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ABSTRACT: Based on the El Nino event data sequence from 1854 to 1993, the nature of sequences was de-
termined by using statistical normal and independent tests, etc. With the Markov random process and first order
auto-regression predictive model, we set up the prognostication mode and give the time limit of the occurrence
of next El Nino event, which probably occurs around 2002.The occurring probability for 2001 is 44 %, and it is
61 % for 2002.
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1 INTRODUCTION

Being an important reflection of large-scale interactions between the oceans and atmosphere in
the eastern tropical Pacific, the El Nifio event isastrong signal for climate change. It inflicts heavy
effects on the weather and climate across the globe, especialy in the northern and northwestern
China, which are exposed to drought or severe drought. It is therefore essential to make detailed
study of the prediction of El Nifio events.

Since the 1970's, studying the El Nifio event has been on the rise in international community of
academics " and its prediction has been on the agenda. Owing to the complexity of the issue itsalf,
the puzzle of physical mechanism for the formation of El Nifio phenomena has not been completely
solved. For that matter, Mark” pointed out that in principle it was impossible to predict the El
Nifio well ahead of time and it was probably determined by the inherent characteristics of the cou-
pled air-sea system. It is due to this reason that existing air-sea coupled models have run into great
difficulty, only operational on an experimental basis.

As early asin the 1980's, Barnett[4] used the statistic method to work on the prediction of the
El Nifio phenomena. Zhu et al[sl. attempted to forecast it using agrey model. Wang et a .[6] used the
phase of solar spots to forecast the El Nifio event. Few of these works, however, has any relevance
to the prediction of probability for the formation of the event. According to Murphym, meteoro-
logical forecasting is in nature anything but definite and the study on chaotic dynamics has now
expanded, with a clear trend, to stochastic systems[sl. In view of the development, the current work
presents probabilities expected to occur with a forthcoming El Nifio event by exploiting the prob-
ability diagnostic approach used in the geophysical field for earthquake generation[9] and studying
the El Nifio event based on related dataset sequence and Markov stochastic processes.
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2 DATA SEQUENCE

2.1 Source of data

Reference [1] made an investigation of the SST in the region 0° ~ 15°S, 90°W ~ 180°W with
the discovery that there were atotal of 32 El Nifio events from 1854 to 1993 (Tab.1).

Tab.1 TheEl Nino events and its time intervals between 1854 and 1993

EINinoYr 1855 1858 1864 1868 1877 1880 1884 1888 1891 1896 1899

t, 3 6 4 9 3 4 4 3 5 3

X 0.477 0.778 0.602 0.954 0.477 0.602 0.602 0.477 0.699 0.477

i
EINinoYr 1902 1904 1911 1913 1918 1925 1930 1939 1940 1944 1951

t, 3 2 7 2 5 7 5 9 1 4 7

X 0.477 0.301 0.845 0.301 0.699 0.845 0.699 0.954 0.000 0.602 0.845

i
EINinoYr 1953 1957 1963 1965 1968 1972 1976 1982 1986 1991

t, 2 4 6 2 3 4 4 6 4 5

X 0.301 0.602 0.778 0.301 0.477 0.602 0.602 0.778 0.602 0.699

For an El Nifio event, the standard definition goes as:

(1) Peak value is as high as 10°C in the positive anomay of SST and the positive anomaly
lasts more than 12 months persistently;

(2) A year with pesks of positive anomaly of SST is defined to be an El Nifio year;

(3) If the positive SST anomaly lasts over 6 monthsin the year before or after the El Nifio year,
it is defined to be a successive year of the same El Nifio event;

(4) When the SST anomaly varies in a manner like the El Nifio event but with the positive
peak anomaly less than 1.0°C or the positive anomaly lasts for less than 12 months, then aweak El
Nifio event is defined to be prevalent.

The relevant data of El Nifio events are cited from reference[1].

2.2 Pre-processing of data

Based on the sequence of El Nifio events, a sequence of time interval {t i} is obtained for the
generation of El Nifio events. To improve the linearity and stability of the sequence, a logarithmic
transformation is conducted for the sequence {t i} o that

X; =lgt,
From the sequence {Xi } (Tah.1), information can be extracted that is useful for prediction.

