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. ABSTRACT .
A P

R

The accuricy of rainfall measurement in the ¥hitemud ngik ;

‘ . : . . L W
basin south of Edmonton is investigated. This area is a designatqgw

research L. in uncer the International liydrologic Deiade program in

Canada. It is representative of the Parkland portion of the Prairie

region.

Total basin precipitaticn for variousvﬁeridgg/;ere calcul-
. -> ?’. . ] i - . - i .4 .
ated from the established network of rain gauges by means of the

Thicssen polygon method. It was compared with results obtained in
. o oy . LT c . ‘ -

the ggme manger for -a 'dense! network.. ) N o o “

~d Ce o v ‘ o ' S R

. . Because of .the: higher gauging ratic, the"'dense' metvork is
oL T oo i . . . e 4 . . © L

R ’ - N . { . N ~. i Lo ..‘" ’ . - ' .
“cansidered to give a better representation of total Basin prec¢ipitation.
‘The value calculated frow the estallished network is expréssed as a:

‘percentagt of the total obtained from the "dense' -network. Tor those

precipitation ‘events vhich resulted in more than C.5 in. of raim,.the

‘establisbed network measured from 66% to 1477 of the more representative

amount. : v _ T
Total summer precipitakion (May to September, 1972) for the

LY
a

~

two networke is also, calculated. .The "dernse" network rainfall /is ‘shown

- .to have been,104% of the establighed netvork total. -The differences

o betweénlﬁhg\ffo.netwdrks is shown to have decreased with increasing.

. -total rainfall and also\&ueg\g\lgﬁgii;ifme'pgriod. o

K3

Spatisl variabiﬁity is also shown to be of importance when

. ’ L
. 1 N ] .. o ) . ! - = e . ’ .
total summer precipitatien is counsidered. The average difference. in

SV 'total'prCCipitation is shown ta be 8% at'3 mi f:bm a reference point.
. o S S
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This increascd to:17% at about 12 mi. ., Extreme preeipitation gradients
. L -

of 0.24 and 0.30 in. per mi ore shown. A gradient in ixcess of 1 in.

per mi is censidered to indicate some-fault in guage exposuroes

In the summer of 1672 there appearecd to b% a spacing of about

11.5 mi between preferred storm tracks in this part-of %lberta,j It

5 _ , '
also seems that scme topographic control of precipitation amounts

extsts in the study bosin. This is Linted at by resvlts from cauges
in that portion cf the basin where relief is greates

t. There is little

to indicate the sign of the difference cther than short-range radar

photographs.

‘The 'study has implications for water-talance studics, crop

N . N N B
i . - . . R . ‘ ’ : '
development, groundwater recharge, soilsmoisture recharge and runoff
N - Sy . - .

.
'

~calculations.
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This study was suggested by Professor Arlejgh Laycock whoSé
desire itiwas to_bbtain more cetailed knbwledgé‘of‘totql precipitatiod:

amounts in the whitempd Creek Basin'southfof Eﬁﬁbntdn. The study
provides'additidhal,ihput to a data pool‘forAthis basin‘which is,part
vof the Can’dlan contrlbutlon to the Internatlomal hyorologlc Decade .

(1965 1974) : This basin has‘been'designatcd‘as study prOJect No.
.. IWB-BB~ 28 (Inventory and Vater Balance, Pep1 sentatlve Ba51n Lo. L8)

Iravel expenses were thetefore'covergd‘from reSéarch funds.provideg
Dr. Laycock by the Rational Research.Council. .

“ .1 would liké to thank:Mf:»C.wTLémpson and -Mr. D. Currie of
;He'Atmcspher;c=EnyironmcntmServicéﬂ~£hqironméht»Canada;_fo:'allowing c
U to use'tbe CuftiéS‘Wright weather radar;sét installéd at Edmontoh-

.Ihteruational Airport.“ My Lhanks also g0 ‘to Lhe staff of tbe AE° ‘

) brleang offlce mho were so tolerant e} ,presence durlngfthe two s

-,summqgs‘gf field_work and-whofrgfreéﬁe mory on the use df7thei

radar set..

I wou]d like to tbdnk Prof R.h Longlcy and Dr. A. . Laycock

. ,“,w o sp——

for thelr untlrlng efforLb in readlrgfdcorrectlng and suggGQtlng

simprbvemehts'to‘this work."-The refinement'of conteﬁt’and form is due

¢
“

e e e T L i
solely to, their assistance while any errors which remain are attribut-

able to the author.
' » cn £ T
. Finally, I would like tc thank my fellow, students who helped

cheer me when my spirits were low, and especially my wife who was so

patient yet o0 persuasive and without whom the work would never have
: R : < - ’ P ’ - .

‘been completéd.
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Introduction

The llest begins where the average
annual rainfall drops below twenlty inches.
When you.reach the line which marks that
drop — for convenience, the one hundredth
meridian - you have reached the West.

J

.

Bernaid DeVoto

in The Plundered Province.
-Harper s MagaZine,

Aug., 1934
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- The desire to .know mqre about ahythln

.

anc wverything has led

v

pursuéd many LTullS intg unknowu or purtiy known territorys
: - b L o
] W

thin arcas’ wlkch were' Lhoubht to’ be known ﬁéﬁ,lby;wdlking

-

> . }

wledge of.things and P “terns of th/%gS'which were previous%y
¢ * . Yur
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mllarly éﬁ the nunbcr of - sctyntlflc 1nveotlratlons has{

ied, the scale of inveotlgatlon has gertrally decreased
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cases emphaéizc, meso-and, m1c105cale plObleW

true 1n thL cvse of studies of natuxal res8n1ces. Cur uﬂe of thesej s

‘ \ ) o L.
rescureges w1ll in large pnrt,determine whether man continues to survdive "
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1 use of a resoutfce can

: . 3
hat arcunt the resourcew

Nani resources exist in fiydte qmounts and ‘are non- renLdele.

to say, they are no longer belng creqted or are not coming into

: <

~

rom which. we might draw.

"W

s

Cther resources, iowever, are‘terwed

kN

le, that ié; the& are-constantly replenished, qguelly bY‘the

recycllng of Varlous“elemental substances.

s ~In

- re-used

k)

thls category we flnd water.

Yy

‘

Water is used, dlscarded{ii?

. No matter. what use we maLe of it,

fe

- the'hyg

Ce

. 2 .
rologic cycle will cleanse and

retirn

the contlnuous sctldn of

it rolus. .Though;

v

ce:fast'enough'to be cons;dered as pa rt of tte eath s store— -/



'DESCRITTICY. OF TEL STUDY BASIN
—_— B HE E

A=

"erodgd into relatively flgt lacustrine plain. = The. North Saskatch= -

point it is 13 miles west to éast.

v o N
émounts‘may vary from place to place and though time, an approximate .
world balance will be maintained in both dimensions. -

This thesis is a study of only one aspect of the reldtionship

between atmospheric processes and ‘the earth's surface. It is a

‘study- of, the épatial distribution of precipitation over the Whitequ

Créek Basin south of Edmonton; Alberta. An attempt is made to

determine the representativeness of the established rainfall

observing netwerk in the area b&.use of a dense raingauge. network
.and weather padar observations within the basin. -
I : v

&

- \

- The basin was sélecté@ as an. Internationzl Eydrologic Tecade

SN

" g . N . . ] LV ‘ . . . . : . .
©~ (IHD) Research Ba51n.représentat1ve-pf the Parkland region of the.

Interior Plains of *Canad4. ' It is transitional between the northern
o X R L
Boreal Forest and the Prairie Crasslands... The basin has been

[

<;\J//;;an River “and the lower parts of its tributaries, such as Whitemud

Creek, have cut channels up to 200 feét-‘n depth."
The'basin'is"oriéntéd‘in'a nofth—éouth_directipn and extends

southward from the jurction of the Riackmud. and Vhitemud creeks at

-
. a

23rd Avenﬁe,-Edmonton,'about one-quatter m{le:wést of 11% Street to e

i

‘a point gﬁout’one mile north-of Pipestone reek (Fig.’l). . .The

.total lepgth.of the study area is 27 miles while at its widest
"he total afeafié approximately -
A . . B
150 square miles (Rains,‘l969 gives 150.22 SQ'mi'whiIe Frxleben,
) B . - p DR .

1972 gives 142 sq mi) and maxirum relief within the basin' is 535 if

(Rains, 19€9). -  ">v' S “”"~

. . e



Lxy

—
LEGEND
~—Boundary of Whi?emnﬁd
- Creek Basin
'mDroinqge ‘channels

o . Dense network
‘observing points

e Established
gauges

Long

_ <= ¢\
~Lake

'Tei%z?d.

L Clk e

' :
‘Whitemud Creek
‘basin showing
locg;iga of
sauges and their &
desipnation

}\;,

- |Lake » S v‘ﬁ;%?yw'l
" Wwﬂewq,ﬁ/? L



N ~ , ‘ .

N EDMONTON AXD VICINITY
CSHOWLNE CLIMATOLOG LCAL REPORTING
STATLONS AND STUDY BASIN
WITH DENSE RAINGAUGE NITTHORK ,
ua? , 30 i3 ;

3 | L
: » ‘)
%QQ} LSln ‘%8 |

Glenevis i -

o T Nw.—Plain . ‘
,_g ' Lyn‘nwoo&,

West
+ .

Calmar.
e

e

LY X ":

N H

Wi'nfiel

) : Fort Tl )
Saskatch e‘\y’.jgii\ :
s
Stony" ,

) o . )
S Y ;

© 0 SjEdmonton
o+ finternation

.»..0utline of . :
Studv Basin Scale in st’\u\’O Miles
' S o T - -

D ota o .
West .
. i .
“*Dokota - . JLD‘ )“\
= = T o
30' S | A . ... 30 3

+ Estnblished

T -3

. ) 3 4 I
o Dcnsevhalngaugc‘ . o %) >0
Network - s :

N

;)'chorting
Stations

Fig, 2



The northern half of ghe bnsiﬁ‘is mantled’b; fluvial sanc
over lacustfine maﬁerials originating in the former LaKé Iden _on
; - -

while approximately the southern half consists of fluvial sands
over glacial till (BOWSQr;et al., 1962). - These diffcrent parent
materials are sﬁperiﬁposeé'upon the Hdmcnton Formatibn, a,Bedroék‘
composed;wainiy.of wcaktshele and sQndstone dcposited in a marine
envi%onmént. Two dltfercnt soil ordels P#ve LVOl\Ld on these
undexlvnng surfﬂée Sy chernozem:in the north and solonetz in thé
south. - The veg&\utlon'puttern Somewliat reflects this ciffcrence
v1Lh rore eyten31»c voodcd areas 1n the soutbcln half of the basln.

Whitgmud Creek Q?s cut a Valley apprcximatcly one hundred féet deep
’af the uéfthern end of the ﬁasinf *The extensivce norfh—sbuth
grassland iﬁrthc s§udy ared\is bordéred fo;tﬁe.east:by an éxtén;iyev
Qodded éfeé. Laycock (personal.commuﬁitationj‘has suggcsted‘that

'thié may be due to'grédtér precipitétion and lower potential
evapotra nspirutjon dver the higher méralne to the east‘than over
_the sllgFt]ylower plaln to the west of the ba51n.. Ihis wou1d be_in

. ? . ‘ . ‘. .
opp051tlon to the pawtern whick.emerges from the thirty-year ggrmals
-of precipitation data'in thig erea. - 'Mothing morévshculd'be said'
heré concernlng tﬁls because no préc1prtat10n neasurlng p01nts ex1st

~in the: hlgber terraln to test the\above b pothe51s.

oy .
Bowser et al (1962)‘describe the region as'part of a btogd
tensldn ‘belt betwcen the seml—arld pralrle to the souLheaat and the

. sub-humid poplar aSsocyatlon to‘the'north west. - Mcss (19 5)»suggests

that periodic burning‘of‘the’prdirie may account for the less exten>

B N : : i N



sive tree cover.

‘ PATTLERLS AND SCURCLS Or PRICITTITATICN I _ CEUTTAL FLBLPTA

~

The study arca is .eitvated ?OC to 250 miles east of the cont-
inental divide. - bccause the apcaris fitustec 1o the belt of
: ;; prévailing'WeSterlies, the -highland area upviad creates a rain-

.sh§dod\ ut one with sgrprising‘variations in total amounts. Muteit
(1061) loxpts fo resultq which show up to flve times as much
>
N

prec1p1t tior fn some parts of ‘the prov1nCL as in others. Iie cites.

_physiOgraphic features zs the main cause of this variation.

R

~Dickison (1968) found no sigtificant variaticen in the precipitation)

£ : : Cee . : P :
amounts recorded at different elevations across a river valley at

'right'angles to the prévailing flow of air (over_a'raﬁgebof 350 feet),

for a location in Mew Brunswicl, Within Albexta, however, Muttit ~

) SN

notes thatvhills'as‘low as 500 feect seem to. have a great influence

‘on -the amount’of'brecipitation which falls a2t a point.

