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Introduction

1.1 During a Meteorological (Gffice Discussion in 1957 "'it was stated that
"the standard cxpisure of rain-gauges in Britain represents a compronise
to avoid the worst effects of exceasive catch through in-splashing, and the
loss of catch due to wind eddies caused by the gauge'. This remerk was
followed by brief mention of the use which has been made, in experiments, of
2 more elaborate form of rain-gauge, in which the rim of the instrument is
flush with the ground and is surrounded by a brush or grid surface. But
"there have been doubts about whether the brush and grid geuges, designed
to avoid crrors from either in-splashing or wind edfies, awre in fact frece
from in-splashing", a point that was emphasized by Mr. E. Gold, in closing
he discussion, with an expression of suspicion "of the underlying idea,
which is & tacit assumpbion in meny rain-gauge investigations, thet the
geuge which catches most rainfell is necessarily the best".

1.2 A suggestion was put forward for testing the validity of these doubts
and suspicions "by having a closely-packed group of nine square geuge
surrounded by brush and grid. On occasions of negligible wind the separate
catches of the ninc gauges should show a symetrical pattern with amounts

o in the ocentre, (a + b) in each side gauge (in-spleshing possible along
one side), emd(a + 2b - c) in easch corner gauge (in-splashing possible
along two sides, with perhaps a smell reduction, c, arising from a cormer
effect)s If the smount for in-splashing, b, is not completely negligible,
the installation could be used to test imoroved devices of the brush and
grid type." (See Figure 1).

1.3 It is believed that a compound gauge of this type has not yet been tried
out, and in fact that the suggestion has never before been made. This
memorandun amplifies the brief outline of the idea put forward in 1957, with
some tentative proposals about the construction of the gauge, and for its

use in experiments to determine the best way of installing a standard gauge
for routine measurements. Tt is to be expected that these proposals will

be modified as & result of experience in making and using tlie compound

gauge.

Construction'

2.1 The first point about the construction of the instrument is that the
compound funnel should be made all in onc picec, with all goldered joints
throughly water—tight., It is perhaps an attractive idea that both the
oonstruction and use of the geuge might be greatly simplified if it could
be made with nine separste fumels, fitting snugly in a supporting frome.
Experience with ordinary rein-geuges has shown, however, that quite
insignificant~looking leaks can have appreciable effects on rainfall
readings. As it would be impossible to ensure the uniformity of any such
¢ffects with nine separate funnels, the only alternative is to avoid them. ,

2.2 With any rein-geuge it is desirable to meke the area of the collecting
funnel as large as practicable, It was shown during the nineteenth

century 2that the 8 in. diameter rain-gauge is slightly superior to the

5 in, dismeter gouge, and for many yeers, in Britain, the larger wrs widely
preferred ns o stondard., During the last few decades it hos gradually
become generally cccepted that the slight adventage is negligible in
relaticn to the much greater cost of the largor gouge, With the compound
gauge now suggested, purely for experimental purposes and not as an instrument.
for routine use, size must be considered without paying toc much attention
to cost. If the gauge is too small, then, with certain experimental
surfoces surrounding it, in-splashing affecting the contral funnel may not be
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sufficiently aveoided, even in celm conditims. Also, the msst useful
results with rainfall accompanied by appreciable wind will be obtained
only if the downwind funnels are not affected by in-splashing from any
type of surface whatever, It is suggested that the nine funnels should
each be at least 6 in. x 6 ine, or 15 cme x 15 cm., and perhaps even

9 ine x 9 in., is to be preferred, though experience will soon show whether
he smaller size is adequate,

2.3 In conjunction with the compound gauge it will be convenient 4o use
ordinary laboratory meosuring cylindcrs, 100 cce. or 1,00 cce, in order to
avoid having to make ond calibrate speciol mecsuring glasses. With the
area of each funnel 257 sq.cm. (side of square 15.81 cme or 6,225 in.),
100 cec. will represent 4 mm. of rain, and a pint collecting bottle will
hold about 0.9 in. With the area of each fummel 599 sq. cm. (side of
square 22.%6 cm, or 8,803 in,) 107 cc. will represent 2 mm. of rain and a -
quart collecting bottle will held cbout ©.9 in,

