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Abstract  The multi-fractal behaviors of relative humid-
ity over China are studied using the multi-fractal de-
trended fluctuation analysis (DFA) method. Three multi- 
fractal parameters (the spectrum width Δα, the asymmetry 
Δαas, and the long-range correlation exponent α0) of the 
singularity spectrum are introduced to quantify the 
multi-fractal behaviors. The results show that multi-frac-
tality exists in daily humidity records over most stations 
in China and is mainly due to the broad distribution of the 
probability density of the sequence values. Strong multi- 
fractal behaviors over some stations in the Yunnan, 
Guangdong, and Inner Mongolia provinces are obvious. 
These behaviors are mainly caused by different long- 
range correlations between large and small fluctuations. 
The asymmetry of the singularity of relative humidity 
records is weak, except for a small number of stations in 
the far east and west of China, where the singularity spec-
trum is left-skewed. Finally, the long-range correlations in 
North China are stronger than those in South China, 
which indicates better predictability in North China. By 
studying the parameters of the multi-fractal spectrum, 
various data of long-range power law correlations of the 
relative humidity records are obtained, which may pro-
vide theoretical support for climate prediction. 
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1  Introduction  
There are various processes of different temporal-spa-

tial scales in climate systems. These processes can be 
recorded in observational series, which can be used to 
study the dynamical processes. Recently, researchers have 
found that fluctuations of different time scales in these 
series exhibit self-similar structures, and this kind of 
self-similarity can be quantified by defining the scaling 
exponent for the existing scale invariance. For example, 
the detrended fluctuation analysis (DFA) function shows 
power-law variations with increasing time scales, which 
reflect the long-range correlations of a time series 
(Koscielny-Bunde et al., 1998; Talkner and Weber, 2000; 
Kantelhardt et al., 2001; Bunde and Havlin, 2002; 
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Fraedrich and Blender, 2003; Liu, 1990; Shi et al., 2005). 
For many observational records, however, including the 
relative humidity records we used in the study, a single 
scaling exponent is not sufficient to fully characterize the 
records’ long-term correlations. The single scaling expo-
nent only characterizes the long-range correlations of cer-
tain fluctuations of the whole records, and thus, more 
scaling exponents are needed to fully characterize the 
records’ long-range correlation features, although some of 
these exponents may be close (Jiang and Deng, 2004; Guo 
et al., 2004; Chen and Guo, 1997; Feng et al., 2010) each 
other. The singularity spectrum can be employed to de-
scribe the range, strength, and asymmetry of the multi- 
scaling exponents, which reflect the records’ multi-fractal 
behaviors (Kantelhardt et al., 2002). 

Relative humidity is an important climatic variable that 
has a direct effect on precipitation, and thus, it is neces-
sary to study the law of humidity variation, as it is related 
to the future drought-wet changes. The single scaling be-
havior of relative humidity was studied by researchers 
(Vattay and Harnos, 1994; Lin et al., 2007; Chen et al., 
2007) who investigated the long-term power law correla-
tion of the relative humidity records, to some extent. 
More comprehensive studies from a multi-fractal view are 
still needed to better understand the totality of the scaling 
behaviors. Multi-fractal detrended fluctuation analysis 
(MF-DFA) (Kantelhardt et al., 2002), as an easily pro-
grammable method suitable for studying the multi-fractal 
properties of non-stationary time series, has been favored 
by researchers. We employed this method to study the 
multi-fractal behaviors of relative humidity over China. 
This study provides further information about relative 
humidity variations and is helpful to study future climate 
changes. 

2  Data and methodology  
Daily mean relative humidity records were obtained 

from a high-quality daily surface climate data set proc-
essed by Chinese National Meteorological Information 
Center (NMIC) of 194 Chinese meteorological stations 
taking part in an international exchange. This data set has 
been used to study climate changes over China in recent 
years (Zhai and Pan, 2003; Zou et al., 2005; Zhai et al., 
2004). In this study, three records were removed for their 
short data length. The remaining records have a length of 
approximately 50 years from 1951 to 2000. 
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The main procedures of the MF-DFA method include 
the five steps below (Kantelhardt et al., 2002): 

Step 1: Calculate the profile by integrating observa-
tional series (xi), 
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Step 2: Divide the profile (Yi) into Ns=[N/s] nonover-
lapping segments of equal length s. The same procedure is 
repeated from the beginning of the opposite side to in-
clude the remainder of the series because N is not always 
an integral multiple of segment length s. Then, additional 
Ns segments of length s are obtained. 