- Of the moisture whichk is precipitated over the study area,
L] ‘ . . o Y N - : .
. seme- first crosses the cordillera, and.a small propertion moves

S\ . , : %7\

L north—ward from the.Culguof-MexicQ. :A ﬁuch lérger ﬁrdportioh ié
ﬁoisture‘evaﬁorated}ffom-phe nany éhaliow lakes aﬁdlpondé df_Central
tlberta and transpiréd from thé“cxtensive'forést‘céver dfvthe foot-
hills région andvthé belt of fbrgst'which’sép;ratéé the PeacéiRivef
regiéﬁ from the férﬁing»érea tq'the,sohth. This ﬁbftheaétward.

| extensiorn of fo.est’@ortespénds cldSél&,with a -similar extension_'
?ﬁ in the iSoﬁyets‘er Variéus periéds of‘ﬁr;dipipation anélygis.

\I‘/L
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The gross patterns which are being discussed above arce shown

in the ftlas of Alberta, Atlas of Climatic Yaps, The Climate of

1

the Prairic Proviances, and in other publicatiors. In regard to

the study area and its 'surrcundings (Fig. 2) the map Qf arnual

average precipifation (Fig. 3a) suggests a west-cast moist tongue

- south of Fdmontpn including the arca of interest. Frecipitation

for the May to Septerler period (Fig.. 3b) hésﬂa g&fﬁht suggestion
of this tongue. -

Sllgkt dlffcrences cceur beLween Lhe raps preqeuLed in

different’ pu}llcatlons. For 1nstance ir The Lllnate of thc

Pralrlc PIOVches, Flg 47 shows the 20~ 1nch 1>ohyet of ‘annual

" precipdtation to have a slightly more pronotnced. "kFulge" tovard

Edronton. Fig._ﬁé of the sane puhlicétion.deals'with‘average‘\
rainfall for the period Ifay to September. . (Thcse'figu;es'are‘
K f N 5 o . o P
reprocuced here as Figs 3a and 3b respcctively)., It reveals a

much lower precipitaticn gradient than does thc Growing .Seacon

“Precipitatiod map from fhe 4tlas of Alberta which is based on

preécipitatic

‘records frovapril.to August.

e

Annualand Growing Season variability are lower in the ~study

area than ”lcewbere 1n the prov1rce w1LF the exceptlor of Lb

forested belt north of Fcrorton (ngs 30 and 3d). The'area‘of

- %

then eastward across the‘study area. Maps of_average
monéhly precipitétion fér'May June ard -July olmllurly show dn east-
. . )

. ward exton51on of ‘higher prec1p1tut10n values tlrougF tle Edmorton

N
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. area, though the .extent toaﬁhich they cover the Whitemud Creek

Basin varies (Fig. 4). - The scale of the maps does not permit
rore than rough interpretation. Staterents made here should there-
fore be accepted with caution.

This standard climatological aralysis is carried out usirg &
Al

reporting stations sponsored by the Atmospheric Lnvironment Service

v

‘etecrological Service of Canada) and in some cases these

~

repoits fare supplemented by those taken at Alberta Forest Service

establistménts and those taken by grain elevator ccmpanies at scme

locations. As a result cf ¢hénges in elevation and other factorsg,

these reports reveal variations in zll of the climatic elements from,

what interpolation would give. Cbserving standards, inspection %%“«'

procedures, and types of gauge 2ll vary to a greater extent than
y R iy ! : R o

at .AES installatiomns. The results are of%en,filcd'for‘future k

reference and not censidered when producing maps because of the

complex patteres which result, patterns which would rot lend  them-

selves tc.small scale reprcduction (Lorgley, 1972). .

SPATIAL VARTARILITY

Spatial variability .is acknowledged on the macroscale everywhere

o o+

and for many areas. Tke resoscale is also acknowledged to have

significant. variability in the areal distributicn'pf precipitation.

At the microscale over relatively heriogeneous terrain, both. integ~

ration and averaging of the precipitatiorn record decreases variability.

It can béfdémqﬁstratéd ﬁhéfﬁ&s the “length of time over which

obsérvatsions arc taken is shortened, the variability of recorded
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&h x
amounts increases.  Similarly, it can be shown that spdtial
variakility in recovded arcunts increases with increasing density
of stations in the oksqrving network. - ) ‘
In addition to thd determination cf the degree of represent--
ativeness of the existi§&‘climatolcgical network the author will .

attempt to sho

that more intersive cbservation cf precipitation
patterng cen resNt in refinements\?f interpolated patterns based
on existing obierva‘ions.» . They may also. add to our understanding

i 7
¢ 3 . . . - . - e el -
of variations in the distribution cf precipitation from.ircividual

®

storms. . 4 third benefit will be seen to accrue frow the evideuce

//,,

used with confidence as

that forty—eight~cuncc juice®cans can/Be
ratn gauges where adequate nupbers of "approved' gauges canmnot be

1

obtained. 'jf
Altogether it is-hcped that this work w1llvcontriQ&$e to .a

R S
iR

better undeérstarnding of one aspect of the water balange pattern in’

v v

: .
~one part of the Province of Alberta and that the tec¥niques used

and information gathered may be .of use in basin ies elsevhere.

L

4
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“Uncertainty in Rainfall teasurement

‘For many vears I was self-sppointed

inspecter of snow-storms and rain-storms
and I did my duty. faithfully.

3

Henry David Thereau, |
Falden (18354), '
I, Economy

13
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Spatial Verdability of Rairfall: Survey of the Iiterature.

)

The limited extent of convective storm rainfall is gencrally
~ -

recognizdg For example, Dlair and Fite (1°57) give the. fellowing

+ . description "Such a storm is rerwally only a few mi]fﬁ wide, ...

The edges of the storm are well werked; the rainfall may be heavy
within the path and diminish té nothing within & feﬁ»hundrgd feet."
Evcn mcmbers of the ceneral puklic can usually fecall some instance
of rgin.fa]lingisp oné‘ i;~“qf the stréet but not cn the'qther,;or'

of a shovwer passing in a narrow swath ahrough a ficld. It is a

common experiernce to'pass through wet and dry patches along a high-

way on a day with shower activity.  The degree .of variabffity in
sp is re]afed'dir;ttly to the me'hanism'tespcnsible for the Tain-
fall. Normally the‘rainfall produéed from the ascent of air in

the vicinity of a low-pressure area is considered to be quite uniform

over a large area. . The spatial cistribution of rainfall amounts’.

.. . : LTy : ' . ] ‘ i .. o o
resulting frem werr~frontal 1ift is also deermed to be quite constant.
*Variability is greatef for storms resulting from celd-frontal 1ift

~ because of the presence of more vigerous asS§ut and areds of” descent.

N

The greatest variability is observed to occur whern cunrulus

and cumulorimbus ascociated with convective instability produce
ég scattered shovers of limited areal extent.
Lecause the area swept by individual thunderstcrms, tends to be

random, despite some tendency for dircctioral repetiticn, irtegration

/

.+ of the rainfall totals fron these storms over longer periocds of time:

. does_smobth out the variability ‘pattern in any given area. . Ecwever,

,
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' it must be noted that a single intcnse sterm may result in such a con-
cLhtratlon of ralnfa]l in sore areas that the anomaly .will last

L. rough monthly ond pgrhaps evén the seasonal or vearly analycses of
S J ' '

: totals. '
————— !

McKRay (LS€4) shows a éase.%p the hll‘pn Creek \atelsled (8.8 i

square niles) where one heavy rainfall of over onc inch covering an

I3

area 1/2 x 3 milcs continued to influcnce the ischyctal pattern of N

Rl

the monthly and four-month charts. @ LEven the ischyetal gradients

were similar. . When averaged over four Julys however, (the wonth of
occurrdnce of the. heavy stecrm noted), the effect of this storm in the

mapped patterns was. lessened and tle overe l effect of teoposraphy and
variaticr in rain gauge erposure was noticeable. teVay (1961) has .

also shown that, when long-term .means over the Canadian Prairies are
~ v L . .

. . B r N

considered, tke mcan -annual precipitation isolivets rarely show prec-

‘ipitaticn gradierts greater than one inch per one hundred miles.
Such wvaria blllty f]OP p]ace tc place is of interest to the farmer-
_who'depends on rainfall for growth of his-crops, to the climatologistv

who seeks complete knowledge pf the water deghCG of the area, and to

the hydrologist who wishes to know how rmuch water is aveilable.for

'

"varicus uses.in the area. . . - :

.. Lxamples of extrere va aricbility Lavc been gjvcn using the estab-

lished reporting nctwork. Lengley (1972) says:
For the.prajrie area, the variability of precipitation

frem place to place or from year to yezr is of more signif-
icance than the variability of, teérperature. n.. (&r) example
of the varisLility in & 51ng]e storm occcurrcd con July 12-14th,
1062 On those two days lLenna reported 5. .C¢ inches, while’

- at Drumheller less than 40" miles avay, the precirit:ticn
was 0. 47 inches.



variability in four dense gauge networks in Illinois with ceven to
twelve years of record using a method from Conrad and\ Pellak (1950)

_ wheve spatial relative variability is obtained from

.

Vo= 100(s/M) 7
where V.is the relative .variability in per cent, M thé mean .of the.
sample, and S the average deviatipq'frbm’the mean. The authors

calculated V. for storm, monthly, seasonal avd extended pericds.
Tor storms with no measurable precipitaticn at some gauges’in the,

network, relative variability was recalculated after eliminating:

'Zerp and trace observatione. - ‘ e (-

Several "authors lLeve irvestigeted graddents of rainfall which.

are ‘associated with Variability.k‘ The most tForough studies are

thogc.of'ﬂuff and Schickedanz whose 1972 work shows that- in the

Midwestern United States; the gradient steepens

’

as the period of rain-

fall measurcment decrecases. These authors found an avefage change -

of 6% in‘growing’season rainfall in.a'distance of -3 miles. . If the ™

“time interval is decreased tc a2-single storm with an average rain-

.

fall  of Q.5 dinch, the average clarnge at 3 mi increases to 30% and

\ : : s : :
rises further to 68% when l-minute rairnfall rate measurements are:
. compdred. These authors ‘fcund that the correlation coefficignts

. . . ' N ’ . ' LT
-were higher in a west-east and a scuthkvest,to nertheast line across
the netvorks than in any other direction. . This can be explairned by
He : X ‘ . - St
o

the directicn of prevailing winds aloft which steer individual storms

in these directions. “This pattern/persistd through analysis

16
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1

of storm, mcnthly, ar.' :cascnal corrcelaticn values.
It is known that at timed phc“preciuitétion which occurs '
~Letween reporting stations mway be different from that whiclr one would
estimate based on a linear interpeclaticn beotwecnh the amounts reported
at "the two stations.  If it is- suspectedsthat the amount may be
- significently different, and if there is some reason to Lnow how much
. differencé there is, then it may be.worthwhilé placing one or more

gauges in the area of interest. If Lhe object of Lhe study is to

\

determinc the degree of areal v“rlab*] ty of DrCCJpltutlon Lhen it mdy‘

/ .
be dL "le to set up a nulLl gaugc chGC netmork

>

Ihree nthorhs of ‘this type have been ope€rated for over ten years

in Illanls by the Illln01s utate lavgr SLrvcy and havu yielded valu—

pot o

ablc 1rformaL10n on ra;nfall graalen £, samp11n~ errors in reasure-

i

ment of mean prcc1 itetion, ard meso~bcale spatLal Vqr]aLAllty in
- . * !

A,..
PIGCLpltaCIOn over 'a portion of the Arerlcan nld—vest (}uf‘ ﬂnd cthers:

1967 1968, 1269, 1970, 1972). Similar studiés have been conducted

1

by Fef@ﬁéon and Storr (1969) in Alberta, Ebancrt7la and FlSlel (107?)

“in Arlzora, Lendrlcl and. @bmer (¢°7C) in Verrcnt and others.

ThrOUﬂhout thcse StlulOS t}cre 1urs a contlnulng corcern for the
( : . : _ .
accurac> of meacuremert of rainfall by gauges. It would seemn \1se to’

3

include here a- bnlef dlscuss1on of the probi?@s erucnntered mhen

.egsurvn& r?lnfall S ’
FROBLEMS IM. THE MEASUREMENT OF PRECIPITATION A

It is generally accepted that'no»rain’gauge'will te installed

17
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o MSC standard tippingfbuéket gauges;ﬁere inéﬁallﬁd. . At five

closer to a building or trees than two and ‘a half times the hciéhf
of that obstruction. ~The main problems can be described under the’
following headings: (a) Instrument.errors and (b) Samplirg crrors

(Ferguson. and Storr, 1969).

w3

(a) Instrument.errors . S
During ?aiﬁfall,vsftbrs cccur in the'émount'éf'prééipitation
measured‘aéﬁa'resﬁit'of turbulence éfdunﬁ‘the orifice of the
gauge. vTﬁe»degfee.of_turbulence'is‘a fuﬁctiﬁﬁ of the épeéa éf‘
Athe wind and the éuff;cevover which it fiows (rpughness)._ Tﬁis
tﬁrbulérce ﬁo#mallf leads to uudércatﬁh and the gmount of undef—
‘catch increases directly with the,size of’ the unghielded gauge.
Ihis er;or also increases'ﬁith'height‘above the ground'wheuéver‘
Ehe gaugellocation is poorly exposeéd.

