FA-FA dmio I FA Y 0 jled F Al (O 1 G 955 Ao

‘_gj\.wc\:«m.f).:v.ﬁ&@'fw;;oéﬁéje:#ﬁiduuﬁvjAJS.L@.F4.-.-;‘.5.0
B ey 5 - SIS G\_,.J el 1l s WVS ol Jie S

Yo e Ve AT
ALl S s S el Kb 0B e

Ol syl olSils S g8 o s G b 09,5 o Loliul!
ol ol wlicing 5 pale anly ool ST olRezils ol yo G 18 (5,250 (gazeciils |
sghader@ut.ac.ir, ahmadig@ut.ac.ir, h_golshahy @yahoo.com

OYAQIEIY s o pmdy Zo b AYARNY - ccdl o 5o ,b)

oS>

Sy i 4550 xS 5 00y g 03,351 labyy m w0dpid gy 93 3Sles duslie g CB> yp & dlie oyl
(Z 45 5 11,1 (cladSind i) 95UsS (sladSid (sl (sl Y g0 308 ol ¥olan 005 s IS5 lSo (6 3lodiumn
OYoleo 1 oolitwl b awly glaol 9 5 = S5 Zlsel (sluYed dtwan (Sail lulgy Ll jslate pdy g o didldy
45ys 95LsS aaSid 3 glael (nl Sl pd dtenS (Saisly Lally) (egee JKB (g 9 3980 (B2 0B Jad sl Y g
ool glgol ol sl 1y 35 slagsbg, b oad adg glld ol g 5 duglie ISl Sl & Jols (posas S5 0500
450 o 03yl gy 41 Cupns ih Ay S 5 02,85 gy () — S gl )90 50 4 Amd e 5 gl S e
(5 5 03,88 (g &S IS4 sl woSan Cundg (ol Elgel 3)90 53 sl )l sl Z aSd )3 alie (pl 9315 dgut0
gyl 2090 )3 o 0t SIS GloaSid 3 ¢S jglods 2l g 03,801 B9y 41 s C 11T 4t o Lo

sl s o iaS (SIS Z a8 ol lgel 2590 )3 w0 9 (=15

Z 88 JoST] slnaSiuds g gd GocnS o &¥olao 03yl g ¢ S 55 0358 LBy 1S (slaely

Comparison of the efficiency of the sixth-order super compact and
combined compact methods for spatial discretization of two-layer shallow
water model: presentation of linear inertia-gravity and Rossby waves

Sarmad Ghader'”, Farhang Ahmadi-Givi', and Hakim Golshahy?
Space Physics Department, Institute of Geophysics, University of Tehran, Iran
2ldamic Azad University, Science and Research Branch, Tehran, Iran

(Received: 09 April 2010, accepted: 21 September 2010)

Summary

Many types of atmospheric and oceanic motions possess an oscillatory structure in both
space and time, such as inertia-gravity waves and Rossby waves. This paper concentrates
on these waves. Two-dimensional shallow-water models are usually used to describe
these kinds of waves. The advantages of the shallow-water equations are their
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computational and mathematical simplicity relative to more complicated three-
dimensional models. The single-layer shallow water models are extensively used in the
numerical study of large scale atmospheric and oceanic motions. These simple models,
however, provide no information regarding vertical motions in the atmosphere or oceans.
The simple multilayer shallow-water models are usually employed to resolve this issue.
In some regions of the oceans and seas, two-layer shallow-water equations are sufficient
to account for the dynamics of fluids (e.g., the Strait of Gibraltar in the Atlantic Ocean,
the Mediterranean Sea and the Strait of Hormoz in the Persian Gulf and the Oman Sea).
Two-layer models are not only simple models of rotating-stratified fluid dynamics, but
they are also proper models for the simulation of many phenomena in the ocean and
atmosphere.

The compact finite-difference schemes are simple and powerful ways to reach the
objectives of high accuracy and low computational cost. Compared with the traditional
explicit finite-difference schemes of the same-order, compact schemes have proved to be
significantly more accurate along with the benefit of using smaller stencil sizes, which
can be essential in treating non-periodic boundary conditions. Applications of some
families of the compact schemes, in particular the super compact finite difference method
and the combined compact finite difference method, to spatial differencing in some
idealized models of the atmosphere and oceans show that compact finite difference
schemes can be considered as promising methods for the numerical simulation of
atmosphere—ocean dynamics. Most of these studies apply compact finite difference
methods to single-layer models of the atmosphere and oceans, but application to more
complicated multi-layer model is lacking.

The linearized single-layer shallow-water equations have been used in many research
studies as a tool for numerical accuracy assessment of different numerical schemes in a
linear extent. In the present work, the extension of this idea to two-layer shallow-water
equations is used. To this end, two general discrete dispersion relations, those of inertial-
gravity and Rossby waves, for the linearized two-layer shallow-water equations on
different numerical grids are derived. These general discrete dispersion relations can be
used for the evaluation of the performance of any numerical scheme.

This paper is also focused on accuracy assessment of the sixth-order super compact
(SCFDM) and sixth-order combined compact (CCFDM) finite difference schemes for
spatial differencing of the linearized two-layer shallow-water equations on different
numerical grids (i.e., Arakawa's A-E and Randall's Z grids). General discrete dispersion
relations derived for the inertial-gravity waves and Rossby waves on different numerical
grids are used to evaluate the accuracy of the sixth-order SCFDM and sixth-order
CCFDM schemes for spatial differencing of the linearized two-layer shallow-water
equations.

In general, for both inertia-gravity and Rossby waves, the minimum error occurs on
the Z grid using either the sixth-order SCFDM or the sixth-order CCFDM method. For
Randall's Z grid, it is observed that the sixth-order CCFDM method exhibits a substantial
improvement in measuring the frequency of linear inertia-gravity waves of the two-layer
shallow-water model on the sixth-order SCFDM method. This property is not observed
for other numerical grids. For Rossby waves, the sixth-order CCFDM shows
improvement on the sixth-order SCFDM method on Arakawa’s C grid. In addition, for
Arakawa’s C grid it can be observed that the baroclinc and barotropic modes of the inertia
gravity waves in the under-resolved case show dissimilar behavior.

Key words: Combined compact scheme, super compact scheme, two-layer shallow-water
equations, Arakawa grids, Z grid
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