Goddard
Institute for Space Studies (GISS) analysis, here with
continuous wavelet transform and cross wavelet
transform, possible solar modulation function of
global land-ocean temperature change is investigated
in this work.

2. DESCRIPTION OF THE DATA
2.1. THE GISS SURFACE TEMPERATURE

The GISS Surface Temperature Analysis
(GISTEMP) is an estimate of global surface
temperature change. With the base period during
1951-1980, combined land-surface air and sea-surface
water temperature anomalies (called as land-ocean

temperature index, abbreviated as LOTI) are released
from GISTEMP (Hansen et al., 2010). Here the
monthly LOTI index from January, 1880 to October,
2016 is given in the lower panel of Figure 1.

2.2. SOLAR ACTIVITY

The number of sunspots correlates with the
intensity of solar radiation. A solar cycle includes an
increase and the following decrease in sunspot
numbers (abbreviated as SN). The SN is an important
indicator of solar activity. In 1848, Wolf devised
a daily method of estimating solar activity by counting
the number of individual spots and groups of spots on
the face of the sun. Here we use the Wolf SN to study
solar activity. The monthly SN series used in this
work is obtained from the Solar Influences Data
Analysis Center (SIDC) at the Royal Observatory of
Belgium. The data set covers the period of time from
January, 1749 to October, 2016. The SN series is
given in the lower panel of Figure 2.

2.3. WAVELET ANALYSIS

Wavelet analysis is becoming a common tool for
analyzing localized variations of power within a time
series. By decomposing a time series into time-
frequency space, one is able to determine both the
dominant modes of variability and how those modes
vary with time. The wavelet transform has been used
for numerous studies in geophysics (for a review, see,
e.g., Daubechies, 1992; Foufoula-Georgiou and
Kumar, 1995, 1997; Torrence and Compo, 1998;
Grinsted et al., 2004). In this work, we examine
possible connection between the LOTI and solar
activity especially explore the phase relationships
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Fig. 1 The standardized time series of the LOTI (lower) and its continuous wavelet
power spectrum (upper) during 1880-2016. The thick black contour designates
the 5 % significance level against red noise and the cone of influence (COI)
where edge effects might distort the picture is shown as a lighter shade.
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Fig.2 The standardized time series of the SN (lower) and its continuous wavelet power
spectrum (upper) during 1749-2016. Explanation of the figure is similar to
Figure 1.



POSSIBLE SOLAR MODULATION OF GLOBAL LAND-OCEAN TEMPERATURE 253

Period (year)

1900 1920 1940

112

1/4

1960 1980 2000

Fig.3 Cross wavelet transform of the standardized LOTI and SN series during 1880—
2016. The 5 % significance level against red noise is shown as a thick contour. The
relative phase relationship is shown as arrows (with in-phase pointing right and

anti-phase pointing left).

between the two time series. The two time series are
normalized (zero mean; unit standard deviation)
before wavelet transform is performed.

The continuous wavelet transform (CWT) of the
LOTI is shown on the upper panel of Figure 1. There
are relatively obvious fluctuations features with
significant peaks on quasi ~20-year time scales during
1920-1950, with above the 5 % significance level. The
CWT of the SN is shown on the upper panel of
Figure 2. Obviously, the most remarkable oscillation
in solar activity is about 11-year cycle, with exceeding
the 5 % statistical significance level against red noise
during the whole time span.

It is hard to diagnose if possible connection
exists in the LOTI and solar activity. The cross
wavelet transform (XWT) helps in this regard. The
XWT of the two time series is shown in the Figure 3.
Here, we notice that the common features we cannot
find by eye from the individual wavelet transform.
Remarkable association signals between the LOTI and
solar activity exist on decadal time scales (mainly the
11-year cycle) during 1935 — 1995, with above the
5 % significance level. Therefore we speculate that
there is a stronger link between the LOTI and solar
activity that implied by the cross wavelet power.

Furthermore, to calculate the phase difference
between the LOTI and solar activity, the mean and
confidence interval of the phase over regions with

higher than 5 % statistical significance is estimated.
The complicated phase distribution is found in
Figure 3 with directional arrow. The solar modulation
signals from the Sun are found with above the 5 %
significance level, especially on ~11-year time scales.
According the phase variations, solar activity
apparently advances the temperature change during
1935-1995. As to ~20-year oscillation, the modulation
function is also found through the association signals
are below the 5 % significance level.

3. SUMMARY

About 11-year period, a remarkable oscillation
of solar activity, continually exists in wavelet
transform of solar variation. According to the cross
wavelet transform, solar activity influences global
land-ocean temperature change on ~11-year time
scales during 1935-1995 with above the 5 %
significance level. Meanwhile the solar modulation
signals of positive correlation are found in the period
of time. The modulation function is also found on the
~20-year time scales during the confidence time span
through the association signals are below the 5 %
significance level. It should be a complicated
expression of solar activity impacting on global land-
ocean temperature. The detailed analysis of physical
mechanism will be included in an extended article in
the future.
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