Dickinsen (1954) uSed a neﬁwdrk.df_paired gaugés in&a vafiéty_of

locations to evaluate the differences in catcli of these gauges.

. MSC standard gauges werge installed at all siteé.‘ At two Si%es;"

>

.
£

sites USWEB étandard gaqgesvwére employed to gather the'requir;d

_information. = Five others were paired with Bendix Friez Weighing

Recorder gauges. Double mass curves were used ko evaluzte the
. . { R . v/’. .

results. The auther concluded that € results supportedAthe_

Yoo

findings of other studies which have sﬁown that "the catch of one
: B . . . N N [9]

jgéuge typé in relation .to the rcatch of another gauge type is

PR ’ . § . , . ’ . 1
dependent upon the station at which the two gigggff&pes are’

located: . However, ore cannct say that there is a sigrnificant

<
]
v



Voo | ' b
diff rence between the catches of the different gaufes thpes."

Assuming that "all gauges under-read when there is turbulence

but do not over-read under calm conditicrs, then it will be
v s . . , K . :

secn that a systenatic crrer attributable to the instrument

has been introduced, one whiclt we do not vet cempensate for in

-most water balarce studies. Radda claims that thig errcr is

nct significant in water balance calctldtions bécause it is
, p :

'

masked by c¢rrors in the caiculaticen of :runcff, cvaporation and
storage. change.' Thus, with the exception cf- someé recent studies

YO

in the USSP; nc extra.allovance is made because of the error in

easpjrément. : co ' . LD

Sampling errors

. _ : , ‘ , ‘
By sampling errcrs, Ferguson and Storr mean those errors
introduced by irproper siting of:a gauge.. With unreasorable

sheltering from the wind, turbulence is .reduced; increasing catch
efficiency and increasing inter

-gauge variability in rainfall,

They also include those errors relating to the density of the
observing network. Any point measurenment of precipifation can-
< - ' N . . ‘ - ) )
. be considered as representative only of a certain smell area.
Eow small;br.large_the area is depends on the length of time ‘over
o - N B : . & o
which the records have been averaged, the topcgraphy of the area

anc the type of précipitatiqn process.saﬁpled. Where convection
might be considered importart the nature of the ground cover

‘should also be considered as influential.

Py

The representative area is considered large vhen the underlying:

19




, : ~
surface is flat and precipitaticn is steady (as witli warm—

g

frontal actiVity or an occluded'lcv). £s the record of

olbsservations at a site lengthens the repreSentative area of

that site becomes larger.” The reverse of these situations

v

is also true. It is relatively small for short—-period
precipitaticn amounts, areass of marked rclief (we wight post-

ulate SQ0 feet on the basis of other studics), and for showery
precipitaticn. Urban effects, lakes, forested .areas, grass-—

'

“lands or plowed fields may all act to influcnce the distrib-
P . : . . .
uticn of rainfall. Therefore, they wav be censidecred to alter

Y ' ‘the variability and hLence the.répresentaGiVe'arca of rain gauges.
Tc achieve a given level of accuracy in the estimaticn of areal
precipitation, the nctwork density required will vary with those

v

, o - : _ - , -, s
factors outlined above. It therefore changes as the nature cf precip-

dtation chapges with the sessons.

-~ Fey authors have risked statements on required gauge—network
: densities but two who have done so were in some agreéement. itff and
.. ) »° . ' - ) Co . ) )
e . Schickendanz (1€72) point teo-the different rcquirerents for differcnt

types of rainfall. They%staté;'fdther factors being equal, air mass

l"

‘storms require the greatest sampling dénsity among syncptic types to
maintain a given error level.': Bdcause this storm type is confined
to the summer season, the above authors note that the May to Septenber

ampling density requirenerts are twe to three times these cof the
remainder f the year. To obtain an averagé ®f ninety per cent exp-
‘ . . A("_.. . .. (\;‘) ) . . . B . .
B : A

e

'v.>’v W oe



a

lained variance for all storms. combined, these autliors calculated

£ »
S - .
that a gavge spacing of two miles was needed in the warm scason
cenpared te a spacing of six miles for -the cold season.  For.air

mass storms alone, this level of accuracy demanded spacing of one

wile while rain caused by the passage of a centre of low pressure
could be.g?ugcd,ade@uately’bith specing of eight te ten niles.

. s ’ N
These calculations were made from deta cobtained for two dense rain—

gauge networks operated by the Illinois State Water Survey.

\

"Holtan et al (1$62) considered both:areal distributipn'and
site exposurc requirements for arcas with' a2 corntinertal type of

climate, where heavy precipitaticn cften occurs as & result of
K :

thunderstorns." (Coxrbett, 1S67). They sugeested the followin
s Yy £€ : Lowlng

™

censities were necessary for studies in agrictltural watersheds.

Voo mmer

.

Number. of Rairfall Statichs Required

Size of Draihage : - Gauging Ratio ' Minimum number
Area {Acres). ' . mi 2/gauge cf Stations
0-30 _ ; , .05° B ‘ 1
30-100 : : .08 - 2
100-200 . | | RS I 3
200-500 . \ .16 -7 1 per 10C acres
500-2500 - X R S - v 1 per 25C acres
2560~-5000 , . 1 . : 1 per sq. mi.
over 5000 . - 3 - '

1 per 3 sq. mi.
"Huffiand Schickédanz note thet the sampling‘egrof of individuaiq
-storms increases with‘ircreasiné‘areal méan prééipitatiqn an&
décreaées‘with.increasing sémpiing density and with increasing storm

duration. They noted quite large differences in thke sampling errors



associsted with storms which otherwise seemed to have similar

" .

b

characteristics. ~From these results it would scem, accerding

2
s

to the authers, that it would be difficult to-predict the sampling .
} verror for specific storms witl' a given lsampling density. They

al

o

so state that some of the fadtors which influence the sampling

*

.

I  q e ; v
error. cannot Le readily expressed mathematically. In this case
thF samplilg errer vas defined as the difference between the best

L . . . v,- ) . - .
esfimate of the true mear, obtained from the maxinue density of

rain gauges cn each network and the sarple mean rainfall calcul-
. . . : . ’ ' -
ated from the gauge ancunts for a givch gouge density (Buff, 1¢70).

.

Remaining Problems

‘; Huff (19707 fcund that wvher he breke the data into two five-

. M
-4

year periods end cowparea these, that there was considerable diff-

~erence in the magnitude of the storm sanpling errors for the May to

LY

. September period. This illustrates the problerms and dangers when
working with dsta eosscciated with natursl ptencmena. - fuch phencmena

tend to have a degrec of persistence and-may not bte ccunted on to

produce the effects which the research student may wish to study.

They may: also fail to produce similar results if & second- test is run

at another tire.

++ . The author rccalls a conversation with a frierd who opérated a
a ‘ . . .o o . . o |
Ceneral Store in & tiny cemrunity nezr Lerth Lattleford, zskatclewan,
[N . . . . . . .

. . e S
for about forty years. Le told of one five-year pericd in which all- .

the'rain:Stdrms seemed to pass to the northwest of lLiorth EBattleford

thus providing farmers in that arcz with higher whezt vields than south



and .east of the city. Loring the follouving five years the situation
was reversed and those south and cast of Eorth‘Battlefprd received,

consistcntly higher rainfalls end wheat yields.

23
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Instrumentation and Cbservation

¢

Establistment and Maintenarnce of

the Whitemud Creek Pasin Dernse
Fain-Gauge Netvork

::«
O'f,’{’.‘b )
Lo A
Ve may achieve climate,
but weather is thrust
upon us.
0.. Henry
¢ - "A Fog in- Santone"
in Rolling Stones, 1913
. Jp—— -//‘
.
24
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'dlfcus 7. Tt is BOW.tLNG to‘loo) at t}c partlcular nethork
v . ':. ; . . . . 0-‘ ‘(I' -
which was established for this cLudy & 2 '

“_‘v

It'was‘necessary to establlsh tﬁ& éﬁ?

use 2d bcc ause as discussed in_ the previ pter, the error of L
. : .. a _;~ VL ~“..§‘- “_ - h s . * B >
estimate of zreal Frecipitaticensbver a glven,ﬁ%glon.ls a function . |
: : ' -’ : . L i
of network density as well as ofi the accumulation period. .In S '
‘the plarning stage of the study, the author decided to explore~ . - S Q;

the pcesibility of us irg wveather radar as a way to study the

precipitaticn patterns ir the study area. This informatiorn was
to be integrated with that cbtained frcm,a dense réin—gauge network.
Becau°e Lbe author hﬂd seven years e\perle“ce vith weather 1adar>as

an employee of the Cavadvdn Veteoro;otlccl fervice and had received

training oﬁfthe'type of set installed at Edronton Irnternational

~

Airport, pefmissicn'ﬁas recei&ed

Theréfare distinct bcngfits
_piétures‘iﬁ combinatian with the
misleading when éstimatiné‘éreal
-fhc.dénsity
 areal preCLthhtlcn ié

at the very least,

with rair. gauge measuremean make it p0551ble t¢ draw

aCcurately.

dense retucrk,

at times prohibitive.

Conversely, as Rod@a (1969) points cut;

fear its use.
to le gained from-the use of radar
Cauges alone are

totals of showery precipitaticn and

of gauges required to cbtain biglly accurate estirmates of

As.Battan (19 9) suggests

qualltatlwe racar obqerv<t10rs used in convunctlon

isohyets more,

though radar ray




be employed to determine the arew]l distribution of rairfall, quantit-

cative results car usually te obtained cnly‘from'comparison with

reccrds obtaircd from rain gauges.

CTLAMGTNG AND ESTALLISUMENT CF TLE NETWORK
Plannirng for the netwverk Legan in February, 1971, It was the

wish of Frofessor A. Laycock to obtain the fullest possible knowledge

- -
[

of precipitéﬁicn in the study btasin. Practical coﬁsidéfatious
included acc)ssibility, permission\of land OWNEers or- county éLficials
to'instélligarges at parﬁicular iocations, aﬁd'lcﬁgth 6f‘tiﬁe_requif¢d
to:make a.circuit'offtﬁe'gaUges.\\‘Thé:létgervﬁgé considered import;
ant because phe:autHCr wisked to ha&e all gauges enptiéd early in tﬁé

day befcre evaporation began. 4s the sumrmer progrecsed and the

problen of servicing the gauges at an early houvr on tle rorning follou-

ing a rain dayvbecame excessive, .05 te .10 inch of light—weight motor
0il was left in cach gauge. This had the result of lessening the

irportance of trip time.
One other ‘consideration which loomed large in the authcr's mind

he outset was the availzbility cf-rain -gauges of azpprovec design.

Laers

at- t

Initially, five M&C sturndard gevges and seven Cessella gauges wvere

‘available. . Preliminary design of the netwerk was based on the

5,

principle of sampling mest intensively in the zone cf ground clutter.

Density of the network was to decrease slightly in those portions of

the basin farthest from the radar autenna. Thic research incicated’

m

a need for 232 gauges.




g

Random locations and stratified random locations were rejected because -

B .

of thésémpractjcability of locating gauges in the midst of fields or’
" wooded areas. The gauges had to be located as close to roads as

possible but it was not thghght wisé to leave them ixposcd to damage

by local "covboys' who shoot gt almost anything for terget practice
‘and make a regular habit of driving down the drainage.cditches. Theft

also had to be considered as each gauge was valued at about forty ‘\

t . . bR Z
dollars. . v » _ . ” : ,

{
!

If the originally designed netwot&ﬁyeré to be establiched, eleven .

LOTE gauvges h;d'to be agqgirédL‘ Discussion witayDr. Laycoék.brought
forvard the idea_of’usiﬁg 48-ounce juice cans as substitutes. The
author wasn't too impreséed with the idea at fivst but afﬁer congidering
. cother alternatives and what‘they would require in time and meney, -
decided to. try the juice cans.

Very:shortly:after’thls decision; tén'more.NSC spandard gauges
'becémé aQailable on-loan fro&%the Atmospﬁeric Envircnrment Service.
Trese gauges are being gﬁddually replacéd»at LES staticns‘b§-a.new
‘ modeiﬁand,’as surélus eqﬁipment, are aVailabié for research pufposés.

.?he additional gaugeg were used ﬁo iﬁérgasé fhe number-of reporting
'points t0_29,‘locatéd in such a vay that‘tﬁe densi£> cf the netﬁork )
. was more unifogm.

Hgbution of gauges was

N

The value of this more uniform dist

confirmed by driwving the route and observirng the radar pictures. The

network remained stable from mid-July, 1971 th;ough‘the éummer.ofil972r

Only one other sité appears to be desirable as a gauge lecction end

that is tetween C-3 and C-4 .af the junction of highwéy;ZA. Though

results are not ‘included here,ia gauge was installed at this ¢ < to

oy

FRR W



improve the representation of rainfall gistribution'in this area.
Gauges were nuwmbered by a letter and nuniter combination. The

. . S ’
letters indicate the type of gauge originally instailed at a point. .

