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CHAPTER 19

RATE—OF-RAINFALL - TIPPING BUCKET RAIN GAUGE

19.1 GENERAL. Thestandardinstrumentformeasuringrateof rainfallis theMSCTippingBucketRain
Gauge,providedwith adaily orweeklychartrecorder.The instrumentisdescribedin TechnicalManualTM
04—01—03,(EnglishandFrenchversions). Thesepublicationsdeal with the installation,careandmainte-
nanceof theequipment.The following instructionscovertheabstractingof recordedprecipitationdatafor
processingfor climatologicalpurposes.

19.1 .1 TheMSC Tipping BucketRain Gauge(daily chart)shallbe operatedin conjunctionwith an ABS
StandardRainGauge.

19.1.2 Theprocessingsystemestablishedfor correctingthe amountsof rainfall recordedby the Tipping
BucketRainGaugeto theamountsmeasuredby the standardgaugerequiresthatthe time of chartchange
coincidewith thetime of readingof theAESStandardRainGauge.

19.1 .3 Generalinstructionson thecareandmaintenanceof theTippingBucketRainGaugearegiven in
TechnicalManualTM 04—01—03.However,theinstructionsin TM 04—01—03regardingtheoperationof the
recordinggaugeduringthewinter months,aresupersededby thosewhichfollow here. Thesedetailedproce-
duresareprovidedinorderthatreliablerate—of—rainfalldatamaybecalculatedforoccurrencesof rain ordriz-
zle, during the winter, atobservingsiteswhereacontinuousweatherwatch is maintained.In thefollowing
instructionstheterm “liquid precipitation”doesnot includefreezingrain or freezingdrizzle.

19.1.3.1 Stationsequippedwith aTippingBucketRainGaugeandwhichtakefewerthan24Hourly Observa-
tionsperday(includingclimatologicalstations),shallmeasurerate—of—rainfall(operatetheTippingBucket
RainGaugeandRecorder)only duringthatperiod of theyearwhenliquid precipitationis the predominant
form. For the remainderof theyear(the period to bespecifiedby the Region)the recordinggaugeshall be
takenout of service. During this period,no chartswouldbe use~don the recorder.The period of operation
shouldbeginon the first day of a monthandendon the lastdayof a month.

Note: WhentheRecordingRainGaugeis beingwithdrawnfrom service,thelastchartfor the seasonshallbe
annotatedCLOSEDFORSEASON.Similarly, whentheRecordingRainGaugeis placedin service,thefirst
chartshallbe annotatedREOPENEDFORSEASON.



19 —2

19.1.3.2 Stationsequippedwith aTippingBucketRainGaugeandwhich take 24 Hourly Observationsper
dayshallmeasuretherate—of—rainfallthroughouttheyear. However,fromthebeginningof thesnowfallsea-
son andcontinuinguntil a datespecifiedby the RegionalHeadquartersor SupervisingOffice, the Tipping
BucketRainGaugeshall bein serviceduringperiodsof liquid precipitationonly; recordercharts(Chart99)
shall be requiredfor theseperiodsonly. The following routineshallbe maintained:

(a) At thefirstoccurrenceof snow in theautumn,covertheTippingBucketRainGaugewith a
suitablelid, plasticbag,etc. After thechartwhich is thenon therecorderdrum hasbeen
removedatthe normal timeof chartchangerecordon thatchart: “Tipping BucketRain
GaugeTakenoutof ContinuousOperation”.Furtherrecordercharts(Chart 99)arenot re-
quired until the next occurrenceof measurableliquid precipitation.

(b) When liquid precipitation(notaccompaniedby freezingor frozenprecipitation)beginsaf-
teracoverhasbeenputon theTippingBucketRainGauge,removethelid, cover,etc.,while
preparingthespecialobservationwhichreportsthebeginningof theprecipitationAND ac-
tivate the recorder. The recorderpen shouldbe positionedon the chartto indicatethe
elapsedtime sincenormaltime of chartchange,for example:

(i) Normal timeof chartchangeis 0700Local StandardTime (LST).

(ii) Rainbeginsat 12:30LST (winteroperation).

