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SOME EXAMPLES OP THE RAINFALYL FORECASTS PRODUCED BY THE

by P. G, WICKHAM

Summary

The rainfall forecasts over\'the British Isles, computed by the fine-mesh
version of th¢ 10=level model on four occesions during the summer of 1973,
are displayed. '

Current deficiencies in the formulation of certain physical procegses
in the mcdel, notebly the representation of convsctive rainfall processes
and of topography, give rise to some substantial, but identifiable, errors
in the rainfall accumulations forecast at individual grid-points. However,
from a synoptic viewpoint the computed forecasts provide useful guidance
on the character of the rainfall ocourring in these situations.

The fine-msah version of the 10«=levsl model.

A deteiled description of this model was published in 1971 .l Since that
date a number of changes in the formulation of the fine-mesh model have been
introduced, notably the adoption of & semi-implicit integration schems. |
However the modelling of the precipitation processes remains Wd. A%

— -l

each tims~step in the integrsiion of ihe forecasiing equaiion

}
3

s SQuivais
to 12 minutes of resal time, forccasts of the rate of rainfall at the bottom level
of the model {4000 mb) are made at each point of & horizontel grid which hss
& mezsh size of 100km. The accumulated rainfall total since the atart of the
forecest run is aleo recorded.

The forecast rainfall is pr;aduoed in the model in two ways. Advectiion
of water vapour by the threse~dimensional motion of the model atmosphere may
leed to the sir at sowe level above a grid-point becoming supersaturated.

The superfluous moisture then condenses, falls and, subject to possible
eveporation into drier layers below its originsl level, reachss the swace

55 raine Rainfall produced in this wey is referred to 2s ‘dynamic rain',
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A superfluity of moisture in a layer above a grid-point mey also be
produced as a result of the 'convective adjustment' process. This is a
process, carried out after each time-step, in which the thicknesses of each
succesgive pairs of layers above a grid-point are mutually adjusted zo es to
ensure that no unreasonable static instability develops at individual gride
pointse Since, in the current formulation of the model, the relative
humidities of the adjusted layers are kept unchanged, any moisture in excess
of that required to conserve the relative humidities is condensed and may
eventually reach the surface. This is referred to as 'convective rain'.

It has been found in practice that, while the 'convective rainfall!
forecast by the model normally occurs in areas where it is synoptically
reasonable to expect showers, the quantity of convective rain forecast is
usually very much less than the quantity of forecast dynamic rain and also
very much less than the actusl rainfall which occurs through showers or
othor convective systsms.

The 'total rate' of rein at any gridepoint is the sum of the dynamic and
convective rates. In this article it is the total rate of rain and the
total rainfall accumulations that are displayed.

General synoptic character of ths esrly summer, 1973.

For meny months prior to Juns 1973 the weather in the British Isles was
remarkably dryve During the first ten days of Junes this dry weather

continued and lsd o public warnings, about the nscsssity of conserving

water supplies, becoming increasingly frequent during this time.

Subsequently, during the following three weeks, there were four
importent frontsl situations which affected the country. In terms of the
actual rainfall accumulations, two of these situations were significantly
wet in the southern half of England but dry elsewhere, while the other two
were dry over England but brought rain to Scotland. Having regerd to the



nationwide water shortage at this time it was of some importance to be able

to forecast correctly which of the fronts would produce a lot of rain and
which would not.

An assessment of the synoptic value of the charts of forecast rates of

rainfall,

In this section some brief comments are made on each of the forecast
charts in Figures 1 = 4, to illustrate their value to forecasters engaged
on general synoptic duties. Each chart has also been given an assessment
letter which, being subjective, is not likely to command universal agreement,
However, the point of these assessment letters is to provide en indication of
the value of the forecasts as a whole, rather than individually. This is
dons in Table I, where the definitions of the letters may also be found,
Figures 1 « 4 illustrate the four frontal situations in turn.
Each covers a LB=hour period, showing actual charts at iZ-hour intervals.
The iscbers ere drawn at Lmb intervals and the frontal positiona have been
taken from the Daily Weather Reports. The extent of the frontal rain has been
sketched in from the reported synoptic observations, distinguishing areas of
meinly slight rain (hatched), mainly moderate rain (cross-hatched) and
showers (symbois). Beneaih each of the actual charts ars the 24~hour and
36-hour prognostic charts which verify at thet time. On these, the forecast
rainfall is shown at cach grid=point by symbols (4, Q, %2 )which distinguish
slight, moderate snd heavy rates of rain vespsctively. In onder %o kesp

the patterns of the main frontal rainbelts as clear s possible, forecast

ocourrences of very slight rein (less then O.imm/hr) have been omitted.