M indicutes MSC standard, C - Casscla, and T — tin can. Mumrbers
- . B ,

. Y

vere assicred comsccutively og the gauvges woere inctalled.

PROECTTON ¥ROI. EVAFORATICE

The protlem of evaporation frOE.gaugcs has'been inyésdigated hy

varioug cuthors. - Frocecdures erployed to reducé this loss include

such coimonly enpleyed. design featurcs as - funiiels to restrict vapeur
- . ) s . ’ . " ) -’ h A ) .b-'

flow,* muitiple inner conteainers btc rccduce evaporating' surface and to

insulate the catch, and highly retlective cortainers to reduce absorbed

insclation. Hamilton.and Andrews (1953) found measured lcsses cf
'O.%9‘inches‘per day from a USUR gtandard. gauge vithout furnel or C.GOE .

inches per day witl. furnel could be suppressed Ly using C.C3 inch of -

i1 s : - o R R
cil in the spring. tlenr terperatires rece to 7571 0.15 irch oil was
required te give sustained protection to the catch. Ly sustained

protection, is meant the suppression cf evapcration fer periods up to
, o . y

3¢ days;

These findings have a bearing on this study ir that the juice caps

- utilized as gauges were highly reflective, but, because tiey remaired

‘unicovered tkroughout thie study, were subject to eveporation leosses: Yo

evaporation tests were run on these gauges but, in keeping wvith Pawilton

7

“‘and Andrev's findings, ASE #5 motor oil was used during lay and.eavly

;

o ’ - . -

June to prevent cvaporaticon whenever early morning readings cculd net .be.

assured. It was used continuously through the latter Lalf of June and

28
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Lhrouglout July, Aubqu and Larly September. B . B -

Statlbtlcal Proof cf the RCllabl]lty of JLICP Cans as Raln Cauges..

Regirning in Jume, 1971, one gauge location, M-7 was equipped
b - ’ . .

with Loth a juice can and an MEC staudard rain gaﬁge. P&adings'from

both gauges were taken.using an NSC stendard graduated cyiinder,o The

- depth of rainfall vwas recorded for both: ofdthe qauges.. Because the
'+ same graduate was used to reccld tLt deptb of fall io toth gauges, the
'_.‘ T ".." " . ,'\ : .
amcunts.eollected in thc juice cur (4.2 inches XlatLtGI) vere usually.
Lo : . ey
. . o

great er tlan for’ the htaucarc g<u e (3 6 1pcheq dlameter)
7 .

A graph‘cf conversion values cogld have been constructed based

‘on the comparative areas of the tvo contairers. - The ereams are 13.6
2, - 2 |
in.” for the cern and 10.2 in. for the QLPndard gaure.‘ Thue the can

“should catchvlSCZ‘of the ”officl 10 catch. ' Mot -wishing to trust te

_ thepry’however, Lhc author reccrded rCaulrgs “from the pa1rcd gauges
. . N
- without alteratior. until, at the end of Lha,L97l season fa ¢yeph of the

o
.

catch,of the é&qggauges’at-ﬁ—? was prepated ane & regreSSion line was

fitted bvjcye to§§be data. .This‘liné was drawvn in séch‘a way thatAthe
slope of thc llnc b= 1. JO ard the interéé;gﬁcn with the ¥ aﬁig'was at
apprOkLF“LCLV C 02 1nch This line cah.be.ééén:in Fig. L, All

‘ resdlngs from cans for.that QerPf vere Lheﬁ ccvverteo to equi Q)lgn
MSC standard gguge readings.

In setting up for the summér.of,1972;-it vas decided that tﬁis

comparisonishould'bé contiuped,as eicﬂeckaagniﬁst fye accﬁraéy df thef‘
éonversioh‘graph. The:COﬁpérison was mé&e in an Qrban sétting with TJW.

"

‘oo



'
I
(@)
I

N
fo)
Bl

18 oz JUICE (AN READINGS (inches)

,}N-

o N
o Ul
7 |

—
R
|}

measurcments oblefmd from an
MSC.standard rain gauge and ‘a
48 ounce julce can.
(A1l measurements wmade with an
MSC standard graduated cylinder)
§ : ' B
'y
RN
o
‘ By
- E \
A ‘ L
- AR
w RV
¢
o~
+
° : ;
o
N f{ T o Values which would be
‘ ' predicted fromgsthe
relative areas of the
v gauge opening$ |
)
1 i

-
. D

>

T e

Relationship between rainfall

' 1 : S N ‘i" o -
1.0 15 2 O 25

-MSC STANDARD GAUGE READINGS

(inches) v 

.30



¥ )

dlftcrenL boundﬂry laycr problems alLbough roughngss was pLobab]y not
much greater on the ﬂvernge} This comparison was thought to be quite
necessary becausc only tin cans wére g&ailable to instrument the basin

for a second summer.
N . s
Frecipitation measurements were obtained usiug an MNSC standard
graduste. o ensure cownarability of the measurenerts bétweeu the tin
. ) > B A

.a,-r,‘.

 cans of the "dense" network and- the naugeq of the establislied neLmork

Tig 5 was used to convert the original'readings to equivaleut MSC

standard gauge values. These are referred tc as "corrected" readings.

Constant. checking of the results of the paired samples during the second

fsummer proved to the ag;hérﬁs satisfaction that the-graph used for con-

verting the amountS caught by the cans to "official" emounts was satis~
factbfy.

Analysis of these palrca qarples was c;rrled out dLrlng the winter
cf 1074—73 using the data from the two summers and two locaticns. The"
__analysisvwas carried out'twice, once using‘27 uncorrccted iuice -can
‘'readings and once-more using 46 correctcd weusutenerts. The output of

these two analyses foilow as Table II.

“’ - Uncorrected data from the tin cans werg'wsed to test a.null ™

S . . ) . : . R - : B
“hypothegis.that the amountg recorded from the paired samples would not

Dol e .
‘the) earlier conclusicon

differ significently. From this enalyst
. . o .
regarding the conversicn values was conf: rmcﬁ. The slope is showu'to

'be11.3C and the Y intercept is zéto.- he lattcr dlffers ovly sllght 1y
from the es;imatéd_vélue 0.02. Frorf he Students 't'_test; a value of

o~

1.87 was- oLtaLnec tith 25 cegrees 'réedoml(Nﬁ27;'D.F.=‘N—Z). This

compares w1*h a ‘value of 2.79 w’“

OfOl probability levéi, lhlq 15 larger than that whlch cou]d be

I3
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attributed to chance. The nrell Lypethesis nus t ke ILJCC(Ld LLLlEibIO.
Theoreticel conversion values baScd on the relative ar'eas of the
gauge openings have Leen plotted on Fig 4. The closeness of fit

gradually detericrates as rainfell amount increases. This is to be
. . . i N :

expected because heavier rainfalls ere normally associated with 'bighér =~ -

N

wind speeds. and therefore must be related to greater turbulence
resulting in larger errors frdm.undercatch.

Nov1n” to the coxrected valies we have 'a vcry different stOLy as -
. .
RN . . ,

a test of 46 pulL.\cL clserve tJons proouccd a 't' uluc of C.0C1 against

a tabul ar Value of 2 70 at the 0.01 level of Pnobabgllty Thus' tl~

dlffercnce between the pOledLlOﬂ sampiles is p@g]lglble. This is -
. N ~ ~

further shcwn by a regreuslor slope oF l ©08. In this enalysis, thé
standard crrof of tte mean is onlyYO.OBL, Peapson’s cérrclation coeffic—
lent is I;CO and_thé;Qéi confiéénc;\l{?its.of Lie" mean differenée arex
" from O.CCQﬁﬁo‘0.00l, béyénd the measurement accﬁragy'of the 6béer§er.

‘Loth insturental and hunan errors are potentially nuch greater,

The Radar Ihegggj%pb§; , ..

~ . P

Due to- pressures of work and other corsiderations, a constant

radar watch was not.kept. Nor could arrangements be made to have the
‘“, R R . . N ) R i S

weather bfiefer‘on ghty at the International Ajrport countact the auther

when cells began”to¢shcw on the radar. ' It was necessary therefore to
-// . . . . X ‘

/

. [ ) ) . ) T . . ,
keep a visual loonut tcwards ' the sou;h and west for any situation that

appeaxed llkely to be wothy of study This did not prove tco satis-

factory cver ¢ COFLJP&L with phone: c~1]< Lo‘the veatiier Lrieling

cffice and sc a nurbgr'of situations wére net phetogrephed while all

idothefé'wcre picked up only after rain was falling in the study basin.

Lo . ‘4 G coe ] o S
Elevation of the antenna to 2.5 to eliminate greocund clutter. and



TAPLE 1T

Fajred Rain Gauge Data Analvsis.

Component - : Juice Cans

. ——

"Number in tle “app]P (pairs)

Iy 27

Mean of MSC standard gauge mea surements X 0.30
Yean of Juice Car Méasurepents Y 0.38
Correlation Coerficient (Pearson's) r, : - 0.69
Variance oi the sample s, 14,21
Sta nﬂdld Deviaticn of the- sample s;‘ + 0.38
Slope of the regression line of Yon X b - 1.30
The Y intercept of Lhe regrescion line o .

of Y on X : - a - - =-0.02
Degrees of -Freedom . ' ' D.F. .25 -

't' test for sigrificance .t 2,87

o

o C Uncerrected (orrected

46
0.29
0.28

~1.00

0.08
0.29
1.01

G
0.0C1
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« . . .
-

reducticn of the range to 60 or 30 niles were the major- departures

C )

4

L :
from normal operating procedures of the radar Sperators.  The /

results have been preserved for ten evente during the su«ms:\ii

1872 and for five events in 1971.. : ° - | N
B . P - ) L )
Cf these, nct all were felt to be wertly of detailed analysis

N

and inclusicrn Lérc, but tue events have lLeen daralveed fer 1971 to
2 ) . . i

0

illustratc usc df_radaraphotographs in drawing isoplcths, (Figs. 6 and

7).  These illustrate the low level of relizbility which can be

placed cn this perticular radexy set-fer interprétation cf rainfall
o . e \ _ .

i emounts. . "It cen guide the placement of the zerc-value iscpleth only

and in the case of a number of cells crossing an area may aid in

. . o
) “ v,

placement of ‘Ligher value lincs,ithqugh with no great level of confid-

x
b
~ .

ence.; B
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Fig.

Storm of July 1,

Propress of sradar echoes between 1820 and

Isohwetal analvsis based on rain .gauges Dbut adjusted .

to radar echoes.
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jFig. 7.

“Storm of Ausust 7, 197L , .
Presress of radar echoes between J”lS and 2110 MST.

(&}

CLsobvetal analvsis based on rain gauges but adjusted p

to radar echoes.
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DatavAnalysis

It is'quite possible ‘that hLigh
"hills vill affect thunderstorm
paths, but it is an open questicn
o , Whethef“small~hil]s and valleys'
, “can,/do so. At liottinghan there
- : exiéts the belief that stormes tend
' to follow the valley of the River
Trent.

Arrneld . Tinn,
This Weather of Cure, 1946




GENERAL

v ‘ R
Rainfall data were obtained frorm the 2% gauges of the Whitenud

Creek "dense'™ rain-gauge netvork cn the morniug felloving most rain

i
«

daye.  Cccasionrally it was not possibl?‘to take readings then and

[ . .

so, in a nurber of instances, rnore than:one rain day was. represcnted
by a set of readings. o : ; - :

Rata for tﬁc two estaﬁlishéd‘statioﬁs, Edrmonton International
Alrport aqd_ﬁllcrslie verc obtained frorm thc Mownthly Fecérd, a
pﬁblicaticn of the Atméspheric Invironment Sérviée.

Lata were also cbtained frgﬁ this source fer 19 @Lhei pdjnts,
Jdncluding 17”b]imatclcgicai‘repcrtiﬁﬂ-é atiors and 2 first crder
statiomns. A further supplementary statioﬁ wes operated by the authbor
éfvhis Homevin:the P;rkallcn Cemrunity in éouth—central Edrcn;pn. 
This insfallétjcn”comprised part of the validatior expérirert for the
usé cf’tiﬁ'tans; -_f;iiif/dflthese statiorns eppears in Table iII_with

T — 0 . '

the dccomparying rainfall totsls. Reference will again be made tec this

iy

é.ﬁotal figures are lacking f9r two of the cliratolcgical:
stations. Armena ceased bperatibh at the end cf iugust, 1072, vkile
Oliver began operation mid-way through May of that year. A further-

staticn whick appears in the list, Lrcrner, ceaced cpevaticn at tlie

.

end of May, 1972. The less of frrernz .and Rremner is regretteble ag
these two stations represent the orly climatelogical record over a

- wide arca east of Fdmonton.

_Aralysis of the data acquired vill proceed from a cdiscussicn of

the patterr resulting fror total precipitaticrn durirg the suumer scason



B

to that involving weclly -tetals. “The errers iﬁ total precipit-
atijon calculatiors will then Le discussed and, finally, the a?ernge
cell éjzc as detected by both f&dar and r;in'gaugc phservagions.willl
be reviewed.

e~ e

Pattern of Total Precipitaticn, May 1 to Sept rbfi 0, 1672

In this «tucy all rcqr rements fcr varicus,timc periods were

related to the records oLteiped”at Fdrenton Irterraticnal Adrpert.

