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Possible effect of solar activity on variation of the
tree-rings of a 500 a platycladus orientalis at the
Mausoleum of Emperor Huang
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The variation of the tree-ring’s index of a platycladus orientalis at the Mausoleum of Emperor Huang
and of a long series of sunspots relative number during AD1470—1974 are analyzed by using the
wavelet power spectrum method, and their variation characters are also discussed. It is determined
that the tree-ring’s variation has cycles of approximate 2—7, 11, 93 and 150 a. Two data series are used
for analyzing sunspot relative number (SSN) variation. First, the analysis of the annual average SSN
during AD1700—1974 proved that variation cycles are about 11, 50, and 93 a; then, the data during
AD1465—1975 obtained from the decadal average SSN train over 7000 a reconstructed on the geo-
magnetic data is analyzed and its variation cycles are about 50, 90, and 160 a. Besides the tree-rings
cycle of 2—7 a is commonly considered to be related to ENSO, while 11 a cycle is related to solar
Schwabe cycle; in addition, it is possible that the cycles of 90 and150 a are likely to be related to solar
Gleissberg cycle and Suess cycle. The correlations between them are possibly due to the effect of solar

activity on the climate and additionally on the tree’s growth.

tree-ring, solar activity, climate change, wavelet spectrum

The effect of solar activity on the global climate is an
important scientific matter of the cross-subject as well as
a scientific fundament. Various high-tech measurement
methods and non-linearity theory are adopted by the
scholars in the world for studying the cross-subject inte-
gral activity. Our target is to further recognize the
mechanism of global climate change, and to evaluate the
effect of the astronomical element and the humanity ac-
tivity on the global change. Due to the lacking of his-
toric climate record and solar activity, the tree-ring’s
data is regarded as one of the most important data for
studying the Past Global Changes (PAGES), because it
has some advantages such as the precise-yearing, strong-
continuity, high-resolution, and duplicates are easily
obtained. Some scientists consider that the records of
numerous tree-rings responding to variations of various
climate parameters on most part of the earth to be supe-

rior to any other substitute index of which the measure-
ment period can be scaled as a year. Therefore, the stud-
ies of the tree-ring’s and climatic change and solar activ-
ity have become popular recently. In the beginning of
the 20th century, Douglas!" connected the annual
tree-ring’s width of the cypress at Arizona during 1660
— 1720 with solar Mauder Mininum.

In China, since the 1930’s the analysis of the tree-ring
and the research of the previous climate by using the
tree-ring’s width variations have been developed. Espe-
cially during the 1970—1980’s, with the advance of the
research of the climatic change, tree-ring’s climatology
has been developed rapidly. Wu et al.l” sampled the
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tree-rings on a large scope at Huanghe valley, Qinling
mountains, and the eastern Tianshan mountains for
many times and carried out a series of researches of the
tree-ring’s and climatic change. Shaanxi Province Mete-
orological Bureau sampled the tree-rings of the cypress
at the Mausoleum of Emperor Huang (MEH) in 1975. Li
et al.”! applied these data to study the climate change
over 500 a at Shaanxi. In 1992, Peng et al.”* applied the
Maximum-Entropy Method to analyze the cyclical
variation of the tree-rings of the cypress at the MEH and
SSN, and indicate that some tree-ring’s cycles is related
to solar activity. In 1995 Hong et al.”! researched the
relationship between the variation of the oxygen-isotope
of the peat plants over 5000 a at Jinchuan and solar ac-
tivity. Some scholars considered that solar activity can
influence the global environment in many aspects'®. In
2004, Zhong et al.””! studied solar activity and the cli-
mate fluctuations over 4000 a at Tarim Basin. In 2007,
Sang et al.® analyzed the tree-ring’s width of the dragon
spruce at Tianshan mountains and the gradient meteoro-
logical parameter.

