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- Forecasts of cloud cover using the 10 - level model
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Abstract

Forecast fields of cloud cover are derived using several methods which |
t fall into two basic categories. The first category uses empirical relationships
thweeh_cloud cover and relative humidity, whereas thec second makes use of the
subgridscale condensation scheme devised by Riddavay (1978).  The qudlity cf the
cloud forecasts using schemes from the sécoqd category are only slightly better
than the best of the empirical schemes (that used in the operational version of

the 10 - level model). The improvement over the empirical schemes is useful but

not sufficient to justify the extra computation time involvéd. On the other hand

subgridscale condensation schemes have a beneficial effect on the ra1nfa11 forecasts
and so if a scheme of this type is used to improve the rainfall forecasts a usgful
by - product will be the slight improvement in the forecasts of cleud cover deser1 ted

¢

1n this paper.
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s Introduction

In the operational use of numerical weather prediction models the fore-
caster is limited in the number of charts that can be examined before issuing
the forecast. For short period forecasts the main forecast charts used are

(i) Surface pressure and rainfall charts.

(ii) Charts used to help in the location of fronts (eg 1000-500 mb

thickness and Gau )

Using these charts means that the procedure is biased towards forecasting the
behaviour of fronts whereas we should be more concerned about the problem of
forecasting the position of rain and cloud belts, some of which may not be
related to fronts. In this paper we examine the possibility of using forecast
cloud cover as an aid to producing a surface prognosis. This approach may

(i) provide info.mation about non—précipitating cloud bands

(ii) help in the interpretation of cloud bands which have only isolated

areas of rain associated with‘them; this rain may appear spurious at first

(iii) give information about the structure of rain bands which is not

readily apparent in the rainfall fields.

Good cloud forecasts would also be desirable for use in the radiation calculatious
‘of the surfaoce exchenges parameterisation scheme.

One way of deriving cloud cover is to use a subgridscale condensation
scheme of the kind described by Riddaway (1978). Such schemes are based on
the idea that, after condensation occurs, we can specify the stav.istical
distribution of temperature and water vapour in a grid box. Earlier experiuents
showed that this types of scheme had a beneficial effect on the rairfall forecasts
and that it was possible to produce reasonable forecasts of cloud cover.

In this paper we will concentrate upon the cloud forecasts and compare thon
with predictions based on more empirical methods. In all the schemes the cloud

amounts will depend in some way upon the relative humidities.
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In the experiments described later we will be mainly concerned with cloud
due to large-scale ascent and to a limited extent Sc; cloud due to deep convec-
tion will not be considered although it may be possible to estimate the amount
of this type of cloud by using the deep convection parameterisatién scheme.

Before proceeding it should be emphasised that the following experiments
are not entirely satisfactory because the initial fields for both versions of
the model (ie with and without subgridscale condensation) are derived from
béckground fields based on forecasts using the standard dynamic rain parameter-
isation. To overcome this the two sets of forecasts should be run with their
own forecast-analysis cycle. However this was thought unnecessary for a
preliminary study such as this. Therefore to minimise the effect of any

inconsistencies we will concentrate upon the cloud fields at T+36.

2e Calculation of the total cloud cover

Before considering the way in which the cloud cover in any given layer
is derived we discuss the method by which cloud from all the model layers is
combined to give the total cloud cover.

Suppose we have n layers in our model and that the fractional cloud
cover in liayer i is denoted by fi' If there is a random overlap of cloud

layers then the total fractional cloud cover (fT) is
h
£ o= (=4 (2.1)
T ez ¢

However this expression is not entirely satisfactory because fT tends to increase
as the number of model layers increases. For example if we have two layers
(n=2) each with f=0.5, then f3=0.75. If we now split each layer into two
parts (n=4) keeping f=0.5 in all the layers we have fT=0.94. This behaviour
is undesirable and so we consider ways of amending (2.1).

Assume that our numerical model can only describe a given number of cloud
layers (N say) which in general is less than'the total number of modei layers

(n). The cloud layers will be labelled j=1,2,...,N and the j'th cloud layer
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will consist of mj model layers labelled k=1,2....,mj. If fjk is the fractional

cloud cover of the k'th model layer in the j'th cloud layer then we could

define the fractional cloud cover in the j'th clgad layer as either

S f
= - ik .
max('F“ ey e JM) or 'FJ k=t J (2.2)
m.
J
It is then assumed that there is a random overlap between the N cloud layers .

so that
=—(—) \
‘F.rl_JrI]‘F (2.3)

Using either of the expressions given in (2.2) in conjunction with (2.3)
overcomes the inadequacies of using (2.1). The first expression for fj in
(2.2) comes about by assuming maximum overlap of the cloud in adjacent model
layers. However, despite its simple physical interpretation, this expression
was not used because an error in the calculated cloud cover of just one .
model layer could dominate fj' Instead we use the second formulation given
in (2.2) which has no simple physical interpretation but does minimise the
effect of any single layer. The value of fjlcomputed using the second expression
will usually be less than that using the first.