Nerification
Time

Forecast
Chart

Comments

Aséeae;z'c‘ﬁ? .
Letter

O0GMT
1246473

T+36

(Charts on Figure 1)

The rain srea over Scotland is too

far south, but this is not a misleading
forecast. The main fault is the weak-
ness of the pressure gradients,

Te2l

The rain in Scotland is well placed, and
the intensity seems about right,

16\
126473

T+36

The cold front is correctly placed over
Ireland, and the extensive area of moderate
rain over Ne.Scotland is quite realistic

00GUT
136473

T+24

The intensity of the narrow, weakening
cold front is well forecast but it is s
little slow, being about 1 grid-length
too far north. No convection over
Ireland was forecast.
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T+35

Te+2l

On both thase forecasts the preasure
trough over NW.Burope has btesn moved toe
slowly, but the rapid astabilisation of the
air over the British Isles and transition
from cyclonic to anticyclonic curvature
of the isobars, coupled with the sbsence
of any rain, was well forecast,

19.6.73

T+36

(Charts on Figure 2)

The forecast rainfall pattern sugcests

en active warm front over NE.Scotland snd
& weaker coid front over Welrelend. Ths
length, but is not totally misleading, for
rain iz forecast over Ireland as fer south
as SZONJ

Te2

The location and intensity of the cold
front rain are very well forecast.

12GMT
19+6.73

T+36

The frontal rain is well placed over E.
Scotland but is some 2 grid-lengths mise
placed over S.England,

T+2

Apart from the premature clearance of
rain in E.Scotland, this forecast is good.
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ex;ification

Time

Forecasnt
Chart

Comments

i
Assessment

Letter

ooGMT
2046473

T+36

T+2lp

The forecasts for this particular time
are not in fact too badly astray, but this
is a lucky chance. The model is not getting
the full extent of the low pressure develop=-
ment over Belgium, and there is no warning
of the possible spread back of the rain froa
the North Sea into E.England.

e
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12GMT
20,6.73

T+36

Te2l

These are incorrect and misleading forecasts.
The model moves the rain trough slowly but
steadily east - whereas the developing
Belgian low remains stationary and its cir-
culation brings extensive moderate or heavy
rain badk over a great part of theBritish
Isles, .

OGMT
27.6.73

T+36

(Charts on Pigure 3)
With the development of a pressure trough
in about the right place and some isolated
grid-points giving rain, this forecast gets
the correct 'weather typs', but has only the
poorest indication of the details.

T+2

The location of the raln area over SE.England
is remarkably good, though the intensity was
under-forecast, - The general lins of the
warm front in the English Channel and Biscey
is discernible, though too far south.

a very convincing forecast chart, although

ill-3efinsd pressure patterns are typicsl

of this weather types The forecast rain
as

b 4 -~ <
besar little rclation tc reality,

T+24

A substantial rain area over Brittany i=s
forecast, about 1 grid-length too far south.

OGGHT
2846473

T+36

A remarkably good forecast, over both
England and France, of the location of the
frontal rain areas. Ths intensity over
England is too weak.

T+2L

The northern boundary of the rain over England
is about 1 grid-length too far south, but
ctherwise this looks a good forecast for
England, Over Francs the cold front movement
is too slow.




‘Jerification !

Time

Porecast
Chart

Assessment

Comments Letter

12GMT
2846473

T+36

T+2l

Both these forecasts are quite good. B
Over England the location and intensity
of the trailing rain ares is welle
handled, with the T+24 forecast being
marginally more correct. A

OOGMT
1773

T+36

(Charts on Figure L)
Quite a good forecast; with some develop- B
ment of rain occurring in the pressure ‘
weakness to the SW of Ireland., Over
Scotland the cold front is not clearly
forecast, but over ScIreland it is quite
well placed,

T+24

An unimpressive forecast. No specific ¢
developments are forecast in the area SW of

Ireland and the frontal rainfall is too weak
and disorganised to give any useful guidance.

12GMT
. YeTe?30

T+36

(9]

Although the rain on this front progressively
d-hr~°-~s, the cOMplete lack of any signifie
cany rain at 'G.I'LLB Bb&gﬁ 18 g 7els] pwnnture a
Torecast.

Te2l

The ill~defined rain belt appears to be well B
placed but it is too weak, especiadly over the
high ground of Scotland.

T+36

Another forecast of a too rapid cessation to B
the rain. Tha positioning ia fairly good. v

m. ai -t el ~o
This has guu e 5!:;::-::4. .uuy.xvu Oli Tigavy O2 |

patchy outbreaks of rain on the weakening front.
but details of the intensity and locatlion are
Wronge

td

2,773

T+36

Evidence from the Norté§ea is sperse, but A
this appears to be a gocd forecast. ;

T+2)

A correct forecast of dry weather over the B
British Isles, but it is likely that some rain
is still falling over the North Sea and this
should have been shown.




In thess assessments, the letters have the following meanings:

Letter General character of Forecast rain areas over
the forecast chart the British Iales,
A Very good Substantially correct in

location and intensity.

B Good; gives useful Slight errors in either
forecast advice,. location or intensity.
Cc Fair; but not Correct 'type' - but

seriously misleading definite errors in both
location and intensity.

D Poor. Rk Major forecasting errors.

