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ABSTRACT

To represent well the characteristics of temporal and spatial distributions, chart of 3-dekad moving total pracipi-
tation is proposed in this paper first. Then this kind of chart is expanded in terms of Chebyshev polynomial at
irregular grids, and the quantitative representation of precipilation is got. Finally the Chebyshev coefficients are fore-
casted by using the forecasting method of vector simitarity in phase space proposed by Zhou (1992). Using above
mentioned procedures temporal and spatial distributions of precipitation over the Huanghe-Huaihe-Hathe Plain in

China are forecasted.
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I. INTRODUCTION

It is said that among the losses caused by various kinds of natural disasters, the one
caused by meteorological disasters is the first to be considered. Furthermore, floods and
droughts account for the most part of loss caused by meteorological disasters. In China, the
floods and droughts over the Huanghe—Huaihe-Haihe Plain are the most serious. The statis-
tical result shown in Table. 1 for the areas suffered from droughts (Bi, 1990) is the evidence
for the above statement. And the floods and droughts over the Huanghe—Huaihe—Haihe
Plain will be discussed.

Table 1. Areas of Disasters

Region Al%) B(%)
HHH 46.5 50.5
MLOC 22.0 19.2
NE China 11.6 114
§ China 5.2 4.4
SW China 10.0 ) 9.4

HHH - the Huanghe-Huaihe—Haihe Plain.

MLOC -the Middle and Lower Reaches of the Changjiang River.

A- Ratio of regional drought area related to the total drought area over the whole country.

B-Ratio of the disaster area induced by regional drought related to the total disaster area hit by drought
over the whole country.
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Most previous forecasting models dealt with only the mean precipitation in a region or
the rainfall for a representative station. The spatial distribution of precipitation was usually
omitted. In this paper the Chebyshev expansion at irregular grids proposedby Zhou et. al.
(1982. 1985) is used to describe the distribution of rainfall, Most previous models treated only
the precipitation in a period (e.g., monthly or seasonal rainfall) and it was difficult to clarify
its temporal variation. The time series of Chebyshev coefficients are used to describe the tem-
poral variation of rainfall distribution in this paper.

The theory on chaos is a new branch of modern sciences. Its application has been paid
much attention. Zhou (1992) proposed a new forecasting model of vector similarity in phase
space. This method is used to predict the distribution of precipitation over the
Huanghe-Huaihe—Haihe Plain in China.

[I. REPRESENTATION FOR CHARACTERISTICS FOR TEMPORAL AND SPATIAL DISTRIBUTIONS OF
PRECIPITATION—CHARTS OF 3-DEKAD MOVING TOTAL PRECIPITATION

To represent well the characteristics for temporal and spatial distributions of precipita-
tion, charts of 3—dekad moving total precipitation are proposed here, which is obtained from
the 10—day precipitation data set at every station. The first 3—-dekad moving total precipita-
tion is the total precipitation got from the 35th dekad of last year to the first dekad of this
year, the second 3—dekad moving total precipitation is got from the 36th dekad to the second
dekad, the third 3-dekad precipitation is that during the first 3 dekads,*+~. the 36th 3—dekad
moving precipitation is that from the 34th to the 36th dekad.

The advantages of the 3-dekad moving total precipitation are as follows:

1) The origional data are the ten—day precipitation so that they contain much informa-
tion than monthly rainfall does.

2) The variability of the total 3—dekad precipitation is less than that of ten—day precipita-
tion.

3) Owing to the limit of calendar months, the physical characteristics of many rainfall
processes can not be detected by monthly rainfall. The same problem occurs for ten—day and
pentad rainfall. But all the rainfall processes can be detected well if 3-dekad moving precipi-
tation is adopted.

4} [ts sample interval is ten days. So the temporal variation of rainfall can be described in
detail.

[I. QUANTITATIVE REPRESENTATION OF TEMPORAL AND SPATIAL DISTRIBUTIONS OF RAIN.
FALL--CHEBYSHEY EXPANSION AT IRREGULAR GRIDS

Charts of 3~dekad moving rainfall over the Huanghe—Huaihe-Haihe Plain are ex-
panded in terms of Chebyshev polynomials at irregular grids (Zhou et al., 1985). The follow-
ing formulae are used

ﬁ(f.j,t)z Z ZAk_.;(f)ﬂﬂk,,(f)wx (_J)y ()
ESRN 1P

A, 0=Y ¥ REDe O, (D 2)
i=Li=100

(t=12..T,)

where (i, ) denotes ordinal of the stations, 7 represents time, the sample interval is ten days.
R(i, j. #) is the percentage of rainfail anomaly at station (i, J, R, j o) is its fitting. @, ; ()
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is the value of normalized Chebyshev polynomial at grid i, and & is the order and jdenotes the
row, ¥, () is the normalized Chebyshev polynomial of order s at grid { X, and S, are
truncation orders of Chebyshev polynomials, and A4, is Chebyshev coefficient.