¥

Thig station will bte referred te as the base station. Tﬁe‘climat—‘

‘clegical record at this steticn rcpresents a series cf cbservations
by -trained -observers naintaining a censtant day-by-cday record with
(f rainfall read cvery six Leours. It shkould.therefore lave. the rost
i L ) : ) %

© reliable series.of obsef@ﬁ%@ons in the basin. Yearby, Edrmonton

Industrial Airport and Ldmonton Liamac Airpcrt are similarly stoffed
and with a similar observirg schedule. Witk these excepticre, it

. gpE

sbould Ee ‘the most reliablc reference point for the area encorpassed

by the babe map of Fouon;on ard vicinvity (e.g. Tig 8a)

C 'In~Figs ga end &b, numerous relatlvely wet und dr} centres can

) . t ) . 7
. be distinguished using the 'dense' network in conjunction with the'

;Estaﬁiishcd network and ar ischyec: interval of ome ‘inch. within the
’basiﬁ'wet éeutreé oécurréd ot 1-2 (see Figs - 8e anPFBL) and in the
‘.cent?éi part oflthe\stuaf basin. bThis}érea.wigh 15 to 1§:in. of
precipitéticﬁ iﬁciuded the base staticn, C-6 énd M-6.

ALctal prec1p1tat10n at th bése statibn.mas hig%er'than that - .
rocorded at all b:% tvo p01nts v1tb1n the b351p 3nd.tuo.p§intsvexterh—

al to 1t (Tatle III). 1he two staticne vithin Lbe Leos 3n, c-€  (205%)

and M—6 (1Cl ), were ddjaCtrt ?o the, airpert on ‘the vest and south
' ' to N

SR \ i .
L \ . .
) : ' ¢
30 ; L . _ :
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Total Precinitation
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Fig. 8b. Total'Prccipitatioq,f"

e May to- September, @?72.
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sides rcspectigely. One of the external pbints‘wns Brightview
(lOOZ), 26 mi south of the base station and 9 mi south of the

southern boundary of the basin. The other was Winfield‘(lOSZ)

43 mi southwest of the base station. .
v B . o
Drier‘conditioﬁs prevailed over the southern third of the

. . S ’ . .
basin and in a north-south bahd just beyond the western and north-
. . ~ -

grﬁ limits of the basin. ;Total rqipfall amounts in the afga to
the westiﬁere 12 to 14 in;iwhilé té tﬁé nofth, an east—wcst'érea
, With,lesé thén 12 in. df;precipitatioh can be séen on the ﬁap;

Over ;be eutirévaréé.includéd in Fig Sé, the driest spot was

o

Onoway, westanorthwgstAof the_city, where only 8.92 in. of precip—»

e
Tt

itationifell. Tﬁié1;a§.59%'§f‘the Qalﬁé recorded at Edmonton
Internatibnal Airpg%£,~37 mifdistant,'and 67% of the:amounfvreccivéd.
at fhg IndustriallAirport;‘29 mi éWay. - Fort Saskatchewan,vwhiéh |
receiyed'lOQbO in. of preéipiéation,'registered 77% of the amount
retgiveﬁ aﬁ the:Iﬁdustrial‘Aifparé, 16" mi sduﬁhwest, éndfonly 667% of
/théé reported étjthe bése<station, 32 mi away..

within the s%udy Daéin,‘ﬁhe'gfeatest'dépéptures from the base
stap;onuamounts oécﬁfred a£ M—li;.M—iO, M-12 and T-10, some lOImi
south; and af C-1, 8 mi :to, ﬁhe north. These were matched_by Calmér,i
'll mi soutﬁwest 6f the‘bése stafion. The>total ra&nfal; at each‘of
‘tﬁése’five-points'was 82’t6 83Z»of thaﬁ reported at the base station
(Taﬁle III).  The amouhf»feportéa ffom'BrigﬁtView, ZGHAingﬁth;wwié“;'\f*--‘

almost identical to that reported from the base station while Winfield

Ty,

~ reported 8% more than the base value at’a point &3 mi southwest.
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Onoway recorded the greatest negative dcparture_invtotal precip—
itation with 41% less than'thc base value. Within the dry area '®Ag
1mmed11toly north of the babln, large departurcs in total pre01p—
itation were recorded at both Lynnwood and Parkallen. - The climato-—

logical statlon (Lynnwood) reported 78% of the base value, a change <

>

in total precipitation of 224»in114.mi; ' The supplementary station
_in Parkallen received'26%.less precipitation than thevbase station,
13 mi distant. |

. The laet two values may«alternately be-expressedlasiprecipita—
tion gradiente of .24 in. per mi and'.30 in; perlmi'respectively.‘
These,seem to be identical witb Qalues,calculated for‘fort Saékatch—.
ewan to Namao' and Qnoway tov$tony Plain for the’same time period. No
attempt-was made to calcuiate all of the interstatiOntprecipitation
gradients for this study. ;he extreme case appears..to be that between
:ﬁTZ and M-8 just to the north of the airport; .‘Totai precipitation
Seems tovhave produced a gradient slightly in excess of,one-in.‘per'
mile;:' For total season precrpltatlon, this appears “to be an extreme

value for reasonably uniform terrain.

\Percentace of Ralnfdll (Mav to Scptember, 1972) at the Base Statlon
Comparcd to D15ta1ce From That. Point

"Fig 9 graphlcally portrays the .contents of Table III. - The rain-

fall at each reporting point is GXpressed'as a percentage of the base

. \

- value. It is compared to the dlstance between the base station and
. . 3

each of the other reporting points. At a distance of 8 mi, .the
average change in total’precipitation was .8%. At about_12 mi, the
- average change in total season precipitation increaées to 17%. In.
this'year the/rain”decreased with.distance from the base station but
- ,)’/ . ’ o | ' ‘ ‘ vu »
. . SR B . D . ‘ .

‘// _ . ®
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."' & : . ) . ‘v e
the author realizes that in other‘jearq/fg;/;hange will ‘be positive.

The magnitude of change might %}so differ. In somc years the average

. o

‘change could be~suppre§écd'

a combination of positive and hegative

' . . N N4 - " !

-amounts. s If all changés are considered to be positive, the magnitude
| . . . ' .

4 ~

_ . " , ks
will probably remain riear the above values.  Corroboration of this

. étdtement may be fdgnd in the work of Huff and Schickedanz (1972) who

have found an average decrease in growing season rainfall of 6% at a’

N

distance of 3 miles from ‘a reference pdint;

When a curvilinear regréssion'liﬁe was fitted b§ eye to the data.
- . . o : Y O o
plotted in Fig 9, peaks and valleys appeared. The valleysvalL//

reached low points near multiples of llﬂSImi{;n,This;may be a result

. o A T -
of the average spacing betwqgn'preferred storm. tracks during this
. B o : LA « )

summef.‘ At;empﬁs tO'find é directioﬂaf bi;s have failed, probably
beééuse;of the limited‘agéa‘uﬁéer.study‘and{ghg sparsenesé of thé
Ireportiﬁg negvork Egzond the Whitemud Creek basin.- The:problem‘may
be_cons;dered“éé.ajpoésible‘avenue for further feseagch_uSing data from

.

the Alberta Hail Studies volunteer reporting network.

Patterns of weekI&;Tdtal Precipitation Over the Whitemud Creek Basin

0

This discussion must be quite limited in nature because space

limitations do not .,permit a full descriptibn of the 14 maps included

~ . ) . ) S ) . 31“&;:;3,&
.. here. = The precipitation values were analysed at 0.1 - inch intervals-
(Figs 10a to 100) except for-those cases in which precipitation grad- e
ien;s were so great that 'a 0.2-inch interval was util3¥#iro separate

@

 the isohyets. Dashed lines have occasionally been used to indicate 3

i

.the placement of an intermediate isohyé; within a closad wet or.dry 1

et : : K ..
PRI .




i~

._C"olmd'»:'
. @ : BT

“\\ EDM ONTON

0.5

M7

Fig 10a.

[

Total Precipitation

May 1 to 6, 1972 o

[

]

47




“£dmo

nt

olnl International A.

A | -,/ .
CEDWM ONTON [
e ‘

Lo

. Fln 10b. ,Total 'P're.cipitdtibn .

day 14 to 20, 1972

<



49

49—l’.|v
_ E‘ .e /—\
C-l © w}er5| . ‘ )

/0 0.3

0.5

- [/
M-] C-2 M-2

:,9 igg |

1 T o

Fig. 10c. Total Procipitition: |
' CMay 21 to 27,. 1972




NTON

J

"EDM™0

ylntéfnotidnut“A;'ﬁ'

~Elflerslile

79 |
} O\O

—
monhes

~ ~Ed

Vs
a 10

,an;iTotaI‘PrecipitQtion" -

June 4 to 10, 1972 .-




51

3
o
.o~ y
M-6 XLEDUC
o © G}
Calmar ' L“io.q‘

‘Eig. 10e. Total FrecipitatiOn; _
: June 11 to 17, 1972




" Figy 10£ ! To't:A_avl."_’Frecilﬁ'élt';ét!iqn'f.‘
oot June 18 to 24, 19727




Calmar

0
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10i, Total Trecipitation
Julv 23 to 29,1972
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Fig. 10n. Total Precipitation
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v'QE? ‘“for the same putpose.

s
4

' ‘ﬁébb;map boundariecs '

Ba st £ 5 B i . ' )

ST T \/& {
Sy Lo

-

. , TR ‘,.' .{.,0 LN A
The dtgree of varlabllutyfover‘qhort dlstances 1s hlghllghted "
' i
IR ; ' 8 .9
‘fby;these}maps;’ Several apploaches mlght be tdken in the ‘descrip- -

I "
;

R IR
“qion.of_this,yaflahlllty. ;,Thg,author has‘chosen 51mply'i? count

L. . -

" s , . ! " . . . o . . N \ ..

the wét ‘and dry centres occurring in or near the basin. This has
I . g g . : TN, .

[

o T o , o ¢

“been done to illustratefthe‘spétial distribution and“frequency of

wet and dry centres. -If one gauge or area were to. show a clustering

LI
B - . . - . . 1

. of ome or thé other occurrence, it could be assumed that, ‘either %the

f ' Y.
e : e e : ®

gauge exposure:wés poor or;‘if rainfall amounts Supported the evidence,

v o -

that some truly andmalous wet or dry area had been found.

3

fle basin was divided.into”North ‘Central and South portlons by

IS

dividing the long axis of the,bésin evenly into three parts (Figs 13a‘

<.
W

aﬁd 13b). One map was designated for "wet' centres and the other for
: L L g ‘ : :

c ey centrés.} A tally mark ivas placed on the appropriate map correg-

»’Q\

“ponding to the location of each centre dnvthe maps of weekly rainfall.

'Thé results ﬁére~thénftalli¢d‘(Table V). A

TABLE IV

Location of Wet and Dry Centres

- " in the Whitemud Creek Basin, May to September, 1972,
$ B ' (from weekly precipitation
, " totals) s .
- Wet - Dry
North 12 13
. Central . 14 9

e  _ . South- , 16 5 10

-t
o
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EDM ONTON
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NCETRAL

SnITH 0|

Fl"’. 1la. = "Wet.centres"
taken fron weckly totak
'm*m ipitation naps for \ i
the neriod May to: Sep- \
 tenbert, 1972. - »
l"*(.h C.tL(‘ ‘Yepre- - - "y

gonts an “occurrence af a :
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- sents an.occurrence of .
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Lk

The count reveals ollghtly more cases of wet centres occurrlng
o
in the South portlon of thc‘basrn whllc the least number of dry R
entres occurred.in the Central portlon. "Fig'8 shows total precip—
1tnt10n for the summer to have been fﬁ:j in the South than 1n the
R g ' y o o
Central portion. It seems then that the reason the maximu ecip- ‘
itation totals occurred in the Central portion of the basin was a .
. relative consistency in precipitatfbn (an,absence of dry céntres) S e

combined: w1th a near average numbcr of wet centres in that area.

om0

N 1he highest frequency of occurrence of” wet centres- Was at M—2(4)
C-6 and C-4 each recorded’ 3 maxima. Fhe most trcqucnt locatlon of
‘dry-cenrres'by’stétion waé,at M}S, ;'This_places the highesr'frequencyv

v

of "wet" next to the highest frequemcy of "dry".. rhese'are th¢’5gme.
‘ two stations between which the maximum precipitation gradieut was
calculated based on the rothl'summer amounts.‘ These facts Sugge§§,;

that either M—Z is too- shcltered (nesultlng in overcatch) or’ M—8

) ’ ¢
! .

