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EFFECT OF VARYING THE LEVELS USED IN THE

FLORIDA SEA-BREEZE SIMULATION

Introduction

The meso-scale model has been coded in a way that allows arbitrary variations
in the number of levels up to a maximum of 20, and in the disposition of the levels.
This makes it possible to carry out a series of experiments varying the levels used
for a study. In this note we describe such a series for the Florida sea breeze

case study.

One conclusion reached in the course of studies by M J Bailey of the effect

. of an isolated hill on steady flow is germane in this context. In those studies,
and the present work, an important aspéct of the simulation is the treatment of
gravity anes; in one case they are excited by sea breezes, in the othgr by flow
past an isolated hill. He found, in the isolated hill work, that gravity waves
that would otherwise propagate upwards were partially reflected by the vertical grid
if it was not uniform. In the extreme use of such an increase in the vertical grid
length with height that waves excited close to the surface could not be fesolved
close to the upper boundary, the waves were totally reflected. This result was
obtained for a model with no form of diffusion; there was sufficient diffusion

in the Florida sea breeze model to damp gravity waves and thus reduce the damaging

effect of this reflection.

A second result that bears on the present work concerns the conservation
properties of the model. It is not possible to change a second order accurate
algorithm for advection that is conservative and involves only three points in

each direction unless the vertical grid is regular. More precisely, we must impose
e . o - -
+ <+ L T K=\ %k 2 ik-l X -b\c—’). (1)

where'iﬁka is the height of level k, if the model is to conserve advected properties.




This theoretical result has been verified in budget calculations en simulations of

cumulus convection using the model.

The integrations that we describe in this note were intended to help to answer

J
the following questions.
2
1. Does the overall depth of the model matter?
2. Does the height of the bottom level matter?
3. Does the regularity of the grid matter?
4. Does the vertical resolution matter?
Seven integrations were made, including a forecast with the original choice
of levels first used by Tapp and White (1975), and a forecast that did not test a
change in the dispositions of the levels (see 3A and 3B below). The seven experi-
ments and the reasons for the variations being made, are summarised in Table 1.
The spacing of the levels is illustrated in Figure 1. . >
.
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This is the standard

Levels

1520, 2120, 3020, 4220, 4820

1327, 2077, 2909, 3823, 4820

1327, 2077, 2909

1288, 2051, 2896, 3823

1150, 1720, 2290, 2860, 3430, 4000

304, 578, 937, 1380, 1908, 2521, 3218, 4000

version of the model

To improve the regularity of the grid without affecting depth, bottom

level height, mean resolution or resolution at the bottom.

Change the depth by removing the top two levels from (1)

To lower the bottom level

Contained an error in the calculation of initial values for the surface

and ground temperatures

To remove the error in 3A

To increase the resolution at the top of the model by using a uniform

grid that is similar to (1), (2) and (3) at the bottom.

To increase the resolution at the bottom.

Table 1

e



i
S

RS TS
{

<ot

ety

f-r; -;-w-d-—;

by e

Gt
O

B i

;‘"""f’

5 WY £

4

TR
B &

LA

$

ng—

i IR

" SRS

SR

b % v,

whopdd

v obined e

5 PR

tLEa

eS1TIo

el 2 R AT ’. FRACTIE W1 P SR, L0000 (0 W IS 2 4 el ) B D SEERG B SRR R Y S
e el | r . | ! |
¥ 1 T = ¢ i
[ BT SRR IS0 NENMNSEN TGRSl I ERT R 25
I Y R b 0 AT RPN, i AT
!
! R e SN 4 e SEEDOVES G
] S N6 TP LS TSPC SLNESE P WO TR I, YT
+ T I
RSN CICrERMNES S R e e
C iNAE) 1RSI L S RS
TR g B
i 1 IR S SR 8 EELR TR NN SIS
: g RPRISSIMER QiGN N S A i =
BRI ST ER | TS VB AR 0 SEOMERER U i I R VR L
LA BeSRois: Lzl v SR S Il G200 o MR LI R
¢ SR ST, IO SNSRI, il SR
S B B AR s g g et LS R R K SR SR
- B T (s I AR SO Y S S S B e S e ket
sl S &
i
Shra AR S
TE R RISAEA R
LD SaT RS
RSB il SR v
; ; :
AR HERERTT ARE
Padet et R T
[ Wb
R
2 - RPN S SIS e SRR ARSI ORI W) SR SO SRR R ..a-fq..b-
I : - o Y GO GISTEVERS OIS S R Il Sl b o [a...'.:..e..‘ :
; 3 R L) R ORI B S (Rl IS O RAR S5 e Ly
7 4 . %, . ‘.!. R