(iii) Thecoveris removedfrom theTippingBucketRainGaugeassoonaspossibleafter
therain starts.

(iv) Activateor readthestandardgauge.(It maybeconvenientto installasparefunnel
andgraduateduring the periodof liquid precipitation.)

(v) The recorderis activated.

(vi) Therecorderpenispositionedon thechartat“5 1/2hoursafternormaltimeofchart
change”,andthatchartshouldremainon therecorderUNTIL NORMAL TIME OF

CHART CHANGE.

If liquid precipitationbeginsagainbeforenormal time of chartchange,thesamechartmaycontaindatafor
two ormoreperiodsof liquid precipitation.The timeof chartchangemustcoincidewith thenormaltime of
readingofthe standardgauge,thustheamountof rain recordedon thechartcan bereadilycomparedwith the
correspondingamountmeasuredby the standardgauge.

Note: Theaboveprocedure,on occasion,may requirethata chartbe removedfrom therecorderonly afew
minutesafterthe recorderis activated;i.e.,when liquid precipitationbeginsonly afew minutesprior to nor-
mal time of chartchange.
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(c) If liquid precipitation(notaccompaniedby freezingor frozenprecipitation)is occurringat
the time of chartchange,anew chartis of courseput on the recorderimmediately.

(d) When liquid precipitationends(during winter months)or if frozen precipitationstarts
while liquid precipitationis still occurring,replacethe lid on the Tipping BucketRain
Gauge. (Thechartshould not be removedfrom the recorderuntil normal timeof chart
changeandtherecorderpenneedNOT beremovedfrom thechart. Thusif liquid precipita-
tion beginsagainbeforechartchange,rate—of—fall datamayberecordedas acontinuation
ofthetracealreadyon thatchart.If freezingor frozenprecipitationbegins,anintermediate
standardgaugereadingshouldbemadesothattherainfall amountcollectedby bothgauges
canbecompared.)

(e) At thesestations,Regionaldirectionor thestationOICwill determinewhentheoperation
of the TippingBucketRainGaugeshouldchangefrom “Winter Operation”to continuous
operation.

(f) Stationsin continuousoperationmayexperiencefreezingor frozen precipitationevents
duringearlyautumnor latespring. In thesecircumstancestheTippingBucketRainGauge
mustbe coveredfor the durationof thefreezingor frozenprecipitationeventandaninter-
mediatereadingof thestandardgaugemadesothatanyrainfall amountcollectedby both
gaugescan be compared.

(g) Chartson which therecordedStandardraingaugeamountis lessthan0.2 mm (i.e.atrace)
neednot be sentto theRegionalDataProcessor.

19.1.3.2.1 Stationprogramsregardingtheoperationof theTippingBucketRainGaugeshouldbeavailableto
ABS Downsview,on request,to indicatethefollowing:

(a) Whichstationsdo not operatethe Tipping BucketRainGaugeduring the winter,andfor
what period eachof thesestationsmeasuresrate-of—rainfall.

(b) Theperiodof “winteroperation”ateachof theobservingstationswhere24 HourlyObser-
vationsare takendaily.



19—4

19.1.3.3 Implementationof theprecedingprocedureswill producedataon Chart99 fromwhich moreaccu-
raterate-of—rainfalldatamaybedeterminedandwill result in the following advantages:

(a) Only liquid precipitation(notaccompaniedby freezingor frozen precipitation)shouldbe
recordedon Chart99.

(b) A more realisticcorrectionfactor can bedirectly determinedfrom dataon the chart,i.e.,
fromthetotal rainfallrecordedonthechartin relationtothetotalamountofliquid precipita-
tion as measuredby thestandardgauge.

(c) DataProcessorswill not beobliged to abstractuselessdata,i.e., hourly amountsresulting
from melting snowor ice.

19.1 .3.4 At eachstationwhererate-of—rainfallis measuredthroughoutthe year,theOfficer—in—Chargeshall
beresponsiblefor establishingalocal maintenanceroutine,which will ensurethattheTippingBucketRain
GaugeSystemis alwaysreadyfor immediateservice;for example,by checkingregularlyto ensurethat:

(a) The recorderclockis in working order

(b) The recorderpenhasink andis not clogged

(c) TherecorderhasChart99 installed(notdated)but otherwisereadyfor service

(d) The necessaryremovalof snow in theareaof BOTH the standardgaugeandthe Tipping
BucketRain Gaugeis donein advance,so thattheseinstruments,whenrequired,can be
immediatelyexposedwithoutdigging to locatethembeneathsnowcover.