Step 3: Detrend the profile for every segment by sub-
tracting local trend Pv(j) for 2Ns segments to obtain the 
detrended profile, 
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Step 4: Average the variance functions of all 2Ns seg-
ments to obtain the DFA fluctuation function, 
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where q is an integer which represents the order of DFA 
fluctuation function. For q=0, the DFA fluctuation func-
tion follows the formula below:  
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Step 5: Repeat steps 3 and 4 to obtain fluctuation func-
tions for different segment lengths s (but no longer than 
N/4). If the original time series are long-range power 
law-correlated, then Fq(s) increases as a power law 

 Fq(s) ~ sh(q),                      (6) 
which will exhibit straight lines in log-log plots. h(q) in 
Eq. (6) is called the generalized Hurst exponent and de-
scribes the scaling behavior of the qth order fluctuation 
function. h(q) describes the scaling behavior of the seg-
ments with large fluctuations for q>0 and small fluctua-
tions for q<0. For mono-fractal time series, h(q) is inde-
pendent of q, whereas for multi-fractal time series, h(q) 
varies with q (Kantelhardt et al., 2002). 

The traditional method to characterize multi-fractal se-
ries is to calculate the singularity spectrum f(α) (Feder, 
1988; Bunde and Havlin, 1995), which can be related to 
h(q) via a Legendre transform (Kantelhardt et al., 2002; 
Bunde and Havlin, 1995) 
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where α is the fractal exponent, and f(α) denotes the di-
mension of the subset of the series that is characterized by α. 

3  Multi-fractal features of daily mean relative 
humidity  

We applied the method of MF-DFA4 in this study, 
which means that the trend Pv(j) in Eq. (2) was calculated 
by 4th-order polynomial fitting. MF-DFA4 was chosen 
because the crossovers in the log-log plots can be mini-
mized when the order of the polynomial fitting trend up to 
4th, and for an even higher order, MF-DFA can only reach 
similar results. Before applying the method, we remove 
the annual cycle of the original time series by subtracting 
the long-time average of the same calendar day in a year. 

The fluctuation functions versus s (i.e., Fq(s)~sh(q)) for 
the relative humidity fluctuation series with varying mo-
ments q over 191 stations were computed. Because the 
sample size was limited and the error would be quite large 
for a large q, the analysis is limited within the range of q 
= –5, –4, –3, –2, –1, 0, 1, 2, 3, 4, and 5. The fixed time 
range of 100–1000 days was chosen in the log-log plots of 
Fq(s)~sh(q) to obtain h(q) for a more reasonable compari-
son, although the scaling range of the relative humidity 
fluctuations for most stations is greater than the one we 
chose. To estimate h(q) for q in the whole real number 
field, we employed the formula (Feng et al., 2010; 
Kantelhardt et al., 2002)  
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where a and b are two parameters to fit the calculated h(q). 
Notice that h(q) may admit different behaviors for q>0 
and q<0, and thus, we fitted Eq. (9) for a range of q>0 
and q<0, respectively.  

Figure 1a shows the h(q)~q of the relative humidity se-
ries for two representative stations Guangzhou (23°10′N, 
113°20′E) and Kashi (39°28′N, 75°59′E) together with the 
well-fitted results. The multi-fractal spectra can be calcu-
lated using the fitting results together with Eqs. (7) and 
(8). The spectra for the representative stations are shown 
in Fig. 1b, where the obvious differences between two 
shapes reflect the different multi-fractal behaviors. Three 
multi-fractal parameters then can be defined: the spectrum 
width Δα, the asymmetry Δαas, and the long- range corre-
lation exponent α0, which corresponds to the peak of the 
singularity spectrum (Telesca et al., 2003). The results of 
the two representative stations are Δα=0.67, Δαas=0.01, 
and α0=0.89 for Guangzhou and Δα=0.22, Δαas=0.07, and 
α0=0.74 for Kashi, respectively. We then study the 
multi-fractal behaviors of the air relative humidity records 
over China according to these three parameters.  