According to the theory of Zhou (1990}, the distribution of rainfall can be expressed by
the lincar combination of different patterns ¢, ; {1} ¥ {5 and Chebyshev coefficient Ay, the
weight of the pattern.

The first several Chebyshev coefficients can be interpreted as follows.

Agy—Trend of rainfall anomaly in a region. 4, with large positive value represents plen-
tiful rainfall in the region, Ay, with negative sign and large absclute value denotes deficient
rainfall, and Ag, close to zero indicates that the rainfall is normal.

Ay —Positive Ag, indicates that the rainfall is below normal in the northern part of the re-
gion and above normal in the southern part. Negative A, represents that the precipitation is
above normal in the northern part and below normal in the southern part. Fig.1 (a) shows the
pattern corresponding to @, ; (), ().

A, denotes the difference of rainfall anomalies between western part and eastern part of
the region. Fig.1(b) is the pattern corresponding to @, , () ¢, ().

Ay, is the weight of rainfall distributions with above normal anomaly in the northern and
southern parts and below normal anomaly in the middle part in the region as shown in Fig.1

(c).
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A,y represents the difference among rainfall anomalies in the western, middle and eastern
parts in the region as shown in Fig.1(d).

The rest Chebyshev coefficients possess mote complicated characteristics (See Zhou,
1990).

We can forecast the distributions with Eq.(1) if the values of Chebyshev coefficients are
obtained.

I¥. FORECASTING MODEL OF YECTOR SIMILARITY IN PHASE SPACE

Zhou (1992) proposed a forecasting model of vector similarity in phase space and applied
it 10 the forecast of southern oscillation. Here we use it to forecast the rainfall distributions
over the Hoanghe—Huaihe -Haihe Plain in China.

The autline of the forecasting mode! is as follaws.

Suppose we have a univariate time series,

X(r,)= X(1, +iAD),
i=0,12,... N—1, (3)

where X{'r) represents some above mentioned Chebyshev coefficients, #, is the initial moment,
Ar is the sample interval, ¥ is the total! sample number. Introducing a time lag 7, an
m—dimensional phase space is reconstructed, i.e. {Packard et al., 1980),

X, () =1X0), X0, — 1), X, — 220,00, X(¢, — (m — D)} . (£)]

The dynamic system is located at phase point X, (1,} at ¢, and it will be located at phase
point X, {#.,) at r,y,. ie.

Xt ={X0, 0 D XU, — o), X =20, Xy — e —10)) . (5)

The forecasting problem is just to find the position of phase point X, (¢, ). Owing to that
12 Ar and 7/ A7 is an integer, only X{¢,,,) in the expression of X,{i,,) (Exp.{5)) needs to be
found.

The procedures of forecast are as follows:

{1) Evaluating the distances between point X, (1)) and other points in phase space and se-
lecting the minimum distanee D, corresponding Lo point X, (z,).

]
p,= {"z [x(t, - It — X, —~ (OF }2. (6)

At next moment f,,, point X,{¢) will reach point X,(#,,) and point X, (2) will reach
point X,(f,.,) and the correspondent distance between X,(r,,) and X,.(t;,) is D;,,. Supposing
D= Dy, we can get a quadratic equation for unknown number X(t,)) and evaluate two val-
ues for X(1;, ). ¥y and y,.

(2) A phase point corresponds to a vector from origional point to that point, then points
X (1), X410 X, (1.0 Xnlh,,) correspond to vectors ¥, (), V(). V.u(0). V,(8,)). Evalu-
ating the aagle 8, between F,(t) and ¥,(1,) and angle 6,,; between V,(1.,) and V,(1,.;) and
supposing 6= f,,, we can get another quadratic equation for unknown number X{s,,) and
evaluate two values for X(1,,). y; and y,.