In some of the schemes described in the next section empirical expressions
are used to determinc the fractional cloud cover of high, medium and low cloud
(fH' f., and fL). In this case we set N=2 and rewrite (2.3) as

£ = L=C-f30~E 000 ) (2.) '

T

although we are mainl? concerned with cloud formed by large-scale ascent
most of the schemes described in the next section will take into account the
presence of Sc; in an area where Sc occurs the boundary layer tends to be
moist and this is reflected in high relaiive humidities in the lowest model
layer. This in turn produces cloud in the lowest layer since, in all the

schemes, large cloud amounts are associated with high relative humidities.



De Calculation of the cloud in each layer

We first consider empirical expressions that have been used to derive estimates

of low, medium and high cloud from relative humidity fields.

Burridge and Gadd (1977), hereafter referred to B-G, used data collected
by Ricketts (1973) to produce a linear relationship between the maximum relative
humidity in a given set of model layers and the cloud cover; different
expressions were derived for low, medium and high cloud. In order to describe
these expressions it is convenient to introduce the relative humidities
(HO and Hl) for which there is no cloud (f=0) or complete cloud cover (f=1).
The empirical relationships then have the form

§f=H-H H»H>YH ot
i o
Ho- Ho
where f refers to either low, medium or high cloud. Outside the prescribed
range of relative humidity f has a value of either 1 or O. For the B-G

scheme the combination of layers, and values of H, and Hl' are given by

0
" Cloud type H R H
low max (H950'H850) : 0.55 0.95
medium max (H150, Heso1H550) 0.45 0.95 (3.2)
high max (Hh50'3350) 0.35 0.95

Havirg calculated the cloud cover for each type of cloud (fL,fM and fH) we
use (2.4) to compute fT. Table la shows the calculated cloud cover for an
atmosphere with constant relative humidity; 5 different relative humidities
are used.

Recently a new cloud scheme was introduced into the operationaljmodel.
In this the cloud covers are still given by (2.1) but now tﬂe model layers are
grouped in a different way; also new values of HO and H1

representative humidity for each group of layers (H) is the mean of the group

are used gnd the

of layers rather than the maximum value. The scheme is summarised below

lemd type Bowsi i ol
low 3 (Hgo vl o) 0.50 1.00
medium % (Bggo#Hs oty o) 0.50 2.8 . (359)
high Hyo 0.50 . 1.00
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Note that H950 no longer appears in the calculations of fL and so this scheme
is likely to underestimate the low cloud when Sc or St is present. The
characteristics of this scheme are illustrated by the results in Table lb.
Compérison with the B-G scheme shows that both schemes are similaf for high
relative humidities but the differences become more pronounced for the lower
humidities.

Walker (1978), hereafter referred to as W, examined GATE data and found
that in the Tropics there was an approximate quadratic relationship between

cloud cover and the relative humidity in each of the layers of the ll-level

model so that

2
f:(”“ af H >»HZH (3.4)
Hl..HO ’

If we divide up our layers in a way consistent with that done by W, then the

scheme she proposed is characterised by the use of (3.4) along with

Cloud types H e ..
low H=max (H%O,H8so) - 0.80 1.00 :
medium H=max (H750,H650,H550,H450) 0.65 1.00 (3.5)
high Hal, o 0.80 1.00

\

Walker alsc included an explicit determination of cloud cover dué to Sc (fsc sayJ
given by
£ =-16-64728 - 01167 -0-007< 26 $-0-067 (5.6)
e >p Op

In the experiments described here the relevant gradient of © is taken to be
that between the 950 mb and 850 mb levels. The total cover of 1o, cloud is
then given by the addition of the cloud covers from (3.5) and (3.6). The
characteristics of this scheme are illustrated in Table lc; note that this
scheme gives less cloud than the previous two schemes and that, for a given
relative humidity, the cloud cover is dominated by the medium cloud.