Solanki et al.”’ used "*C radioactivity measurement
technology to reconstruct the SSN data over 11400 a on
the tree-rings. Eddy, a well-known solar-terrestrial
physicist, considered that although many studies have
been done, the clear correlation between the solar and
the climatic change has yet not been constructed. Most
of the correlation-ship are dubious and opposed as they
almost all may be shaken by the strict statistically ex-
amination or be defeated by the different data examina-
tion. The convincible physics mechanism has not yet
produced when the variation of the cycle of 22 a
achieved by using the tree-ring’s width over 370 a at the
western of US was recommended. And the drought pe-
riod reflected by the tree-rings is subtle. It is a variable
when the tree-rings are at different area in the extensive
district. He emphasized the processing of data required
strict statistical examination, and must follow objective
standards of data analysis, and thus some chaos arising
from the researches can be avoided.

Up to now, the studies of the relationship between the
Sun and climate have been suspected, so a large number
of data on the different time scale and on the various
regions for further studying is required for this problem.
Therefore we make a strict examination and use a new
non-linearity analysis way, wavelet analysis, for study-
ing this problem. An important methodology to study the

correlation between the climatic change and the solar
activity is to explore if there is some similar cyclical
change!"). Thus we apply the wavelet power spectrum
analysis method to study the SSN and cyclical changes
of the tree-rings of the cypress at MEH, in order to pro-
vide the further evidences for studying the relationship
between the climatic change and solar activity.

1 The data and analysis method

1.1 The tree ring data

The tree-ring’s width’s data is adopted from ref. [3]. The
sampling series is of the combined tree-ring’s indexes of
an oriental arborvitae at MEH (wherein the elevation of
980 m, the slope of 40° with facing to North-west) at
Huangling county (35°31'N, 109°12'E), and of an oriental
arborvitae at the mausoleum of Liu (wherein the eleva-
tion of 930 m, the slope of 15° with facing to South.) at
Liyuan, of 7 km distance from Huangling county town.
The tree-ring’s sample is taken from the upper of the
wood, the cutting-point is of 30 cm above the earth sur-
face. The length of the series is of 505 (AD1470—1974),
shown in Figure 1. By calculating, of the tree-ring’s se-
ries the autocorrelation coefficient is achieved as high as
of 0.9 and its standard deviation is of 0.38 mm.

1.2 The data of solar activity

SSN has always be considered as a main parameter of
the intensity of solar activity. Its data since AD1700 are
taken from ref. [12]. Because the time range of this se-
ries is only of 300 a, it is difficult to examine the cycles
longer than 100 a. In order to analyze longer cycles, the
decadal-smoothing-mean-value series of SSN during
BC4955—AD1995 founded by Usoskin et al.!"*! is ap-
plied. For being wholly identical with the starting point
of the tree-ring, the data during AD1465—1975 from
the series above is applied.

1.3 Wavelet analysis method

For measuring the abrupt point of the series, Mallat’s
algorithm for discrete wavelet is usually applied. As for
a discrete wavelet evaluation, the date-base is of 2, and
the analysis using the wavelet power spectrum of this
series can’t achieve some specified cycles. Therefore we
make the analysis by using a consecutive wavelet, which
is usually applied to problem analysis and theoretic re-
search, and to more thoroughly understand the funda-
mental character of the wavelet and the analytical signal.
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Figure 1 The tree-ring’s width of a platycladus orientalis at the mausoleum of Emperor Huang.

A continuous wavelet transformation of a series of a dis-
crete time series is defined as the convolution integral of
the time series of x(#) and a mother wavelet function A(7):

W(a,b) = % [~ xn(pdr, (1)

where h=(t—b)/a, a is the dilatation parameter and b is
the translation parameter.
A mother wavelet function A(7) is defined as

1 _
h(n) = |af2 h(%}. )

The Morlet wavelet, which is usually applied in geo-
physics and astronomy, is selected as the mother wavelet
in this work. Han et al." and Song et al.l's) respectively
applied the Morlet wavelet to analyze the cyclical
changes of SSN and photosphere magnetic flux. It is the
product of the function of wave in a plane and the Gaus-
sian function:

