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3 I8% Introduction

During the forecast model inter-comparison experiments carried out in
Met O 11 (Cullen 1978) it was observed that the PMSL fields produced by the
ll-level, sigma, model (Saker 1975) and both the operationzl and sigma level
Octagons are markedly different. The isobars were much smoother in the
Octagon output and the 1ll-level model output contained considersble
irregularities in the PMSL fields in particular over high ground especially
the Himalayas (sce FIGS 1, 2 and 3). These differences in the PMSL fields
made the inter-comparisons more difficult and it was decided to investigate
them to discover whether the problem lay in the ll-level model itself or
in the output routines used to calculate PMSL, then, if possible, find a
method to produce better PMSL chartse.

In order to do this the differences between the sigma level Octagon and
the ll-level model, which might affect the PMSL output, and the differences
in the algorithms used to produce PMSL values were investigated one by one
and the results examined. The date chosen for the start of the S5-Day forecast
used in these investigations was 12% 8.5.77. Forecasts which contain both
smoothed and unsmcothed topography have already been produced for this pericd
in the branch by the ll-level model and also by a model which uses equally
spaced sigma levels (Davies 1978). For the study of the diurnal variation
effects on the PMSL fields a 5-Day forecast that commenced at 127 14.8.77 was
used.

2. . Investigation of Differences

There are three main differences in the models themseleves that could affect

the PMSL fields. (a) The Octagon uses topography that has been smoothed whereas

the ll-level model does not. (b) The surface boundary routines used in the two

models are not the same. (c¢) The values of sigma at the sigma levels are

different. 1In the output routines the differences lie (a) in the algorithm




used to calculate PMSL from the model parameters, and (b) in the fact that

the Octagon uses a cubic spline to smooth the contours but the ll-level model
does not.
2.1  Topography

FIG 4 shows the results of a forecast produced by the ll-level model
where the topography has been smoothed in a similar way to that of the
Octagon. The effectSof this are discussed in more detail in Roskilly (1978).
It can be seen here when this forecast is compared with the unsmoothed
topography forecast (FIG 3) that smoothed topography goes some of the way
into eliminating the irregularities in the PMSL fields over high ground such
as the Himalayas and the Rockies. However this Note did not recommend that
smoothed topography be used in the ll-level model as it tends to degrade the
forecast. In any case it is clear that this is not the complete answer
as quite large areas of irregularities remain in the PMSL fields over the
Himalayas. Also the isobars are still not as smooth as those produced by
the Octagon.

2.2 Boundary Layer Scheme

Although in these experiments the Octagon boundary routine was not
tested in the ll-level model because of programming difficulties the effects
of changing the normal 1l-level model boundary routine (Saker 1975) to a
much more simplified scheme (Davies 1978) have been studied. FIG 5 shows
the results of incorporating this simplified routine into the ll-level model.
There are some changes in the resulting forecast away froﬁ topographic affects,
for instance a more realistic central pressure of the low pressure area over
NE Russia. As regards to areas of high ground the values of PMSL over the
Rockies and Himalayas are higher and more correct. Also over the Himalayas
the large pressure gradients have been deéreased. However the roughness in
the isobars and the larger areas of irregularities over the mountains still

remain. Therefore although the boundary routine needs some further investigation,
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it does not seem to be a major fartor in the production of bad PMSL fields.

2.3 PMSL Algorithm

The algorithm used to calculate PMSL in the ll-level model during
the inter-comparison experiment was as follows:~
FORMULA 1

PMSL = P, EXP [pj,/R(Tll + 3,316 x 1o‘§ WA

P, = Surface Pressure

g, = Surface Ht.

T,,= Temperature on sigma level 11 (lowest level)

R = Gas constant

(See Rowntree (1976))

whereas the sigma level Octagon uses:- fi/’ xR
FORMULA 2 , + Q‘c,c% X% an D CO0S X
el L ,

PMSL = Pll 7

Py = B /Py e (1502/
and Pll =S XP,

S = value of sigma on the level used.,

Also a cubic spline is included in the Octagon output routines to help
smooth the contours.

FIG 6 shows the result when Formula 2 and a cubic spline are used
in the output routines of a normal ll-level model forecast. There is
considerable improvement in these PMSL fields when compared with the output which
uses the old routines (FIG 3). Apart from some irregularities over the
Himalayas the PMSL fields over high ground are much more realistic and are very
similar to those produced by the sigma level Octagon (FIG 2). The isobars
are also much smoother than before.

FIG 7 shows the effects of these same output routines on the ll;level
model forecast with smoothed topography. It is obvious when FIGS 3%, 6 and 7
are compared that the major improvements over high ground are due to the use

of the Octagon algorithm in the ll-level model output routines.




2.4  Final adjustment of Algorithm and inclusion of all previously mentioned

modifications

It is clear from Sec 2.% that the Octagon output routines when used
on the ll-level model produce the better PMSL fields. However a different
value of sigma is incorporated in the PMSL algorithm when used on the
1ll-level model than when it is used on the Octagon. Therefore in order
to eliminate this difference the Octagon output routines were used on a
forecast done by the equally spaced sigma level model mentioned in the
Introduction.

