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& Representation of topography and ths Surfece Boundary laysr ;

]

V.74

in the Metsorclogicel Office 10-lewvsl Modsl

by Fs Re Hayes
Summery

The current Joxmulation of the friotion layer and the treatment of
topegraphy eaye describade In contrast, a formilation is pressnied in which
the frictien layer is wmodelled at the tevegraphic lwight, rather than at
1000mb, and the horirontal comoonents of velocity sre set tc zere bLelew this
heighte Results ef exverimenis sre ghown for both the Racltansle and Jctagosn

_ versiens of the 10=-lcvel model, with referencs in particulayr ©9 & casge in winlca
the Octagon eperational version produocsd & spurious high ef 140imb over ths
Himalayas, This problem was eliminated using the new formulation.

Intreduction

A description of the Bushby-Timpson 10-level model on a fins mesh i3
given by Berwell ote ale (i571)e The model is us==d by the Meteorological
Office in two versicns; & Northern Hemisphere *0Octzgon' veraion, and a fins
mesgh North Atlantic ‘Rectangle' verasione. The treatment of topography and
friction is similer in both verzlous.

Friction is modslled by assuming a friction layer between ths lowest two
levels in the model, viz 1000 and 900md. Frictional forces enter intc the
equation of motion as a term} ¢¢5 « In the paper, the teim is cslculated
as §%,./l0o  at 100Czb, and ‘T 9%,/ 200 at $00mb.,  However, later versicns
of the modsl compute 432 at 100Cob a8 8% /65 , avd o0 at S00ub, since
% does not vary linearfy with pressure through the boundary layer, and a
better approxisation to §3% at the surface is the latter (see Fig.i)

¥ is derived from the expression:

'E = - Q\Q” CD ‘ !mo‘ Y 1e00
The valve of (5 is given by:

¢y = (10 + ) %10 owr 2um
: -3

Cy = -1 % 10 over sea

where Y is the smoothed topographic height. The variation of Cp over lsmd
is to prevent large discontinuitics at the comst lines, and also to modsl a foxm

drag over regicns of high topographye

& criticism of this formmlation of the surface boundary laysr is that :
over areas of high topography, the drag coefficient tagga on very laxge veiuves.
For instanes, over the Hiwilayas, it reaches 13,2 x 10 -, and over Greenland, =
s value of 9.0 £ 1077 iz excesded, ccmpared fo & sea=level value of 1.0 x 10 <,
FPurtheymore, the friction texm is always spplied at 1000pb, even when the tonography
extonda much higher into the atwosphexs. Grwenland goes up to 700mb, aud the |
Bimslayas rocach 550ab,.

Topograrhy is included in two sspsots of the model, one of which is the
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variation of Drag coefficient desoribed above, the other being the representation
of the lowsr boundary condition, ths *tendency' equation. The condition

simply states that no fluid particles msy cross the surface of the earth. In
mthemt:.cal form, this becomes,

:VVH

where x is the horizontal welocity, (u,v)

This equation is applied at 1000mb at each grid point.
Priotion Laver in the Pluid

In order to repressnt more realistically the effects of the surface
boundsry layer, it is propesed to avply the friction term in ths equations of
motioa at the topograpuic height, rather than at 100Gub, The sireas wvecior

is taken as:
. ‘{Cp | !I v
the value being computed from variasbles

at the level noxt above topograrhye In a similsr wey to the present formulatiom,
& surface boundary layer 50mb thick is assumed, and 5‘%1 is calculated as

5‘!/50 e Since the topograrhy height lies between wo levels, only a part
of the friction layer affects the level above topography, and the friction term
is multiplied by a fraction O{ to allow for this. o is defined in Fig.2 by:

H-R,

i e o

The level next below topography may also be affected by the frictiom layer,
The valus of a varisble at a level may be thought of as representing the mean value
of a 100mb thick layer centred on that lewel, If any part of that 100mb layer
is above the level of topography ( & < ©O:5 ), & new friction term is computed
for the lower level uaing the velocity from that level, and is added to the
equation . of motion, but without multiplication by 8 . Thus if X L 0©:§ ,
the effective result is to model a friction laysr for the level immediately below
topography as well, If «  0:5 , the layer represented by the lewel is
completely below the ground, This case is dealt with in the next section.