3.1   Δα features  

Following Eq. (9), the width of a singular spectrum is 
given by 
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where b1 is the fitting coefficient for q<0, and a2 for q>0. 
The parameter Δα reflects the range of singular exponents, 
which characterize the long-range correlations, and it re-
flects the strength of the multi-fractal behavior. We can  
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Figure 1  (a) h(q)~q curves of the relative humidity time series at two representative stations Guangzhou (triangle) and Kashi (circle). Solid icons: 
results from the MF-DFA of raw time series; open icons: obtained by fits of the binomial model; (b) Singularity spectra of relative humidity time 
series at two representative stations: Guangzhou (solid triangle) and Kashi (solid circle). 

 
infer from Fig. 1b that the multi-fractal behavior of the 
relative humidity series for Guangzhou is stronger than 
that of Kashi. 

The Δα over the 191 stations exhibit a roughly normal 
distribution, with its peak at 0.3, as shown in Fig. 2a, 
which indicates that the relative humidity fluctuations are 
multi-fractal overall. Generally speaking, there are two 
different types of multi-fractal behavior originating in the 
time series: one is due to a broad probability density func-
tion for the values of the time series, and the other is due 
to different long-range correlations for the small and large 
fluctuations, which can be eliminated by shuffling the 
time series (Kantelhardt et al., 2002). To distinguish these 
two types of multi-fractal behavior, we computed Δα fol-
lowing the same procedures for the shuffled relative hu-
midity fluctuations, and the results are also shown in Fig. 
2a. The Δα dramatically decrease through the shuffling 
processes, and the largest Δα is smaller than 0.3. More-
over, we found that even when shuffling the relative hu-
midity fluctuations of a single station for many times, the 
Δα could differ from each other while varying between 0 
and 0.3. Therefore, we can conclude that for relative hu-
midity records with Δα < 0.3, their multi-fractal behavior 
originates from a broad distribution of the probability 

density function of their values but not from properties of 
long-range correlation. Approximately 30%–40% of the 
total records lie within Δα < 0.3; these can be regarded as 
records with mono-fractal or weak multi-fractal behavior. 
Records with Δα > 0.3, however, are multi-fractal and are 
mainly caused by different long-range correlations of the 
small and large relative humidity fluctuations or the com-
plexity of physical processes that determine the variation 
of relative humidity in nature.  

The geographic distributions of 0.45 > Δα > 0.3 and 
Δα > 0.45 are shown in Fig. 3. Obviously, those stations 
with Δα > 0.45, which indicates strong multi-fractality, 
are mainly distributed in southwest and small region in 
northwest. This concentrated geographic distribution re-
flects the role of climate dynamic processes on the 
multi-fractal behavior of relative humidity and the dis-
tinctiveness of physical processes in those regions. By 
analyzing the multi-fractal behavior of relative humidity, 
we found that for most records with the multi-fractal be-
havior originating from different long-range correlations 
of the small and large fluctuations, these behaviors are not 
obvious enough and can be largely characterized by a 
single scaling exponent. For some records in Yunnan, 
Guangdong, and Inner Mongolia provinces, however, the 

 

 
 

Figure 2  Histograms of (a) Δα and (b) Δαas of the relative humidity time series and shuffled time series at 191 stations. Gray column: raw time 
series; black column: shuffled time series. 
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Figure 3  Geographic distribution of 0.3 < Δα < 0.45 (solid circle), Δα 
> 0.45 (solid triangle), Δαas > 0.1 (open square), and Δα < –0.1 (open 
circle) for the relative humidity time series. 

 
long-term correlations are characterized by more scaling 
exponents, and they have different scaling exponents for 
fluctuations of different amplitudes. These results are 
helpful to further understand regional climate prediction. 