(3) Replacing X(z.,) in Exp. (5) with y,, 1, ¥a, ¥, respectively we get four points Va0,
X0, 0 XP 0, ), and X®(s,, . Evaluating the distances D, between x2q,, , and
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X, (t,. ) and D, between X, (¢,,,) and }DJ-D —‘D‘.|~_— min|D; — D, |, if j, =3 we select
¥
¥; as predicted value of X7, ), otherwise we select y,.
Corresponding to X' (1, ) and X% (s, _ ) we have V' (¢, ) and ¥2°(r,, | ). Then we

evaluate angle f, between ¥'(¢,, Y and FW(t, ). 8, between VP, Yand ¥, (¢, )
and [0, — 6, = min|9, — 0,

L if j, =1 we select y, as predicted value of X(1,,,), otherwise
we select p,.

V. THE FORECAST OF TEMPORAL AND SPATIAL DISTRIBUTIONS OF RAINFALL OVER THE
HUANGHE—HUAIHE-HAIHE PLAIN IN CHINA

The data of ten—day rainfall at 23 stations over the Huanghe—Huaihe—Haihe Plain in
China from January 1959 to February 1992 are used. The 3—dekad moving total rainfall is
evaluated. The distribution of stations is shown in Fig. 1(a). Using the forecasting method
shown in Section 1V, we get the forecast of rainfall from March 1993 to February 1994, The
forecast is shown in Table 2.

Table 2. Forecast of Chehyshev Coefficients

Y 1933

M 3 4 ) 6 7 8

D 7‘8[9 lOlll]lZ IJ‘MIIS 16‘17 18| 19 20‘21 22]23 24

Ao [-260-11.6 -0.8-49 -61 53 | 42 126 [88;44 53 03 |-22 -39 -45(20 27 18

Ag |-52 -1.4 2647 -71 37|16 48 -52(-51 -03 05|33 -04 -06(-09 05 -11
Ap [-23 45 -49| 02 1.1 -07[08 -1.3 -10|-13 -2.8 -5.0( 13 20 03 |-L2 11 1lé
Ap |10 39 09 |-22 -12 43 |-14 39 -38|-6.1 -40 19 |-16 -02 04135 23 09

Ay |16 ~13 L5 |-45 -09 2317 -1.5 -23;-10 -L0 -21(-18 10 -04|-31 -31 -24

Continued Tahle 2,

Y 1993 1994

M g 10 11 12 1 2

D 25\26}27 28 [ 29 130 | 31 | 32} 33 [ 34 |35 |36 1 2 3 4 5 6

Ag [-18 -16 24 {15 -52 -19(20 -41 -22|45 71 39 |-142 7.1 -L7|-83 -16.0 -7.7
Ag |26 02 2174 04 66|37 13 -107[ 81 89 —-60|-122-11.7 7.7 {-24 123 126
A |03 - IN6 35 (=28 40 -0.7|-L8 -09 56 {-49 34 45 ({-10 -09 -55]10 32 -B6
A l-1.1 =23 10 |02 =07 -0.7) 1.4 -0.6 -54;-47 34 13 (-29 73 31 |-06 04 135

Ay |07 09 -13{-0.8 -26 -32(57 03 76 (43 60 -02]|-35 08 -68[-46 35 48

Y-Year M-Month TD-Ten days




No.2 Zhou Jiabin, Wang Yunkuan, Yang Guiying and Wu Jinsheng 229

REFERENCES

Bi Muying (1990), Drought Characters and Lis Cause for Formation in North China during Past 40 Years, The Cli
mare Research o fDrovght and Flood, China Meteorological Press, 33-36.

Packard et al. {1980}, Geometry from a Time Serigs, Phys. Rev. Legr., 48; 712~716.

Zhou fabin (1982), On the Expansion of Chebyshev Polynomiais in Irregular Grids, Kexue Tongbao, 27: 516-518.

Zhou Jabin {1990}, Chebyshey Polynomial with Jts Applications to Meteorology, China Meteorological Press, Beij
ing, 262pp.

Zhou Jiabin {1992), A Forccasting Model of Yector Similarity in Phase Space for Southern Oscillation, Pregprins,
Sth Inter. Meet_Statis. Climat., Toronto, 359-361.

Zhou Jiabin and Li Huang (1985}, Further Studies on the Expansion ofChebyshev Polynomials in Irregular Grids,
Scientia Sinica, 28(Ser.B): 188-201.