2.4 TFigures 2, 3 end L4 are based on the smeller of these twn sizes and
give a fair idea of the proportions of the complete instrument with
approximately one wint collecting bottles, end of the complete installation
in a pit 7 ft. 6 in. square and 1 ft. deep. The »it would be covered by
rectangular panels flush with the ground in order to surr-und the gauge
with various experimental surfaces up to a width of 3 f£t, (less a fraction
of an inch) all round. In Figure 2o the vortical walls of the compound
funnel are shown sharpened to the conventiomal "knife-edge" rim, but
symmetrically, not as in the ordinary gauge, whcre the edge is
asymmetrical, with the inner wall vertical right to the rim, This
sharpening of the rim should certainly be atiempted, to make the compound
funnel as accurate as possible, and to improve dircet comporisons with a
standard gauge, but it is doubtful whether a blunt rectangular edge to the
vertical walls would adversely affect the readings to ony serious degree.
Figure 2 also suggests how the bottles should £it into the base of the gauge
so that replacement of the funnel, with the nine delivery tubes entering
the bottles, would be simplified.

2.5 Diseussion of the panelling errcngement indicated in Figurc 3 is taken

up in poragraph 3.6 in the discussion of the use of the compound gauge.

It would be an adventage to have the base of the pit of Figure I covered 4
with grovel or grenite chips, with drainoage to a sump filled with loose v
rubble, as the simplest proccdure for reading the gauge would be to remove

the surrounding penels aleng one side and walk on the floor of the pit. a’
The alternative of throwing e plenk across the pit to protcet the pancls

from trampling would probably be more troublesomes The panels could be
adequately supported by four twin diagonal beams, approaciing 5 ft. long,

resting on supporting legs in the pite (Figures 3 and 4). For beams
constructed of timber, o 2 in. x 1 in, section should be adequate. The

upper surface of the beams should be 3 to 4 in. below the ground surface,

so that a penel of this vertical thickness may be supported flush with the

ground; panecls of smaller vertical thickness would need short legs on

their under—sides, perhaops fitting into holes bored in the supporting

beams, so that they would also rest on the beams flush with the ground.

~

Use of the compound gauge; level ground.

f‘

3,1 The standard exposure of rain-gouges in Britain is on level ground,
even in hilly country. As also stated in the Discussirn referred to in

paragraph 1.1, this standard "definitely introduces a bias in the 15
sampling of rainfall in hilly country", and there arc outstanding problems

in this connection which could be tackled, at least in part, by an

adaption of the compuund rain-gauge degcribed, Some of these are

mentioned in secti.m 4 below. he first experiments with the compound

gauge should be on level sites covering a rongc of expasures from the
conventionally acceptable (a sheltered site waich is not oversheltered by

cbjects very near tv the geauge) to a fully exposed site on the crest of a

ridge.

3,2 In addition to the cumpound geuge tae eguipment on caclh: experimental
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site should include the fullowing instruments:-

3.2,1 A stendard rain-gauge exposed with the rim at the standard
height of 1ft. above level close-cropped turf, In the cwrse of
the experiments, after a satisfactory series of comparisons wita this
gouge, the iLimediate surrcundings could be veried by having loose
gravel for ebout 1ft. all round the buse of the gouge.

3,2.2 A similer standard rein-gauge surrwounded by & standard turf
wall, This instrucent c.ould be uvmitted in the first experiments on
a conventiwnally accepteble site, and included later only if the
standerd exposure proved to be pour in moderate to strong winds.
Instead of or in addition to the turf wall gouge, geuges equipped
with various types of rain-gouge shield could be uscle

3.2,3 A cup~counter anemouweter., Two such instruments, one exposed at
the height of the stendard rain-gauge rim and the other at a second height,
say 6 ft. or 2 m., should periinps be used in the first experiments.

