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Abstract

Primitive equations, which were originally proposed by Richardson (1922), are a system of
partial differential equations describing the time evolution of the state of the ocean and the
atmosphere. They are used in numerical weather forecast and simulations nowadays. This paper
concerns with the strong solution to primitive equations for the ocean and the atmosphere in
Sobolev-Slobodetskii spaces.

In the mathematical issue, Lions, Temam and Wang first constructed weak solutions global in
time for the ocean, atmosphere and the coupled model in 1990’s. Following them, some results
concerning the strong solution have been reported by Guillen-Gonzalez and Rodriguez-Bellido
(2001, 2005), Temam and Ziane (2004) and Cao and Titi (2005) and so on until now. However,
all of them assumed the ocean surface to be fixed and flat, which is called rigid lid hypothesis.
Moreover, we have the results on the atmosphere model by Lions et al.(1992), Ewald and
Temam (2001) etc. They assigned some unrealistic assumptions in the formulation.

In this thesis, we investigate the primitive equations for the ocean and the atmosphere in the 3
dimensional strip under the following situations:

1. The surface of the ocean is free, not the rigid lid.

2. The model problem is formulated in the orthogonal coordinate system first, and then in the
p-coordinate system.

3. Both the ocean and the atmosphere models are considered in p-coordinate system, for the aim
of the study of the coupled model in future. Such a treatment is the first for the ocean.

4. The boundary conditions on the free surface are described including the stress tensor and the
effect of the evaporation and condensation.

After the further transform of the coordinate system, we provide the estimates of the given and
implicit functions in the new coordinate system. Then we solve the linearized problem and
provide the estimates of the solutions. Finally we solve the nonlinear problem by constructing
successive approximations. Applying multiplicative and Young’s inequalities, we show the
existence and uniqueness of the strong solution local in time in Sobolev-Slobodetskii spaces. We

also show the positivity of the temperature, moisture and salinity over the small time interval.
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