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MANITOBA BASIN

by

S. J. Buckler

J. F. Quine

ABSTRACT

This study compares the relative catch efficiency of standard
horizontal i. r~~ingauges with stereo-topped (sloping orlfice) ~r.a:iJil

gauges on ~ie'e slopes in Western Manitoba. The gauge sites are
in a heavily instrumented basin where observations have been
obtained for seven y:ears. Respectiv~ catches were examined by.
seven year totals and also by separate storm totals. For identi-.
fiableupslope wind flows, the stereo gauges were more effiCient
by 13%. For downslope or lee winds, the stereo ·gauges caught

15% less than the adjacept. stanciard gauges. Th,e umdercatch on
lee slopes appeared tobe independent of wind speed, whereas the
efficiency on windward slope's increased with wind speed.
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RESUME

Cette etude compare I' efficac·ite des pluviome,~r:eshorizontaux'
standards et des stereopluviometres' a orifice bi'seaute sur trois
versants ,dans 11 ouest du Manitoba.' Lespluviom~tres ont ete
places dans un bassin muni' de nombreux instrumehts et::ou.':des
releves ontete 'effectues pendant,sept ans. Les quantites de pluie
rec ueillies r espec tive s ont ete c ompa re es par totai des sept anne es
et aussi par total de tempete isolee~, Pour les c'ourants de vent

, identifiables en versant amont, ll·efficacite de'S ste re opluv'iometres
a e te de13 p~ '100 supe ri~ure.' Sur lesversants aval ou p'our 'les
vents aval, les ste reopluviometres ont recueillis 15 p. 1,()O moins
de pluie que les pluviometres standards place s a proximite. La
quantite de pluie moins elevee recueillie'sur les versants sous Ie
vent ne semble pas reliee a la vitesse du vent, tandis que sur les

, versants exposes aux vents, l' elficacite augmente avec la vitesse
\.du vent. '
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1. Introduc tion

In calculating the' volume Ofprecipitation in a: basin for runoff
calculations, the area of the basin is scaled from charts assuming
that the basin is flat. Often the basinis not £latas it may contain
hills and valleys resulting in a ground area greater than the map
would indicate by a factor depending on the slope angle~ In mea":
suring the precipitation over this' basin for runoff volume, the
equivalent precipitati on falling on a hori zontal surfac e i s required.
Therefore, a gauge"with a horizontal orifice should be used and
the measured value should not be ch:anged.

To know how many' inches of rain a 'crop receives per unit,
areawheria field is sloped is adifferent situation. In that case
we should measure the depth of precipitation on the sloped (and
hence larger) area; not on the projection of the slop:ed area on the
horizontal plane. Because Of the larger area, 'the depth of pre­
cipitation per unit area will be less than that recorded in a hor­
izontal orifice gauge and the measurement should be reduced by
the ratio of the horizontal orifice area to its projection on the
sloping surface. An alternative method is to mount the standard
gauge with the orifice parallel to the slope as in Fi'gure l( C). The
catch is considered as falling on an area o~ slope equal to, the area
of the gauge ori'fice, not on the ho'rizontal projection of the orifice.
Geiger (2) discusses this problem 'and quotes experiments by
J. Grunow showing the greater efficiency of 'the sloping orifice on
windward slopes.' Hayes and Kittredge (4) used tilted and non­
tilted gauges in an extensiveexperiinent on ariexposed, windy,
40 percent slope. The horizontal gauges were markedly iriferior
to the tilted gauges in catching rainfall. 'In thi s experiment the
rain- bearing winds were alwa ys upslope.

In sites on an extensive st«pingsu:rface the WMO Guide to
Meteorological Instrument and Observing Practices (9) recom­
mends the use of a gauge withaperture parellel to the slope. This
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is presum.ed necessary in regions where It.ain-producingwJ:nds
are constant in direction, such as in the m.onsoon regim.e.