We now consider the use of a subgridscale condensation scheme of the kind
described by Riddaway (1978) - hereafter referred to as R. An integral part

of this scheme is the deriﬁation of the fractional cloud volume in each grid
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box. If this is taken to be identical to the fractional cloud cover then

(2.1) can be used to combine the cloud cover from each layer to give fT
Table 1d shows the samp;e cloud covers derived in this way and they are
similar to those from the B-G scheme. This is to be expected since the

basic parameter required for the subgridscale condensation scheme was

derived from the relationship between cloud cover and relative humidity used
by B-G. However it should be noted that when this subgridscale condensation
scheme is used the relative humidity never reaches high values because rain
forms before the complete.grid box is saturated (see R for further details):
this in turn affects the maximum cloud cover that is possible.

Earlier the problems of using (2.1) to compute fn were discussed and it
was suggested that these could be overcome by first grouping the model layers
into cloud layers and using (2.2) to derive the cloud cover for each type of
cloud; fy is then derived from (2.3). The results of doing this with the
cloud covers derived from the subgridscale coﬁdensation scheme are given in
Table le (the levels have been grouped in the way suggested by B-G). This

procedure causes a marked reduction in cloud cover when compared with that

using the cloud cover frou each level independently.

4, The Forecasts

A serics of 36 hour forecasts were-run using the version of the 10-level
model described by B-G. Here we will consider forecasts based on data from
00Zon the 26/9/78 to 28/9/78. This period was chosen for convenience rather
that because of the guality of the forecasts. Two forecasts werc run for each
data time - one used the standard dynamic rain parameterisation whereas the
other included subgridscale condensation.

Overall there were no gross errors in the }orecasts and the effect on
the rainfall of incorporating subgridscale condensation was consistent witn the
conclusions of R - there was an increase in dynamic rain and a decrease in

convective rain along with a net increase in rainfall.
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From the forecasts using the standard dynamic rain parameterisation the
total cloud cover was derived empirically using the following methods.
E(B-G) - the B-G formulation - (3.1) and (3.2)

E(0) - the present operational scheme - (3.2) and (3.4)
E(W) - the W formulation - (3.4), (3.5) and (3.6).
In all these schemes (2.4) is used to compute fo from £y, fy and fp.

The forecasts which included the parameterisation of subgridscale
condensation produce predictions of fractional cloud volume (interpreted as
fractional cloud cover) for each model layer. Two methods of combining these
cloud covers were examined.

S(1) - using (2.1)
S(2) - dividing up the model layers in the same way as B-3 (forming 3 cloud
layers) and using (2.2) ana (2.3).

In the next section we examine the cloud forecasts. The first in the
sequence will Be examined in some detail, but the other two will be considered
in a more cursory fashion. Unfortunately in & rather limited experiment it
is difficult to prove that charts of forecasf cloud cover would be useful as
an aid to interpreting the output from numerical models. All that we can do
is show that in the cloud forecasts we have most of the features whose

behaviour we would like to predict.

Se The first forecast

Figure 1 shows the initial surface pressure field for the first forecast
of the sequence (d.t. 002 26/9/78); the forecast fields after 36 hours are
given in Figure 2 (using the standard dynamic rain parameterisation) and
Figure 3 (using subgridscale condensation). Comperison of those forecasts
shows that the main differences in rainfall intensity and distribution are
consistent with the findings of Riddaway which have already been summarised
in the previous section. Al'so both versions of the model produced essentially
the same synoptic forecast - there is little difference in the pressure patterns
and the position of the main rain belts.

Figure 4 is an enlarged version of the surface pressure forecast given in

°
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Figure 3, and Figure 5 is the verifying analysis. Overall the behaviour of

the main features is predicted very well. Consider the following
(i) the main Atlantic low - this moved through the boundary near
Newfoundland and t?avelled northeastwards; both the position and depth
are accurately forecast.
(ii) the main Atlantic fronts - by mid-day on the 27th there were two
distinct fronts stretching southwest from the main low; both fronts also
had waves on them. The model predicted the position of the rain band
well although there doesn't appear to be much evidence of the double
structure. However the width of the rain band may be an indication of
this structure. Figures 2 and 3 show two distinct maxima in the rainfall
in this band and these represent the waves on the front.
(iii) features in the vicinity of the UK - during the early part of the
period a wave moved southeastwards across England and by mid-day on the
27th thz only remnant of this was a trough over Northern France.
Meanwhile 2 cold front moved southeast over the continent towards Italy.
The movement of both these features was predicted quite well although
the speed was overestimated. On the T+36 forecast there is evidence of a
rain area over Southern England; this did not actually occur but six hours

earlier the observations did indicate a wave to the west of Ireland.