Izi this version, the drag coefficient gaen not to vary with
topographic height, and a constant value of 2.0 x 10 is used over land.
Over sea, the representation remeins unchanged. : :

Ihe welocity below the topographic height

By modslling the friction layer at the topographic height in the model,
there is an implied assumption that the fludd modelled below this height is
ficticious, Neverthless, the technical problems of simply dropping several
levels in the model whsre high topography exists are considerable, and it is
simpler to allow air to exist helow topography and attempt to prevent spurious
circulations being set up ‘undergrouni®, There are various poaubilitier one
is to model a boundary layer in place of the topography, i.e. apply 3
levels below the topography. However, this does not completely remov& all
- spurious circulations, and soms large divergences may be formed below the
topographye The simplest, and physically most realistic solution is to have a
‘no flow® condition below the ground, and allow this air to statically adjust
iteelf to couditions at the swface of the earth, Thiz condition i

3
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.approadmtely achisved by sotting usv =0 undsr the ground. In this caee,
Yw/ap 1s sero under the ground, and ¢J is thus constant with pressure bolow
the surface of the earth, and is equal to the surface vaius, Also, the
tendency equation reduces tow = at 1000mb, so there is no vertical motion
acroass the lcwest lewvel of the modele Thus at 4000mbk, the "no flow' condition
is exact. At lewvels above 100Cab, fluid particles below the topographic height
are constrained to move only vertically.

The governing equations in operation below the topbgraphic height becams:
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It would be most desirable to have the condition:
W = ! . Vu \-\

satisfied at the level of topography. In the new formulation, this comdition
is epproximately satisfied when the topography lies below the 950mb level as in
the current formulation, However, vhen the topography extends above this
level, the boundary condition reduces to w=0 at 1000ab, and the effects of
topographic slope are induced in the areas of divergence or convergencs at ths

. boundary bstwsen the ground and the free atmosphere in the models There is scwa
loss in accuracy since the process of setting usv:O is effectively constraining
the topography to lie on ome or other of the model levels, However, the
experimental evidence indicates that the advantages of placing physical barriers
in the model outweigh this possible loss of accuracye.

esults

The new formulation was tested for both Octagon and Rectangle vsrsicns
of the 10-level model, for a variety of dates, including the 12 = 16 April 197,
when the Octagon version of the new formulation was run in parallel with ths
operational veraion for a total of 5 forecasts. Also various other dates were
chosen, in particular the forecast from 122 20 February 1974 in which ths
operational octagon version produced spurious enticyclogenasis.over the Himilayss.
Other cases were chosen to demonstrate the effect of the new formulation when
the operntional version rroduced unrealistic gradients of pressure over high
topography, poor cyclogenesis near regions of high topography and overdevelopment
| of certain systems. 7The cases were mostly from the winter months, since cyclonio
| ' activity was greatest, but a summer case was chosen for completeness, to
| illustrate the effect when the level of cyclonic activity was low,
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‘ In addition & series of Rectangle version forecasts has been run,
to illustrate the effect of the new formulation in ceses similar to those
outlined above.

Results from Octagon veraion « surface pressure forecastis

L. Parallel Run 12 « 16 April.

Porecasts were run on midnight data for 5 consecutive days from 12 = 16 April
1974, in parallel with the operational forecasts, On the whole, the foreca:ts
were quite eimilar, but with a few exceptions. Differences in central pressures
of cyclones were of the order of 1 = 2mb, with no clear tiend indicating whether |
the new formulation was batter or worse than the current operational forecast.
Centres of high vressure were generally similar, but the shapes of high cells
were sometimes different, notaoly over the U.Ke OScwe of the forscasts
(see Pigs. 6 - 8) were very poor over the Atlantic area, However, both versions
were very similar in this case, that is, both forecasts were inaccurate.