19.1.3.5 Whenin theopinion of the Regionalor SupervisingOffice, the aboveinstructionsfor measuring
rate—of—rainfall throughoutthe yeararenot feasible,theTipping BucketRainGaugeshallbetakenout of
servicefor suchperiodasconsiderednecessary,anappropriatenoteshouldberecordedonForm63—2325and
theRegionalorSupervisingOfficeshalladvisetheADMA by letteraccordingly.(SeeNOTEfollowingpara
19.1.3.1).

Note: The standardrain gaugehowevershouldNOT betakenout of service.
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19.2 FORM 63-9686- MSC TIPPING BUCKET GAUGEDAILY CHART99

19.2.1 Time of ChartChange:

(a) At eachstationa normal time for changingthecharton the MSC Tipping BucketGauge
shallbeselected,andthisnormaltimeof chartchangeshallcoincidewith thereadingof the
standardrain gauge.Onoccasionit maybenecessarytoreadthestandardgaugeandchange
thechartslightlybeforeor afterthenormaltimeofchartchange;howeverthetimeof chart
changemustcoincidewith the readingof thestandardgauge.

(b) Thetimeselectedfor thechangingof thechartandthereadingof thestandardgaugeshallbe
as nearlyas possibleon the hour.

(c) Thechartshallbechangedeachday,whetherprecipitationhasoccurredor not,exceptdur-
ing “winteroperation”.Referto para.19.1.3.1and 19.1.3.2.

(d) Therecorderpenshouldnormally bepositionedoneachnew charton the line whichindi-
cates“0 hoursafternormaltimeofchartchange”.However,if thechartis changedslightly
beforeorafter“normal timeof chartchange”,thepenshouldbepositionedon thechartto
indicatethetime interval betweenactualtime of chartchangeand normal time of chart
change:e.g.,

(i) Normaltime of chartchangeis 0700LST.

(ii) Thereadingofthestandardgaugeandthechangingof thechartaredone30minutes
laterthan “normal time of chartchange”:i.e., at 0730LST.

(iii) Thepenshouldbepositionedon thecharthalf—waybetween“0” hoursafter“nor-
mal time of chartchange”and“one hour afternormal time of chartchange”.

Note: Thedesignof Chart99 is suchthat anabstractof data,suitablefor processing,can beobtainedeven
though,on occasion,thetime of chartchangemayvary by as muchasan hourfrom thenormal time.
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19.2.2 Entrieson Chart99.

19.2.2.1 Beforeplacing Chart99 on the recorder,enterthe following:

(a) Station nameand province(asin METSTAT). On the first chartforanew month,affix a
preprintedlabeltothechartimmediatelyabovethespaceprovidedfor thestationnameand
province.

(b) Day (two figures),month,year

(c) NormalTime of ChartChange:
Enter to the nearesthour the
normaltimeof chartchangeand
indicatethe time zone. Do not
usedaylight savingtime.

DAT ~ ~
JOUR

NORMAL TIME OF CHART CHANGE (,‘..,.sI A..,.)-— TEMPS NORMAL DE POSE OS LA FEUILLE (H.Ar. I• PlAN p,.d,.3

N.H s. (TIME ZONE(
(FUSEAU HORAIRE(

~ STANDARD GAUGE TOTAL
— — —— TOTAL PLUVIOMETRE STANDARD

Note: This entry(to the nearesthour)shouldnot vary from dayto dayor from month to month,unlessfor
somereasonit becomesnecessarytoestablishadifferent“normal timeof chartchange”,andif so,thechange
shouldbe madeatthe beginningof amonth.

