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Abstract: Problem statement: Water shortage is a very serious problem in Shagd®eninsula,
which is one of the most rapidly developed zon€lnna. As the major source of water supply is in
this area, precipitation is crucial to sustainadideelopment in Shandong Peninsula. The purpose of
the present study is to investigate the trend dmafacteristics of precipitation during the last 4
decadesApproach: The data, both monthly and annual precipitatioareacollected from six gauge
stations. Both classical statistical and nonlinaaalyses for time series analysis were performed.
Results: First, it was found that the trend of precipitatim this area was decreasing. Second, the
statistical analyses showed that there were twoigtation regimes and the turning point was around
1980. This time is in line with that about climatbange in some recent references. Third, the
complexity of precipitation time series was alscalgmed by nonlinear (multifractal) approach.
Frequency analysis showed that the dominant penbd#sactal oscillations were consistent with that
obtained in some previous studi€onclusion/Recommendations. The decreasing trend would be
considered in future water resource managementedar, the findings of this study are of interest
from the perspective of climate change and desmie research study in the future.

Key words: Precipitation data series, piecewise regressioactdl dimension, climate change,
shandong peninsulayultifractal analyses, intervention analysis, linesgression

INTRODUCTION during the summer and autumn and a dry winter and
spring. With the rapid population growth and
Currently, there is growing concern around theindustrialization, Shandong Peninsula has suffesed
world about global climate change and its projectedsery serious problem of water shortage in recearge
continuation. For example, large changes in(Wangetal., 2003). So, several efforts have been taken
precipitation patterns have been observed withan thto mitigate the adverse consequence of water simrta
last few decades (Onof and Arnbjerg-Nielsen, 2009)such as constructing a water reservoir (Zhehgl.,
As we know that precipitation plays an importanero 2008). Since precipitation is always the major wate
in human activities, such as agricultural productio supply in Shandong Peninsula, then the change in
and urban water supply (Parida and Moalafhi, 2008)precipitation regime has a crucial impact on Iazatial
Changes in precipitation are directly related tonam  and economic development. Analyzing the trends and
living and production, therefore, trends and characteristics is the first step to understanding
characteristics of precipitation have drawn a |6t o available water supply and making reasonable slici
public concern (Label and Ali, 2009; Pal and Al- for water resource management in the future.
Tabbaa, 2009). Generally, changes of precipitation or other
Shandong Peninsula (also referred to as a Jiaodomgeteorological variables are not easily to model
peninsula in literatures), located in Shandong iPe®;  theoretically. Instead, classical approaches thigt on
is the biggest peninsula in China. It generates @M% empirically measured data (time series) of climate
the total GDP of the province and its export angifgn ~ still widely used nowadays. Moreover, some new
investment accounts for 80% of that for Shandongnethods are also proposed within the theory of ghao
province while its population and land area only(Higuchi, 1988; Kalauziet al., 2005), in which the
accounts for 50%. As this area is frequently affddty  Fractal dimension of the time series is measured.
marine monsoons, the climate is characterized by ra Fractal dimension value is a quantitative meastitheo
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complexity of time series and this method is exéshd change of precipitation regime and when this change
as a standard method which is also referred to asccurs.

multifractal analysis. In this study, both classiead

multifractal methods are performed to reveal tleeds  Piecewise regression analysis. To further reveal the
and characteristics of precipitation in Shandongirend of precipitation, piecewise linear regression

peninsula during the past four decades. analyses of annual precipitation are performed.eOnc
precipitation regime changes, a single linear moasy
MATERIALSAND METHODS not provide an adequate description of the relatign

between average annual precipitation and time. A
Data: For the present study, the time series of thenonlinear model may not be appropriate either.
monthly precipitation from 6 gauge stations will be However, piecewise linear regression is more
used. For five stations, the time series span ft@6l-  competitive since it is a form of linear regressibat
2008 and that for the other station is from 1968820 allows multiple linear models to be fit to the ddta
Figure 1 presents the locations of the five gaugdlifferent ranges of explanatory variables. Piecewis
stations. From Fig. 1, it can be obviously seen tha regression models are ‘broken-stick” models, where
six gauge stations are broadly distributed in thelyy ~tWo or more lines of different slo_pes are joined at
area. Particularly, five of them are along the tiows ~ Unknown points, called “breakpoints” (Toms and
where the coastal cities are also located. Thezetbe ~ L€Sperance, 2003). Breakpoints can be used as
result of the present study can be further used ifStimates of thresholds and are used here to determ
analyzing the impact of precipitation regime change the turning point of the precipitation regime.