Forecast 1

Although it is possible to find small differences, there is no evidence in
the results of forecasts O and 1 that the irregularity of the standard grid has
had a damaging effect. It was hoped that using a more regular grid would improve
the treatment of vertically propagating waves by reducing reflections. There is
some sign that the vertical velocity fields are smoother in forecast 1, but the

case is not well made.

Results at 9 hrs are shown in figures 2 and 3 for forecast O, and in figures

4 and 5 for forecast 1.



Forecast 2

There are Some interesting differences between the 1ow.level winds in forecasts
1 and 2, but, again, nothing to suggest that a reduction in the depth of the model
damages the forecast close to the surface. The west coast frontal zone is less
sharp and less vigorous at 9 hours in forecast 2, but the position is reversed at
12 hours. The near surface forecasts for 9 hrs are shown in figure 4 for forecast 1

and figure 6 for forecast 2.

Vertical sections of potential temperature and velocity in the plane of the
section show more differences between these forecasts. Genéralising, it can be
observed that restricting the depth of the model has slightly reduced the magnitude
of the vertical velocities, and has resulted in a more irregular capping inversion
to the ﬁell mixed layer. The sections at 9 hours are shown in figure 7 for fore-
cast 1 (with the top two levels removed to aid comparison) and in figure 8 for
forecast 2. When examining these diagrams one should concentrate on the lowest
four levels; thedifferences in the results for potential temperature at level 5
are an artificial result of the upper boundary condition, which applies to level 5

in forecast 2.

The conclusion drawn from this experiment is that reducing the depth of the

model had very little effect on the important aspects of this forecast.



Forecast 3

Forecast 3A contained an error in the initial conditions. Two variables,
surface and g;ound temperature, are carried so that surface exchanges of heat
and momentum can be calculated, and the initial values of these two temperatures
were incorrect. The error was O.7°C in the surface temperature, and 4.3°C in
the ground temperature. Comparison of 3A and 3B, in which the errof was
removed, shows that the maximum difference in the potential temperature at
10 m , the bottom model level, was about O.2°C. Throughout the 12 hour
forecast there were trivial differences in temperature between the forecasts.
The dynamical effect was greatest at 3 hours, and, even tﬁen. it was
negligible. This accords with an impression that we have gathered in other
work that the initial values of surface and ground temperature have a
relatively slight effect on forecasts. We should not assume that this conclusion
will be correct .when the model has good resolution close to the surface, and
is being used to simulate events that will react quickly (eg within 1 hour) to

variations in the initial surface sensible heat flux.

Comparison between forecasts 5 and 3B shows that lowering the bottom level
to 10m has increased the effect that Lake Okeechobee here on the flow, and
very slightly increased the intensity of the sea breeze circulations. This
change has more impact on the surface forecast than either decreasing the depth
of the model or inproving the regularity of the grid. This comparison also
confirms the conclusion drawn from forecast 2 that decreasing the depth of
the model reduces the vertical velocities in the upper part of the model.
However, with the upper boundary at 3823m , the capping inversion in forecast

3 is reasonably smooth and regular.

The low level fields at 9 hours in forecast 3 are shown in figure 9.
The sections at 9 hours for forecast 3 and the bottom 6 levels of forecast 1

are shown in figure 10 and 11 respectively.