_1s too expoced (resultlng in undercatch) or boLh
The hlghest weekly amounts recorded were 2.1 and 2 2 1nches. .Theéei

occurred durlng the weeks. of June 4 to 10 at. C b4y June 18 to 24 at. -

C—S, C-6, T-11 and T—Z July 23 to 29 at Ldmonton'Internatlonal Arrport -
: fand~$;7‘, and July 30 to August 5 at C~4. h° e results uoulo‘scem ch
»indicate that the area around C- 3 and C- 4 Wlth rhree occurrences uould

hnve:had the éreate%t thLal ;rec1n1tat10n for(the summer.‘ﬁ ‘But three‘i‘..'fﬁ

s

occurrences of ‘dry centres in the same lotation wcre sufflc1cnt to reduce
the total values to 95/ and 93% respectlvely of the base value.

" One 1nterest1ng feature ar1s1ng from the analy51s could not be

~ ‘ . ) ELTEN



developed'at this stage of the investigation forulack of detailed

" information. It concerns two stations'located in‘the valley‘of’the

Whltemud Creek where the creek has- cut to depths of 75 to 125 ft_ .

2
@

below. thL surroundlng plain. These statlons,‘TFQvand M—" shoﬁed«o

[ L N
Huta bl e o
AR ‘

.smnllcr dlfferences froﬁhthe total summer prec1prtntlon measured at
. . ﬁ N

" the basc station tham dld .those. statlons surroundlng'them.a On § 2
. . IR B3 (,? e ‘, K [N

Nad

of the l7 maps of weekly total prec1p1tatlon greater tptal precgp

T ‘.\

~ itation was retorded at the valley 1ocatlon - 9 than at’ Ellerslle to
- - gy ¢?‘

the east or at‘C—lvto the west. ,On46 ofbthese 8 maps, M77‘also ~

rece ved more prcc1p1tatlon than the two statlons at hlgher elcvatlon. ‘-hw,'

Thls may have been the result of shelterlng by the valley.—;

S

,walls, eddylng w1th1n the valley, or may be a true anomaly in wnlch
preoipitation'is higher in and along theevalleybthan over flat_terraln.g'
More detailed investigation ofrthis feature is warrantéd. -

Difference in‘Precipitation'HeaSurement

e
YThe author wished:to’know if'the,dense rain—bauge network'wouldL
N . L o S :
reveal large dllferehces Ln the total depth o[ prtc1p1tat10n 1n the

study basin. 5 lhe Thlessen polygon method was, used for boLh the
season ‘and Shorteréperiodsv(More;‘1967).- ThiS'involved drawing»the.h
u»rightfbiéectorswof the lineé joining all paira'of‘adjacent_gaugea.

.‘All p01nts w1th1n a polygon are closer to the gaugerw1th1n 1t than
1‘&0 “any other gauge.'_'Lt'ls felt_that the,polngns.give the represent~'

atlve area of each gauge w1th1n the bgs1n.

The follow1ng two maps (Flgs 12 and 13) show the polygons

-
v
g »
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ary dense—netﬁ%}f
is a lieting 5?
basin (exprcssed ae éercentages ) which were assigned to each gauge
location.  These percentages varied from a iow of‘i.O% to-a high

of 6.7% for the combined network. In the established climatological
network the Edmonton'International Airportbﬁae tepresentative of 597

of the total area of the basin. E

The 1nfluence 5% the higher values reported for summer precip-
itation at and near the base station showslln the totals celculated hy
thie method. - BaSea onbthe climatologlcel qetworkq_lé. 0 in. of precip-
itation fell in the Whiteﬂhd Creek basin from May to Septemberg 1972,
The dense rein—gauge‘network showed thatvenly t3.80 in. fell‘during that
period. This latter amount representef96% of the valee given bfuthe
.establiehed network; "If we "accept the den;e~netwotk'as giving‘a ”true“
reading of the preeipitation amohhtiéeceived, then the eétablished net—.
work heasured 1047 of the true value. ' This'impliee‘a high levelgof
reliability for Ehe establishedvnetwork during this particular summer.
It must be borhe in mind, ho%ever, thét the”baee station and its.sur—}
roundlngs received somewhat more rainfall than dld other parts of the
.ba81n.‘ The heavy- welghtlng g;ven to the base statlen in the calcu-
lations based on the cllmﬂtologlcal network is’ respon51ble foEchls
Lo

‘error.: Though the magnitude offthe difference during thetsqmmer of;
1972 was very snall it may be only ceineidencex - It is quite eoseible

- s
that in another year the d&iée{ence could be much more.

N

. L



TABLE V

Thiéssen Polygon Arcas and Percentages of Basi - -

for the '"Dense'" and Established lNetworks

Established Network

Gauge designation Area of Polygon " Per cent of
(sq mi)- Basin
o _ -
Ellerslie _ ' 17.0 : 11.5
" . Edmonton Int. A. 87.6 . 59.1
Calmar ’ ' 32.1 . 21.7
Brightview o 115 - 7.8
Total area A 148.2 100
< C) .
Dernse Network'
Gauge " Area - Per cent Gauge = Afea Per cent
desig. ~ (sq. mi) of Basin -~ desig. (sq_mi) of Rasin
M-7 1.3 1.0 T-5 8.3 5.5
Cc-1 4,1 - 2.7 T-4 . 6.8 4,5
-9 " 2.6 S 1.7 T-8. 6.6 A
Ellerslie 1.6 R I M-10 4.3 2.9
M-1 2.9 1.9 M-11 5.2 3.4
c-2° 4.9 3.3 T-10 ¥6.4 4.3
M-2 2.1 1.4 M-12 3.9 2.6
. M-9 . 5.0 3.3 o T-11 4,3 2.9
M-8 2,57 1.7 4 T-3 3.7 2.5
c-6. - 5.6 3.7 - M-3 5.2 3.5
Ed. Int. A. 5.5 s 3.7 M-4 4.4 2.9
-7 . 6.0 - & 4.0 c-5 - 2.8 L 1.9
-6 © . 6.0 4.0 T-2 "~ 5,2 3.5,
M-6. 6.8 i 4.5 S T-1 3.0 250
M-5 5.4 3.6 c-3 - ~10.0 6.7
: ) C=4- 7.3 4.9 .
‘ | Totals = 149.7 ° 100 .
- 0 ,

‘many attempts. to do so.. . N

The;Slight‘diécfeﬁahcy in the total_areasiéould a0t be resolyed,despite '

¥

s
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~more than this minimum amount.

_calculateé perccentages as‘folléws:

70

N
Short-term-differcences in precipitation measurement were

revealed by calculating an average value from cach network for each

event. The maximum number of rain-days- represented by a measure-
ment is 7 between July 11 and 22. A rain-day is defined as g day on

which .0l in. or more of precipitation was recorded at any station e

within the boundaries of Fig 2. 1In this period spotty showers ga&e
a total of .14 in. at the International Airport and .18 in. at
Ellerslie. Two of the 5 rain-days in this period at the airport

hadimore than .01 in. while 4 of the 6 rain déys at Ellerslie had

Comparison of the amounts recorded was carried out by use of

2 .. per cent of '"'dense'" network precipitaticn amount o
o X lOO = . . . 3 . RE
112H - accounted for by the established network.

3

where TZ is the precipitation in the basin calculated from the estéB—

‘lished network and Tl is the amount calculated from the dense network.

N .

. _‘ .o . . . N .
The period covered, the rainfall amounts calculated,.apd‘the percent-—

ages are -shown in Table VI. = The established network amounts total
vf V 567 t Si97 ('OOl 100 d 4121 100) ‘Thesk ‘extreme vélues-ma"
rom-6% to. % Co17 X and —g7g x 100). C>I = values.m T e

. be virtually meaningless because of thé:very low recorded measurements

i

for T, or.T

1

25 As T 0, percentage of "true" rainfall increases with-

cut bound while as Té'O, the percentage of "true' rainfall 0. Most

of the calculated valﬁés were indicative of mbre_meaningful contrasts.
- o~ s . . g
These values were then,order ranked anddivided into quartilés -

(Table VII). ,In-27 of the 46 eveénts studied; the established[ﬁetﬁork 

showed greater than 1C0% of "true" rainfall,:.and lgicasesﬂshéwedflesgfa‘sﬁ

o ! o- -

-

[ad
T
5



TABLE VI’

Percentage of "Lense" Network Rainfall
Recorded at Established Netwerk Stations

Calculated by Means of the Thiessen Polygen Method

Total

Total

2

Total

A

T

.06

333

Period T, T, X100 - Periods - T, T, fﬁx1oo
L . lv . . . 1
: 1971 : . : S
July 29-Aug 2 .007 .0C1 6  Jun 30~Jul 1 - 178 .214 120
: ' 37 .382 .173 45 2-6 279 L4200 150 |
4-7 099 .019 19 7-10 051 .120 " 235
§-17 . .026 .028 108 11-22° 016 1131 819
. 18-27 . .015 .052 347 23-27 .015 L4696 147
"Aug 28-Sept 3 .215 .178 83 28-29 191  -.165 86
4-6 . .068 ;061 90 - 30-31 . 423 314 74
7-10. 062 107 173 Aug 14 .150 .759 - 66
T : ' ' 5 061 .CE0 98,
1972 T 6~9 378 L462 122
» , S ‘ ©10-11 963 .155 120
May 1-3 - .112 .109 97 12-13 .059 .176 298
4 224 .217 97 14-18 069 .027. 39
5-15 035 .215 614 Aug 19-Sept I 806 . .846 105
16 :.165 167 101 2-11 283 .- .463 164
17-18  .670 601 90 12-18 140 L2607, 186
19-24  .386 - .506 131 19-23 184 .066° 90
- © 25 .047 '.1of 228 . 24-30 096 ,.159 166
May 26-June 7- .012 .002 17 o : B o
8 .48k 461 95
9 .076 140 184 -
10-11  .947 649 69
12-13  ,037 <169 457 .
14-16  .612 L414 . 68
17 .398 .410 1103
18-21  .083 142 171
22 7 .324 .368 114
23-24" 1.404 046 75
25-26 .009 ; .017 -190 T
27-28  .251- ., .289 115
29, .020



\

/
/
{

TABLE VIT,
T N\ .
Ranked Percentages of "lense" Network Rainfall
Recordcd at Lstablishced Network Statioms

“.- Per

Per '~ .
Rank  cent 1 T2 Rank Cemt 11 T2 e
1 819 - .016 .131 - 24 108 .026 .028
2 614 - .035 . .215 C ©25 105 .808 (846 - C
3 © 457 .037 169 , 26 103 .398 .410 L
4 347 .015  .052 L 27 101 .165  .167 -
5 333 . .006- .020 : 28 98 - .0€1 .060
6 298  .059 .176 “, 29 97 (112 .1Q9 .
7 235  .051 .120 - 30 97 L2240 0217 L
—-8 228  .047 .107 31~ 95 484 461 L
9 190" .009 .017 S 32 90 - . .068 .@61
10 186  .140. .260 L 33 90 .670 .601 ¢
11 184 076 140 - 34~ 90  1.184 1.066 L
12 1737 .C62 .107 35 86 L191  .165
13 - 171 .C83 .142, 36 33 ~.215 .178 C
14 166 .C96 37 75 1.404 1.g£6 L
15 164" .283% 38 . .74 0 423 (34 L o
16 S 150 .27G A2 - 39 69 .917 .649 L. -
17 147 ,1.015 40 68 612 414 C
18 . 131  .386 g 41 66 1.150 4759 ¢
19 122 -.378 & e 42 L 45 .382 <173 ¢
20 % 120  .963 1.155 . L .43 39 .069 .027 .
217 . 1207 .178 214 C° .~ 44 19 . .0Q99 .019 ¢ T
2,115, .251 .289 C 45 - 17 .012 .002
23 114 .324 368 L 46 6 017 .0CL
Cases Aralvsed: By Quartiles R ‘
Co e st . 2nd - 3rd .. 4th
Both networks 0.2 in v 0 i 8 ‘ . b ' 5.
_ One network only 0.2 in. 3 = -1 : 0 .2
" Total enalysed . = 3. 9 6 o 1.



were 6 caseé where more than O.S'in. was ﬁecorded‘in’thé'study basin.
o The & cases where-fg/ X lOO = >lOO//and Lotal ralnfall exceeded

* Aug 19 to S_ept 1, 1972: =248 100 o 1057

. Lhese two GaYb ﬂre comblntc,

P '»f— 35 1n., and Ellerslle - .07 1n. 2

N ‘ . | <7
. : ’ . ' :

than 100%. ,During the summer of 1972, therefore;‘the establlshed_

network more frequently led the ‘analyst to overestimate the amount

BN - »

{6f precipitation falling on the study basin.” Most of these cases

involved small precipitation amounts- Table VIT shows that only 4
v S s

. . )
cascs of more than-0.5 in. of precipitation are included in. this’ ol

oL o ‘ 4o .

» : 2 . ‘ ' e :
category. For those occ351ons on whlch,the amovnts reportedqbyvthe‘

eotﬂbllshtd>notwork led to undercstlmates of prcc1p1tatlon, there
r-/ .‘ . ’3

~ o

. [T
VN

A descrlptlon of these 10 Qgses follows.
.T : » »

Y I .

