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Abstract. Based on time series data of 500 hPa potentialboth coexist in a nonlinear system. The abnormal activity
field from NCEP/NCAR (National Center for Environmental of the western Pacific subtropical leads to frequent floods
Forecast of American/National Center for Atmospheric Re-or droughts in areas near the Yangtze and Yellow rivers in
search), a novel consideration of empirical orthogonal func-China. For example, the super flood in drainage area of the
tion (EOF) time—space separation and dynamic system reYangtze River in 1998 was induced by southward drop of the
construction for time series is introduced. This method con-subtropical high (SH). In addition, the droughts with extreme
sists of two parts: first, the dynamical model inversion andhigh temperature in Chongqging and eastern Sichuan in 2006
model parameter optimization are carried out on the EOFsummer, and the rainstorm in the drainage area of the Yellow
time coefficient series using the genetic algorithm (GA), and,River in July 2007 were also closely related with the continu-
second, a nonlinear dynamic model representing the subtropus north and west location of the intra-seasonal SH. Abnor-
ical high (SH) activity and its abnormality is established. The mity of the SH in 2010 brought 14 rainstorms in South China,
SH activity and its abnormal mechanism is studied using theas well as south of the Yangtze River from May to July. Thus,
developed dynamical model. Results show that the configumutation of the SH and its abnormal back-forth movements
ration and diversification of the SH equilibriums have good are closely related with summer flood of East Asia. Since the
correspondence with the actual short—-medium term abnorabnormality and activity of the SH is very complicated (Cao
mal activity of the SH. Change of SH potential field brought et al., 2002), it is very difficult to construct an accurate dy-
by the combination of equilibriums is more complex than namic model for SH with nonlinear differential equations.
that by mutation, and their exhibition patterns are different. Inversion of dynamical model of meteorology elements or
The mutation behavior from high-value to low-value equilib- weather system evolvement from time series of the actual
riums of the SH in summer corresponds with the southwardobservation data can provide a feasible way to describe the
drop of the SH in the observed weather process. The combiphysical mechanisms of the complicated weather system ac-
nation behavior of the two steady equilibriums correspondstivity and abnormality. For example, Zhang et al. (2006) were
with disappearance of the “double-ridge” phenomenon ofconcerned with the questions of local convergence of errors
the SH. Dynamical mechanisms of these phenomena are exand its calculation during the inversion; they introduced the
plained. genetic algorithm (GA) to improve seeking root efficiency of
model parameters. The application study on the inversion of
nonlinear dynamical forecast model of the SH index was car-
ried out (Zhang et al., 2008). Based on empirical orthogonal
1 Introduction functions (EOFs) and the idea of dynamical model inversion,
we established time—space (time-frequency) model founda-

The western Pacific subtropical high is an important mem-tion and retrieved a nonlinear dynamical model for SH.
ber of the East Asian summer monsoon systems. It has the

interaction and feedback with the monsoon circulation, and
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132 M. Hong et al.: Inversion of the western Pacific subtropical high dynamic model

Aiming at the investigation of the summer SH abnormal algorithm, and the improvement of the false neighbor algo-
activity in 2003 and 2006, based on the observed data, thisithm (Lu and Zhang, 2010; Gouesbet, 1991). The difference
paper inverts the corresponding nonlinear dynamical modeform of Eq. (L) can be written as
of the SH, and then analyzes the activity and mutation mech- ;1) (j—DAt
anisms of the inverted dynamic model of the SH, including i i
the equilibrium and stability of the SH system, and the dy- . 2A1 , ,
namic characteristic analysis of dynamical action, such asfi(q;"",¢3"" . .../ ™, .. g} )i =23, ..M =1 (2)
bifurcation, and mutation induced by outer forces.

where M is the time series length of observation data.
Model parameters and system structure can be cal-
culated from the observation data through inversion.
fiqd™, 3™, .. g™, ....ql") is an unknown nonlinear
function that we suppose has;; numbers of expanding

items, including variablg; and P;, numbers of correspond-
Data used in this study are daily 500 hPa potential field froming function parametersi &1,2,..N,j =1.2,..M, k=
NCEP/NCAR. We used data from 1 May 2003 to 31 Octo- 1. 2. .., K). It can be then supposed thftqg1. g2, ..., gn) =

ber 2003 as the second half year of 2003, and the same fo% G i« P;, (3). The matrix form of Eq.2) is D = GP, where
2006. The study range is 09K, 90—180 E in the northeast =1~ * '