The following examplesillustratethe procedureswhich applywhenthe actualtimeof chartchangedeparts
from thenormal timeof chartchange:

Normal Time of

Chart Change

0750(I)

Actual Time of
ChartChange

0750

ChartChange

Entry

08

PenPositioned

on Chartat:

0 hours

0 hoursminus
10 minutes

0 hoursplus
20 minutes

1 hourafter
normaltime of
chartchange

7 hoursafter
normaltime of
chart change.

4 hours and
30 minutes after
normal time of
chart change

*Winter operation

**Chart overrun— latechange.Datafromthelast4 1/2hourson thechartbeingreplacedshouldbe

placedin theappropriateboxeson the new chart.

7

(2) 0050

(3)

0040

1250

(4)

1310

0950 1050

(5) 0150

01

13

10

02

08

0850*

(6) 0800 1230**
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19.2.2.2 After removingChart99 from the recorder,completethe following entrieson thechart:

(a) StandardGaugeTotal. Entertheamountof RAIN asmeasuredby thestandardraingaugeto
thenearesttenthof amillimetre,i.e.,29.2,4.6,0.8,for theperiodof thechart.Enter“0” for
none;enter“M” for missing.Mark thisamountwith anasteriskif it includesanyfreezing
precipitation.Seealsopara.19.1.3.2(b)(iv) and19.1.3.2(d)for specialproceduresduring
winter operation.(Seepara.19.1.3.2(f)for proceduresduringfreezingandfrozenprecipi -•
tation events.)

(b) GreatestFallof RaininSMm., 10 Mm ., etc. In theboxesprovided,enterin millimetresand
tenths,thegreatestfall of rain asdeterminedfromthechart,(para.19.2.2.4)for thevarious
durations,i.e., the greatestrecordedamountsfor durationsof 5 minutes,10 minutes,15
minutes,30 minutes,1 hour,2 hours,6 hours,and 12 hours. Enter“M” if therewas rain
duringtheperiodof thechartbutthegaugewasunserviceable.Leaveblankif therewasno
rain.

Notes: (1) While lineshavebeenprovidedon the chartforrecordingcorrectedamountsofgreatestrainfall
for variousdurations,andfor correctedhourly amounts,entriesin theselinesarenot requiredexceptwhere
thereis aRegionalneedfor thecompletionof Form63—9687.

(2) A plasticRainfall Intensity ScaleNo. 50, Stock No. 6675—21—904—3703andaMagnifying
Glasswith case,StockNo. 6650—00—346—9106areavailablefrom AESDownsviewStoresandaremostuse-
ful aidswhenabstractingdatafrom Chart99.

(3) A seriesof controlchecksshouldbeappliedto the valuesrecordedon Chart99 for “Greatest
Rainfall in 5 minutes,10 minutes,15 minutes,30 minutes,1 hour,2 hours,6 hours, 12 hours”, viz:

The amountassignedto anydurationperiodup toonehourmustnotexceedtwicetheprecedingamount,nor
shouldit exceedthe sumof the previousamounts.

The 30-minuteamountmust notexceed3 timesthe 10 minuteamount.

The6-houramountmustnot exceed3 timesthe 2—houramount.

The 12—hour amountmustnot exceedtwice the 6-houramount.
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EXAMPLE (of incorrectdata)

SIAIOUN IKUV ~ A
GREATEST FALl. OF RAIN IN
PLUIE MAXIMUM EN

[ S MIN—— 10 MON 15 MIN 30 MIN
— —,-

~ 08. /.~‘.

COREEC1f0~ CORRIGEE I

-. 4- ---—-4--- - - - --,--

15 16 17 18 19 20 21

1:I:2L4::b4
Theentriesshownabovefor the5, 10, 15,and30 minuteintervalsarenotinkeepingwith thepreced-

ing rules,andarethereforenotacceptablebecausetheamountfor 15 minutesisgreaterthanthesumofthetwo
previousamounts,andtheamountfor 30 minutes(2.6) is morethan3 timestheamountfor 10 minutes(0.8).

(c) RecordedHourly Amounts:

(i) Entertherecordedhourly amountstothenearest0.2millimetreasdeterminedfrom
thechart,(para.19.2.2.3).

(ii) No entriesarerequiredfor hourswith no rainfall.

(iii) Enter“M” forhourswhentherewas malfunctioningof equipmentduringperiodsof
6rainfall.