If it becomes clezor cither that recdings at one height snow some
definite cdventuge over readings ot thie other, or that one instrument
alone is quite as useful &s two, in all circumstances, the use - a
second instrument could be discomtinued.

3.2.4 A wind vane.

3,3 There is little doubt that frequent observations, irregularly spaced
in order to take accmmt of individual falls of rain, and determined by 2
continucus watch on the weather, wmlé yield more precise information thon
a programne of regularly spaced observetions, determined in advance without
regard to the sequence of weather, However, for the anplication of the
results to the main body of rainfall dote, aveileble now or in the future,
such informati m might be toc precise, and not worth the greater effort
which would be necessary t. collect it.,  There is much to be said for
collecting data, with the experimental egquipient, based very largely on the
conventional rainfall day, that is on observations only once a cay at

0%, G.M.T. Short pericds of more intensive observations might be super-—
imposed on the basic programme, if it scemed that by this means particular
problems which arose could be clariricd.

3,4 The first experimentw with the campound rain-gouge would be carried
out with the surrcunding pit covered by penels of wood or other moterial
yrith 2 hard smooth surfacc, in order to produce, deliberntely, sometaing
approaching the maximum possible degrec of in-splashing. The objects of
these preliminary experiments would bei-

3.54.,1 To verify that with reinfall during a calm, or sufficiently
light winds, rainfall reedings approximating closcly 1o the
symmctrical pattern of Figure 1 can be obtained.

3,4.2 To determine the lover limit of wind specd above waich the
symmetrical pattern of figure 1 is no longer clearly recognisable.
For daily reinfall amounts the limit would refer to mean daily wind
speeds, or daily run of the wind, and it could nct be expected to
have a clearly defined value bocause of the veriations of rainfall
and sccompanying wind speeds wiich occur in eny period as long as
2k hmrs. '

2.4,3 To discover whether, at wind spesds above the limit of
poragraph 3.4.2, there occur definite though asyrmetrical patterns,
related to wind direction, which appear with sufficient regularity
to be used as standards of comparison in later experiments, For the
opurpose of this object the orientation of the compiund. gauge
indicated in Pigure 3 would be convenient.

3,5 The second sct of experiments would naturclly be governed by the
Success achieved in the first set, Assuning that the first twn objects
cen be satisfactorily attained, even if the lower limit of paragrapn ?.4.2
proves to be very smell, the gecond set wimld be cerried cut b},-r covering
the whole of the pit with panels of une kind, using a surface intended to
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reduce in-splasihing; and then using, in succession, a number of

different types of surface either wholly artificial or designed to

simulate some more or less natural surrounding for the gauge. The

surfaces might include:- brushes with vertical bristles sct in a perforated
base (bristles of different lengths, pussibly up to 3 in. 1long); bristle
door-mat; woven matting; wire mesh of various kinds; egg-crate or
honeycomb "grids (various sizes); notural or simulated short grass; gravel
or granite chips (the panels being shallow perforated trays); etc.

Simple laboratory trials with an arrengement for spraying varicus surfaces,
mizht aid the preliminary chuvice, but would not in themselves be sufficient
withcut field tests., From a sufficiently long sexies of experiments it
should be possible to place the variocus surfaces in an order of effectiveness
with regerd to in-splashing, and to determine whether the best surface
discovered eliminates in-splashing entirely. This conclusion wouléd be
valid with either of the fcllowing results:-

3.5.1 If the catches from the nine funnels are identical, over a
range of intensities and wind specds, within accepteble limits of
accuracy of measurcment (perhaps as low as 0, 01 in.).