2 Data and method

2.1 Research data

hemisphere. 3 gt

N dy PR
2.2 EOF decomposition d> 9 4

D= = 2At , )

With EOF time (coefficients)-ispace (structure) separation dy MA,_;]';M—Z)AI
method, the potential field series mentioned above can be By va—
time—space decomposed. The 2003-yr data are used as an ex- G11,G12, ... Gk P,
ample to be EOF-decomposed. From this analysis we find G21,Gop, ... Gox P,
that the variance contributions of the first three character® = P
modes converge faster, and the cumulated variance contribu- Gm1. Gyz,....Gu.x P;

tion could reach 74.85 % of the original field. The first mode Coefficients of the ab lized unk i
reaches 65.16 %, which can basically describe the main char- oetiicients of the above generalized unknown equation can

acteristics of the potential field. After that, variance contri- be identified through inverting the actual observation data.

bution reduces rapidly. Therefore, these first three EOF de-G'Ven D andP can be solved to satisfy the above equation.

composition modes can be chosen as the modeling objectif q is considered as an unknown variable, Eg. (3) is a non-

Temporal and spatial characteristics of the first three mode Inear system; but from another point of view fis consid-
of EOF decomposition are shown in Fig. 1.

ered as unknown variable, Eq. (3) is a linear system. Clas-
sical least squares estimation can be used to make residual
sum of square$ = (D — GP)” (D — GP) minimal, and then
the regular equatio” GP = G’ D can be obtained.

G’ G is usually a singular matrix, so we can easily solve it
for its eigenvalues and eigenvectors. Through removing the
points of “zero” values, the remaining componentg afum-

Suppose that the physical time evolution law of a nonlinearers of Ui, Uz, ..., Ui(i =1,2..., L) can form the diagonal

3 GA inversion of a nonlinear model of the SH

3.1 Basic idea for reconstructing the dynamical model

system can be expressed as the following: matrix U. With V; = 27, the matrixV = (V1, V2,...V)",
andH = UA~VT the equationP = HD is solved, and the

dgi . arameterP can be obtained

= £i(q1. 20 s Gir oo =1,2,....N, 1) P : -

dt fi(41. 92. i qn) i @) Based on the above approach, the coefficients of the non-

. ) ) i linear dynamical systems can be determined. Therefore, the
where f; is the ge_nerahzed honlinear function (?f nonlinear dynamical equations of the corresponding obser-
q1,92, -, qi,---,gn- N is the number of the state vari- vation data sequence can be obtained.
ables, and it can be generally determined according to the
complexity of the dynamical system, which can be estimated3.2  Dynamical model inversion of the EOF time

by calculating its fractal dimensiornd. If N >2d+1, coefficients of potential field based on the search
the geometric structure of the dynamical system can be of GA

fully open. SoN > 24 + 1 is a necessary but not sufficient
condition. There are generally three methods with whith Most of the parameter estimation methods currently
can be derived frord: the test algorithm, the false neighbor used (such as neighborhood search method and least-squares
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(a) The time series of the first mode (b) The spatial mode of the first mode
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Fig. 1. The time series and the spatial mode of the first three modes in 2003.

estimation) in the parameter space are one-way sequentiand it is extensively used as a global optimization algorithm.
search, which needs to explore the entire parameter spactts main features are global search and parallel computing, so
Thus, the efficiency of the traditional method is very low. Be- it has very good parameter optimizing ability and quick error
cause of the limitation of convergence of error gradient andconvergence rate.