local socioeconomic development. Details of the

locations and the period of observation have beell%Iultifractal analysis: For one-dimensional data series,
furnished in Table 1 ractal Dimension (FD hereafter for simplicity) is

frequently calculated to represent the signal

Intervention analysis In order to analyze the change complexity. Different numerical methods have been

of precipitation regime, an intervention analysisdevempecI to compute FD (HiQU(_:hi’ 1988; Kalaeri )
together with a split sample't-test is needed &~ 2005) and the consecutive difference method will

Originally, the aim of intervention analysis is to be applied in this study. We do not want to deszrib

identify and analyze for any sudden changes whictioo mu_ch about the Consecgtive diff_erence meth_mﬂ an
might disqualify the time series of precipitatios a the rauongle and computation details can be fouand
coming from one population. Here in the present\stu th_e following references (Kalaust al., 2005; 2009;

it is used to identify the turning point of the Millan et al., 2_008)' .
precipitation regime. The technique Cumulative Sum_ . FD of a signal can be calculated as a Whple dnly i
(CUSUM) is usually used to detect any possible't is supposed to be_ monofractal. Such signals are
intervention in specified time series. Assumg, ... characterized by a uniform FD no matter what part o

X, are the annual precipitation time series over argje the S|gr?al IS gnaIyTed. |g|olwever(,j such S'g?]alls are
then the CUSUM value (y at any time i is given by extremely rare in real wor . nstead, many reghais
Eq. 1: show the property of multifractal and require a enor

complex treatment, in which Fractal dimension stoul
be measured only within a moving window (of
Vo= (64X Xy ) =0 0% /) (1) appropriate length, i.e. Number of samples and ngvi
with appropriate step). Fractal dimension was then
where, nis the time-scale position of a datum. Thenymerically calculated, within a moving window, for
suspected point of intervention can be identifiedeach one of its successive positions (Kalagtzal.,
graphically in virtue of the plot of computing CUSU  2009; Millan et al., 2008). If we denote the window
vs. time. Then the precipitation series will beitsioito Fractal dimension with, Rp these values might be
two samples by this point and statistical analyspit  treated as being dependent on time, that ig ED (t).
sample ‘t-test) can be done. A split sample ‘sttean  Like any other time dependent quantity, fhay also
be easily completed using some statistical softwarexhibit different oscillatory properties. Thereforie
packages such as R-package or Statistical Toolbox ichoice of optimal window length should be attended
Matlab Environment. The destination of interventioncarefully, since different signal properties can be
analysis here is to reveal whether there is a faogmit  addressed with different window lengths.
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Fig. 1: Location of rain gauge stations in Shandpeginsula

Table 1: Details of location of rain gauge statiand precipitation statistics at six stations

Precipitation statistics Precipitation statsfor

Location up to 1980 (annual) the entire peethual)
Gauge station Latitude Longitude Period of data  rAge Std. CV Average Std. CV
Shidao 36°52°'N 122°26'E 1961-2008 835 163 0.195 738 191 0.256
Chengshantou 37°24’'N 122°41'E 1961-2008 718 146 030.2 642 181 0.282
Weihai 37°29°'N 122°19°E 1964-2008 708 155 0.219 680 179 0.263
Longkou 37°37'N 120°19°E 1961-2008 631 128 0.202 7 56 131 0.231
Laiyang 36°55'N 120°42°E 1961-2008 734 191 0.261 3 65 186 0.284
Haiyang 36°46°N 121°10°E 1961-2008 783 252 0.322 8 68 219 0.318

For calculation of Fractal oscillations, due te@ th RESULTSAND DISCUSSION

low-pass filtering properties of a moving window,s _ . )

better to choose short length window®(@). Once Flp, ~ lassical analysis: Using Eq. 1, CUSUM values for all
(t) for a special window lengthykis constructed, then the six stations were calculated and plotted agaires
the oscillatory behaviors will be revealed by ctdting ~ Y&ars. The plots are shown in Fig. 2 below. lvislent
Fast Fourier Transform (FFT) on the |FOt) data. thatthere is a shift in the precipitation regimeumd