3.5.2 TIf the catches from the nine funnels, though not identical
within acceptable limits of accuracy of measurement, vary from the

mean catch for any occasion by amounts which are randomly distributed,
according to satisfactory tests, with regard to both the position of
the funnels relative to wind direction and to the time sequence of any
data series., The condition implies that the percentage deviations
from the means for the cumulative sums of a series of catches must tend
tc zero, for each of the nine funnels, for all wind directions taken
separately or together.,

If either of these results can be obtained, then and only then it will
be possible to state that the validity of the rain-gauge readings has becen
established, to a degree which has not yet been achieved in any knovn rain-
gauge experiments. At this stage, if it is reached, ancsther ordinary rain-
gauge should be set up on the experimental site, in a pit, surrounded in a
similar oy with the non-splashing cxporimentcl surfecc, to vurify that the
ordinary rain-gauge, so exposed, will provide a tenth set of readings which
can be included with the other nine without upsetting the appropriate test
of paragraph 3.5.1 or 3.5.2.

3.6 The third set of experiments could not be seriously cmsidered without

a very high degree of success in the seccond. The object would be to
determine, in relation to wind speed, the minimum width rcund the gauge of
the most suitable non-splashing surfoce. TFor this purpose the panelling
arrangement indicated in Figure 3 would be appropriate. The nin-splashing
surface would be used for one or more sets of the smaller inner panels, over
a width s, the remaining outer and larger pencls being mede with a smooth
hard surface to maximize splashing., With observations over a series of
occasions, with different wind speeds end directions, the data would be
examined for evidence of in-splashing into the windward funnels, with the
object of finding & limiting velue of the wind speed, v, below waich such
evidence could not be traced. Even with observations taken over short
intervals, it is unlikely that the limit would be sharp and precise over a
large number of occesions, since variation of drop-size distribution and
intensity would have the effect of producing a diffuse limiting zone., With
daily rainfall amounts and daily run of the wind as the data, a broad diffuse
limiting zone is to be expected and a fairly long series of observations
would probably be necessoary to determine the lower edge of this zone, When
this had been achieved for one value of s, the series of trials would be
repeated for other velues, so that an empirical relationship between s and v,
based on at least four or five points, could be obtained. The minimum width
of the non-splashing surface required on any level rain-gauge site could then
be estimated from any adequate assessment of the wind regime at that site,
For an ordinary rain-gauge in a pit, rim flush with the ground and surrounded
by the non-splashing surface covering the pit, the possibility of an
eccentric arrangement might arise for some sites.
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Use of the compound gauge; sloping ground

4.1 The use of any type of rain-gauge on sloping ground roises problemns
which are quite distinct from those concerned purely with the accuracy of
rainfall measurement, These relate to the definition or specification of
the quantity, the measurement of which is to be attempteds It has been
argued that meteorologically, rainfall should always be defined by refcrence
to the amounts passing through a horizontal surface 2 s and hence measured
by means of a funnel with a horizontal rim, without regard t) the slope of
the surrounding surface on which the rain falls, Hydrologically, on the
other hand, it is important in many circuastances, if not all, to have some
knowledge of the amounts which are intercepted by sloping surfaccs, of
varying aspect with regard to wind dircction, This knowledge cannot be
obtained in any simple wey from measurements with conventional roin~gouges
with horizontal rims, because of the complexity which arises from varying
wind specds and directions, and the diffcrent angles of approach to a

sloping surface of rain~drops of different sizes. Hydrnlogical measurements

of rainfall should therefore include the use of some gauges which have
funnels with sloping rims., The meteorslogical definition has the great
advantage that a fairly small number of sampling points will provide
information about the rainfall over an area., The hydrological definition
undoubtedly requires a much larger number of sampling points for adequate
information about arcal rainfall in hilly country, and is complicated by a
further difficult problem, namely the questi m whether the slope of the
rain-gauge rim should correspond strictly to the loeal slope of the rain-
gouge site, or to the average slope over a wider avea ; and if the latter,
over precisely how large a surrounding area should the slope be averaged.
If the former, the number of sampling points required would assume
enormous propurtions, and it scems that, in practice, compramise solutions
would have to be attempted, In the early steges of tackling the prcblem,
at least, sites could be chousen so thot the strictly local slope
corresponded in each case with the average slope over a large area., But it
must be' recognized that by using this metiod alone s it would not be possible
to provide cumplete sampling cover for a very irregular area.