Storr has pointed out (7) that the Canada standard rainga.uge
cannot be us ed in the above m.anner on slopes near or greater than
23 0

• As shown in Figur.e I(C) the shallow slope of the funnel will
cause ponding and will prom.ote splashout. It is possible to use
the standard gallge by placing a false or stereo top on the horizontal
orifice such that the slope of the stereo top is parallel to the ground
as in Figure I (b). This study considers the 'efficiency of such
gauges when used on steep slopes of 280 to 36 0 • The final inform.­
ation desired is the depth of rain on a horizontal surface for the
purpose of calculating runoff. Hence, a vertical standard gauge
was located with each stereo and was used as the reference gauge.

. ,~,;

The as sum.pU-'on is m.ade in thi s study that m.ost raindrops fall
nearly vertically. The assum.ption is not justified in cases of
precipitation with strong winds or in cases of light rain or drizzle.
In such cases the trajectory of the drops will slant with the wind.'
If wind direc tiqn i'~ variable, then overcatch. and undercatch will
tend to cancel out. If winds are not strong the difference will be
less m.arked.

Bruce and Potter (1) have reviewed the sources of errors in
m.easuring precipitation. All errors are negative except splash,
so that the errors cum.ulate as a deficiency. As a result it is
custom.ary to assum.e when com.paring different gauges that the
gau/5e catching m.ore rain is relatively m.ore efficient. It is with
this m.eaning that,the term. efficiencyis used in the following report.

2., . Wilson Creek Basin Experim.ent

(a) Topography and Clim.ate

The Wilson Creek Basin is part of the eastern slope of the
first prairie escarpm.ent about 30 m.iles west of Lake Manitoba.
The escarpm.ent lies on a N-S line with an increase in general
elevation from.1200 to 2200 feet above sea level in about 5 m.iles.
Deep valleys (400-600') have been cut in the escarpm.ent face' by·
rapidly flowing stream.s draining to the east. There are m.any
hillsides with local aspects facing north or south.

Most of the precipitation com.es from. low pres sure system.s
m.oving from. the north central states across Southern Manitoba.

•
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Over the Wilson Creek Basin this gives an easterly wind shifting
through north to northwest as the pressure system advances into
Western Ontario. Summertime instability showers have variable
wind direction.

(b) Instrumentation

This study at Wilson Creek was initiated in 1963. Pairs of
standard and stereo gauges were installed on each slope with the
gauges two to three feet apart and the rims at about 12 in. above
ground. Each iinstallation was made in theiITlh.ddle of a slope about
200 yards long. These gauges were part of a network of 34 gauges
of various types spread over the 8 square miles of the Wilson
Creekproject. Figure 2 isa plan of the baslnshowing the standard
guage net"York.

The tops 6f the stereo gauges were parallel to the slopes on.
which they were located •. This was arranged by putting a special
top on a vertical standard gauge. Diagrams of standard and stereo
installations are shown in Figure 1,' a and b.

Readings were made once a day but the reports used in this
study are based on complete storms of one to three days duration.
The pairs were installed as follows with readings from May to
September each year up to and including 1969.

TABLE L

Gav.ge No. Slope Angle Observati.ons Started Aspect

27 36 0 May 31, 1963 Northeast

28 28 0 May 31, 1963 Southeast

29 lOo June 29, 1963 'N orthwest

Other instruments used in the area at this time were: (a) an
anemograph in the basin about one to threemiles distant from the
three pairs of gauges under study and about 30 feet above ground,
(b) recording rain gauges located within 2000 feet of each pair of
tes t gaug es.
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3. Results

(a) Totals for 1963 -1969

The following taqle separates the seven- year totals according
to individual storm a-rnounts. No attempt is,made here to make
any adjus tment for slope and the reading s are all as shown by the
standard rain-gauge glass graduate.

TABLKTL.•.