Before doing FFT, FR (t) must be filtered in order to the year 1980. Then the total time series can be
eliminate any potential subharmonic. Contrary te th Separated into two samples, 1961-1980 and 1981-2008

calculation of Fractal oscillations, the calculatiof ~ Precipitation statistics for the time series 19684
Fractal trends needs long windows in order to atiemmn  and the entire time series 1961-2008 have been
as many oscillatory components as possible. As theomputed and tabulated in Table 1. Although the ‘t
resulting trends still depended on window lengthisi  test shows that it cannot reject the null hypothéisat
necessary to determine that particular window leregt  the time series 1961-1980 and time series 1981-2008
which FDy (t) becomes more linear. The optimal come from one population, the graphical illustrasio
window length ly is determined by calculating the still show the existence of change of precipitation
Pearson’s coefficients of linear correlation betwéige  regime. To further reveal the trends of precipiati
discrete time position of the window (t) and castatl  clearly, the variance and the mean of the timeeseri
Fractal dimension (FR(t) (Kalauziet al., 2009). (monthly precipitation data) will be computed faifetent
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sample size. Usually, the variance and mean clesfee  the six gauge stations. The relationship between th
function of the number of samples. In this study w mean precipitation and time for the six gauge Gregi

computed the variances for 24, 72, 120, 160, 268, 2 are respectively:
312, 360, 408, 456, 504 and 552 data points. Tédtse
were shown in Fig. 3 and variance drops can oblyidoes

Shidao: Mearr [79.83 0.047 t (month

observed. Especially, when the length of the sasnpls (1 < 249)= [70.77- 0.0108 t (months)] 2)
increased to 120, _the variances in the six statienseased (t>249)R = 0.94p< 0.01

sharply. The turning point corresponds to the Y81,

which is consistent W|th_ the _pred|ct|(_)n of the imention Chengshantou : Mean [69-8 0.0493 t (mont

analysis that the precipitation regime changed ratou

1980. Next, the mean values of the time seriegusie (1 =225)=[60.8- 0.0093 t (months)] ®)
same sample sizes that were used for the variancétl>225) R = 0.92p< 0.02

Analogously, there are also obvious decline inrtigan

values. Piecewise linear regressions were perfomnitd ~ Weihai: Mear= [64.9- 0.0425 t (month:

breaking point to illustrate the trends of preeiin (¢ <99)=[62.3- 0.0154 t (months)] (4)

explicitly.

Figure

4 gives calculated

precipitation and the corresponding regressed lioes

mean

(t>99) R = 0.76, ;< 0.01
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Fig. 2: Graphically illustrations of CUSUM valuesing annual precipitation data. (a) Shidao; (b) rgjshantou;
(c) Weihai; (d) Longkou; (e) Laiyang; (f) Haiyang
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Fig. 5: Fractal trends, calculated by applying mati length moving windows (a: 330; b: 350; c: 280350; e: 300;
f: 330) for calculation of (a) Shidao; (b) Chengstou; (c) Weihai; (d) Longkou; (e) Laiyang; (f) iMang

Longkou: Mear= [60- 0.0402 t (month: to measure the complicity of a time series (Higuchi
(t<203)= [53.6- 0.0058 t (months)] (5)  1988). In this study, multifractal analysis is lmhse the
(t>203). R = 0.86, 0.01 F_ractal dimension that is 90rn_puted from_ consecutive

’ o : different. The trend and oscillations of the tinegiess of
precipitation data were studied respectively.

Laiyang: Mear= [72.7 0.056 t (months Fractal trend will firstly be investigated. Figube
(t<242)=[61.3- 0.009 t (months)] (6) illustrates the FDW (t) with respect to window fimsis.
(t>242), R = 0.93,x 0.01 In order to obtain the most linear FDW (t), theiwgat
window length is chosen that corresponds to the
Haiyang: Mears [81.6 0.0722t (month maximized Pearson’s correlation coefficient. Obglgy
(t<266)= [65.1- 0.0101 t (months)] @) the optimal window lengths for the six time serse

different. From Fig. 5, we can see that the Fractal

dimensions for the six time series ranged from-1L&E,

) ) although the Fractal trends are not identical arith w
From Eq. 2-7 and Fig. 4, it can be seen that th@gcillations. Actually, except the time series frahe