O 5 in. resulttd from the follow1ng c1rcumstanceb.
| <

.846
.808

a

. ':A'northfsougéﬁgold:fronq moved eastward throughrEgmonton'about
o CoRREE L o e D ,
T e T * . P s
18 GMT on Aug 22. A flew showers were reported v151ble in the area at

Aué 23, 00 GMT. ‘ A.thundérstorm:dtcurr at the base statlon between
00 GMT and €6 GmT'and ang¢tlier between‘ll i and 12 CMT of Aug 23. .

R R S '
.Nothlng was erOTth from ourrounﬁhng statlons. ‘ When the"records for

the Intornatlonal klrport reported ~53 in.

of raln, the Industrlal AlD?ﬂTt - NIL BrlghtVlew - lS in. alnar o
. ‘yp -

o AR - s

‘

Lol I o .
- .On Aug 29 and 30 a complex, nearly vtatibmary low, w1th{ccntres

D

in. the north and’ extremc ¢OULh ef Alberta, grdﬂuallyzweam%n A EOldx

’ -

front from'Fort-McMurray'to Red”Dger was gradually forced aloft.

S : ' - T . ¢ L
Continuous. rain with some scattered thuhdershower activity was general
: N T S L ! . * » ~.4 . - '
throughout the central portion of the province. Ragn cnded on the

N . M . . - . . R . .

: 5 ,

o

A e - B . . S

B

73
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mornine of the 30 but cumulus and cumulonimbus produced showers arnd
g - P ed,

thunderstorms throughout -the study-akea betWeen Aug 31, 00 GMT and

06 GMT. o -
i Y N ) L

. Rainfall distribution for this- period bore some.resemblance to*

~
-

the map ‘of total season precipitation. The largeét:amounts recorded.. -

- .
3

) & . . . . B
were for:C-6, M-6, and M2 vith 1.20 to 1.4§ in. The smallest amounts

ocrurrea at M-11 (.51 1n.) and T-10 (. 53 {n. ),'both w1th1n the 13 1n.‘

_isohyet of total summcr_precipitation. In fact, within the quLn,

ouly'Mle“rocordod‘legé total'precipitatiod than did_thése'two stations
for the entire summer.

w <« ' . . - E
hug 10 to 11, 1972: 32 x 100 = 1202

‘A low in southeastern B.C. grew more complex with\a new centre

formed near Medicine Hat. . An east-west cold front moved south to Cent-.

;ral A_lberta_,givinO a thunccrstorm at the base stangp/at/Kﬁgfzi, 06 GMT.-

- . ' S/
A nev Wave formed in southeastern B.C.. and moved £o Jabpel ~Fdsen by Aug -

"y

12’\60 GMf. ‘Rain showers wereavisible from,Edmonton by thié time and’
) . ‘ A
thunoerstorms arrlved in thc area bet“een (8]0] GFl and 06*CMT Showers . *-

and erga were pbserved_thrOugh 12 GMI a@\Edmontona“

- - -

1.>’ ‘The:greatest raimfall amounts were recorded at e

{he -base station
SRR S ,
"and at those statlons west and - southweot ‘of . 1t CrG ahd T 7 ‘fAﬁ%unts N

AR LN R A - o U
P ./ ,‘ ) . B ) { . .f' ( Y

‘reported from thes; 3 statlons were ] 45 1nx 1:57 i“
¢ b i d B . -

. .o s )
respegtlvely . JThe 1e@%t amount of rainf%ll was:rﬁc rded from_Mf7'aE

the northern eytremlty of %&ﬁ deln ( 57 1n ).

May 19 to 24, 1972: —%%%, x “100 = 131% - . °

4

GEVEEY

Kico%aﬂfront'passed Edmoniton on the morning of‘May 22'just-prior 14
\/ ) . . . .

to 12 Gﬁf. Showorscgnd‘;honderstorms.acoompénied this'fronrg A

B . - N ~
F : o ) S
.

,
:
A
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3

second cold front at 18 GMT does not seem to have given any rain.

At 06 CXT of the 24th a cold front from Fort McMurray to
. . ) 9

Edmonten and Red Deér gave a shower to the last mentionod station.,

Y

‘

¢

lng bhOer 'in,the area. Thunder was reported at the base station
I * -

]'at 18 GMT and ‘rain bhoxers to the northwest and southwcst.

g

ez

A/yivc formed on ths front near hdwonton by 12 uMl and was produc—

Preclpltatron qu nreatest at ChL southern t1p of the babln at

»

. 4 )

T—Z(.78 in.) and in the‘central portloh wheve a number of staLlons
o . * o \

1nclud1ng the base statlon, reported from 5 to .6 in. of rain. )

July 25 to 27, 1072: 238 X,‘lOO - R S
> . .

'

1.015

Durlng thlS 5°day perlod rain wasfrcported every day. Showor

“

and thundershcwerc ‘formed aleng the eastern blopec of the Rocky

Moumtalns during the ’VCnng of th 23rd and ‘moved through Eomonton :

betdeen,ll'cil and 12 GNT of Ehe 24 "A weak low formod near'Jaspe
. N ) . ) ‘ - . . .
abcut midnight GMT. - Th@nderstprhs and 1l”thln0 were reported ove

. *\
A g

S

r

1’.'

* much.of central Alberta. deouton reportec a thunderﬂhqwer'at 12 GMT

. . . B ' F ,
'the"following morhing.‘ A wavékgormed in southcgp Aluerta abOJL thi

- 1.

& 5 ' k
tlwe and spredd raln northuard to Roeky’ hountaln House, Red Dcer an

: S " . e
- e / \

Vermilioﬁ;b Thunderstorys were 1eported west of Edmouton durlng th
P

) . »
N o " d
r

,‘evenlng but°d1o nbt reach the study area or . ‘Red Deer. . On’ thc fol]ow1ng

R VN
oth

" A . : yl . . NE Lo e o .
‘ venlng howevcr, heavy cumtlus dld“bulzzkéo th0nd§rst mgsize‘and b

che above observ1nw statlons were repoltlnv Lhunderstorns at 06 GN

. : - - -

K -

“the 27th. . A cold frcnt moved eastward from the mouptllns'%rlngln

more showers and thundershowers to Edmonton between July 28, 00 GMT
. . N Y

06 GNT Faii was reportcdvat RedJDeer frqm these storms. *y
) ¢ " .. . .\\"

. ) ‘ "'\..:.-‘
Wlthln the ba in, rainfall vatijed from .47 in. at the morthern

is

dt

1%

A

oﬁ”

and

e e,

. 8

75
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G

‘end of the basin to 2.02 in. at the airport. The precipitation

(S

o ’. ' Y r v' .
amounts show a west—east Swath of amounts from 1.38 to 2.02 in. with

very strong gradients to'north and south.

Circu&@tances_which recsulted in the, 6 cases where T2 X 100
- . i —_— ’

\ - 0T
<100% and total rainfall exceéded 0.5 in., were as,follo%s:
C .601 o , : .
Ve 2 = (o8 Y M
May 17 to 18, 197_. <70, S0% ‘ , o .

s

.. 0n May 17 at 18 GMT a cold front lay from Wesner to Banff. Rain

dLvolopod ahead of the cold front.from Red Deer southwestward Eelglng

o . R it } ,

with precipitation associated with a Tow pressure centre necar {Havre, :
G : PN “n . \\

N v e .4 . T ‘ ‘. ) . , .

Montana. This low split into a series of small lows in an inverted

. . i . . . ‘ ! . -

.the Alberta—Saékat&Hewaﬁ berder by midnight :GMT.

_'MVL Gccurring at this time in an east-west band acress central
. i '(} - .
Alberta. ‘ yv {ay 18 at 06 GDT the cold front had/poved to a Fort

Mc Iurra'—hock bountalﬁ—House 11ne and rain was fallin west of dt.
Y y / - g

x

Thc front p%sacd Edmorton about 12 G Tﬁané a ﬁéffow band ofirain moved .

\ ) " . . L ) ’.‘ : .
through thc Qtudy area. ' L : B /
. Thls 1s a good ex1mple of the unlform dlStILbuthn of ralnfall R, f
‘- ) . ..

R

nogmally.%fsociatéq with ﬁhis#§yﬁoptic situation;@
: ‘ 1.066 U SR . '
Se-pt 19 o 23, géyzw X {100 b= 90%- >

- " ’

Prec1pltat10n early 1n the pcrlod mas tpe result of upslope el (
L% PR S " ‘f?\ . R . ‘.\ . o
o cOnoqtlons. ThlS wéé fo!]oncd bv over~rvnn1n~ from:a low whlch moved® i
oYy , Va x ’
. - o ) . .. :
throughvsouthepn Alberta.- bps]opt ﬂgaln prev 1lcd to thL rear of th;
low. Much of the .precipitation WQS»show. Again,'the resgft was a.;
. . : - . SR I - . R o e,
very uniform distribu ion precipitatiom such as is“genérélly_aonsi%Jf
~ L . . . . ) . R :
ered. typical of the situation. TN
. ) ’ ; - A : B N 5
. A o e
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Y

-

. . . ' Y . SR o _
June 10 to‘ll, 1972: ~—%%% X ”lOQ,'= 697% - e .

v

"
- - -

A complL\ Tow between Lcthbrldg und Prlnce Gcorou noved east—

-ward. | Prcg1p1tat1on bpgqn as dr117l@ chaU o of upb]opo vondltlonb.
. s Y : . o L . .
W1th the pas%age of the lou, thundor%LOfﬂw‘WOvod thouoh thu Otvd)

En . -
v

fﬁ- arua abouL Jue 10 12NGMT. rhlb procuced VLIV hoavv rdlnf“ll in

)T .

some ardéas WLth l” Gt“LlODo of Lhu donse nthnrk reCOLdjno ovcr 1 in.

- The oreaLoSt awount 1011 at C 4 wh1ch 10cc1vea 1 64 in. COmparod to'.zﬁ‘75

.75'at'che airport._ Of the cllnnbologlcal statlons, only LllLfSllQ

recprded more than 1 in. forlthis event. e 1?”"ﬁ o o
; L4146

.Jupevlifto 16, 1972: . .612 X lQO_; 687% g

- 1 ) . . - =

A low ﬂg northpastgrn B G at thL stﬁrL of the. pcrlbd moyed'

- 4

easthrd. . A colo fronL ussoclated w1th thlo low passed ﬂdmonton ) °

. S . e

June 15 00 CNI Scwttcrcd shoners and thuudelshOk@rt occurrcd along

i <

ana near the front and persisted Llll 12 GML. ~,Aga1n Lbe area of . %
. . : - . . D

max1mum°r9lnfall occurfed south andosllohtly Last of thc arrport © This

R - v, . . - L . ‘
tlme 1t was C- 3 whlcb recoracd the maximum, l 19 1n.A;_¢thiwas;P

‘, W o " R 5’.,"_
sufflclcnt Lo ﬁlood th@ dltChGS in the 1mmc01ate v1C1n1Ly. :Few.ogher
v M . . . ¢ . KR PR REEA - ,.'r‘» '

[N

-

N o - . v [ 'rv'

ln.qand Lr1ghtv1ew tecordcd ;5 id. Ci;yéfaaid ot measuré any on;'”

s R : . 5 o e P

7 the 18 but Calrar West récorded CS“ln It &ould scem 1mp0651ble for.
.'\Vk)_ . e L L3

- z

- . L. . "- . ) . ’:.

n .47‘

“q N

also been reported at Calmar total preCLpltdthH for thu CStabllshed

>
2 N an - I 4
'y : ! - !

pheeproblcms whlchfche the receqréﬁ student whu€>u51ng such oatao”' -f'
St C 'b.v, e R S . Cy o

:;T.however. . If,“fqrﬁinst ncc, {he »65 1n. repoktcd at C“lﬂdrbhgbt had

<

Emlmar to'%ave been mlsse by thesu~<howcrs. Th1 i 'j st one of '2"

- network would have been 577 in. and the perccntage of- the 'dense gpt—r

. ) . 5' ’ > N s .
work ralnfqll would have boen nuar 94/ S Co L

- . CoL e o o e % 0 -
. « A k)

- (S . : . )

N - . A ke . . ) .

_— c : a b . o . ) ' oL C/‘ i
v ~ . N ' . . B e S - Yoo

77

T
gauges in the area” Lcco:deo mere thgn 6O 1n “Ellcrsllc meaburod LA5
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Anpther preblem encountéted w;th this calculo CLOH arose

L,
I B

bctiuat it rained heavyly bL\NPGQ tte time the 111port\ftggyted

llts 24 hr amcunt and the time at which the Cllﬂ&tOLO"LL?l statlons
and dense netesdrk gauges'WGre read.
‘the t@tal'fqinfall of'thcrl6 and 17 at.thc‘airPOrt‘butwecn the two

days. . :This was done on the basis of the amcunts recorded from the

A X

géuvtsgnealest te the base statlon.ﬁ
. L7159 .
3 7 —_— e = y
Aug 1 to 4 197 T.150 X _;OO ) ‘.664

?:3¥‘3 and 4 only “-VA cold front-

. ok
Preci%itatlon“%cc;urrcd‘n

. . o .
It was necessary to npportionv

[N

oriented east-west’ moved .souti¥lArd to rcpch Edmonton at Aug 3, 18 GMT."