Summary of All Data

. 0
Gauge No. 27 - Aspect Northeast, Slope 36

Standard Number Total Total Pcpn Ratio of Stereo
Gauge of Precipitation at Stereo to Standard

Reading Observations at Standard Gauge Gauge (Percent)

.40" or 1es s 141 25.• 90" 20.93" 80.8%

.4l"tol.00" 55 37.00" 31. 49" 85.1%
1. OIlY and over 25 46.25" 44.17" 95.5%

Totals 221 109. 15" 96.59" 88.5%

Gauge No. 28 - Aspect Southeast, Slope 28 0

.40" or 1es s U9'- . 23.25" 19.26" 82.8%

.4l"tol.00" 54 35.74" 33.10" 92.6%

1.01" and over 22 41. 64'1 41.10" 98.7%
'! ~.!

Totals 215 100.63" 93.46" 92.9%

Gauge No. 29 - Aspect Northwest; Slope 30 0

i

.40" or 1es s 143 22.64" 22.64" 100. 0%

.41" to 1. 00" 41 26. 86" 25.95" 96.6%
i:

1 • 01" and over . 24 40.22" 39.64" 98.5% c',
,

Totals 208 89. 72" 88.23" 98.3%

.-

_.
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Table 2 shows that almost invariably the stereo gauge totals
are less than the corresponding standard totals. The light rainfall
amounts show the greatest discrepancies at sites 27 and 28 with
decreasing differences for the heavier rains. Assuming that
heavier rains have larger raindrops, theniit would follow that the
droplets should fall closer to a vertical trajectory and so both
types of gauge would operate with equal efficiency.

Site No. 29 came closest to equal amounts with the light rains
producing exac tly equal totals. The overall total for 29 showed a
differenc e of only 1. 7%. Hiatt and Schloemmer (5) point out that
differenc es in commonly used gauges run to the order of .2: 5%. This
puts the site 29 totals well within the limits of. accuracy of the
measur.ement system.

The precipita tion amounts are separated into months for each
gauge for detection of a seasonal bias~ The results are shown in
Table III.

TABLE III

Monthly Totals 1963-9'

- No. 27. Standard Stereo Ratio Stereo/
.1 .

Total....r'~- Total Standard Percent

May 14.23 14.11 99
June 24.83 23.41 94
July 24.24 19.35 80
August 25.40 21. 26 84
September 29.36 18.46 90

Totals 109. 15 96.59 88

No. 28.

May 13.37 12.97 97
June 22.72 22.53 -99
July 22.12 20.45 92
August 23.62 20.16 'SS
September 18.80 17.35 92

Totals 100.63 93.46 93

e
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No. 29. Standard Stereo Ratio Stereo

Total Total Standard Percent ••May 11.43 12.97 113
June 16.21 16.20 100
July 22.36 20.61 92
August 22.19 21. 31 96
SepteITlber 17.53 17.14 98

Totals 89.72 88.23 98

The lower percentages in July and Augus t sugg est a possi ble
seasonal effect. July - August i s the seas on of ITlaxiITluITl convec tive
activity and it may be that gusty surface winds account for the
dec rea se. Tn- rela tive efficienc y • However, the,greaterrelciti've
efficiency of the standard was apparent in this tabulation. Only
inMay for No. 29 was the standard total less than the stereo total
by a significant aITlount.

(b) Individual StorITl Totals

All the data for individual events for each pair of gauges were
next plotted on separate graphs, Figures 3, 4 and 5. The distri­
bution of the points showed the saITle bias as Table 2. However;"
ITlany individual events showed the stereo total: as th:egreater.
Gauge sites 27 and 28, facingnortheastand southeast respectiv.ely,
were quite siITlilar throughout the whole range of aITlounts, i. e.,
the stereo gauges (on the average) undercaught by 15 to 20% on
arnOlli'lts of .40" or less and' the average discrepancy was down
to a few percent when the aITlounts were over an inch. For SOITle
unexplained reason Gaug e site 29 facing northwest had ITlore nearly
equal readings for standard and stereo totals.