Pigures 3 - 5 show the results of the forecast based on 002 16.4.72 data
for T ¢+ 72, The most noteworthy feature in the forecasts is a low of 4006mb
oentred over the Black Sea. The operational forecast had deepencd this low too
much, and at T + 72 the central pressure was 986mb, too deep by 20mb. The new
formulation, however, deepered the low to.9%mb; too deep, but ihis time by
12mb., Both versions hendled the low inaccurately, but the new formulation was
closer by Emb to the analysed central valus. .

Pigures 6 = 8 show the results of the forecast based on 00Z 14.L.74 data, for
T + 48, The poor forecast over the Atlantic is noticeable, the new formulation

performing only marginally better.
| _ B, _lf:orecast data time 122 20 February 1974

The mein reason for testing this forecast was a response to & pressurs

| ; pattern suggesting some weak instability close to high topography in the

| operational version. Over a period of several days, & spurious high was built

| during the forecasts in the region of the Himalayas. The Laplacian of pressure
in this area becams very large, thus producing a diffusion term large enough to

| - remove the spurious high pressure by T + 72. In the forecast indicated in Fig.J,

| that from data at 122 20 February 1974, the high pressure cell had built to
greater than 1100zb. Winds at 1000mb were small, but at 90Cmb, there were large
values of divergence in this area.

Pigure 10 ghows the new formuletion version of this forecast. The
instability is completely sbsent. Figure 11 is the corresponding analysis
for this forecast.

C. Other Forecasts . <

. 8 12 = 14 show the forecast based on 12Z 14 March 1974 dats, for .
T + 48 together with the corresponding anslysis. Ageain the operational version
is suggesting scme weak instability over the Himalayas, which is completely
removed in the new formulation. In addition, there is a rather tight gradient
of pressure over Greenland in the operational version. This is a fairly common
feature of current winter forecasts, The tight gradient is caused by the
building of a high cell on the Eastern coast of Greenland, The new formulation
moved the high pressure centre further eastwards, reducing its intensity somewhat,




and produced much smoother gradients of pressure over the Greenland massiff.,

- 5 =

Pigures 15 = 17 illustrate a case of cyclogenasis near the southsrn tip
of Greenland. The forecests are from 122 23 December 1975 data, A low from
the Newfoundland area moved north, up the western coast of Greenland. The low
did not eplit, but a new low was formed just southeast of the tip of Greenland, |
and it moved northeeastwards. At 422 on the 24th, the new low had a central ~ |
pressure of 975mb according to CFO charts. The analysis in Fig.i7 does not show
the low, possibly dus to sparse data and a poor background field, This chart
has a pressure of $32mb at the true position of the low, The operational foree-
cast did not produce low centre, but & marked trough, with a pressure of 9%Lmb
at the true positiom of the lowe The new formulation had & low centre, with
a oentral pressure of 9%0wb, in the correct position. At later stages in the
forecast, the new formalaiion moved this low correctly, whereas the operaticual
version iinally produced a shallow deprozsion fria ths trcuch and also anotne
spuricus centre on the tip of Greenland. The pressure pattern in this area
became rather confused. The parent low was handled betier by the operational
version having its central pressure forecast Sub not deep enough, with the new
formulation in error by 10mbe. The corresponding initialisation is itself in
error by 7mb, presumably for the reasons cited above.

For completensss, & summer case was chosen at rgndom to indicate the effect
on situations with low cyclonic activity. Figs. 18 and 19 are the forecasts for
00Z 15 August 1973 date at T + 24 As might be expected, the lower mean wind
speeds were less affected by friction, and the two forecasts are similar, the

differences being practically insignificant,

Results from the Rectangle Version = surface pressure forecasts.

Forecasts run on the Rectangle wersion of the new formulation neflecte;l'
gimilar characteristics found in the octagon version, perticularly in the
development or decay of cyclones in regions of high topography.

