ISSN : 0974 - 7435 Volume 8 Issue 3

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(3), 2013 [406-410]

Chaos feature of the time series of the flood and drought
areasin China

Shouhua Cai*, Ying Shen
Collegeof Water Conservancy Science and Engineering, Yangzhou Univer sity, Yangzhou, Jiansu 225009, (CHINA)
E-mail : caishouhua@aliyun.com

ABSTRACT

To quantitatively discover the chaotic dynamic characteristics of time
series of the flood and drought areas of China, according to the 61 years
of affected area statistical data of the flood and drought, the correlation
dimensions of thetime series of the flood and drought areas are cal cul ated
in the reconfiguration space method. The correlation dimension can be
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used as valuable index to reflect the disaster characteristics. By the
calculation, the correlation dimensions of time series of the flood and
drought areasare 0.517 and 0.484 respectively, which showsthat droughts
are more complex than the floods in China. The results can be applied to
further study of the floods and drought features and the prediction of

floods and drought of China.

INTRODUCTION

Chinaisavast agriculturd country, which often suf-
fered from avariety of natural disasters. Floods and
droughtsaretwo mgor disasters. Thereare many fac-
torstoinfluencethefloods and droughts, theseinter-
acting factorsformed acomplex dynamic system. The
flood or drought istheresult of the combined action of
thesefactors. Many yearsof disaster lossof floodsand
droughtsistheresult of thelong-term evolution of the
dynamical system inner mechanism. Phase spacere-
congtruction theory opensanew routeto research sys-
temintringic characteristicson thebasisof thetime se-
ries. Exigting research showsthat flood or drought time
serieshas obvious chaos characteristics? , and recon-
struction of phase space can restorethe strange tractor
of chaos. Strangedtractor isthefina stateof longtime
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evolution of chaotic system. Itstrack iscomposed of
many irregular rotation curveswhichiscomplex and
disorder, but with saf-amilarity. Fractd theory can quan-
titatively ca culatetheself-amilar characteristicsof this
complex and disorder trgjectory, i.e., the correlation
dimension. Correlation dimension isone of the most
important characters of chaotic system, reflecting the
regularity of chaotic systems, and layingthefoundation
to analysi stheformati on mechanism of thefloodsand
droughtsand predict disaster.

Thefractal theory, whichisappliedtotimeseries
research of floods and droughts, hastwo types. One
kind istoregard the time series of flood and drought
areaasirregular but self-smilar characteristic curve, so
it hasthe capacity dimension or information dimension?
The method can be used to analysisthe complexity of
theexterna characteristicsof time seriesof flood and
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drought area. Another method, whichisused inthis
paper, uses the method of reconstruct phase spaceto
cd culation correlaion dimens on of strangeattractor of
chaotic systems(Cal, et a. 2005). Thefractal dimen-
soninessenceisnot thefracta dimension of timese-
ries, but thefractal dimension of astrangeattractor™3,
have successfully applied thetheory to calculatethe
corrdaivedimensg onof timeseriesof flood and drought
aress. Taking thetime series of thefloodsand droughts
areaon Chinafor example, thispaper further discusses
the cd culation method of the correl ation dimension of
floodsand droughts area series, and anayzesthedif-
ferences between the correlation dimensions of the
floodsand droughtsareaseriesand thegpplication vadue
of thecorrelation dimension.

G-PALGORITHM PRINCIPLE

In 1983 Grassherger and Procacciaproposed the
G-Pagorithm of calculating the attractor correlation
dimensionbased ontimeseries*d. Let{ x. :k =1---n}
bethetime series, wherey, isthe observation value at
timek . Embedthetimeseriesinthe m dimensionphase
spacereconstructed, get the set of points:

X (M, 1) = (Xn s Xgg s s Xnamenye ) @
Where, r isthetime-delay; N, isthemaximum point
number; n=1,---, Nm-

Thedistanceof anytwopoints x; 0 X; in N, points
is
r = ;(Xim _Xj+|1:) 2

ForeachaXi(i =1,---,Nm), Onecalculatesthedis-

tance between the point and therest points. Given a
positive r , if distance of two pointsislessthan r , the

two pointswill becalled correlation. Let (Xi, X;) and
(X, Xi) bethe same match, then the number of all

possibledistancematchis Nm(Nm—1)/2 . The propor-

tion of the corrdativematch number inall correlative
match number iscalled thecorreationintegral, namely