2
h[gjzn_lexp[i%ﬂjexp l[ﬂj . (3
a a 2\ a

Although its local time-frequency performance is
quite well, in the strict sense, it satisfies with neither the
finite supported arm nor the admissibility condition.
However, in practical situation, if we provide @, =5,
the conditions could be approximately satisfied. So we
choose @, =6, where @, is a non-dimensional fre-
quency. The Morlet wavelet function is complex, mean-
ing the wavelet transformed is also complex and can be
divided into a real and an imaginary part or an amplitude
and a phase spectrum. The square of the amplitude of

the wavelet transformed, |W(a,b)|2, is called as the

wavelet power spectrum. On the basis of the discussion
above, we will evaluate the tree-ring’s wavelet power
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spectrum.
Beside the choice of the mother wavelet, the defini-
tion of the set of dilatation parameter a is necessary to

satisfy
a;=a,2"%, j=0,1,2,3..., 4)

where ay is the smallest and a; is the largest dilatation
parameter. J is chosen as

J =8 log, (N8t/ ay), (5)
where ay is chosen in such a way that the corresponding
Fourier period is 20¢, and &/ = 0.125 is a parameter

which affects the resolution and leads to a smooth pic-
ture of the wavelet power spectrum. The wavelet power

spectrum |W(/1,t)|2 is depended on the Fourier period

A and the time ¢, whereby the translation parameter b
corresponds to the time step 6¢ of the time series. The
relation between the dilatation parameter a and the
equivalent Fourier period A can be analytically deduced
for the Morlet wavelet by applying a cosine oscillation
with known Fourier period in eq. (1). The dilatation pa-
rameter a, which reaches the maximum in the wavelet
power spectrum is related to the Fourier period A. For
the Morlet wavelet the relation is
4ma

a=—2 6)

Wy ++J2+ o, ’
where we found @, =6, 4 =1.03¢, and thus, the

dilatation parameter « is similar to the Fourier period of
the Morlet wavelet.

For the algorithm, the time series has to be filled with
zeros at the beginning and the end, so that the length of
this new time series is a power of 2.

For interpreting the maximum of the wavelet power
spectrum, the statistical significance test is applied. Al-
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though some maximums can be found from the wavelet
power spectrum diagram, the false maximums will ap-
pear due to the effect of the noise, corresponding to the
true periodic component of the signals, which can’t be
determined, and thus the statistical examination is re-
quired for the determination. Set the noise in the signal
as a complete Gaussian distribution with a variance of
0'2, and the wavelet noise spectrum Ppeise(@,b) 1S as a ;(2
distribution. In this case the Morlet wavelet is complex,
and its distribution has two degrees of freedom, i.e.,

P . :%0212. 7

The significant level can be evaluated by using the eq.
(7). The signal is usually separated with 95% the sig-
nificance level from the background noise. It can be ex-
plained as that the maximums achieved from the wavelet
power spectrum diagram are true, and are not caused by
the noise. Thus we will note 95% the significance level
for the wavelet spectrum in the next section.

As the raw data’s number is finite, and the convolu-
tion is applied for the wavelet calculation, hence it leads
to the abrupt change on the edge, i.e., the edge effect. To
avoid this effect, the mirror-reflection and then the peri-
odic extension have to be applied before the data pro-
cession for all of the data series. Hence the abrupt
change on the edge can be avoided.

2 Wavelet analysis and results

2.1 The tree-ring’s wavelet spectrum

We analyze the tree-rings of the oriental arborvitae at the
MEH by using the wavelet analysis, and achieve its

=

wavelet power spectrum as shown in Figure 2. The
tree-ring’s normalized standard variance (This choice is
for conveniently calculating the wavelet.) is shown as
Figure 2(a), the wavelet power spectrum is shown as
Figure 2(b). Its horizontal axis represents the year of the
Christian era and the vertical as the period (unit: a). The
closed line in the Figure 2(b) displays that wherein the
95% significance level is exceeded. Figure 2(c) shows
the global wavelet power spectrum of the tree-ring’s
index, and the dotted line shows the 95% significance
level. That of the cycles of 2—7, 11, 150, and 260 a ex-
ceeds the 95% significance tests.