Figures 20 = 22 arc the enalysis, and the two 36 hour forecasts verifying
at 122 3.4.73. An intense depression had moved rapidly over the UK during the
forecsst, deepening as it crossed the North Sea, On encountering land, it
slowly filleds At the time shown it. was over the Baltic Sea, with a central
pressure of 9%4mb. Both versions forecast the position of the low &t this
time, slthough the operational version gave a central pressure of 983=b, The
new formulation was 99Cmb, closer by 7mb. A trough associated with this low
crossed the Alps during the forecast period, forming into a shallow low centre
over Northern Italy. Neither version produced a low centre, but the new
formulation did produce a realistic ridging over the Alps, present in the analysis,
but absent in the operational version, and also a drop of 3mb pressure from the
operational version in the North Italy regicn. In sddition, the new formulation
gave greater rainfall rates in the trough, producing an unbroken line of frontal
rain back to the parent depression. The gradient of pressure over Greenland
wag glso less intense in the new version, although the old depression on the south
eastern coast of Greenland had been incorrectly filled by 1=2ub.

Pigures 23 = 25 represent the enalysis togsther with forecasts verifying
at 00Z 6.4.73.  During the forecast, a depression off the south ccast of -
Greenland moved eastwards. In its place a ridge was extended southwards 80 .
that at 00Z on the 6th, pressure was built to 1026mb at the tip of Greenlands
The operational version, rather then building the ridge, procseded to form a
second depression in this area, without rise of preasure, s0 that, at T + 36,




‘A spurious low was forecast with a central pressure of 9%1mb, in error
by 35mb. The new formulation did not predict the formulation of a second
low, but built pressure in the ares, although not sufficient to extend the
ridge into the area by the end of the forecast period, At this time, the
pressure was in error by 18mb in this erea, an improvement of 17mb compared
to the operationsl, although the pressure pattern was still forecast incorrectly
as a trough, rather than a ridge.

Figures 26 - 28 illustrate a further example of excessgive pressure
gradients over Groenland, and also incorrect deepening of a low in the
operational forecsst., The verification time for the charts is 12Z 30.11.73.
The new version is szeen here to prevent the building of high preasure on the
eastern side of Greenland, thus reducing the intenuse gradient of pressure
found in the operational wversione

A édepression over France at T+0, moved eastwards, splitting into 2 centres.
One centre contimued eastwsrds, and left the forecasi area, whilst the other
moved approximately south eastwards, ending up over Greece at T+36 with a
centrel pressure 1002mb. Both versions of the forecasts failed to split the
depression and the operational version dsepened it to 986mb, and moved it
much too slowly, so that at T¢36 it was misplaced by about 700km. The new
version did not deepen the low &0 much and moved it sligntly faster, so that
at T+36, the oentral pressure was 9%4mb, and 100km further on. Some rough=
nesses were apparent in ths region of this low in the new formulation.

300=b winds and mean statistics

During the series of parallel run forecasts, mean statistics were compdled
for the octagon area, and also charts of 300mb winds ocutput. Change in ths
new formulation forecast winds were generally very small. In a few instances,
the jet maximum wind speed was increased, but this was balanced by instances of
the jet maximum wind speed decreasing. In the forecast based on (& 15ekeTie
data, at T+2h, 2 jot was decremsed from 123kt to 121kt at the maximum, In the
forecast based on 00Z 16.4e74 at T+24, another jet was increased from 119kt to
120kt,

The mean statistics indicated that with the new formulation there was a
drop in the 300mb mean square wind speeds of about 2%. Ip addition the mean
total rainfall accumulations fell by 27, although it was generally observeo
in the forecasts that locally the new formulation could have a beneficial effect
on rainfall totals.

Conclusions

Ths new version, incorporating the friction layer modelled at the
topographic height, and v set to sero below the topography, has been tested with
12 Octsagon forecasts and 8 Rectangle forecasts, & selection of which have been
presented in the previous section. In no case did the new formulation produce
a forecast which was seriously worse than the corresponding operational forecast,
although the central pressures of & few lows were more in error than the
operational forecast by 2-4mbe.

The new formulation has shown that it has significantly improved forecsasts,
particularly in the cases of: cyclogenesis, ocyclone decay, prevention of
spuriocus cyclogenesis and rainfell patterns in the region of high topography.
In addition, it has prevented the formsiion of unrealistic pressure patieras
over high topography, especially over Gresnland, and in the extrems cass of
the Himelayss. Over the Alps it produced a realistic ridge=trough associated
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th the high ground. These improvements have been observed in both the
rectangle and octagon versions of the new formulation.
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