its dependence on the initial solution, parameter estimation The model parameter inversion is based on the basic
is prone to fall into a local optimum, rather than the global principle expressed in Sect. 3.1, with a minimum square
optimum (Wang, 2001). As a better alternative, we will in- error S = (D — GP)” (D — GP) as the bound, using popu-
troduce the GA to get the optimization and inversion of the lation (solutions) and parallel mode for parameters opti-
mode parameters. GA has been developed in recent yearmjization in the parameter space search. Suppose that the
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134 M. Hong et al.: Inversion of the western Pacific subtropical high dynamic model

following second-order nonlinear ordinary differential equa- The correlation coefficients between fitting value and actual
tions are taken as the dynamic model for inversion and revalue of the three 2006 time series differences are 0.7606,

construction: 0.7619, 0.6595, respectively. Compared with the dynami-
dx ) cal model of the SH in 2003, the degree of the year 2006
g = @XFaY +azZ +aaX (14 parameters) is slightly less complex than that of 2003

(16 parameters), and the forms of the equations and index

2 2
+asY“+agZ +a7 XY +agXZ +agY Z items are different.

dy 2
i b1 X +Db2Y +b3Z +baX

bsY2 4+ bgZ2 + b7 XY +bgX Z +bo¥ Z 4) 4 Dynamical analysis of the SH activity

dz ) 4.1 Discrimination theory of the equilibrium stability
— =1 X+ Y +c3Z +ca X+
dtz ) The singular spots (equilibrium state) of the dynamic system

csY"+ceZ”+c7XY +cgXZ +coY Z. are a set of roots of the dynamic system equations, and they

X, Y, andZ represent the time series of the first, second and@rely change with time. Stability of the singular spots corre-

third EOF modes, respectively. Based on the above reconSPOnds with stability of the dynamic system, and the nearby
struction theory of the GA dynamical system and the actualtrajectory determines the character of singular spots. Usual
observed data of 184 days from 1 May 2003 to 31 Octo-Singular spots can be classified into four types: crunodes,
ber 2003, parameters of the nonlinear dynamic model of thes@ddle-point, focus and center-point (Liu, 1965; Hassard et
SH activity are inverted from the above three time-coefficient@-» 1982). Taking model equations of the potential field as an
series. By computing and comparing the comparative vari-8xample, we calculate the singular spot and discuss stability
ance contribution of each item in the mode, we synthetically©f the equilibrium depending on character of the eigenvalue
analyze and eliminate the illusive item of the weak effect to ©f derivative-operator matrix. The nonlinear dynamic model

the model in order to get the nonlinear dynamic model equaEds- 6) and €) of the potential field have generalized forms

tions as the following, which can describe the SH activity in S EQ. 4)- _
2003: As for large-scale weather systems, such as potential

fields, when they are in a relatively stable state, the time-

dx _ 5y2

4 = —0.080TY _50~12607Z — 6~1803X510_ Y varying items of the dynamical model have small values and
—3.4185x 10_52 +4.8721x 107°XY the left items of the equations can be seen as zero. So the
+9.8524x 107°Y Z singular spot can be achieved by solving the roots of equilib-

%_¥ = 0.0943X + 0.28787 + 6.5163x 10-5y2 (5)  rumequations of the constant differential coefficient system.
—21517x 10°%xZ 4+2.3394x 1074y z Then the Stabllhty can be analyzed. o

o7 5o The following formula (7) can be called derivative-

o= 0.0207X —0.2178& +1x 10X operator matrix:
—6.2465x 1075Y2 4 2.3011x 1075XY.

To test the accuracy and rationality of the above model, we[ *1* = (03020 €012= (%)XO’-"O’ZO 13= ()00
need to carry out practical tests. Integral forecast experiment$ «»; = (g—ﬁ)xo,yo,m = (%)xo,yo,zo 3= (%ﬁ)xo.yo,m . (M)
are carried out on the two inversion models. By setting the
actual forecast initial value (selected from the index series),
numerical fitting integration is taken on the time difference ) o ]
values of the models. The correlation coefficients between! "€ €igenvalué. of the derivative-operator matrix of the
the fitting value and the actual value of the three time serie€auations satisfies the following formula:
differences are 0.7104, 0.6509 and 0.5632, respectively. It
means that the above inversion model can basically approac
the actual potential field.

