sharalQl - &l k383 = Z/ISSN 1976-8192(Print), ISSN 2288-2227(Online)
Journal of Korean Society of Coastal and Ocean Engineers 36(4), pp. 158~166, Aug. 2024
https://doi.org/10.9765/KSCOE.2024.36.4.158

sk 8l o] £ AR Agshs x) EA oid 33
A Review on the Vertical Coordinate Systems used in Oceanic
and Atmospheric Circulation Numerical Model
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Abstract : In a numerical method for the study of the circulation model, various vertical coordinate systems are
used to simulate the physical response of the ocean and atmosphere to the increasing greenhouse gas emission.
In this study, four types of vertical coordinate systems frequently used in oceanic and atmospheric circulation nu-
merical models, i.e., height, general, pressure, and normalized vertical coordinate systems, respectively are intro-
duced. Finally, the hydrostatic pressure equation, vertical velocity, equation of horizontal motion, and continuity
equation expressed in a vertical coordinate system were introduced, and the pros and cons of the vertical coordi-
nate system were summarized to promote the accuracy of numerical model development.

Keywords : the circulation model, vertical coordinate systems, hydrostatic pressure equation, vertical velocity,
equation of horizontal motion, continuity equation
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Table 1. Summary of properties of some vertical coordinate systems.
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Table 2. Summary of properties of some vertical coordinate systems.
Vertical Advantages Disadvantages

coordinate system

* The simplest and has been in use in various
models for decades

* Excellent in areas that are well-mixed

* The equation of state for ocean water can be
cleanly and accurately represented

Geometric
height coordinate

* In regions of sloping topography, the levels intersect
the bathymetry and unrealistic vertical velocities near
the bottom can result

* Increasing the number of vertical levels will improve
the representation of the near-bottom flow, but at a
high computational cost

* Representation of bottom topography is difficult

* Is considered the transformation of a vertical
coordinate into a more convenient form
General(ized) vertical * Can use any arbitrary variable as the vertical
coordinate system coordinate as long as it is a monotonic
function of height, pressure, normalized
pressure et al.

* Additional terms added into the governing equations

* The bottom topography is represented in a
piecewise linear fashion, hence avoiding the
need to distinguish bottom from side

Pressure coordinate
system

* Representing the effects of a realistic (non-linear)
equation of state is cumbersome

* An inappropriate framework for representing the
surface mixed layer or bottom boundary layer.

Normalized (or Transformed) ¢ Provide a smooth representation of the
pressure coordinate system ocean bottom topography

* The surface mixed layer can be less well represented
* Have difficulty accurately representing the horizontal
pressure gradient
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5 (095)], + V.- (0V35) + 2 (05%) =0 25)
Qu , dv |, dw
+ 2L+ 8% =
" geamA A e chast 2, v, v+ 32 =
(D) s = i (08x0952) = 0 O H6DE SHHEAL A0 fA9 A o
7¥gel e gk, 4 xwm ) $- hebal7) R
ot BAAES A, ) = g0l DR, 919 AL Th
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£.5 E. List of notation

List of Symbols

A any scalar function

c variable representing x, y, or ¢ for partial differentiation

F friction force per unit mass

f Coriolis parameter

g carth’s gravity

i,j, k  unit vectors in x —, y —, and z — coordinates

p pressure, pressure coordinate system

s general(ized) vertical coordinate

t time

u, v x — and y - components of V’

V horizontal velocity

w = dz/dl, vertical velocity in z coordinate

X, ¥,z  Cartesian coordinates directed eastward, northward and
upward

Greek symbols

a = 1/p, specific volume

0

increment

ERES

5 153
geographical latitude

T =P« Pr

o density

o _ P~ Pr _ P~ Pr,normalized pressure coordinate

b~ Pr T

system

® = gz, geopotential

a) = dpl/dt, vertical velocity in p coordinate

Other symbols

\Y horizontal del operator

didt total derivative

(") = d()/dt

Subscripts

s evaluated at the earth’s surface

T evaluated at the model top