19.2.2.3 How toDetermineHourly AmountsFromChart99. Therecordedhourlyamountsof rain shallbe
determinedto thenearest0.2 millimetreby countingthenumberof 0.2millimetre stepson the chart. A step
thatoccurson the line separatingtwo hoursshallbecreditedto the first of thesehours.

Note: Onestep= 0.2 millimetre of rain. Normally,thereare two steps(0.4 mm of rain) madein the space
betweentwo horizontallines. However,theobserveriscautionedthatoccasionally,dueto malfunctioningof
theinstrument,onestepmayextendoverafull spaceormore. Thisdoublestepshallbeconsideredas0.2mm
of rain.

f
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19.2.2.3.1 When the charthasbeenchanged
slightly before or after the normal time of chart
change,thetraceon therecorderchartwill notend
exactly on the line indicating “24 Hours After
Change”. In such cases,the last hourly amount
shallbedeterminedas follows:

(a) When the last portionof there-
corder trace extendingbeyond
the“00” line (i.e., thelast com-
plete hour on the chart) repre-
sentsaperiod of 30 minutesor
more,countthe0.2mm stepsin
this portionof the traceandre-
cord this amountin the appro-
priate box as the last hourly
amount.

(b) When the portion of the re-
corder trace extendingbeyond
the “00” linerepresentsaperiod
of less than 30 minutes,count
the 0.2mm stepsin thisportion,
add them to the amount re-
cordedin theprevioushourand
record the total as the hourly
amountfor thelast full hourre-
cordedon the chart.

I I I I
7 HI I

20 21 22 23

21 IIEUPES DEPWS LI TEMPO
NOSMAL DI POSE 01 LA FIUIItI •

tO
00

—~

ug

I \ \ •\ V KG

19.2.2.3.2 If achartischangedmorethananhourafterthenormaltimeofchartchangeandthepenoverwrites
on thebeginningendof thechart,becauseof thechartoverlap,thevertical lineson thebodyofthechartwill no
longercorrectlyrepresentthetime. It will benecessaryto scaleoff the timeas well asabstractingtherainfall
on theoverrunportionof thechart. In suchacase,thedataabstractedfollowinghour24 shallbeplacedin the
appropriateboxesat the beginningof thechartfor the nextday.

19.2.2.4 How to DeterminetheGreatestFall of Rainin ShortDuration.The greatestfall of rain for thevari-
ousdurationsindicatedonthechartwill bedeterminedby examinationof thechart. Thedurationsfor which
dataarerequired,are 5 minutes,10 minutes,15 minutes,30 minutes,1 hour,2 hours,6 hoursand 12 hours.
Thesedurationsarenotboundby clockhours. Forexample,thegreatestfall in a 10-minuteperiodmaybegin
at 13 hoursand52 minutesafterchartchangeandendat 14 hoursand2 minutesafterchartchange.Forthe
shorterdurationsit maybe necessaryto scanseveraldifferentperiodsto find thesteepestslopeof thecurve
representingthegreatestfall of rain. Seeexampleon nextpage.
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EXAMPLE OF GREATESTFALL IN 5 MIN, 10 MIN ETC.
(SECTIONOF MSC CHART NO.99) )

STATION PROY.________________________
GREATEST PALL OF RAIN IN
PLUIE MAXIMUM EN

5 MIN 10 MIN 15 MIN 30 MIN IH 2H

RECORDED: ENREGISTREE 0.* 0.6 o.8 1.0 1.6
CORRECTED: CORRIGEE

1.2 __________

20 21 22
Greatest Fall an 2 Hours 02.6
(13 Vertical Steps)

Greatest Fall in~zHour1.O

H-5
L — ___ ( Vertical Steps) — — —

— _ -f

____ ____ — — — (Steepest Portion of Curve Here~ — — (
Greatest Fall in 5 Minutes = 4

_ _ _I
— ____ — ____ ——-——(2 Vertical Steps) — JI I I I __ __ __

\ \ ....~ Greatest Fall in 15 Minutes = .8(4 Vertical Steps) 7

‘I 4 5
II 3

3 2
4