The definition of time intervals are as follows. The interval starting from the last El Nifio event
till the present isset as T, and that between the present and next El Nifio eventissetas T . Itis

obvious that the interval between any two El Nifio eventsis t =t +1,.
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3 TESTING OF SEQUENCE
3.1 Normality test

A test of normality is conducted to determine whether the sequence {Xi } observes the dis-
tribution of normal distribution, which is easier for processing and derivation in statistical study.

Set the size of sample as n in the sequence {Xi} , the mean and standard deviation of X,
(estimated without departure) are respectively

_aon.Xi; S = \/nila_‘(x X)

X and 512 are used to replace the overall mean m and variance 0° respectively.
It is assumed that {Xi} observes the normal distribution. It is divided into k groups and the
frequency observed with each of the groups is N, , the theoretic probability for it is

P(i =1, 2,--, K) . Then from the table of normal distribution, we have

P=F )7989)()7
éa‘é

The theoretic frequency M = NP for a group. The normal distribution is used to have a

QIIO

fittingof X, . When nis sufficiently large, the Pearson criterion

1)

is used to differentiate the goodness of fitting. This statistic approximately observes the distribution
of C° a the time. As the norma distribution of fitting has three linear conditions:

o] s
m=x%,s ? :Slz,é m=g N , the degree of freedom f =k- 3. 1f c*&’ usng
Eq.(1), then it is suggested that there is not much difference between N, and M and {Xi}
observes the normal distribution; if CZFE;,then {Xi} does not observeit.

3.2 Independence test

For the sequence {Xi} , some of the autocorrelation among the X, are more significant

than the other. It necessitates atest of independence for {Xi } . Then patterns of prediction models

are determined based on the test result.
In the context of maximum ratio of similarity, the autocorrelation coefficient of the sequenceis
computed by the expression of
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Rk — Zé. (Xi—k - )?k)(xi - )_(o) )
é(xuk)_(k)z"'é.(xu' )?0)2 @
where
- 1 4 - 1 Bk
XO _migﬂxl ; Xk —mla:l XI :

k isthe number of ordersin the autocorrelation, usualy takenask =1, 2, 3, 4.
The R, derived with Eq.(2), is compared with |R, |, that iswith a confidence of a . If

R, |Rk|2 the correlation is considered insignificant and {Xi} an independent sequence; if

R > | R, | ,» the correlation is thought to be significant and {Xi } a dependent sequence.

3.3 Tendency test
For the sequence { X, } , atendency test has to be done to determine whether there is a defini-
tive principa value. Generally, only the tendency for straight lines is considered for simplicity.
Set the equation of straight lines as

X, =a+bU, ®)
inwhich U, =i- (n+1)/2. Using the least square method, we have
é:lé X 6:é.xiui éuiz (4)
Nz i=1 i=1

It is assumed that there is no tendency for straight lines in the sequence {Xi } ,then b =0. Con-
-~ ~ [¢]
sequently, the value of expectation E(b) =0; The variance V(b) =s 2/a U’ . Asa result,

the statistic

observes the normal distribution of

o [¢]
b=./a Uiz/s N (0, 1)
The standard deviation of the sample is used to conduct an unbiased estimate of
[¢] T \2 ~ 0
oA ) -58 xv,
n- 2 ’

which substitutes S 2 to obtain that



No.2 LI Ke( ), LIU Yao-wu ( ) and YANG Wen-feng ( ) etal. 167

6 (n- 2) U2

(5)

2 ~o
X, - X) - bq X

in which the degree of freedomis f =n- 2.
By table look-up, we obtain T, " e t t, is determined, using Eq.(5), the sequence

{ X, } is considered to have insignificant tendency for straight lines; if t t,, the sequenceis
considered to have significant tendency for straight lines.

3.4 Test results of the sequence

(1) Test of normality: For the sequence {Xi} , the sample size n = 31. We get X =0.5933

and S, =0.2187. Divide X, into 5 groups and derive al parameters for the normality test
following proceduresin 3.1. The results are listed in Tab.2.

