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ABSTRACT. The accuracy of numerical models results are usunlly compared by the aid of statistical
methods and energy conservation laws. In adiabatic flow, the potential vorticity  (£2¢] and the potential
temperature (8 ) are conservative quantities. In ideal case, the mass enclosed between two successive
isentropic lines must be constant. In the present work these conservation lsws are used for the compatri-
son simple geostrophic and primitive models.

1. Introduction

Verification of a numerical model means the engire
process of comparison batween the predicted and
actual charis. In gencral, there are two types of veri-
fication. The first depends upon the study of the
statistical characteristics of predicted charts in compari-
son with the actual charts (correlation coeflicient,
relative error, etc) ; the second depends on the study
of the internal properties of the numerical schemes
on the truncation errors, initial data problem. and the
choice of boundary conditions.

Abdel-Wahab (1977, 1980) used the znalogy of the
conservation of vorticity to compare betwcen (wo
barotropic schemes.

Ip this paper the concept of the conservation of
(8 and 2 ) is discussed to compare between two barc-
clinic models. The principle of the use of the conser-
vation laws in numerical models verification was sugge-
sted by Charney (1950). In ideal adiabatic flow the
mass enclosed bstween two successive quasi-conser-
vative quantities lines, must remain constant. It
must bs clear that any conservative, quantity may
be created or destroyed by the horizontal transport
for which the compared scheme must include approx-

imately all the northern hemisphere (assuming that

there is mo cross equational fiow).

[

2, The compared schiemes

~ The first scheme, if the primitive equatior cystem
in the form :
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where 7 is the vertical velocity and subscripts represent
the derivatives.

JRT_(t — )
€= P
¢ is the stability parametcr
g is the acceleration due to gravity

R is the gas conctant,
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The distribution of masses with potential
temperature intervals for quasi-geostrophic
modei
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Fig. 2. The distribution of masses with potential
temperature intervals for primitive model
M
.
s G TR VG FEE Y2
e —— PREMCTED 22 FEE'TE
— e ACTUAL 22 FEB T3
------ ACTUAL § MR 73
s L L . F L L i
=25t .260° 270" 2:;0‘ 290t 300” Mo’ 3208° aanc® 2a2® 2a0? gedn
g 270 zed 2ed” add SiCT 3P0 10 3i0 38 16l 38
Fig. 4. The distribution of masses with potential
vorticity intervals for primitive model
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TABLE 1
Critet‘ia I_O.Pl ;'.:_';092 {f};\OP;; [_\xgpa :404
day

3.11 2.7 4.662 7.976 16,21 14.27
6,150 13.74 16,180 19.41i

16 1 3,146 6.08 8.14 15.87 13,54
: 10.97 i8.17 24.91 29.74

14,11 2.54 6.6460 8.7727 16.13 13.06
5.18 10.64 14.72 18.19

19.1V 2.09 5.7987 7.6868 17.72 10.97
5.841 9.9611 12,869 20.06

20,1V 2.64 7.379 10.467 26.17 16.66
7.47 13,92 17.85 19.66

2.1V 2,15 7.679 10.437 14,69 17.75
2.6 16,173 19.907 12.159

250V 3.516 7.561 9.658 2515 12.71
9.126 14.85 19.61 21.19

Mean . 2.67 6.45 9,95 17.56 13.9%
3.16 131.88 17.06 23.29

The upper and Jower numbers befonging to the primitive and
the geostrophic models respectively.

This set of equations are solved using splitting method
Marchuk (1969) ; under the two following boundary
conditions :

(a) The vertical boundaries :

at P = Pg 7 == 0
P o= 0 7 o= )
(b) The horizontal boundaries :
2 g, o0 o
ot at of 0

The second scheme is the geostrophic model based
upon the equation :
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where , A is the geostrophic vorticity advection

Ay is the temperature advection.
{is the relative height parameter P/Py

A is the Laplacian AR
ax2 gyt

This equation is solved by Liebman relaxation methed
under the following boundary conditions :

gk oz
g = o _ B T
a g .l P .PQ T _RTE 81‘
using this condition in last couple equations in set
(1) it is easy to express the upper boundary condition
in the form :
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TABLE 2
Siatistica! verification of the models (R.M.5.)
o7 ervor in geopotentinl height