2.2 Wavelet spectrum of sunspot number

SSN in ref. [11] has 3 clear cycles of 11, 50, and 93 a.
The 11 and 93 a pass the 95% significance test. Al-
though the 50 a is relatively clear, it has not yet reached
the 95% significance level (Figure 3). The cycle of 11 a
is similar to the well-known Schwable cycle, the 93 a
approaches to the Gleissberg cycle, and the 50 a is
achieved by using the wavelet analysis. Le et al."'" used
the wavelet analysis and achieved the cycles of 11, 53,
8 made the wave-
let analysis for the monthly-mean-values of SSN, of
sunspot area and of sunspot element area, and deeply
researched the edge effect of the wavelet analysis.

101 a. In the recent years, Li et all

For analyzing the cycle which is equal to or larger
than 100 a, the data during AD1465—ADI1975 in ref.
[12] are applied for analysis. Four relatively clear cycles
50, 90, 160 and 270 a are achieved. But except for 160 a,
all other cycles cannot pass the 95% confidence test (see
Figure 4).
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Figure 2 The wavelet power spectrums of the tree-rings. (a) Tree rings normalize by standard deviation; (b) tree rings wavelet power spectrum; (c) global

wavelet spectrum.
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3 Discussion and conclusion

Some scholars pointed out that in general the tree-ring
width’s variation mainly reflects the temperature varia-
tion in the cold and humid mountains, and reflects the
humidity or rainfall variation in the arid or semiarid and
warm areal”". Huangling is situated on the southern of
the Loess’s Plateau which is a warm and semiarid area,
and hence the tree-ring width’s variation of the platy-
cladus orientalis at the MEH mainly reflects the annual
rainfall variation on this area. Li et al.”’) once thoroughly
analyzed the relationship between the tree-rings and the
climate in Shaanxi and northern Shaanxi. They achieved
results that indicate the range with the higher value of
the tree-ring’s width corresponds to the humider time
range in the humidity series at Yan’an area, and corre-
sponds mainly to the colder time range of the coun-
try-wide temperature variation, additionally the range
with the lower value of the tree-ring’s width corresponds
to the arider time range in the humidity series at Yan’an
area, and corresponds mainly to the warmer time range
of the country-wide temperature variation. They also
found that the correlation coefficient between the tree-
rings and the rainfall on the neighbor area of Luochuan
and Yan’an during various time ranges is respectively
0.33 and 0.38, and correlation coefficient of the varia-
tion between the tree-rings and the Xi’an temperature is
about —0.34. All of these consequences pass the 95%
significance test. By applying Mallat algorithm to the
discrete wavelet method we detected the abrupt changes
of the tree-ring’s, which is at years such as 1580, 1644,
1724, 1892 and 1921. The series of the tree-rings is di-
vided into 6 time ranges on the basis of the wavelet am-
plitude (see Figure 5), such as AD1470—1580 (higher),
AD1581 — 1644 (lower), AD1645 — 1724 (higher),
AD1725—1891 (lower), AD1892—1921 (higher), and
AD1922—1974 (lower).

Three historical critical droughts respectively hap-
pened in 3 lower-value’s time ranges. In the north of
Shaanxi, a critical drought lasted for 6 a during AD1636
—1641. In the middle of Shaanxi, a critical drought
lasted for 7 a during AD1635—1641. The response of
the tree-rings is very clear. Two minimum tree-rings
respectively happened in 1639 and 1641, which is very
clear during this time range. During AD1874—1878, a
critical drought lasted for 5 a, and a drought happened in
1929 again. In fact, the drought northern Shaanxi hap-

pened earlier and lasted longer. All of the tree-rings dur-
ing 1923-1932 are narrower. Especially the third mini-
mum value of tree-ring series happened in 1925. Ac-
cording to the historic record, a torrential rain lasted for
17 days during Sept. 20—Oct. 6, 1662. The tree-ring’s
width at this year is several times wider than the adja-
cent years. It shows that the tree-ring’s indexes over 500
a at the MEH can reflect the change rule of the climate
such as humidity and temperature in Shaanxi.