Tab. 2 Thenormality test of the sequence { Xi}

2 2
X~Xi,  v=(.-xks o (L) p np. n (n-nR) (n-nR) 70k

0.301 “1.374 0.0853  0.0853 2.64 5 5.570 2.110
0.301 0.481 0.533 0.2981  0.2128 6.60 6 0.360 0.055
0.481 0.661 0.308 0.6217  0.3236  10.03 8 5.290 0.529
0.661 0.841 1.150 0.8749  0.2532 7.85 7 0.723 0.092
0.841 1.0000  0.1251 3.88 5 1.254 0.323
5 1.0000 31 31 13.107 3.109

Based on Tab.2 and Eq.(1), the Pearson criterion X* =3.109 is obtained. Followi ng f =k
—3=2and a=0.05, X22 =5.991 is known by table Iook—up[n] for the distribution of  X°. As X°

Xz , there is not much difference between M and N, . It is then known that the sequence
{Xi } observes the distribution of normality.

(2) Test of independence: For the sequence {Xi}, the autocorrelation coefficient R~ =
—0.3160, R, =-0.0464, R; =0.1469, R, =-0.2690 are obtained following the method in
3.2 and using Eq.(2). When the significance level 2a = 0.1 is assumed, f = n — k -1, the critical
vaue R is |R|,. . which is respectively shown as |R)[, = 0301, |R,|, = 0.30,
IRy|,,=0315and |R,|, =0317. Itisobviousthat |R| |Ry,.. It is then established that
the sequence {Xi } has a significant tendency for straight lines.

A~

(3) Test of tendency: With the method in 3.3, X = 0.5933, S = 0.2187 are obtained. b=
—0.0004 and |t| = 0.1042 are obtained using Eq.(4) and Eq.(5), respectively. Following f = n—

=29,a=0.05, t,=2.045isknown by table look-up. As |t| t,, itisknown that the sequence
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{Xi } has an insignificant tendency for straight lines.

With the statistic tests shown above, it is now clear that the sequence {Xi} observes the
normality distribution with significant first order autocorrelation and insignificant tendency for
straight lines. Then, the sequence {Xi} is considered a stable Markov stochastic process.

4 PREDICTIVE MODELS

4.1 Basicideas of probability prediction

For predictions of probability in this particular case, information useful for the prediction is
extracted from the sequence of the El Nifio event only. The prediction is conducted by giving a
probability for a designated period of the event to occur or atime interval between the present and
succeeding events.

Wherefore, the distribution function of 1 s first derived from the known sequence {Xi}
by

F(t):éf(t)dt

Specifically, f(t) is the function of probability density. Then, for the time after t ,, the
probahility for an El Nifio event to take placeis that

¥
O ft)dt =1- F(t,)
0
Thus, within the period of 1, the conditional probability for an El Nifio event to take place
is expressed by
F(t 0 + 1)' F(t o)
1- F (t o)
inwhich g(t,) isthe conditional probability density of t .

G(t,) = § olt,)dt, =

A key question hereis that the sequence {Xi} must conform to the normal distribution. As
long asit fitsin the requirement, the distribution functionof X , F (X)), can be derived, which

is then used to obtain F(t).From F(t) and t,, G(t,) isknown. Thisis the basic idea
of probability prediction.

4.2 Markov process prediction model
4.2.1 AUTO-REGRESSION EQUATION

The (n - 1) groups of data are used to fit an auto-regression equation of

X, =8 +a1(Xi—1 - Xl)
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: . 1 ¢
where 1 =2,3,---,n; X;=——a X ;.
n-12
Applying the least square method, it is known that

~ o 1 ¢ ~
=X. =——_ X .
=X, = A X & ©®)

Then, afirst-order auto-regression equation

Xn+l = éO + é1(Xn - Xl) (7)
is obtained. To determine whether Eq.(7) has significant effect of regression, atest of F hasto be
done. The statistic of

_ U/m
Q/(n- m-1)

is used where n is the size of sample, mis the number of factors, f; =m, f,=n-m-1,u
and Q are the sum of regression sguare and sum of residual difference square, asin

Q= %;(Xi : 21)2 ©)

(8)

e S\
U=a(x-xJ,
i=1
F, islooked upin the table™. If F 3 F, using Eq.(8), then Eq.(7) has significant effect
of regression; if F F, then the regression is considered insignificant.