(c) Effect of Wind Direction

Other inves tigators have found the efficienc y of catch to depend
on wind direction and velocity. Geiger (2) showed the results of
experiITlents in which windward site stereos.caught 20% ITlore than
standard gauges and leeward stereos caught 5% less than stand­
ard gauges.~·.;Ha~y,e·s.t3rin::,ancextensiv,e experiITlent with pairs of
stereo and standard gauges siITlilar to the USWB gauge, found (a).
that stereo gauges caught ITlore than standard gaug es on both slopes
and (b) the windward stereos caught aSITluch or ITlore than the
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leeward stereos. In contrast the standard gauges on the windward
side caught only 80% to 90% of.the standard catch on the leeward
side. Hayes and Kittredge (4) on a windy, 40 0 slope-, used tilted
and ·horizontal USWB standard gauges •. All precipitation ;occurred
with an upslope wind. The tilted· standard gauges caught within
2% to 3% of the catch froITl the reference gauges which were tilted,
Niphershielded USWB standard gauges.- The horizontal,gauges
were les s l?fficie~t. The defici ency of the ·horizontal shielded
gauges rang ed froIn 5 to 10% and deficiency of the horizontal un­
shielded. gauges was froITl 15 to 20%. Storr (7) worked on a pre­
vailing lee slope and found that stereo gauges alITlost invariably
caught less than the horizontal orifice MSC gauges.

Thes e experiITlents sugg:e.st that on lee slopes a horizontal
gauge orifice should be ~,ed. On_ slopes with a prevailing wind­
ward aspect, stereo topped or tilted orifice gauges should be used.

(d) Effect of Wind Direction at Wilson Creek in Individual
StorITls

Hourly wind data was available froITl the aneITlograph approx­
iITlately one to three ITliles froITl the test sites. Recording rain'
gauges were situated within 2000 feet of-each test site. Conse­
quently, it was pos sible to deterITline the wind velocity during the
rain periods. Definite upslope and doymslope situations were
separated and plotted against wind speed (at 30 feet),~aJteTGrunow' s
ITlethod as presented in Geiger (2). Only storITl totals of 0.30"
or greater were used.

When velocities of 5 ITlph or greater were considered, 27
stor~s of upslope and downslope effects at No. 28 and No. 29
were isolated. Precipitation totals showed the stereos caught
13% ITlore than standard gaug es in upslope winds, and 15%· less
than the s tanda rd, in downslope winds. For the upslope cas e, 23
of 27 observations ITleasuredITlore in the stereo thanin·the stand­
ard. For the downslope direction only 1 of 27 observations ITlea­
sured ITlore in the stereo.than in the standard. The ratios of
stereo catch to standatrl catch are plotted against wind velocity'
in Figure 6. Three storITlS provided slITlilar identification ((l)£
upslope and downslope effects when velocities were less than 5
ITlph. In this set of three, all observations recorded less in the
stereo gauges· than in the standards regardless' of the aspect •.
These points were plotted als 0 on :figure 6 which shows the de­
finite bias towards undercatch by stereo gauges in dow~slope.

c ondi ti on s. .
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Theoretically the point of inflection or the intersection of the
two curves should be at zero wind and 100%. Grunow's curves
(2) did meet at this point. The presenc e of both upslope and down­
slope points below the 100% line with light winds in Figure 6 sug­
gests that some effect such as increased turbulence decreases
the eff~ciency of the stereo top.

In 13 storms (not plotted), where the wind was greater than
5 mph and across the slope (no upslope or downslope effect), the
results were inconclusive as might be expected. Difference be­
tween the 13 - storm totals. of standard and stereo was less than 2%.

Results from gauge No. 27 were intractable when separated
by wind direction. Right angle winds, downslope winds and light
winds showed the stereo gauge catching 15% ies s than the standard.
In 13 upslope situations the stereo did catch more, but only by 3%.

