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Abstract

The three-dimensional (3D) viscous primitive equations describing the large-scale oceanic motions under
fast oscillating random perturbation are studied. Under some assumptions on the random force, the solution
to the initial boundary value problem (IBVP) of the 3D random primitive equations converges in distribution
to that of IBVP of the limiting equations, which are the 3D stochastic primitive equations describing the
large-scale oceanic motions under a white in time noise forcing. This also implies the convergence of the
stationary solution of the 3D random primitive equations.
© 2015 Elsevier Inc. All rights reserved.
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1. Introduction

The important 3D viscous primitive equations of the large-scale ocean in a Cartesian coordi-
nate system, are written as the following system on a cylindrical domain

Z

3 9
a—':+(u-V)v+q>(u)a—v+kav+vpb—/Vsz/
Z
—1

* Corresponding author.
E-mail addresses: hdw55@tom.com, huang_daiwen @iapcm.ac.cn (D. Huang).

http://dx.doi.org/10.1016/j.jde.2015.03.041
0022-0396/© 2015 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com
http://dx.doi.org/10.1016/j.jde.2015.03.041
http://www.elsevier.com/locate/jde
mailto:hdw55@tom.com
mailto:huang_daiwen@iapcm.ac.cn
http://dx.doi.org/10.1016/j.jde.2015.03.041
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jde.2015.03.041&domain=pdf

B. Guo et al. / J. Differential Equations 259 (2015) 2388-2407 2389

av— 20y (1.1)
—Av— — =V, .
0z2 !
T wwr+owml oar- Ty (1.2)
- . v)— — B — s .
ar 9z a2’
0
/V~vdz=0, (1.3)
-1
with boundary value conditions
0 oT
oo, LT on M x {0} =Ty, (1.4)
0z 0z
ov aT
— =0, — =0 on M x{—1}=T}, (1.5)
0z 0z
R v oT
v.-n=0, —=xn=0, —=0 ondM x[-1,0]=T7y, (1.6)
on on
and the initial value conditions
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where the unknown functions are v, pp, T, v = (v(l), v(z)) the horizontal velocity, p; the
pressure, T temperature, ®(v)(t,x,y,7) = —ffl V - v(t, x,y,7) d7’ vertical velocity, f =
fo(B + y) the Coriolis parameter, k vertical unit vector, W; a given forcing field, ¥, a given
heat source, V = (dx, 9y), A = 83 + 83, @, a positive constant, 7 the norm vector to I'; and M
a smooth bounded domain in R2. For more details for (1.1)—(1.7), see [2.21] and the references
therein.

In the past two decades, there were several research works about the well-posedness of the
above 3D deterministic primitive equations of the large-scale ocean. In [17], Lions, Temam
and Wang obtained the global existence of weak solutions for the primitive equations. In [14],
Guillén-Gonzélez etc. obtained the global existence of strong solutions to the primitive equa-
tions with small initial data. Moreover, they proved the local existence of strong solutions to the
equations. In [2], Cao and Titi developed a beautiful approach to proving that L°-norm of the
horizontal velocity is uniformly in ¢ bounded, and obtained the global well-posedness for the 3D
viscous primitive equations.

In study of the primitive equations of the large-scale ocean or atmosphere, taking the stochas-
tic external factors into account is reasonable and necessary. There are many works about math-
ematical study of some stochastic climate models, see, e.g., [6-8,19,20]. Ref. [8] is one of the
first works on a 3D stochastic quasi-geostrophic model. Guo and Huang in [13] considered the
global well-posedness and long-time dynamics for the 3D stochastic primitive equations of the
large-scale ocean under a white in time noise forcing.

In realistic model, random fluctuation always exits. We consider the following 3D primitive
equations with fast oscillating random force
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