Assegsment letter
O - Tl Total
%ox‘ecut PT+21¢. 5. 18 1 1 15
hart T+36 4 6 3 2 15
Total 23 g 30

TABLE I. Assessment of the synoptic value of the forecast charis.
Teble I shows the frequency with which the various essesement letters occur
on the four situations coversed in this paper. The figures mflect_ a slight
diminution in the overall usefulness of the prognoses as the forecast time increases
from T+24 to T+36. But even at T+36 it is still possible to place two=-thirds of
the forecasts into Categories A or B At T+24 the proportion of such forecasts is
Bigher: anl the cvaredt figure of 23 out of 30 in Categories A and B shows that

at least 755 of these individusl forecast charts gave good, ussful forecast advice.



The quantitative rainfall forecasts.

Figures 5 - 8 show, for each occasion, the actual and forecast
accumulations of rain during the 'rainfall day’ ertending from 0500z om
Day 1 to 0900z om Day 2. The forecast valuss are plotted, in mm, from an
array of 72 grid points covering the area of the British Isles. They are
values camputed during the forecast runs based on ., 0001z data on Dey 1,
and are the predicted accumulations between ths (T+09) and (T+33) hours of
these forecasts,

The actual accumulations are the average areal rainfall amounts over 400km
eqﬁa.res osntred on the model's gridepoint locations, These values were
produced by computer using the Comprehensive Areal Rainfall Program (CARP)2
developed by Met.0.8, in which an analysis is mede of the daily rainfall
totals from over 6000 rain gauges covering England, Scotland and Wales.

Since no messurements are available over the sea, the only grideaquares for
which reliable estimates of ths actual accumulations can be made are those
which lie entirely, or very largely, over land. There are only 17 such
grid-squares,

There can be 1littles doubt that in the broadest terms these four situstions
were more or less correctly handled by the model. Figures 6 and 7 show the
two occazions whnen wei weather was forecast for ihe south of the country,
whils Scotland remained dry. This was correct. Figures 5 and 8 show the
two occasions when the pattern was reversed; Scotland getting the rein while
England remained dry. On these twe occasions the forecasts were broadly
correct, though Figure 8(b) is the least convincing of the four forecast
charts,

However, when sttention is transferred from the broad sweep of ths
synoptic acale featurea diacussed above, and is concentrated on individual
grid=points it is clear that a very different order of forecasting accuracy is
attainable, A visual coﬁparison of the forecast and actual values at

corresponding grid-points in Figures 5 = 8 ig enough to convince one that the
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correlation is very small, Not only is the general level of the forecast
rainfall below that of the actuals but there is also, in each case, an error
in the location of the rain ereas. These positional errors, though they may
smount to only one or two gid-lengths, are quite enough to produce large
rainfall errors at individual grid points.

So far as it is possible to do so, with the limited information available
on the actual charts, the most meaningful assessment of the value of
Figures 5 = 8 is to list the errors occurring in the forecast location and

magnitude of the maximum 24~hour rainfall total:

Pigure Date Higheat rainfall Approx: distance
at a grid-point(mm) between forecast &
actual maxima (km)
Actual Forecast
5 12/6/73 36  (m) 14 140
6 Y613 39 22 180
7 27/€6/13 30 28 220
8 1/1/75 27 7 S
Mean Values 37mm * 48mm ' 150Kn
Conclusion

The results show thai, on the current performance of the 10-level model,
ths synoptic valus of the rainfell forecasts is considerable. But ss regards
quantitative forecasting on the scule of cne grid-length the forecasts are of

lower reliability. Errors in location of forecest rain areas are frequently
of the order of 1 = 2 grid-lengths and the guantity of rain forecast by the
wodel is generally only % = 2/3 of the actual valuss.

Ths reasons for particular forecasting errors are often quits difficult
to pinpoint with certainty. Sometimes an obvious fault can be traced, but
usually it is the oomplex‘result of a number of factors whose effects are
inter-related, At times there may be a lack of initial data; or there may

' be slight errors in the analysis of soms crucial observations, or in their



quality control, There are errors dus to the approximatiocns which have
to be made when using finite difference methods to solve the mathematical
forecasting equations. And there are errors due to the fact that most
of the physical processes which occur in the real atmosphere are only
modelled in an incomplete and approximate way in the computer programs.

Somwe obvious indications of this are apparent in the charts displayed here,
where the lack of a sufficiently detailed representation of topography in the
model leads to serious underestimates of the rainfall over Scotland, It is
a2lso clear from the rainfall totals that the convective rainfall in the
current formulation of the model is not sufficiently realistic,

The four actual charts in Figures 5 = 8 show that, even in these quite
average frontal situations, rainfall gradients of over {1 inch (per rainfall day)"
per 100km are not infrequent. . With actual gradients of this
magnitude it is clear that the misplacement of a rainbelt by as little ac
one grid-length on a forecast chart can result in large errors at some gride
points. The achievement of high accuracy and reliability at this level of

spatial resolution is a very formidable task.
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