4.2.2 PREDICTIVE MODEL OF PROBABILITY

~

If X, is predicted based on X, with Eq.(7), the auto-regression equation, the mathe-
matical  expectation E(Xn+l - Xn+1) =0 is sdtisfied for the prediction error of
X

and él and their variance are separately

~

am X =X X, - éi(Xn - )71). As the new X, is independent from X,

0
(él) =S Zé. (Xi+l - )71)2 ) (20)

Therefore, from Eq.(10) we get the variance of prediction error
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V(X Xnﬂ)zs 2%.4' 1 + (X' i} )?1)2 9

n+l o

Asaresult,

(oo %) X
X~ X )~ NZ0O,s |1+ + ' v
1 1 g \/ n-1 é(Xi_l— )2 :

Substituting the variance of sample

[o] V3 ~ O V3 V3
Slz — a (Xi - Xo)' aa (Xn-l' Xl)(Xi - Xo)
n-3
for S Z,Weobtainthat
t = Xn+1' X B é1(Xn B Xl)
v (1)
-3 X - X ) 0
SOO alsol (!‘n_l_ n 1 -
n- 3 g S, p
that observes the distribution of t with the freedom degree of f = n -3. Specifically,
i 1 o —\2
1| Soo :ma (Xi-l' Xl)
| 1 o o o
I S :ma (Xi-l' Xl)(Xi - Xo), (12)
|
- 1 o — \2
}Sn:m (Xi-l' Xl)

The distribution function of the statistic t is expressed by
F(t) = @ :(t)d(t)
-¥

inwhich T 5 (t) isthe function of probability density in the t distribution. Thus, the probability
can be predicted by

F (Xn+1) = F[t(Xn+1)]
inwhich t(Xn+1) isthe general form of Eq.(11). It is therefore possible that
F(t n+1) =F (Xn+l) = F[t(xnﬂ)]

or,
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F (t n+l) = P[t £ t(Xn+l):| (13)
In thisway, the predicted probability for an El Nifio event to take place is given by Eq.(13) for

aspecific forthcoming timeinterval of T ;.
Under the condition that there are not any El Nifio events within T, the conditional prob-

ability for the event to take place with the elapse of T, is expressed below, based on computa-
tions using Eq.(13).
G(t ): F(t 0 +t1)' F(t o)
' 1- Ft,)

(14)
In the context of the given probability P, as

Q T.adt=P, f=n-3

~

we can have t(P) by looking up the t table™”. Then from Eq.(11), wecan have X,,; andits

corresponding timeinterval ., in

-0

~ ~ \2
[ = X0 +8,(X, - X,)+1(P) S“",{_a;S“ﬁJXn- X,

¢ S

(15)

Q-

i
!
|
! X
€y =107

Thus, given a particular probability P, the time limit is derived for the next possible El Nifio
event to occur, based on Eq.(15).

n+l

5 RESULTSOF PREDICTION
5.1 Predictions of the generation probability

Employing the computational method in 4.2.1, we obtain that é.o = )70 = 0.5993, él =
~0.3176; X, =0.5919. Then from Eq.(7), we have

X,., =0.5993- 0.3176(X, - 0.5919) (16)

The F test is performed for Eq.(16). F = 0.315 is known using Eq.(8), following f1 =1,
f,=n—m-1=29. Looking up the F distribution table ", we obtain that F, =2.89 (a = 0.1).
AsF  F,, Eq.(16) has significant regression with 90% confidence level.
Since the 1997 El Nifio event, there has not been any in 1998. To predict the probability for it
to happeninyear 2000, F(t) and G(t,) arederivedusing t,,, =3, t,=1,t, =2
Following the predictive model of probability in 4.2.2, we have Soo =0.0453, Sm =
-0.0144, Su = 0.0454 using Eq.(12); Eq.(11) isthen used to obtain 1, 3 =-0.7436. Following
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f=n— 3 =28, we know by looking up the t distribution table™” that the distribution function of
t, 5 is P(t£t, ;)=0.227. Asaresult, from Eq(13) F(t ,.)=F(3) =0.227 is cbtained.
The El Nifio event to take place in 2000 is predicted to be 0.227.