Figure 6 shows anephanalysis at abox.nt mid-day on the 27th along with the
analysed position of the main surface features (the complete surface analysis
~ is given in the previous figure). The nephaﬁalysis is a simplified version
of the CFO nephanalysis; it shows the areas of frontal cloud (XXX ) and
areas designated as cloudy (//// ). Areas of little cloud havé also been
delineated (marked by 0). Elsewhere there is convective cloud and we have
differentiated between open cells (MOP) and closed cells (MCO).

The nephanalysis cleérly shows the cloud bands associated with the main
Atlantic low and there is some evidence of the double frontai structure

(in fact the southern portion of one of the fronts éppears to be incorrectly
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positioned). There is also an interesting area of enhanced cloud north of the
Azores. The position of the front over Eastern Europe is apparent but the
trough to the southeast of the UK is not well defined although its position
can be readily identified on the original satellite picture.

We now consider the 36 hour forecasts of cloud - first those based on
empirical relationships and then those which use the subgridscale condensation .
scheme. On each cloud forecast we also show the predicted position of the
main rainbelts along with the pressure centres.

Figure 7 shows the results using the E(B-G) scheme. Clearly there is a
marked overestimate of the cloud cover and this has the effect of masking the
structure in the cloud field. This scheme produces unacceptable cloud
forecasts and will not be considered further.

Figure 8 shows the results using the current operational scheme - E(0).

Most of the features described earlier are in evidence but the most interesting -
aspect of the forecast is the cloud band (marked A) ahcad of the main Atlantic
front (marked B); this could be interpreted az being evidence of the double
fronta} structure seen in Figure 6. There is also an area of enhanced cloud

to the north of the Azores (marked C) which corresponds to an observed area of
cloud. The features marked_D and E represent the trough and front that were
observed over the continent. Finally there is an areez of enhanced cloud over

the southern parts of England and Ireland (marked F) which, along with the
forecast rain in this area, suggests the existence of a frontal wave; howe:sr
observations do not indicate such a well developed feature in this area.

Overa’l E(O) produces reasonable results but .it does tend to give large areas

of almost complete cloud cover and in anticyclones it nearly always underestimates
the cloud. This latter effect is probably due to the exclusion of the 950 mb
relative humidity in the calculation of the low eloud.

Figure 9 chows the results using E(W). These are similar to those for
E(0) although there are important differences. For example in the main Atlantic
cloud band E(W) gives 100% cloud cover whenever any one of the 1l0-levels has

100% cloud cover, whereas for E(0) to give this we require all of the levels
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making up a cloud group to have complete cloud cover. Also E(W) tends to
underestimate the low level convective cloud because of the combination of
the high threshold humidity for which cloud forms and the fact that in the
forecast the conditions for incorporating the Sc convection (see (3.6)) were
never reached. This means that in the bottom right hand quarter of the chart
there is little cloud forecast whereas the nephanalysis shows an area of
mainly closed convective cells. Therefore these results suggest that either

(i) (3.6) is not applicable outside the tropics

(1) * {3:6) is corréct but that the 10-level model does not

adequately resolve the %emperature structure in the lower levels of the

atmosphere

(iii) the form of (3.€¢) is model dependent and so could not be expected

to give good results for any model other than the one for which it was

derived.
The origin of the inadequacy of the Sc correétiop has not been pursued. However
because of this inadequacy and the similarity of the results from E(W) and
E(O) elsewhere, we will not consider E(W) further. We now consider the
forecasts whicih used subgridscale condensation.

Figures 10 and 11 show charts of f using 5(1) and S(2) (Figure 6 is again
used for verification). As with the best of the empirical scheme both S(1)
and S(2) have reprocuced all the main cloﬁd features. The main differences
between these two forecasts is that in S(2) the maximum cloud amounts are less
than in S(1) (this also tends to apply to the minima) and the gradients of
cloud cover are less severe. This means that for S(2) it is easier to pick
out the axes of the cloud bands and for this reason it is ﬁrobably preferahle
to use S(2) rather tuan S(1). However it should be noted that the ease with

which features can be identified is closely linked to our choice of isopleths.

6. The other forecasts

For the remaining three forecasts we will only examine the best empirical
scheme E(O) and the best scheme based on subgridscale condensation S(2). We

will again concentrate upon the fields at T+3%6 and for each forecast the
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the following charts are displayed
(i) a simplified nephanalysis valid at about T+36 along with the position
of the main surface features
(ii)  the forecast total cloud cover at T+3%6 using E(O); the forecast
positions of the main surface features are also shown

(iii) similar fields to (ii) except that S(2) is used.