Similarly, the nonlinear dynamic model equations of the

oh doh dh
31 = (ﬁ)xo,yo,zo 32 = (Ty)xo,yo,zo o33 = (;Tz)xo,yo,zo

11— A o12 13
a1 azp—Xi a3 | =0. 8
a3 32 033 — A

SHaciivty In 2006 can be obtained: Equation of the characteristic roots can be converted as fol-
;,—’f = —0.0831Y — 0.3604Z + 2.0885x 10752 lows:
@ = —0.1337Z +2.9344x 107°y?2
+2.3401x 104X Z +4.7833x 10°°Y Z (11— M) (@22 — A) (@33 — A) + a13a210032 + 1200230031

4Z = 0.1189X — 0.1326Y + 3.2460x 10-°Xx? ©

—9.9232x 107572 — 1.0088x 10~4XY
—1.0770x 104X Z — 5.6600x 10°°Y Z. —ago021(3z— 1) =0.

—a13031(a2 — A) — ap3a3p(01l — A)
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Table 1. The equilibrium roots of the summer SH equations in 2003.

The roots X Y Z

First root 1446.90 253.98 —3921.69
Second root  4897.23 1642.73 1670.33

Third root —1615.98-2720.07i —271.19+219.78i 347.26+ 75.32i
Forth root —754.08+4658.23i —2907.56+2228.50i —559.24—592.37i
Fifth root —5768.87 —6165.60 —22310.78

Sixth root —754.08- 4658.23i —2907.56-2228.50i —559.24+592.37i

Seventh root —1615.98+2720.07i —271.19—219.78i 347.26- 75.32i

Table 2. The equilibrium roots of the summer SH equations in 2006.

The roots X Y V4

First root 2228.34 1026.83 —-51.05
Secondroot  4224.90 —19992.52 —5642.42i
Third root 12239.86 —78488.41 —26771.97
Forth root 35578.87 87805.65 —-53112.08
Fifth root 258911.05 —11981028.32 —6645895.09
Sixth root —1170.42+42.85i 800.03-21.43i 105.12+0.87i

Seventh root —1170.42-42.85i 800.03+21.43i 105.12-0.87i

A third-order equation of. can be obtained as follows: 4.2 Discrimination of the equilibrium stability of the SH
A3 — (11 + a2+ aza)A? + (11002 + 110033 Based on the above discrimination theory of equilibrium sta-
bility, seven roots can be found (Table 1) by solving equa-
+aooa33 4+ 130031 + 30032 + 1 20001) A !
22033 + 1331 + e23ra2 + e 2e21) tions of the SH inverted from 2003 summer data.
—(@110200033 + 01130022031 + /11023032 According to the equilibrium theory, there are three equi-
001033 — (21030013 — Q1 20t210¢33) = O. libriums states, which are the first, second and fifth roots,

respectively. The theory in Sect. 4.1 is used to judge their
Finally solutions of this third-order equation can be found, stability. When th? second group of ropts (4897.23,1642.73,
i.e., all of the characteristic roots of DF). We can judge 16_70_.33) is substituted into the e_quatlons, all of the charac-
whether the equilibrium is steady at this time based on the€ristic roots of Dx*) have negative real parts, so the solu-
following three theorems (Alexander et al., 2001; Wang andtion is gradually stable. While the others are substituted into

Carey, 2005): the equations, at least one characteristic root ofxDfFhas
Theorem 1: When all of the characteristic roots of(©B positive real part, SO thgy are unstable. . .
have negative real parts, the equilibrium of syste i Not all the potential fields corresponding to each equilib-
asymptotically stable rium state are shown due to the limitation of paper length.

