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Abstract Using the normal mode method, people can get the necessary condition and the increase rate of the linear
instability. But, the normal mode method only can be used to deal with the small disturbance of single wavelength,
and at the beginning of the disturbance evolvement. When the shearing do not exist in the basic stream fields, all the
diagnostic waves are discrete spectra, in the circumstances the normal is reasonable. As there are shearing in the
basic stream fields, the continuous spectra must be considered. In fact, the space structure of the disturbance corre-
lates with time. In the finite period of time, the initial disturbance fields notably affect the produce and evolvement
of disturbance. In this paper, the simple linear and nonlinear integral models are established by predigesting the
spherical barotropic vorticity equation. The integral results of the spherical barotropic vorticity equation can be got-
ten using the linear and nonlinear integral models. The mechanisms of disturbance evolvement are investigated
through setting different basic stream fields and initial disturbance fields in the integral model. The 40-year mean
disturbance evolvement before and after SCSSM (the South China Sea Summer Monsoon) onset is also calculated by
using the linear and nonlinear integral models. In the spherical barotropic vorticity equation, the motion and evolve-

ment of disturbance field depend on the configuration and distribution of the basic stream field. The result of numer-
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ical experiment shows that: (1) There is the special relationship between the basic stream field and the motion and
evolvement of disturbance field. Configuration of the basic stream field impacts the velocity and direction of the lati-
tudinal and longitudinal transmittal. The large-scale disturbance moves westward, contrarily, the small-scale dis-
turbance affected by the basic stream field moves eastward. (2) The energy transformation is related to the distribu-
tion of the basic stream field and the structure of the initial disturbance. As the basic stream field is the climatologi-
cal mean basic stream before the SCSSM onset, the energy increase as time goes on, which also indicates that this
kind of basic stream is of barotropic instability. (3) In the nonlinear integral model, when the basic stream is stable,
the velocity and direction of the transmittal is the same as the result in the linear model. In addition, the climatologi-
cal mean basic stream before the SCSM onset is barotropic instability. But, there is the upper limit of the unstable
energy increase. (4) The nonlinear function is simulated in the numerical experiment. It shows that the nonlinear
effect in the area where the disturbance energy goes up faster is far more obvious than that where the energy goes up
slower. (5) The configuration of developing disturbance is changing with time in the initial problem, the energy in-
crease is unsymmetrical. The action of the initial field engenders the local area increasing, which is the most differ-
ent from the normal mode method. (6) The basic stream field before monsoon onset is of barotropic instability,
which is possible dynamic mechanism of the SCSSM onset. (7) During the course of SCSSM onset, the evolution of

the disturbance first appears in the Southern Hemisphere, and then the energy transmits to the middle equatorial Pa-

cific Ocean. That proves the monsoon onset is global atmosphere circumfluence adjusting.
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spherical barotropic atmosphere, disturbance, basic stream field, linear and nonlinear model, barotropic

instability, evolution, the South China Sea Summer Monsoon (SCSSM)
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Fig. 7 Distribution of initial wavenumber 1 energy disturbance (m?/s?) in different basic stream fields: (a) The 10th day on the basic

stream field of the one month after the South China Sea monsoon onset; (b) the 10th day on the basic stream field of the March mean of 40

years
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