(e) Effect of Drop Trajectory

The assumption that raindrops fall more or less vertically
was questioned. If the drops move with the airstream, then. the
trajec tory of the drops would be the resultant of their terrrlinal
veloci ty ins til~ ai r and the upslope (or downslope) component of
the wind. Giv~n such a trajectory_it is p,ossible to calculate the
effective area of each gauge perpendicular ito the path of the drops
ina particular storm. The ratio of effective areas toactualbatches
should have a direct relation. M.eiJizer (6) has published tables
of characteristic drop sizes and their terminal velocities. Rates
of fall in individual storms were used to estimate a domi~ant drop
size. Trajectories were plotted using the hourly winds for a num­
ber of storms and the respective terminal velocities.

The ratios of stereo to standard catch were plotted against the
ratios of effective areas in Figure 7. If the assumption that the
drops move with the air stream was correct, then the points would
plot-along a 45 0 line. It is apparltnt that the slope of the_line is
less ilian 45 0 , suggesting that the trajectory is intermediate be­
tween the two assumptions of vertical fall and motion wEththe:am­
bient air.

(£) The data used in Figure 6 were then treated by differenc es
rather than ratios - that is the standard catches were subtracted
from the stereo catches and plotted against wind speed. Results
appear in Figures 8 and 9. Surprisingly, on the leeward slope
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the windspeed has no identifiable effect on ~k~ undercatch by the
s te reo. T he a v erag e defici enc y is 0.14 11 and a pp ea r s fr om Figure
8 to be independent of wind speed.

For the windward exposure there is a variation with the wind
speed. The surplus of stereo over standard increases with wind
speed after a threshold value of about 7 mph has been surpassed.

4. Conclusions

(a) On Wilson Creek, in rainstorms with identifiable upslope
winds, the stereo gauges caught-130/0 more than the standard
gauges. In rainstorms giving downslope winds, the stereo
gauges caught 150/0 less than the adjacent standard gauges.
This agrees well with other investigationsoLtliis::typeci£gauge.

(b) The undercatch on lee slopes appears to be independent
of the wind strength. On the other hand, the surplus in catch
on windward slopes over the standard gauge, appears to in­
crease with increasing windspeed.

(c) When rainfall totals were segregated by size of storm,
the seven y.ear totals (Tabte 2) showed that in every case the
stereo gauge~ caught less than th~ adjacent standards.' If it
is as sumed that the larger storm amounts repres ent greater
rates of rainfall and the smaller amounts lesser rates of
rainfall, then in general, the percentage of undercatch in­
creases as the rate of rainfall decreases. GaugeNo... 29 was an
exception since the E.atios were nearly equal at all intensities.

(d) It is apparent that noadvantage is gained from the stereo
gauge when totals by months or longer periods are considered.
This is presumably due to the variability of wind direction
during frontal precipitatieon. Only in considering individual
rain events with pronounced upslope winds, does the stereo
gauge offer any improvement over the standard gauge. Con­
sequently it would appear prudent to discontinue the stereo
gauge measurements.

APPROVED,

J.R.H. Noble,
Assistant Deputy Minister,
Atmospheric Environment Service.

i
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Figure 1.



INSTALLATIONS IN WILSON CREEK
EXPERIMENTAL WATERSHED

WW:LQ
STANDARD RAIN GAUGE-----··---'-----------O REGENERATION -----'·"-----------0
RECORDING RAIN GAUGE-------·---_·----·©> FERTILIZED SPRUCE PLOT--------------!A

PIEZOhlETER(SJ AND/OR GROUND WATER WELLls)--- 0 SCALPED PLOT - - • - - - - - - - - - - - - - - -- _.- ~
STAGE RECORDER-------------..:-----,---·ffi . ANIMAL EXCLOSURE-------------·-------.

SNOW STORAGE GAUGE-----------------'I! CREST GAUGE--····· --------------t>
SNOW CQURSE----·---------------- __ BEAVER DAM EXPERIMENT STATION --------0

•

70 HIGHWAY NO. 19

SCALE' I INCH' 2000 FEET

Figure 2.
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• STANDARD GAUGE #28
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STANDARD GAUGE #29 WILSON CREEK 1963-1969
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Ratios of Stereo to Standard Catch
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Ratios of Stereo to Standard Areas
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