Theorem 2: When at least one of the characteristic roots Oﬁ\/e only show potential field reconstructed from the s_ta-
DF(x*) has positive real parts, the equilibrium of systeth ( le root. As for the two unstable roots, we select the fifth
is unstable under Lyapunov sénse root (—5768.87,—6165.60,—22310.78) as an example, and
Theorem 3: When all of the charaicteristic roots of (D5 reconstruct the potential field. Then we compare it with the
have zero real parts, the stability of equilibrium in systen ( potential field of _the_stable equilibrium. The two potential
depends on higher-order items of the Taylor series. fields are shown in Fig. 2. o _
The situation of theorem 3 is called critical situation, which Th? pot_entlall field of the stable_ eq_umbr_lum IS basi-
is often encountered in conservative systems. Based on th%aIIy |dent|.caI.W|th th_e actual potential field, including thg
above discussion, we can judge the stability of the equilib-f_?900 gpm isoline, which can 'repr(_esent the'SH. The potential
rium. field of the unstable equilibrium is very different from the
actual potential field, such as its lowest potential height with
the value of 3500 gpm, which does not exist in reality.

www.nonlin-processes-geophys.net/20/131/2013/ Nonlin. Processes Geophys., 2014312013



136 M. Hong et al.: Inversion of the western Pacific subtropical high dynamic model

90

= = gy 500—_|

R U
— / —_ 0

80 Goor® ’,Sb@/ P s o

30 é
<
20'\L &
R VR T
10 [ /’%
A - -/2 ’
RN el S NNt Abey
% 100 10 120 130 w0 150 60 170 180 Qg0 qq0 3 130 wa €0 160 170 180
(a) (b)

Fig. 2. (a) The potential field of the stable equilibrium a(iy) the potential field of the unstable equilibrium of 2003.
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Fig. 3. (&) The potential field of the stable equilibrium afiy) the potential field of the unstable equilibrium of 2006.

Similarly, as for equations of the summer SH in 2006, themospheric pressure that can reach 7000 gpm, which is not
roots of equilibrium can be solved. Its seven roots are showrpossible in reality.
in Table 2.
There are five equilibriums among the seven roots, whichy 3 \weather facts and variation characteristics of the
are the first, second, third, fourth and fifth roots, respectively. SH activity
Their numbers are more than that of the roots from 2003 data.
Using the same theory applied before, their stability can b

analyzed. The characteristic roots of @F) solved by sub- ElI'he SH activity mainly behaves as seasonal variations and

o . intraseasonal short—medium term variations. Seasonal varia-
stituting the first group of roots (2228.34, 1026.8351.05 . . .
uting Irst group ( % ) gons of the SH location have much influence on the weather

to the equations all have negative real parts, so it is stabl f China. There is much differen mon nal vari
equilibrium. When the others are substituted into the equa—O a. there Is muc erence among seasona’ varia-

tions, at least one characteristic root of @F) has positive tions of _the SH 'g. q(;fferlent yearsHArl;)normall cr;lar;gesbmay
real parts, so they are unstable. appear in an individual year, which may lead to abnor-

Similarly to the 2003 data, we can draw potential field cor- mal weather causing disasters such as droughts or floods in

responding to each equilibrium. From Fig. 3, it can be seenChlna (Li and Zhu, 2010; Qi etal., 2008). The short-medium

that potential field of the stable equilibrium is basically iden- tsm; Xa_rlatlon of the SH has a ctlose Lelat;or;sf;gov;nthuthe
tical with that of the actual potential field, while the poten- ast Asian summer monsoon system (He et al., ). Using

tial field of unstable equilibrium has significant differences characteristic indexes of the SH defined by the Central Mete-

from the actual potential field, especially, the maximum at_orologlan_Observatory of China as reference, all of the char-
acteristic indexes of summers (from May to October) from
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years 1980 to 2007 (selecting June as an example) are cad4 Mechanisms of the dynamical character of the
culated. Variation charts of the regional index, the west ridge activity and aberrance of the SH
point index and the ridge line index of different years are

drawn (Fig. 4), in which straight lines represent average val-g,ge4 on the dynamical model of the SH derived from histor-
ues of many years. It is shown in the charts that variationSc| gata, the discussion on the dynamical character and the
of indexes of the SH in different years are very different and g 5 1anation of the mechanism of the activity and aberrance