2 Nm-1 Npy

N_(N.-1) 2 j;lH(r-r”) 9
Where, 4 istheHeaviside step function defined

C(r)=

as H(x)=0 for x<o and H(x)=1 for x>0.
Properly adjust thevalueof r intherangeof r, if
C(r)=KrP® 4
Thenitindicatesthat thedistancepairsof pointsis
of gtatistical scale-free (or self-similarity) intherange.
Inpracticetheexponent p should beestimated from
the slopein the curve of InC(r) against |nr over a
linear region, which givesthe numerical estimation of
correlaiondimension p . Withinasmall scopeof the
embedding dimension, correation dimensonincreases
with theincrease of the embedding dimension. When
the embedding dimension reachesacertainvalue, the
correlaion dimensonwill tendto aconstant value. The
constant value of the correlation dimensionisthe cor-
relaion dimens on of dynamic system attractor.
Vaueof r isdependent on the practicedistance of
point pairs. If thevalueof r istoo big, being bigger
thandl of distancesof point pairs, then C(r) mustbel,
and In(r) = 0. Thevaueisnot of practica dgnificance
which has not refl ected the properties of the system. If
thevaueof r istoosmall, beinglessthan all of dis-
tancesof point pairs, then C_ (r) must beO. Thevaue
isalso not of practical significancewhich hasnot re-
flected theinternal properties of the system aswell.
Therefore, weshouldfirgt calculated theminimumdis-
tance and maximum distancefor each point pairs, then
intherange from the minimum distance to maximum
distance, sdlect thedifferent valuesfromsmadl tolarge.
If theattractor exists, when theembedding dimen-
son m> 2D +1, thecorration dimensionissaturated.
Generdlyfrom2, m isgradudlyincreased, until corre-
lation dimension reachesto astablevalue. If withthe
increaseof m the p doesnot tendto astablevaue, it
indicatesthat thetime seriesisarandom series.

THE CORRELATION DIMENSION
OF FLOODSAND DROUGHTSIN CHINA

Basicdata

Chinaisaagricultura country intheworld, land
area 960x10%km?, total irrigated area 58.5x10%km?,
cultivated area 130.1x10* km?. Floodsand droughtsis
one of themost frequent regionsin China. Thefloods
and droughtsaredtill the main factorsaffecting thede-
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velopment of agricultureinthewholecountry. Accord-
ing to Bulletin of Flood and Drought disastersin
Chinal”, theareasof thefloods and droughts of China
from 1950 to 2011 are shown in Figure 1 (a) and (b)

respectively.
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Figurel: Theflood and drought areasof Chinafrom 1950
to2011
Correlation dimension of flood area series

Theminimumdistanceof pointspair of theaffected
areaseriesis719.15-718.7 = 0.45x 10*hm?, themaxi-
mum distance of points pair is 2459.6-250.8 =
2208.8x10%*hm?, so the r meaningful valuerangeis
0.45< r <2208.8. To ensurethat al pointsareina

straight-line segment of InC(r)~Inr, smaller vaue
r should betakenintherangeof r , actudlytaking r =

063

06 r

m

Figure2: (@) m~ D curveof flood area series

5, 10, 20, 35, 50, 100, 200, 400, 700, 1200, 1800.
Let =1, m=2,3,4..., N,=40. From the Figure 2,
when mincreases to 5, the correlation dimension
reaches to a stable value, and the corresponding
Inr ,C(r),InC(r) can be calculated separately, and the
resultsareshownin TABLE 1.