breaking point from piecewise regression are almosﬁaiyang gauge station, Fractal dimensions of tieres

around 1980, although the result of ~piecewiséqqn 5 the other five stations are increasing.
regression from Weihai gauge station does not stippo Secondly, the rhythms of window Fractal

this conjecture. : ; . .
I dimensions were analyzed. As mentioned above, six

Nonlinear study: Nonlinear approach is more and Short window lengths (10, 12, 14, 16, 18 and 20)
more widely used to study the complicated dynarofcs Were selected. Consulting some previous studies,
time series. The consecutive difference methodnis o window length with more than 10 samples is
newly developed a nonlinear approach that can bd us properly to assess the Fractal osciltaio
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Fig. 6: Fourier amplitude of Fractal dimension tirgs. In each panel, all amplitude spectra obtaine@ different
window lengths (10-20 samples) are illustrated. §hjdao (b) Chengshantou (c) Weihai (d) Longkou (e)
Laiyang (f) Haiyang

Then FOy (t) for the six window lengths will be CONCLUSION
calculated and be detrended using low-pass
attenuation technique. The corresponding cutoff

frequencies were 0.05-0.1 (1/month), therefore onlf hi Th iod that the stud tarts f
components having Fourier periods larger than 1.6 ina. the pero at the study covers starts irom

years could be shown. The Fractal rhythms for 961 and extends to 2008 and the precipitation data

i initation f the si At come from six gauge stations. Both classical stedis
monthly precipitation trom the Six gauge staliomé a  5nq nonjinear analyses have been used to intethet

presented in Fig. 6. The detected peaks of thetédrac precipitation change.

rhythms_for the six stations are similar. For ex&mp First, the turning points of the precipitation ireg

the dominant rhythms correspond to 1.9, 2.2-2.8, 2. were detected by intervention analysis. From the

3.2, 44, 55 and 7.8-7.9 years. An interestinggraphical illustrations of CUSUM values, it can be

phenomenon is that the detected 2.2 and 4.4 yeagmsily found that the turning points are around(0198

Fractal oscillations were consistent with some othe Some previous studies showed the turning points of

Fractal oscillations of precipitation time series i precipitation or other climatic variables also ascu

Europe and South America (Kalauet al., 2009; around 1980 (Millaret al., 2008; Parida and Moalafhi,

Millan et al., 2008). 2008). Although this consistency cannot be treated
277
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the strict evidence of global change, it deservesem that the 4.4 period in this study can also be lihke
study on this topic in future. Particularly, if neor ENSO, since the precipitation in Shandong peninsula
precipitation data from a continental scale is kae, is mainly affected by Eastern Asian monsoon and
more sound and interesting results will be obtainedPacific tropical depression (Yaat al., 2004). Besides
Second, the trend of variance and mean of monthig-4 year period, other periods are also similathtat
precipitation was analyzed. It was found that bt 1N other references, such as the precipitation data
variance and mean decreased against the number Bfuador (Kalauzet al., 2009. Along with the turning
samples (month in this study). The decreasing oPOint of precipitation regime, the consistence fud t
variance can be explained by the decreasing afigitie  Period of Fractal oscillations stimulate us to ask
of extreme precipitation in recent years. The desireg question that whether the precipitation change is

) : ? i
of rainfall extremes has a remarkable impact orewat c2uS€d by global change? As noted in the
S ntroduction, the aim and scope of this study are
resource recovery, which is also one of the mos

q : ; f climat h local erely to investigate the trends and complexity of
adverse Impacts of climate —change —on c)C""precipitation in Shandong peninsula. However, the
environment in Shandong.

results and conclusions obtained here is not enough

Second, piecewise regression also revealed the tWg answer the above question. Therefore, to fully
precipitation regimes and precipitation trends. tbe investigate the trends of climate change,

other hand, the breaking points verified again that precipitation data must be investigated in assamiat

precipitation regime changed around 1980. All ih al with other climatic variables such as evaporatiod a
both intervention analysis and piecewise lineartemperature.

regression showed a clear sign of precipitation
decreasing. Change in precipitation regime is béogm ACKNOWLEDGEMENT
an increasingly important component that needseto b
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