Figures 12, 13 and 14 show the results of the forecast based on 00Z
27/9/78. The predicted evolution of some of the features is not very good -
the main Atlantic lowis too shallow and displaced towards ihe southeast, and
the speed of the associated warm front ﬁear the UK is underestimated. However
both E2 and S(2) reproduced most of the main features although the S(2)
forecast is much easier to interpret. This is particularly so in cloudy
regions. For example with S(2) there is a definate indication of the position
of the low near Greenland; also a wave on the trailing Atlantic front is
indicated by an area of enhanced cloud. These features are not apparent in
the E(0) forecast. The other main difference between the two methods is that
for E(O) there tends to be little cloud in the high pressure regions whereas
S(2) attempts to take into account the presence of St and Sc giving only
limited areas of no cloud cover.

The results of the other forecast are shown in Figures 15 to 17. 3Both
E(O) and S(2) produce reasonable forecasts although again there are differences

in anticyclonic regions and in the vicinity of fronts.

e Concluding remarks

Several cloud schemes have been examined and we have found that

(i) the Burridge and Gadd scheme, E(B-G) produces a marked overestimate
of cloud cover; this is such that the cloud forecasts are of little use.
(ii)  the present operational scheme E(O) produces reasonable cloud
forecasts although there is a tendenc& ;o underestimate cloud cover in

anticyclonic regions. It may be poésible to remedy this by including

the 950 mb relative humidity in the calculation of the low cloud.
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(iii) the tropical cloud scheme E(W) appears to be inadequate in its

treatment of low level convective cloud in mid-latitudes; in other

aspects the cloud scheme gives reasonable results.

(iv) the cloud schemes which use information from a subgridscale
condensation scheme give reasonable results. Overall the version

which first groups the cloué forecasts into cloud layers S(2) is
preferable to the ungrouped version S(1) because it gives more information
about the structure in the cloud bands. However with S(2) the maximum

cloud cover seldom reaches 95%.

When evaluating the merits of these schemes we must take into account of
the computation time. Use of the empirical expressions requires little extra
computation since the cloud cover is derived from the relative humidity
fields from the standard forecast. However when we use schemes based on
subgridscale condensation it is necessary to change the dynamic rain
. parameterisation. This is done in such a way that the parameterisation scheme
is more complex and is called more often than the standard version..and this
results in an increase of between 10% and 20% in the CPU time of the forecast.
Overall fhe slight improvement in quality of the cloud forecasts obtained
by using S(2) instead of E(Q) is probably not worth the computational effort.
However if a subgridscale condensation scheme is going to be used to improve
the rainfall forecasts then a desirable by-product would be a slight imyrove-
ment in the clond forecasts.

The experiments described here suggest fhat cloud forecasts using either
a good empirical method of a method based on subgridscale condensation may
be useful in identifying the position of non-frontal cloud bandé as well as
fronts; also frontal Qaves may be identified by an enhancement in the cloud
cover. However neither type of method deals adequately with low level
convective c}oud.

Since it appears possible'to derive reasonable cloud.fields from relative
humidities, it may be worthwhile investigating whether this process can be used in
reverse. It may be practical to use a digitised satellite photograph to
objectively estiméte relative humidities.
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' (a) Burridge
and
Gadd
g (b) Operational
(¢) Walker

Cloud cover of low, medium and high clouvd (fL, £, and fH) and the total

Relative Humidity

05 06 -7 08 09
fL .00 215 .37 .63 .87
£y .10 <30 .50 .70 | .90
£ .25 L2 .58 75 .92
£ 353 .65 37 .97 1.00
£, .00 .20 4o .60 .80
fy .00 .20 40 .60 .30
fy .00 .20 40 .60 .80
£ .00 49 .78 94 .99

T
£ .00 .00 .00 .00 R
£y .00 .00 .02 .18 =53
fy .00 .00 .00 .00 <85
.pT .00 .00 .02 .18 .12
Table 1

¢loud cover (fT) for an atmosphere with constant relative humidity.
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(d)SubgridscalJL
COM“QI\SQ‘H;A schemd
C-)l“;‘\ o. owlaﬂm;\j

Clowd 'a&ars
allowed

(e) S'v\bar"td.s'cata
cornd ons atton schenmd

outdapp.'m cloned

lav&d allowedd

Table 1 (continued)

SINE e

Relative Humidity A
50 60 70 80 30
fL .00 .09 .31 «53 .76
£y 14 <39 .60 .78 .91
fy .27 L .56 .70 .85
;% 037 -67 088 097 1.00
: §
fL .00 .05 17 <31 .51
fM .05 .15 .26 .29 .56
fH A5 |53 .33 L5 .61
£ .19 .38 .59 .77 .92
I
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