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ABSTRACT

The potential temperature vorticity has been introduced to polish the (momentum) vorticity—streamfunction
method for solving the two—dimensional and nenhydrostatic model with muoch aceuracy but not many increments of
computation. The three—step procedure introduced in the present paper can be used to solve both shallow and d:/:p
dynamic models.
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I. INTRODUCTION

The numerical simulation method has been very beneficial to our understanding the evo-
lution of meso—and—small scale systems in the past decades, and it will play a more and more
important role in future research. Although we can run three—dimensional models on very
powerful scientific computers, two—dimensional models seem to be more efficient in some
fields such as the cumulus dynamics, frontogenesis, symmetric instability, mountain—valley
breeze, land and sea breeze, and so on. In the practice of numerical computation, the
vorticity— streamfunction method is widely used because it is more efficient and accurate than
the solution of primitive equations. For nonhydrostatic models, if one integrates the primitive
equations, he must first abtain the disturbed pressure from the elliptic equation, and then find
velocity fields from the momentum equations, finally calculate the potential temperature.
Thus in one time step, one elliptic equation and three hyperbolic equations must be solved. By
contrast, if one use the vorticity—streamfunction method, he just needs to solve two
hyperbolic equations, i.e. the prognostic equation of vorticity and that of potential tempera-
ture. Furthermore, since the vorticity calculited from streamfunction satisfies the continuity
equation automatically, the vorticity—streamfunction method is more efficient and accurate
than the former {Roache, 1974). These advantages enable it to be widely used.

However, There exist some troubles in its application to integrating the deep models be-
cause the disturbed pressure in the buoyancy term cannot be ignored as in shallow models
(Schlesinger, 1973). This unknown disturbed pressure makes it difficult to integrate the
vorticity equation with no decrease of accuracy and not toe many increases of computation.
Previous three ways have ever been tried to overcome this barrier, but none of them has
reached supposed destination successfully. One way was to estimate the unknown disturbed
pressure in the vorticity equation from the momemtum equations {Schlesinger, 1973) with
lower accuracy because of its artificial restriction to the disturbed pressure. Another way was
to ignore these unknown terms in the vorticity equation, but this is not available for deep
models. The third one was to find the disturbed pressure from the elliptic equation. Maybe
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this prevedure can Bive results with sufficient acouraey, but it needs too much computation 1o
a0lve the two elliptic equations in one time step, The problem atill romains unaolved.

In order to rolve this problem. the pateatial temperature varticity is intreduced here to
polish the vortivity —streamfunctien methed.

L. IMPROVEMENT OF THE VORTICITY -STREAMFUNCTION METHOD

The geverning equations of twe—dimensional and energly—canservation anelastic models
fer hoth shallow and deep conveetions can be writien an follows (Durran, 1989)
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where 8 = 0 (ot shallaw models and d = | for deep madels.
According to the continuity equation (4), we can easily define the streamfunetion as
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After simple differential operations, one can easily obtain the follawing vorticity eqution,
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whers fu, w, 8, %) is independent of the disturbed presiure for both shallow and deep models.
Sinee (he disturhed presaure can not be ignored in deep models, it ia @ifficult tn obtain § with-
out deerease of aceuracy and too many increases of computation. In arder to integrate the
vortieity equation aceurately and effigiently, the follewing (hree slops are proposed:
Firatly, define the potential temporature vorticity as
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Jt must be noted that 1, is nel the same as the vorticity .
Secondly, eliminate (he disturbed pressure by uring the mementum equations (1) and (2),

the prognoatic equation of patential temperature vorticity ean be written as follows
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Finally, we can obtain the elliptio equatien from the diagnostic relatien hetween 1, and
k. For shallew modals, we have

me =0 "meuf, ' =wh ',
By using Baq.(6), the elliptic equation perteining to ¢ reads
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Aut for deep madeln, wo have
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and
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It is ebvious that the streamfunetion can be obtained from Eqs.(13) and (18) witheul addi-
tional limits e the disturbed pressure and almost no incroase of computation,

L. CONCLUDING REMARKS

The petential iemperature vorlicity was introduced te polish the vorticity~
streamfunction methed without any Jimit to the disturbed pressure, The three~step procedure
in the present paper seems to be more acourate and efficient, and available for beth shallow
and deep madels.
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