In order to study the relationship between solar activ-
ity and the tree-ring index, the cross-correlation between
SSN and the tree-ring index has been analyzed by using
the convolution method and the correlation curve for all
data is shown in Figure 6(a). As the data is so concen-
trated, we zoom a part of the curve in Figure 6(b). From
Figure 6(b) we can find that the correlation coefficient is
the largest while the tree-ring lags 2 a behind SSN. It
shows that the tree-ring variation is controlled by solar
activity.

About the common cyclical variation character of so-
lar activity and the tree-rings, we can see that SSN and
the tree-rings of the oriental arborvitae at the MEH have
several relatively common cycles in Figures 2—4. For
convenience of the analysis, we will respectively ana-
lyze these cycles in Figure 7. The tree-ring’s cycle of 2
—7 a is generally considered as the variation related to
ENSO (EI Nino Southern Oscillation). Here we will not
discuss it any more.

Although that the tree-rings and SSN have been made
a periodic extended treatment to reduce the edge effect,
the longer cycles of about 260 a for the tree-ring’s and
about 270 a for SSN are probably to a certain extent in-
fluenced by the edge effect, and therefore their precision
is dubious. It is inferred inconvincible that there is a cy-
cle of about 200 a. Thus we will only analyze the com-
mon cycle of 11, 90, and 160 a. Ogurtsov et al.”! ana-
lyzed the long-term variation of solar activity and
achieved that it has the cycles of 50—80, 90— 140, and
160—260 a. They considered the first two are belonged
to the Gleissberg cycle, of which the time scale is about
100 a, and the last is to Suess cycle.

Of the Schwabe cycle of SSN, the wavelet amplitude
during 1700—1974 has very large fluctuations. Its
lowest appears during 1800— 1810 and largest appears
in about 1960. The variation of the tree-ring’s amplitude
of 11 a is relatively large. It is opposite to the variation
of the tree-rings during the greater part of the time
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Figure 3 The wavelet powerspectrum of the sunspot number (1700—1974). (a) SSN normalized by standard deviation; (b) SSN wavelet power spectrum;

(c) global wavelet spectrum.

(a)
[}
LR
=
Z,
2 0k i
- 1 1 L L L 1 1 1 L L
1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
f(a)
= 32
=
2 64
o~
128
256F , I~ —— , : . : L]
1500 15350 1600 1650 1700 1750 1800 1850 1900 1950 0 1000 2000 3000 4000
t(a) Power (el®)
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Figure 5 6 time ranges divided on the tree-ring’s wavelet amplitude (Am.).

range. Except for two time ranges round AD1720 and
AD1780, the SSN’s amplitudes are larger than the tree-
ring’s.

The wavelet amplitude of the Gleissberg cycle is

636

slightly smaller than the Schwabe cycle’s. However both
the tree-ring’s and SSN appear a basically similar varia-
tion “W” pattern. Two lowest values appear in 1760 and
1900. Before 1850, SSN’s amplitude is larger than the

FENG Bo et al. Sci China Ser G-Phys Mech Astron | Apr. 2009 | vol. 52 | no. 4 | 631-639



0
gl @
8
7
6
g
Z 5
4
3
2
1 3
0
-250 =200-150 -100 =50 0 50 100 150 200 250
Delay years (a)
935 (b)
9.30F
g L o
Z 9.25
9201
9.15- T T

_4 2 6 8

0 2 4
Delay years (a)

Figure 6 Correlation between the sunspot number and the tree-ring’s index.

25F
201

Am.
=

2
1 T TN, T |/
1700 1750 1800 1850 1900 1950 2000
1(a)

Am.

N

00 1750 1800 1850 1900 1950 2000
t(a)

Am.
—
<

1700 1750 1800 1850 1900 1950 2000
t(a)

Figure 7 Variation of the main cycles of (1) the sunspot number and (2)

the tree-ring.

tree-ring’s, but after 1850, it is opposite.

The wavelet amplitude of the Suess cycle shows rela-
tively large. However both SSN’s and the tree-ring’s
fluctuations are relatively low. They appear a variation
shape of quasi-“W”. The difference is that before 1850,
the SSN’s amplitude is larger than the tree-ring’s, but
since 1850, the opposite variation appears.