TABLE1: |nr and INC(r) of theflood areaseries

Number r Inr C(r) InC(r)
1 5 1.609 0.025 -3.689
2 10 2.303 0.050 -2.996
3 20 2.996 0.075 -2.590
4 35 3.555 0.100 -2.303
5 50 3.912 0.125 -2.080
6 100 4.605 0.150 -1.897
7 200 5.298 0.175 -1.743
8 400 5.991 0.219 -1.520
9 700 6.551 0.358 -1.029
10 1200 7.090 0.8225 -0.196
11 1800 7.496 1.693 0.526

Thelinear regressonequationof Inr ~InC(r) ,1.e,
InC(r) = 0.517Inr — 4.263, isestablished. Theregres-
soncurveisshowninFigure3. FromtheFigure3and
the calculated corrdation coefficient, |y and InC(r)

can bewd | suitedtolinear regression, which indicates
tha thetimeseriesisof fractd characteristics. Thedope
of thelineis0.517, so the correlation dimension of the
timeseriesof flood areasin Chinais0.517.
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Figure3: Inr ~InC(r) curveof flood area series

Correéation dimension of drought areaseries

Theminimumdistanceof pointspair of thedrought
affected areaseriesis 2492.0-2491.4 = 0.6x10*hm?,
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the maximum distance of points pair is 4054.067-
239.8=3814.267x10*hm?, sothe r meaningful value
rangeis0.6<r <3814.267, actually taking r =5, 20,
50, 100, 150, 200, 250, 500, 1000, 1800, 2500 sepa-
rately. FromtheFigure4, when r =1, m=4, N, =40,
the correlation dimens on beginsto astablevaue, and
thecorresponding |nr, C(r), InC(r) canbecdculated
separately, andtheresultsareshownin TABLE 2.

055 r
0.53
051

049

047 |

045 | | | | | 1 | |

m

Figure4: m~ D curveof drought areaseries

TABLE2: |nr and InC(r) of thedrought areaseries

Number r Inr C(r) InC(r)
1 5 1.609 0.025 -3.689
2 20 2.996 0.05 -2.996
3 50 3.912 0.075 -2.590
4 100 4.605 0.100 -2.303
5 150 5.011 0.125 -2.080
6 200 5.298 0.150 -1.897
7 250 5.522 0.175 -1.743
8 500 6.215 0.203 -1.597
9 1000 6.908 0.272 -1.304
10 1800 7.496 0.546 -0.605
11 2500 7.824 1.031 0.031

Thelinear regression equation of thedrought area
time series Inr ~InC(r) curve is established as

INC(r) = 0.484Inr — 4.472, shownasFigure5. Fig-

ure5indicatesthat thetime series of the drought areas
isof fracta characteristics. Thecorrelation dimension
of thedrought areatime seriesis0.484.

Chaos feature comparison of flood and drought
disaster

Thecorrelation dimension of timeseriesisanum-
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Figure5: Inr ~InC(r) curvesof drought area series

ber greater than zero and lessthan 1. Thedimension of
apointis0; thedimenson of acontinuoussmooth curve
is1. Theplot of disaster areatime seriesis composed
of many discrete points, so thedimension of thedisas-
ter areatime seriesmust be greater than zero and less
than 1. Correlation dimension reflectsthe compl exity
and roughness of theareatime series.

Inthesameregion, thecorrel ation dimension of the
affected areatime series of different typesof disaster
should bedifferent, which reflectsdifferent roughness
of different typesdisaster areaseries. Thebigger cor-
relation dimension, the more disparity the affected ar-
easareindifferent years. Taking Chinaasan example,
the correlative dimension of flood areatime seriesis
bigger than that of the flood areatime series, which
indicatesthat theflood ismoreintricatethanthe drought
intheregion.

Correlation dimension, to acertain extent, canre-
flect thecharacteristicsof adisaster inacertainregion.
In aregion which has good westher, the correlation
dimension of the affected area time series must be
smaller, so the correl ation dimension can be used to
reflect the severity of disastersindifferent regions.

CONCLUSION

Based ontheandysisof thetime seriesof theflood
and drought areas of China, thetime seriesof theflood
and drought areas have the obviousfracta characteris-
tics. Thecorre aion dimens onsof theflood and drought
areatime seriesof Chinaare 0.517 and 0.484 respec-
tively, whichindicatesthat thedroughtsare more com-
plex than thefloodsin theregion.
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Correation dimension of the affected areatime se-
riesisanumber greater than zero andlessthan 1. Cor-
relation dimens on reflectsthe roughnessand complex-
ity of the affected areaseries. Thebigger thecorrela
tion dimension, the more complex thedisaster is. So
thecorrelaiondimensonisavduableevauationindex
for theregiond features of flood and drought disaster.
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