3.2  Δαas behavior 

Δαas is defined as 
as ( ( ) (0)) ( (0) ( )),α α α α αΔ = −∞ − − − ∞      (11) 

which reflects the relative importance between the high 
and low fractal exponents. A positive Δαas means that the 
high fractal exponent is dominant and exhibits a left- 
skewed singularity spectrum, while a negative Δαas indi-
cates the opposite. The asymmetry of a singularity spec-
trum indicates the different range sizes of scaling expo-
nents for large and small fluctuations, which reflects the 
multi-fractal behavior in detail. Of course, the range size 
of the scaling exponents for large and small fluctuations is 
equal for a symmetrical singularity spectrum. The multi- 
fractal spectra of relative humidity in Guangzhou and 
Kashi are highly symmetrical, as shown in Fig. 1b.  

The histograms of the Δαas of relative humidity and the 
corresponding shuffled series for the 191 stations are 
shown in Fig. 2b. We found that most singular spectra of 
the relative humidity records are symmetrical, as are the 
shuffled ones. A few, however, exhibit some asymmetry 
with consistently left-skewed spectra, which reflects that 
the long-range correlations of small fluctuations are more 
complex than large fluctuations, and the spectra require a 
larger range of scaling exponents to characterize their 
variation. Considering the error from the algorithm and 
the statistics, we chose Δαas > 0.1 as the range of strong 
asymmetry of a singular spectrum. Figure 3 shows the 
geographic distribution of Δαas > 0.1, and we found that 
stations with a large Δαas are located in both West and 
East China. In the large regions between 100°E and 115°E, 
the singularity spectra from these stations are symmetrical, 
which reflects the regularity of the relative humidity fluc-
tuations in these regions.  

3.3  α0 characteristics 

According to Eq. (7), α0=h(0) is the generalized Hurst 
exponent for q=0, and it characterizes the long-term cor-
relation of normal fluctuations with the amplitude be-
tween large and small fluctuations and reflects the basic 
level of all long-range correlations: the larger α0 is, the 
stronger the long-range correlations of the fluctuations. In 
fact, the long-range correlation exponents are linearly 
correlated with those derived from DFA, exhibiting a line 
in the α0~α plots (Fig. 4).  

The geographic distribution of α0 for the relative hu-
midity time series (Fig. 5) exhibits a larger α0 in northern 
China in general and relatively smaller α0 in southern 
China, which indicates a stronger long-range correlation 
and better predictability in northern China. It should be 
noted that for a shuffled time series, α0 is approximately 
0.5, which is identical to the Hurst exponent for white 
noise, because the related structure was removed by the 
shuffling processes. 

Based on the results above, we found that through the 
shuffling processes, Δα and Δαas are prone to 0 and α0 to  

 

 
 

Figure 4  α0~α plots of the relative humidity time series at 191 sta-
tions. 

 

 
 

Figure 5  Geographic distribution of α0 of the relative humidity time 
series at 191 stations. 
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0.5. Therefore, every specified status of Δα, Δαas, and α0 
reflects the characteristics of the corresponding records’ 
structure, and they are useful to study the future evolution 
features in specific processes. 

4  Conclusions 
In this paper, the MF-DFA method was applied to 

study the multi-fractal behaviors of daily average relative 
humidity records over China. By studying three multi- 
fractal parameters (Δα, Δαas, and α0) of a singularity 
spectrum, we found that multi-fractal behavior exists in 
relative humidity records at most stations in China, main-
ly due to the broad distribution of sequence values. For 
some stations in Yunnan, Guangdong, and Inner Mongo-
lia provinces, the multi-fractal behaviors are much 
stronger and are mainly caused by different long-range 
correlations between large and small fluctuations, which 
result in more complicated predictability in these regions. 
The asymmetry of the singularity spectra of the relative 
humidity records is weak except for a small number of 
stations in far eastern and western China. The singularity 
spectra are left-skewed in those stations, which means the 
long-range correlations of small fluctuations are more 
complicated than large fluctuations, and the small fluctua-
tions need more scaling exponents to be characterized. 
For the stations between 100°E and 115°E, the singularity 
spectra are symmetrical, which reflects the regularity of 
the relative humidity fluctuations in the regions. The 
long-range correlations in northern China are stronger 
than those of southern China, which indicates better pre-
dictability in northern China. The three multi-fractal pa-
rameters describe the long-term correlations from differ-
ent views, and a specified combination of them represents 
a particular long-range correlation of the corresponding 
processes. These results are helpful to fully understand 
the long-range correlations of relative humidity records 
and may provide theoretical support in climate prediction. 
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