4.2 It is not the object of this memorandum tu discuss these matters
fully. It is assumed that in hilly country measucements may be required
on both level and sloping sites, that measurements on level ground,
whether natursl or artificially created as a roin-geuge site s can be
covered, as in flat country, by the suggestions of section 3 above , and
that meocsurements on sloping ground must include both sites which are
exposed and sites which are sheltered, with regard to the prevailing rain-
bearing winds, It is probably safe to assume, further, that when the wind
blows along a slope, that is, not up or down it, the relationships :

investigated on level ground would apply equally well. IHaving first

carried out experiments on level ground it should therefore be umecessary
to use a cumpound roin-gauge with nine funnels on a slope s Since a sct of
three funnels along the line of greatest slope should suffice. The
suggested arrangement is shown in Figures 5 and 6, The distance S,
perpendicular to the line of greatest slope, would be determined from
investigations on level ground, and from an assessment of the wind regime
at the sloping site, having regard to the orientati-n of the triple gouge;
the ideal distance s would not necessarily be the same on both sides of the
gauge. The extent of the panel-covered pit at the two ends of the gauge,
up=-slope and dowm=-slope, should probably be appreciaebly greater than s to
begin with. On the one hand rain splashing down the slope will travel a
greater distance for a given wind speed; on the other, there will usually
be greater exposure, on a sloping site, to winds blowing up the slove,
Until these counteracting cffects have been investigated, it is hardly
possible t- estimate which is likely to be doaminant in any given situation,
and in which sense an asymmetrical arrangement of the pit, up and down the
8lope, is likely to be required,

4.3 The experiments on sloping ground would correspond with the third set
of experiments on level ground (parograph 3.6), the non-splashing surface
for the panele having first been discovercds They would be simpler, in
that attention would be concentrated on up-slope and down-slope cffects,
but sligntly more complicated in that asymmetry is to be expected, and
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that in a complete investigatim cne aim shuld be to obtain a
satisfactory relatisn between the degree of asymmetry and the angle

off sl.upe. There is nou useful purpuse tu be served in pursuing the topie
speculatively, however, before sufficient experience has been gained on
level sites to enable the investigations to be carried to this stage.

The importont point is that the use of this type of compound gouge for
experimental purposes should lead to the development of a stonderd geuge,
with either e horizuntel or a sloping rim, flush with the ground ond
surrounded by a proctically n.n-splash surface, which could be placel on
any site whatever in hilly cruntry. By developments of this kind and
probably only in this woy the present bias in the sampling of rainfall in
hilly country (whether for meteor logicel or hydrolugicel purpsses) could
be eliminated. )

Coneclusinn

Whilst no attempt has been made to consider the many vwroblems which
arise in the attempted measurement »f different forms of precipitation -
dew, fog deposition, the finer forms of drizzle, hooxr frost, rime, snow
and hail, - it is suggested thot the ideas ouflined present what is
perhaps the only possibility of obtaining a verified meesurement of
rainfall proper. Such a measurement eculd be accepted not merely as a
standard, reproducible measurement for comparative purpases, but also as
a close approximation to an absolute, against which other standards could
be checked, As far as is known, such & self-verifying multiple mecsure-
ment with a compound geuge has not yet been male. : -

A. Bleasdale.

M.0.3b
__Mupust, 1958
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6. . Addenduu

Discussion of the draft of this memorandum has shown there is room for
doubt about some of the wnderlying ideas or assunptions, and that such doubts
could be cleared up with a few further notcs, The implications of paragraph
1. 3. are however, strongly emphasized; +the memorandwa is put forward only as a
tentative outline of ideas which will certainly be modified as a result of
experience,