Moreover, we can see that there are two apparent
large-size tree-ring’s variations. The tree-ring’s higher-
value range (AD1470—1580) is respectively in the solar
Sporer’s Minimum (AD1420—1570). The tree-ring’s
higher-value range (AD1645—1724) is respectively in
the solar Mauder’s Minimum (AD1420 — 1570). It
shows that the relation between the tree-rings of the cy-
press at the MEH and the climatic variation and solar
activity is consistent with this relation in other areas all
over the world.

In short, the tree-ring’s wavelet cycles are related to
the well-known solar Gleissberg cycle and Suess cycle,
as well as the most prominent Schwabe cycle. It should
be noted that on each of the first two, there is a break
point at 1850. It probably reflects that since 1850, the
increase of humanity activity has effect on the climate.

For the solar-climatic problem related to the studying
for the mechanism of the phenomena above, some
well-known solar-terrestrial physicists from all over the
world such as Tu[24], Zhuang[zﬂ, Lin[zf’], Shim], and
Frieman et al.” separately made some discussions in
their treatises. But up to now, this problem has not been
solved. We consider that only by using the sunspot in-
dex (including SSN, sunspot mass, and sunspot area) is
not enough for the research. Its extensive application is
due to its longer measurement data. Because the sunspot
indexes can only reflect the sunspot structural activity
and they only have a qualitative performance, they are
difficultly related to the mechanical and the energetical
processes in the physical research. To find the effect of
solar activity on the earth environment, three main fac-
tors have to be considered.

The first one is the solar electromagnetic radiation. It
contains both solar constant’s variation and solar ultra-
violet radiation. Many climatic parameters have the
variation of the cycle of 11 a. The most clear is the solar
constant and of the troposphere temperature[zg]. It’s
achieved by the calculation that the troposphere tem-
perature increases roughly 0.4 K while solar constant
increases 1 W/m”. During the Schwabe cycle, the total
solar radiation variability is only of 0.1%. The variabil-
ity is too small to interpret the troposphere temperature
variation. The ultraviolet radiation should be considered.
The contribution of the radiation at this waveband to
solar constant is very small, but it controls the ozone in
the stratosphere and the photochemistry in the middle
layer. The ozone magnifies the responsibility the strato-
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Figure 8 The physical mechanism of the climatic variation related to solar activity.

sphere to solar activity. Although the solar constant
variation during a time range of 11 a is relatively small,
the solar constant variation during a larger time range
such as the Gleisberg cycle will probably become even
larger, and the effect on the climate is even more impor-
tant. The research of the quasi-sun star shows that since
the Mauder Minimum, the solar constant variability has
ever been as high as 0.6°%. It drives the deep develop-
ment of the study of the effect of solar variation on the
climate.

The second one is the effect of solar wind. The his-
tory of the direct measurement on solar wind in the outer

638

space is only 30 a more. We can only achieve its varia-
tion characters corresponding with the solar variation of
the cycle of 11 a. On the year in which SSN is lower, the
solar wind’s density is relatively large and its speed is
relatively small, but on the year in which SSN is higher,
the opposite variation appears. Boberg?®” analyzed the
concerned parameters of solar wind and of the lower
atmosphere and found that the solar wind electric field
modulates NAO (North Atlantic Oscillation) and offered
the evidence of the direct effect of solar wind on the
lower atmosphere.

Last, it is the effect of the galactic cosmic ray. Al-

FENG Bo et al. Sci China Ser G-Phys Mech Astron | Apr. 2009 | vol. 52 | no. 4 | 631-639



though the galactic cosmic ray is not directly related to
the Sun, but it has to be modulated by the solar wind
magnetic field, and its variation is opposite to the varia-
tion of the solar cycle of 11 a. Pudovkin et al.”*! found
that the cloudiness over the measurement area appar-
ently decreases while the solar activity increases as the
cosmic ray flux decreases. In the later, Svensmark et
al.B’¥ found that the cloudiness over the measurement
area apparently decreases while the galactic cosmic ray
flux decreases. During the solar cycle of 11 a, their
variability is roughly of 3% —4% and the correlation
coefficient between them is as high as of 0.95. It shows
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