Likewise, F(t o) = F (1) =0.001 is known. For the last step, Eq.(14) is used to obtain

G(t 1) = G(2) =0.226. In other words, under the condition that there was not any El Nifio event

in 1998 with the elapse of 2 years, the probability for it to take place in 2000 is 0.226.
Following similar procedures, the probability for the El Nifio event to happen in 1999 ~ 2006
is predicted and the result is presented in Tab.3.

Tab. 3 The forecasts of probability with the El Nifio event from 1999 to 2006 (t 0= 1)

year 1999 2000 2001 2002 2003 2004 2005 2006
r 2 3 4 5 6 7 8 9
F(r) 0.061 0.227 0.441 0.618 0.742 0.841 0.894 0.933
r 1 2 3 4 5 6 7 8
G(r,) 0.060 0.226 0.440 0.617 0.741 0.840 0.893 0.932

It is known from Tab.3 that prior to year 2000, the El Nifio event would take place with a

probability of P< o 227, P> 0.441 from 2001 onwards. In addition, the El Nifio data from
1855 to 1976 are used to set up a model to conduct retrospective tests of generation probability of
the El Nifio event in 1982, 1986 and 1991. The results show P at 0.691, 0.4101, and 0.520, re-
spectively. It is obvious that the El Nifio event will not take place unless P is at least 0.401. It is
based on it that afresh El Nifio event is predicted to occur at the earliest in 2001 or later.

5.2 Predictions of the generation time
Given a specific probability P(%) = 10, 20, 30, 40, 50, 60, 70, 80, 90, Eq.(15) is used to

determine the time intervals for the next El Nifio event tAnﬂ and the results are shown in Tab.4.

Tab. 4 Theforecasts of timeintervals of El Nifio event occurrence given the probability

P (%) 10 20 30 40 50 60 70 80 90
Xn+l 0.355 0.453 0.522 0.581 0.635 0.690 0.748 0.818 0.915
tn+l 2.3 2.8 3.3 3.8 4.3 4.9 5.6 6.6 8.2
year 2000 2000 2001 2001 2002 2002 2003 2004 2006

It is known from Tab.4 that given the probability P < 40, tAnﬂ < 3.8 (year), i.e the El

Nifio event will happen at a probability P no more than 40% before 2001; when P = 50%, tAnﬂ =

4.3, i.e. the probability for an El Nifio event to take place has reached 50% from 2002 onwards.
Based on the analysis, it is possible that another El Nifio event will appear around the year 2002.
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Summarizing the forecast results above, we know that the El Nifio event will again show itself
around 2002, the probability being 44% for 2001 and 61% for 2002.

Being one of the important factors affecting the globa climatic change, the El Nifio event
plays a complicated role in the climate of China. It is shown as inhomogeneous distribution of pre-
cipitation from the south of Chinato the north in the summer and autumn, resulting in floods in the
south but drought in the north of the nati on™. The emphasis should be on the prevention of amajor
flash flood in the valey of Changjiang River and a major drought in the northern (especially
northwestern) China, around the year 2002.

6 CONCLUDING REMARKS

a. A sequence {t i} is set up based on the sequence of the El Nifio event. Transformed loga-

rithmically, it changed to a sequence {Xi } , Which isimproved in terms of the linearity and stabil-
ity that information for forecasting is made easier to extract.
b. The nature of the sequence {Xi } is isolated through a number of statistical tests. The re-

sult  shows that {Xi} observes the normal distribution with significant first-order

auto-correlation but insignificant tendency for straight lines. It can be taken as a stable Markov
stochastic process.

c. Inview of the nature of {Xi } , one learns that the selection of a predictive model employ-

ing a stable Markov process is reasonable and forecasting of its probability on basis of it is fead-
ble.

d. According to the prediction, a new round of El Nifio event will take place around 2002. It is
expected that it will come by a probability of 44% in 2001 and 61% in 2002. Precautions should
be strengthened to fight against both dry and wet climate over this period.

e. The current work collects forecasting information from the sequence {t i}, without any

discussion of the physical mechanism for forming the El Nifio event. It is a well-known shortage of
statistical prediction. It is then known that the probability predictions are only preliminary, which
areto be tested in practice for improvement.
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