This model has its lowest sigma level at sigma = .95455, close to that
of the Octagon. FIG 8 shows the PMSL output from this forecast when the
Octagon algorithm plus esmoothed topography and a simlified boundary routine
is used. It is very similar to that in FIG 7 with regards to PMSL fields
over'high ground but even closer to the values of PMSL achieved by the
Octagon in FIG 2. One possibility here is that these changes may not be due
to the modifications to the sigma value used but to an improvement in the
forecast due to the different sigma levels used in this model. FIG § shows
this models PMSL output when smoothed topograph is incorporated in the forecast
and the normal 1ll-level model output routines are used. It does show some
improvement in the values of PMSL over the Rockies when compared to FIG 5.
However the main problems of irregular PMSL fields over high ground and the
roughness in the isobars remain.

2.5 Conclusion

These tests show that although both the type of topography and the
type of boundary routine used have a part to play in the fesulting PMSL
fields produced the major influence on the output is the algorithm used to
calcula?e PMSL. It was also shown that when the above differences between
the Octagon and the 1ll-level model have been eliminated, and the Octagon

algorithm when used in the ll-level model is adjusted so that the sigma
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level and lapse rate used are the same as in the Octagon then the PMSL

outputs from the two models over high ground are very similar.

3 Investigation of improved PMSL Algorithm

In Sec 2 of this Note it has been shown that the output algorithm
used for the Octagon is far better at producing the correct PMSL values
over high ground thgn the one at present used (FORMULA 1). Therefore this
Section is devoted to the optimisation of this algorithm for future use
on the ll-level model.

There are two ways this can be done:- (a) by changing the sigma level
used and (b) b& changing the lapse rate used.

el Choice of sigma level

The problem in obtaining the best sigma level is choosing one that is low
enough in the atmosphere so that the errors introduced by assuming lapse rates
and extrapolating down through the lower layers to PMSL are minimised (ideally
in this respect the surface would be the best level to use), but at the same
time f;r enough up in the atmosphere so that the algorithm is not over
influenced by diurnal variations transmitted up from the surface.

Diagrams 1 to /4 show temperature profiles at & levels (surface to level 10)
at selécted points over the N.Hemisphere during a 5-Day forecast by the 1ll-level
model which commenced at 127 14.8.77. It is evident that in only the extreme
case, that of a point over the interior of Algeria (Diagram 4), is level 10
noteably affected by diurnal variations at the surface. Over this period
the maximum diurnal variation here is 7°K at level 10. If one assumes a surface
pressure of 990 MB, a surface geopotential of 1600 m2/s2 and temperatures of
310°K’and 303°K at level 10 and introduce these values into the proposed
algorithm it gives a diurnal variation of PMSL of O.4 MB. This is very

reasonable under these conditions.



One problem of selecting a sigma level so low in the model is caused
by the deep stable layers typical in the winter over continents. As shown
in Diagram 5 the obvious answer to this is to select a higher sigma
level. This would solve the adverse effects of this phenomenon but
reintroduce the errors due to extrapolating over large distances to MSL
(see Diagram 6). Also the Environment Lapse Rate drawn schematically in
Diagram 6 is more typical and occurs more often in the atmosphere than
that drawn in Diagram 5. Therefore a better way is to choose a lapse rate
for the algorithm that produces a counpromise between these two extremes.

3.2 Algorithm Lapse Rate

As seen in Sec 2.3 the sigma level Octagon PMSL algorithm uses the ICAN
lapse rate of 6.5°K/KM. This combined with sigma = .93701 for sigma level 10
produces the results shown in FIG 10. Rowntree (1976) suggests that a better
approximation to use is the average observed lapse rate between the sigma
level in use and a point half way between the ground and MSL. This ties
in with the idea of the adjustment to the lapse rate mentioned above (Sec 3.1).
When these calculations are worked through a lapse rate of approximately
5°K/KM is arrived at.

FIG 11 shows a PMSL chart produced with this lapse rate used from level 10,
and when compared to FIG 10 the pressures over the Rockies and Greenland
are higher and somewhat closer to the actual. However both these charts do
seem to produce rather worse PMSL fields over the Himalayas than those
produced using smoothed topography and a simplified boundary routine as in FIG 8,
or even those from the normal ll-level model using this algorithm from level 11
with a 6.5°K/KM lapse rate as in FIG 6. Therefore these necessary adjustments
in the algorithm do seem to degrade the PMSL output in this area but when
smoothed topography is incorporated in the model this modified algorithm
produces the PMSL fields shown in FIG 12. This shows much improved PMSL fields
over the Himalayas and suggest that some form of smoothed topography is

neéessary in this area.
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Conclusion

It has been shown above that when the necessary adjustments are done
to the Octagon PMSL Algorithm and a lapse rate of 5°K/KM from level 10
(sigma = .93701) is used very good PMSL charts can be obtained from the
normal 1ll-level model data apart from an area over the Himalayas. Smoothed
topography considerably improves the PMSL fields in this area, however
Rogkilly (1978) suggests that smoothed topography used aver the whols of the
N Hemisphere degrades the forecast but also indicates that some limited form
of smoothed topography in the area of the Himalayas may actually improve the
forecast. .Therefore the introduction of of some form of filter to smooth the
topography in this region to both improve the forecast and the PMSL fields seems
to be an answer to this problem. Alternatively the PMSL fields in this ares

could be smoothed by applying a filter in the output routines.
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