..7_,



Forecast 4

Forecast 4 should be compared with forecast 3 since both have the lowest
level at 10m . There is very little difference in the surface forecasts at
6 hours, but the frontal zones are sharper in forecast 4 at 9 hours, and the ’
vertical velocity fields are clearer and more coherent. Again, it appears
from the cross sections thét the vertical velocities throughout the depth of
the model are smaller and more coherent in forecast 4. These effects, which
must be attributed either to the uniformity of the grid or to increased
resolutions in the vertical, are small but significant when compared with the
effect of the first improvement in the regularity of the grid (Forecast 1)
or with the effect of changing the depth of the model.

The results at 9 hours for forecast 4 are shown in figures 12 and 13.



Forecast 5

The comparison of forecast 5 with forecasts 3 and 4 should show the effect
of increased resolution close to the surface. In so far as it shows the
effect of varying the resolution in the upper half of the model it confirms

the results described under forecast 4.

The sea breeze frontpenetrates less far inland in forecast 5 than in
forecasts 3 and 4, and is less sharply defined in forecast 5 than in forecast
L, The delay in the movement of the front seems to occur durigg the firsf
6 hours, after which it moves in the same way as in the other forecasts but
without making up the ground lost in the first 6 hours. Examing the cross
sections, it appears that the waves in the lower half of the model are treated
better, ie with more coherence and lower values for the vertical velocities,

in forecast 5.

Even though increasing the resolution at low levels has had an effect
that is at least as marked as any of the other changes that have been tested,
it is difficult to argue that the substantial cost of extra resolution close
to the surface has had on important dynamical effect on the first twelve
hours of this Florida sea breeze case study. The results for forecast 5 at

9 hours are shown in Figure 14 and 15.

Forecast 5 was continued to 24 hours, and compared with forecast O.
Generalising, it was observed that the increased resolution close to the Surface
allowed the nocturnal boundary layer to be described in greater detail in
forecast 5, but without any important consequences for the forecast as a whole.
The 10 m winds in forecast 5 are much lighter and backed by up to h5° from the
75 m winds in forecast O, but the level 4 winds, which are outside the surface
layer; in forecast 5 verify very well against the 75m winds in forecast O
at 18 hours. The lowest level in forecast 5 getsvery cold. showing a good

nocturnal inversion. The cross sections show much smoother flow in forecast 5

than in forecast O, and this must be attributed to the accumulated effect of all



n;;.,tﬁé'chéngéa that ha&e'been»descr;bed'above;  5

The results from forecast 5 at 18 hours are shown in figure 16 and 17,

- and those from forecast O are shown in figures 18 and 19.
. -
i
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Conclusion

None of the changes in the vertical grid tested and reported here had a
deleterious effect when a beneficial effect was expected, and vise versa.
However, none of the individual changes had a large effect on the surface
forecast, and it is only in the comparison between the second twelve hours
of forecast 5 and O that there is any sign that a significant benefit might
result from modifying the grid. Even when the grid resolved a very shallow
nocturnal surface layer, the overall behaviour of the forecast was not

affected.

The four questions posed ~ in the introduction can now be answered in

the context of a simple Florida sea breeze forecast.

1¢ Variations in the depth of the model have little effect on the
surface forecast as long as the model is deeper than the thermally driven
well mixed boundary layer. The height of the capping inversion becomes

uneven (erroneously) when it is close to the upper boundary.

2. Lake Okeechobee, and presumably other surface features, have & more
marked affect on the forecast when the depth of the lowest layer is

reduced.

e Increasing the regularity of the grid improves the treatment of waves
excited in the boundary layer, but does not affect the overall development

of the forecast.

4, Improving the resolution in the body of the model has a similar
effect to (3). Improving the resolution close to the surface affects
the surface forecast, and the ability of the model to describe the

surface layer, but, again » does not affect the overall development of

the forecaste.

AT
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