SF’me “gbnormal" alterations appear in some years. The '€5f the SH can be developed. Setting the time variation of the
gional indexes of years 2003 and 2006 are both abovg thestt item of Egs. 6) and 6) to zero, the dynamical equilib-
average value. Especially, the extreme value of the regional; ., equations, which can represent moving back and forth

indexes of the 28 yr appears in year 2006. Moreover, the Weséctivity of the summer SH in years 2003 and 2006, can be

ridge point indexes of the two years are both under the averypained. Using the means of numerical calculation, we cali-

age (shown as the arrowheads in Fig. 4a and b). All the abovy a4e one of the manipulative parameters to discuss the influ-
represent the wider range, the stronger intensity and the morg, e and the variation of equilibrium of the above equations,
western location of the SH of the two years among 28 yearSg, yhat the evolution of the SH system with outer parame-
On the other hand, the south and north locations of the SHe 5 can be drawn. When the stability of the equilibrium with
of the two years are different: the ridge line of year 2003 , ;1o harameters variation varies or the number and type of
is similar with the average, while that of year 2006 is 0bvi- ye equilibrium changes, the system is called in bifurcation.
ously northern (shown as the arrowhgng |r? Fig. 4c). All OfWhen the stable equilibrium jumps to another stable equilib-
the above facts show that the SH activities in the two year§jm with the outer parameter variation, the system is called
have both similar and different parts, while both are different;, 1, tation.
from the average. Using the nonlinear dynamical model E®) of 500 hPa
SH activity inverted from 2003 data, and the nonlinear dy-
namical model Eq.g) from 2006 data, the influence and
variation of the SH activity and configuration with differ-
ent model parameters are respectively discussed. Actually,

www.nonlin-processes-geophys.net/20/131/2013/ Nonlin. Processes Geophys., 2014312013



138 M. Hong et al.: Inversion of the western Pacific subtropical high dynamic model

90 N 90

Fig. 6. The summer SH potential fields ¢d) the high equilibrium andb) the low equilibrium in 2003 reconstructed before combination
with b1 = —0.3, and(c) after combination witth; = 0.2.

we estimate equilibrium stability of all of the 16 parameters 2006 (Eq.6), we select the outer parametar. The equilib-
in Eq. ®) and all of the 14 parameters in E).(After com- rium variations are shown in Fig. 5.
parison, we find that the parametérs bg, c7 and a1, ba, Because the variation of the three equilibriums is very sim-
b3 are the most representative of the combination, bifurca-lar, we just select the first equilibrium as an example. From
tion and mutation. So representative paramebgro, and Fig. 5, we can see that the variation trends of the equilibriums
c7 for Eq. ) are selected. As for EQ6), representative pa- of the two models are similar. Equilibrium of the summer SH
rametersuy, bg, andbz can be selected to carry out discus- model in 2003 changes with. Whenb1 < 0.1, there are two
sion. According to the above estimation of the equilibrium equilibriums with very different numerical values, which are
stability, it can be classified into three styles: combination, respectively high value equilibrium and low value equilib-
bifurcation and mutation. Due to the length limitation, only rium. With the increase df1, the difference between the two
combination and bifurcation will be discussed in more detail equilibriums reduces significantly. When > 0.1, the two
in this paper. The evolution of the summer SH equilibrium equilibriums merge into a stable equilibrium. Then with the
with outer parameters in 2003 and 2006 will be calculatedincrease ob1, the equilibrium is stable and rarely varies. The
and discussed, respectively, and the corresponding dynamehange of equilibrium of the summer model within 2006
cal mechanism discussion and weather fact explanation wills very similar to above, and the only difference is the value
be developed. of the equilibrium after combination, which is comparatively
close to the value of one of the two equilibriums. In general,
equilibriums of the two models can both represent the char-
acter of combination of two equilibriums, with the change of
outer parameters.