Pressure Forecast extent (hours)
level — = y
{mb) 24 48 72
859 6.4 12.8 28.2
10.4% 19.2 34.6
300 3 11.1 20.7
2.7 17.2 28.7
300 5.6 10.6 23.2
8.0 13.9 31.4

The upper and lower numbers refer to primitive and geostro-
phic model respectively,
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and the lower boundary condition:
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3, Method of verification

The potential temperature (§) and potsptial vorti-
city (£20) were calculated from the actual and predicted
geopotent:al heights z, at all the grid points. The
potential temiperature can be evaluated directly from
the hydrostatic equation. The potential vorticity is
calculated due to Obukhov (1964) by the formula :

Phgy{v,—u
9y D0l g ()
Plogy—v™ i)}
where, v is the vertical gradient of temperature (lapse
rate)
v, is the adiabatic lapse rate,
0, is the absolute vorticity,
P¥@ is the mzan pressure at isentropic surface 4,
v*(g) is the mean vertical gradient of {emperature at
isentropic surface 8.

The mass enclosed between the equi-interval of
g and £y was computed, using the location of the
different points on thz charts.

The vertical velocity in the integrated domain for
different isobaric levels, was evaluated as shown by
Abdel-Wahab (1981) by the aid of the equation :

P
1 —
Ty = o i f D¥ exp (x P) dP
Py
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. 1
where, X = - X5 =

R T
T is mean layer temperature at any grid point,
D is horizontal divergence,
£ is acceleration due to gravity,
R is gas constant of the air,

y == ¢pley is the ratio between specific heat at cons-
tant pressure to the specific heat at constant
volume,

4, Results and discussion

The computations were carried out for 18 cases in
different synoptic situations through February 1973
The models were applied over an area covering
approximately all the porthern hemisphere. The
vertical structure of the models extended from
P==1000 mb up to 100 mb isobaric level.

The mass distribution through ¢ and £, are shown
_in the actual atmosphere and for both models during
the period of forecasting. The Fig. | shows the actual
distribution of masses against the potential temperature
intervals for the geostrophic model. Fig, 2 also shows
the same distribution for the primitive models,

In Figs. 3 & 4 the distribution of masses by poten-
tial vorticity intervals for the geostrophic and non-
geostrophic models respectively are shown. For
tubzs of (8, L) dimensions, the deviations of masses
between the initial and the first, the second and {he
third day forecasting (5 OP,, 2 OP;, A OP;) respesti-
vely are evaluated.

where O, 3 denote the initial and final actual fields,

P, Py, P3, denote the prognostic first, second
and third day,

A3 Py is the mass deviation of 72 hours predicted
charts about its corresponding actual ones.

AQ; is the mass deviation between the initial
chart and its actual ones after 72 hours,

The distribution of potential temperature and
potential vorticity for both models and for actual
weather show that there are characterised behaviour
for those invariants (Figs.1-4),

Table | shows that the mass deviation in the case
of primitive model is less than in geostrophic. By
comparing AQ;3 and  OP;3 it can be seen that the
change in mass enclosed between (8 or 26 ) lines in
primitive scheme is less than in the actual weather
which represents the deviation of the actual weather
from the adiabatic predicted weather.
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5, Conclusion

(1) There are constant distribution laws for the
masses with fthe potential temperature and
potential  vorticity intervals as in the
actual weather and in the used numerical
models. The maximum values existing at
intervals (300-310)° K, (340-350)° K (Figs.
2 and 4) of potential temperature and at
(.55-.95) (Figs. 1 and 2) of the potential
vorticity.

(2) The mass distribuiion with the potential
vorticity intervals gives a good agreement
in the two models with the actbal atmosphere.

(3) Verification by the proposed method indi-
cates that primitive model is more accurate
than geostrophic model (Table 1),

This methed can be used in comparison between
different ;ime difference schemes.
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