6e1. Leaks (paragraph 2.1). The subject of rain-gauge leaks in general is

a comalicated one. The implication of this parazrenh was not that nine
separate funnels would in themselves be more subject to leaks than a onc-piece -4
compound funnel, but that there would very probably be uncontrollable leaks :
between the adjoining vertical sides of secparate funnels no matter how snugly
they appcared to fit together, It would we iwgossivie to prevent this form

of lcakage without having a "roof' (a strip of inverted V cross-section; over
each of the twelve cdges along which any two fuuncls would adjoin (sce Figure 1)
The usc of such a leak suard would be cxtremcly troublesome, It may be found
in practice that the compound funncl can be most casily coustructed from nine
separate funnels, but it is argued that in that case they nust all be soldcred
securely togcther to form a singlc piece with completely watcr-tight joints,

6,2, Capacity (para;ravhs 2,3 and 2.4)s It has been pointed out that it is
not uncommon for 0,9 in, of rain in one day to be exceeded. In Britain this
should not occur on the avecrage morc than about threce times a year, exccpt in
the wetter arcas (mainly upland districts)s To reduce the average freguency
of overflow, and loss of data, to oncc a ycar (over most of the lowland districts
of Britain), the capacity of the bottles would have to be incroased by about
40 per cent, For preliminary experiments in a fairly dry area the additional
capacity is hardly necessary, since the information reguired can be obtained
even if an occasional day's record is lost. Foxr later experiments, especially
in upland districts, larger capacitics would be useful, and a greaier depth

of the lower part of the compound gauge, to accommodate larger bottles, is
suzzested, This would bc a relatively simple matter to arrange, sincc the
same compound funncl could be used with a deeper basc,

6.3, Funncl to funnel splash, The possibility of this source of error was
neglected in the memorandum, With the funnel dimensions shown, which include
vertical sidcs of more then L7 in,, it is likely to be completcly ncgligible

in most falls of rain, compared with the major effcct under investigation,
During very intense thundcrstorm rainfall, and of coursc during hail, it will
very probably not be ncgligible. Deliberately ignoring the special problem of
the measurcment of hail, it is susrcsted that the data for the most intense
falls should bc trcated with somc suspicion, unless therc has been an opportunity
to watch the gauge on such occasions for any cvidence of splashing out of the
funncls, If this proves to be a source of appreciable crror it will be
necessary to modify the dimensions of the funncls.

__________

gravel, to within a few inches of the surface, with the pancls rownd the gauge
supoorted dircctly on the level surface of the gravel. This mizht be
satisfactory, but for some types of pancl suggested in Paragraph 3sDy -in
particular wirc-mesh and egg-crate or honey-comb grid, it would dc necessary

to demonstrate that thore was no splashing back through the nanels, The gravel
or similar material would certainly need to be coarse and rough,'with very free
drainage through it., It 1s nccessary to emphasize the implication of paragraph
2.5 that walking on the ponels should be avoided., As some o? the panolsf in
the arrangement shown in Figure 3, would certainly be heavy, it §ould perhaps |
be desirable, or even nccessary, to arrangc on onc side of the ?1t an access
path which could be opened up by removing small detachable segtlons of tha
péﬁels, Sections of about 1 ft. squarc would perhaps be easily managcable,

6.5. Run-off, The possibility of run-off from tho pancls roaching the outer
fumels of the compound gaujzc was neglected in the momorandum5 R g Lo
arransed for the rim of the compound goupo to projoct a fraction of an inch
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above the level of the paonels, and if there is a zap of a fraction of an inch
between the rim of the gauge and the ncarcst panel, run-off into the outer
fumels should not occura Bxperience will show how large these "fractions of
an inch' must be; obviously they should be kept as small as pessible whilst
large enough to achicve their object, The possibility of run-off from some
types of nanels draws attention to the fact that apprecicble amounts of water
ney stream down the outside of the gauge It is for this wcason that in
Fizure 2 the compovnd funnel is shown fl""""'n" ovor the vertical walls of the
base, with an overlag of a fcw inches, and not fitting into the basc,

6. 6 Further notes will be added as nocessacy, wntil it is possible to revise
'bh:.s memorandum omplotely on thc basis of expericnce,
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