Settingb1 = —0.3 andb; = 0.2, we represent the SH sta-
tus before and after combination, respectively. Using the

For the summer SH activity model of 2003 (Ex), we select o time—space reconstruction of the corresponding,
the outer parametén ; for the summer SH activity model of

4.4.1 Bifurcation and combination change of the
equilibrium induced by outer parameters b1
and a;
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Fig. 7. The summer SH potential fields ¢d) the high equilibrium andb) the low equilibrium in 2006 reconstructed before combination
with a; = —0.4, and(c) after combination withi; = 0.5.
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Fig. 8. (a) The first equilibrium (X) of the SH in 2003 varying withy and(b) the first equilibrium (X) in 2006 varying withg.

and Z, we can get the summer SH potential fields in 2003 cation (bi-equilibrium state) the central area (5900 gpm iso-
before and after combination, as shown in Fig. 6a, b andine) of the SH is on the south side (central latitude is about
c. Similarly, the summer SH potential fields in 2006 be- 20° N) and respectively is located in a west position (cor-
fore combination withi; = —0.4 and after combination with  responding to low equilibrium) and east position (corre-
a1 = 0.5 are shown in Fig. 7a, b and c. sponding to high equilibrium). It can be seen as the circu-
From Fig. 6, it can be seen that, as for the recon-lation pattern of the South China Sea monsoon explosion
structed summer SH potential field in 2003, before bifur- or rainy season in South China from April to May, while
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Fig. 9. The summer SH potential fields in 2003 reconstru¢defore combination witlhg = —4, and(b) after combination of the high
equilibrium and(c) the low equilibrium withbg = 7.
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equilibrium and(c) the low equilibrium withb4 = 6.
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after bifurcation (single-equilibrium state), the center area Dynamical model of the SH in 2003 (Fig. 9) shows a sta-
(5900 gpm isoline) of the SH goes north to 30, performing  ble equilibrium state before bifurcation, and the correspond-
the north leap course of the two west and east SH body at loving range of the SH (5900 gpm) is located to the east{E50
latitudes (corresponding to the high and low equilibrium be- east) of the Pacific Ocean in low latitude (center i§ %
fore bifurcation). It can be seen as the circulation form of thewhich is similar to the circulation in early spring season. Af-
Yangtze and Yellow rivers in Meiyu period after north leap of ter bifurcation, there are two possible SH activity forms. One
the SH. So with the model parametarvarying from—0.3 extends west to the South China area (some parts are still in
to 0.2, there is an obvious north leap and enhancement courgbe sea), and its north leap course is not evident (Fig. 9b).
of the SH, corresponding to 500 hPa potential field (meaningThe other shows obvious enhancement and north leap of the
the end of pre-rainy season of South China and the beginnin@H (center of 5900 gpm isoline still is located nea? Btand
of the Yangtze and Yellow rivers in Meiyu period). Then it extends to the west of 10&), which is similar to the circu-
maintains a stable equilibrium (corresponding to Meiyu cir- lation form of the abnormal strong and northwest SH in the
culation form). summer of 2003. The above results show thgs an impor-
From Fig. 7, we can see that the situation of 2006 is similartant force factor leading to abnormal enhancement and north
to 2003. Before bifurcation (bi-equilibrium state), the central leap of the SH.
area of the SH (5900 gpm isoline) is south of that in 2003 (the Dynamical model of the summer SH in 2006 (Fig. 10)
central latitude is about 2), and is located in the west po- shows a stable equilibrium state before bifurcation, corre-
sition (low equilibrium state) and east position (high equilib- sponding to a weak SH form (5900 gpm isoline). After bi-
rium state), respectively. It is similar to the circulation form furcation, there are two possible SH activity forms. One is
during the pre-rainy season of the South China from April to similar to the form before bifurcation (still maintaining weak
May. After bifurcation (single-equilibrium state), the central SH form) (Fig. 10b). The other shows obvious enhancement
area (5900 gpm isoline) of the SH also goes north (the cenand north leap of the SH (the center of 5900 gpm isoline lo-
ter is located at Z25N), but the intensity changes less, and it cated near 25N) and west extension (to the west of (),
does not merge. Location of the SH with weak intensity is which is similar to the circulation form of the abnormal west
south and west. So the SH north leap of 500hPa is less obviSH in the summer of 2006, which remains stable (leading to
ous than the one in 2003, with the model parametdrom continuous droughts in Sichuan and Chongging areas). The
—0.4 to 0.5. Then it maintains a south-west stable equilib-above results show thai is an important force factor lead-
rium (the west point of the SH goes west and maintains atng to abnormal west extension of the SH.
11 E, which led to the continuous summer warm and dry  Similarly, change of outer parametersandbs will lead
weather in Sichuan and Chongging areas of China in 2006).to the mutation change of equilibrium and the corresponding
SH potential fields. But their degree of complexity is less

4.4.2 Bifurcation and discretization change of than those of the above bifurcation and combination. This
equilibrium induced by outer parameters bg point is not discussed extensively in this paper due to the
and by length limitation.

With the change of outer parametéxsandb,, variation of
the equilibrium stability and aberrance change of the SH po5 Conclusions
tential field are shown in Fig. 8, and they are put together to
be discussed. Due to the complexity of the East Asian summer monsoon
From Fig. 8, we can see that the changing trends of equisystem and summer SH activity, a dynamical model to de-
libriums of the two modes are similar. Equilibrium of the scribe SH activity has not established so far. In this study,
summer SH model changes with Whenbg < 0.0001, there  a novel method has been put forward by which dynamical
is one equilibrium state. But wher > 0.0001, the equilib- model of the SH potential field can be reconstructed from
rium state is divided into two equilibriums. With the increase the observation data. Then a dynamical model of the SH is
of bg, the low value equilibrium maintains stablity. The ini- inverted and reconstructed using GA. After that, we investi-
tial equilibrium of the summer SH in 2006 is stable with in- gated the mechanism of SH activity and mutation including
crease ob4 after bifurcation, but the other equilibrium from the equilibrium and stability of the SH system, and analyzed
bifurcation reduces quickly with the increaseihaf showing  the dynamical characteristic and dynamical action, such as
a characteristic of quick change. bifurcation and mutation induced by the external forcing. Fi-
With EOF time—space reconstruction, the SH potentialnally, the developed method is used to analyze the actual SH
fields in 2003 before bifurcation withg = —4 and after bi-  conformation and to depict the main weather characteristics.
furcation with bg =7 can be obtained (Fig. 9a, b and c).  Analytical results show that, with the advantages of the
The summer SH potential fields in 2006 before bifurcation global optimization and parallel calculation by GA, the
bs = —4 and after bifurcatioh4 = 6 are shown in Fig. 10a,b nonlinear dynamical model of the SH potential field can
and c. be reconstructed exactly and quickly, and the change of
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parameters in this model can lead to instability and bifurca-Gouesbet, G.: Reconstruction of the vector fields of continuous dy-
tion of the equilibrium of the SH system. Comparing the SH  namical systems form numerical scalar time series, Phys. Rev. A,
potential field models of the 2003 summer and the 2006 sum- 43, 5321-5331, 1991.
mer with their weather characteristics, we find that the distri-Hassard, B. D., Kazarinoff, W. D., and Wan, Y. H.: Theory and Ap-
bution and variation of the equilibrium of the SH model have Eh_((:jatlonlgggopf Bifurcation, Cambridge University Press, Cam-
: ; _ bridge, .
gg?:1;ﬂﬁiﬁ&?ﬁ;@%ﬁh(t)rler Z(rzltglzlsissh(;lr;omsiccl)lvl:/? ttﬁé?qt::He, J.H., Qi, L., Wei, J., and Chi, Y. Z.: Reinvestigations on the East
I . . Asian Subtropical Monsoon and Tropical Monsoon, Chinese J.
change brought by equilibrium change of bifurcation and Ay 0s Sci., 6, 1257-1265, 2007.

combination is more complex than that brought by mutation. j 3 p and zhu, J. L.: Climatological features of the Western Pa-

In particular, the leap from high value equilibrium to the low ¢ific subtropical high southward retreat process in late-spring and
in the summer SH system corresponds with the dynamical early-summer, Acta Meteorologica Sinica, 4, 397-412, 2010.
behavior of the SH southward drop. Combination of the twoLiu, S. Z.: N-dimensional topological singularities of classification,
steady equilibriums corresponds with the disappearance of Adv. Math., 8, 217-242, 1965.

the “double-ridges” phenomenon of the SH. Lu, X. T. and Zhang, J. Q.: Nonlinear physics, Press of University
of Science and Technology of China, Anhui, 2010.
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