! - DR B/ .
el

‘ - . - : v . : .
Cumulonimbus was reported in .the vicinity during the e¢vening but

il

thunderstorms wére not .peported uhtil‘Aug 4, 12 GMI. - As the cold

Q

. . o ""i . B
K,’\‘:‘a

southeastward to' céntral bdukdtchcwan. An upper cold front moved

-
=

Ofront coxtﬂnuod Laympve south to Rcd Decr a high:pressure area built
.. . . .

east&ards br1n01rg thunderstormb durlno the n]ght.. The basé station

Pl " I T R
:epdrted a thundctstbrm

~,

] ~ '
. v

’ - ¢ e o :
Mountain louse reported

~
. -

endédubyLI2 oMy

Agaim prepipitat;cn'waé heaviest in the area.represented by C-3

BN B '

5

Aug 5 ﬂt 06 GFTQ At the same time,;Rotky

g

-

g : & .
heavy thunderstorm with hail. Frecipitatgon

i

" movéd eastward»to sOuthwestern Saskatchewan by June 243 12 GMT. Showers.

78

and -l " C-4 rccelved 1. 24 in. while 1.73 in: Qaéqucotdeﬁ”frtﬁ° - '\"
X R R AR (IR TR AR e . RIS BRI
C—} lhe nextbern portlon of biél;’ from the slrport nortL, fLCQJVEd\”;EK“\
- : » ) N . . iy
' 1Q°S than,l 1n. oo o ‘ : 'f“,‘ - . - o , L e
Lt 1066 - b s
WJune'23 tQ‘ZQ.; 1 4Q4"X 100 = -75Z~j.A o g R -
;At:tﬁé'ﬁégipnihg ofﬁtﬁis‘time‘petiod,_an:extensive‘Low preésure C
jé&ea lay over the nortbwcster; United’ States ano Loutl 5stérth.CJ It”
: . . 52 . : : .



N "
‘ .
occurred throughout, the first. 24 hrs. Continuouq rain was Qsported
) @
at Red<Deer,and“ oaky hountaln\ﬂouse by June - 24 06 CMl "A few >

. . 4
scatturod cuwuion1mbus were erorted on the northern fringe of - the

rain area but none ﬂromfthe bése station. T :
According to the weather maps reviewed, a small low moved north-
L e e ,
west from.Kindcrsley, Saskatchewan, and becarle stationary in the
. . o .~_' . ."A v . .~/,v ) . ‘ . ‘ .
vicinity of [dmonten during the sc¢cond 24 hrs. ' Rain was continuous

but there was. nc evidence of.thundershowers.. p ’

With few excéptidﬁs;‘rainfall]amounts~wercﬂih excess of 1 in.
. ’ ’ ,b"': . '.'_- : L ) o ) P : . - ‘ .
The only area which received less than 1. in. sas from the airport north

and west.fof a'short distance. ALhough these statidﬂé received from
. v . - . L . ) . ) . B ) ,./' 4, . ) .
.89.in. to .$7 in. of rain, the amounts south of the airport ranged

.

from-1.34 in. to 1.97 in.
. 1 . ‘ ~, . - e . ‘ R . .
Division intonuatﬁiles’ _ A S e X
. " 1. . 'I '. , . . *
L . ¢ : : L : .
i o DlVlSlOn 1nto quartllcs a]so reveals th:t of the cases show1ng
more than,O.Zfin;,Qf rainfall thc bulk cane fron the 2nd, grd and 4th

, e . .

’
N

b‘}quéftilesfinfalmost equél nhmbéﬁéf The Onby cdnfributidds'fromfthd Ist

quariilewere 2 case§ where one nLLwork only reC01ved more than 0.2 in.

L_~.% ' 1
he totﬂl rangc in perctntages of caccs where one of the network.

‘-«.,_'\. . < -

rccered over<d.2 in. was from,AJm to 614 ALl Lut two of these
. Rl .r‘, . ' . .
‘ '(tho_se‘i"n' the 18t quartile) ’wefeq'.clti‘s.tc:_fed be.tw'ec'n'lgS% and 164%). , Tiis

. ) -

G o . e, €
* may .illustrate ‘a‘deerease in variability wifk

~
‘

increase in total areal

. . - Cy
B .
: R PR .

precipitation. . It might also indicate a decrease in variabilityAsith
rec, Fr might a are 2 decre n va yArih
N - . : o ¢

increasifng size;of precipitation producing cccurrgnce (i.e. low or’ -

: S E e o S ol o
frontal system vs airmass thunderstorm). - v ¢
\. ) . . ‘ : . . . . .” = . . ., . =y ) B . . . i ‘?
. - N -



'evéﬁtﬁﬁhich met the Stated criterion. These -maps revealed“twb major:

¢

“be anaiysed. . An attempt was made- to classify the aboye cases

>

) : TR
Analy%zs of the magnltuoe of dlffcrcnco was perforned for those

1
- u

mcnsurcd GVLth whlch prodqced more than 0. 2 in. of prec1p1tat10n on'

aL least one of the rain gauge networks. Thls’value was arbLtrdrlly

‘

cho scn co LbaL only the more important amounts and dlffCrCHCCb mlght

o

. according to synoptic sitﬁation.'r Weather maps were reviewed for each

.. v
K]

causes of ralnfall in Central Alberta durlng the pcrlod studled

Showers'anu thundershower's accowpanylng and tollow1na co]d frontal 0T

.trowal'passage accounted for 12 occurrgnces whlle 11 other cases result— b

ed frcm -sone form of cyclonlc tirculation or conve rgcnce such as low—

pressure ceantre, wave, trough or upslope with cxclonlc curvaturc of the

- I
- ! . O . :

isobars; Oqu Qne occurgpnctﬁges accepLed as airmass tthdershower

,
7

act1v1ty, the phﬁnovcnon xblth was to have been the orlglnal focus of

‘. N . H—- )

this study. It may be emphasized that this,rep:esents_the author?g
judgement and that a different‘analyst'might attribute;theiqrecipit—, e

7
atlon to" sodéwhat dlffercut causés for many of the 51tuat10ns reVIewed

3

. 7 o -

lablc VIII is a sunmmxy of che results of this” analy81s.. Oné”éff

ol : \‘ f«* 4 - . L

the surprlslno results is Lhat the dlfferences rc;ultrng from precip- oy

v

.- . Y . D» - ..‘ . ’ /
1tat;dnjassoc1ated with the\tyo'major synopt1c’type§,are-51m11ar 1n_'“-\_

.-.‘ . . . - s -‘_ N PR
magnitude. Prgclpltatlor assoc1ateu w1tn lox—prcssure arca§ 13 oencr—

T

g!ly consacered to be mucb more ualform than the qtdwery Drodipltatlon L

w . o . e LT R . o o
assoclated hlth cold- fronts and trowals. , o o :
For each syneptic type, positiVe an¢ negative differences were e
calculafed. , This was doze in an effort to discover whephcr?'forfst&rmé

o - - . W
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'nctyork would more often record ‘more or less prCC1thathn Lhﬂ skhe

¢ 82

. . “ b

,
v

producing 0.2 in. of precipitation in the basin, the climatological :}

, . .

. Wy -

I3

"dense” network. It also shows the frequency of edch»r)pe of

. analy7od te ngn bbme 1nSLght “iiito the slze of prec1th;t1ng ctoud -

¢in“prepipita€lon calculatious‘Shown earlicr in‘this chnptér._ Discretei

«

 Size of Storms

. ,.» : " \‘ X
«elemﬁnts and to- contrlbutc to a iurthcr LnQPrSt?DdiP“ ofi the dlfLLy/;Ceb'

"l"?

-\ -

aifference and its- magnitude: Lt do&sihot show how” to predict. the

dLlchlon or wann'tuoc of .the leference. ' - '
| 5 Ny
These dlrfeloncos were cxpressed onh as aVérage amounts in ‘inches,

¢

and as average.percentage departures. In thcréase of both cold

v

fronts and lows, the value in inches was lower, for positive than for

- L o : o
negative differences. In percentage terms, the difference is much

‘ ‘ \.‘ T ' .
larger when the sign is positive then whien it is negative. Table .

XIII. sliows that the differences were qéZLe evenly divided between.
poéiﬁive and regative occurrences. It woild seem,thgt ETZ—Z;;nce ) -
that diiference may be positive or-negative is about 50%. This ‘is
) ) ' ‘ . P / ) [N )
compdtible with the ;)QE;pitation totals for the summér of 1972 but

.
-

must be viewed with cauticn. - The occurrénce may be coincidental and

B . o

not a regularly recurring feature of'the error determination based on

annual -summer rainfall. : .

i

_ / .. . :

. W

P . ‘ /

. - . . ) . *

prCCLplt’tlor ecbo dlaﬁetcrs werc Led surLc'und groupcd as follows‘ Tl

.

=

less than 5 mi, 5 to 10 wi, 10 to 20 mi, zo to 30 wi, 30 te 50 @i, - - 7

Lo
.

50 to 70 mi, and'ovcr 70 mif - Most echoes were ¢f circular or-glctéio




N

- ) \ - . - . fs;g
L _ ; - o ey
. . . N . . PR

283

©

EPTI
g \‘,\

R4 ’ :
form (mergirg circular echocs) but occasionallx\lincs‘were enceunt ered.

Because thesc the prec;pltatlun«effecths‘the same. s

Jines sweep an area,

« as il the echo were circular:

The long axis of the line was therefore
taken as the diameter.
’ 7

Table IX is a summary of the analysis.

This analysis can not be trcated as morc than a preliminary.

appreeach to this problem bec 2use Lhe size of the sanpdo is qu1te small.

%urther, the analysis was not exact in detail begause the precipitation

)

elements werc cften groupéﬁ}whcre»it seemed that precipitation variabil~

a

~ ‘ ‘ . .
ity | would not be unduly affected by the presencg of porlphcral cells.:

Thcse were cases hberc echo lnten51ty was weak and ]éiatlon was ‘on the oo
upw1nd or dovnwind S"dE“Of the main pr@clp Latlop elcront Ue J'3;~.130515‘,l11:ed

Where ccboco appeared to tb > right or: left of the main element with

) \

reference to the direction of moyement, Lhese were not ircluded in the

size of the main elerent but were measuyred independently. This was

. h .

done because any precipitation measured “at the ground from these.elements

Y
would te independent cf the main clemcnt

b

* A sufficiently dense rain-

gauge neLwork wculd oﬂtétL an area of no Drec1p1LuL10n between the
”

location of the cctﬂched cabo and the main booy of pruc1pltutlon. A

prec1p1tat10n ccbo 'ig a visual olsplay on a.-Plan Pos:tlon Irdlc“tnr‘

, . 2
le res ults from encrgy ILflCCLEd from wqﬁLl lePlEtb ot prec1p—

» . . .

tior siéc and. neLurPeu tathe anLovnd of tbe 1uoar set.
. L, -~

. .. R -

scope.

Frecipita~©

tion " echoes are equated with storm size pr'ﬁ&eqtpitqtipn element size

5

for purposes of this analysis. ) ‘
. oL y e o o o o
) L g v ' L ¥ [ - . .
The number of glements of dlfﬂcrent-%lze ware'coﬂntcd'on each o

. « - . )

photoglapb) regord(d nnd summarlzcd for each phoﬁo—'

reiu-day feor whlcl

2

graphs ucrc obt iMed.

P4

The tusbers vary greatiy not orly tecaus o sorie
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. . . -

rein events’produced many gore cells than others but also bccause-@ﬁ
s ’ i . .
. I\' . - . ‘A.

some cascs many more photographs were taken than in cothers. $his

B

¢
W

necessitated an averaging of the numbers of cells in cach size categ-

ory for ecach rain event, I't must be kept in mind, however, that at

u ¢

this stage, only relative frequency of occurrence of stérms or rain
< : ' :

cells of dirffcrent size was being attempted.

B , . : i ’

B : ’

t Table IX indicates that the most frequentlytogcurrin% cells .
. = BN

) [

8 . .
are those of swall diamcter such ag occur during the formative stage

- - . ‘
of thundershower activity. . The average number of precipitation

elements per photograph decreased from 4.2 for clerents under 5 mi in

L

diameter tc-.3 for elements between 20 and 50 mi in diamcter. The
s . R 3 , B : . '

C . ‘ Ly = o . . .
relatiorship is shown mere clearly in Fig. 14. | This figurc implies A
. o " . . . ' 0‘;7_1?

2 A

+ that there are a very large number of very small eells or precipitation

Q@

" echoes recorded whille discérete precipitaticn elcments cver 70 mi in

diameter areé rare.

"‘.'\_

T

. It was nore difficult to obtain. the average'size of précipitation

-

elements from the maps of weekly total precipitation and total precip-.

itation [or individual rain days. = This was so becaziﬁ#;he progress of

a number of cells through the study basin produced -rain at all measuring
Lo points for almost all cases analysed. | Two analyses were pcrfqrmcj; one
. e n . .
for precipitation totals by week for the summer of 1972, the sccend for
- ; ; _ ' _ : .

21 individual ratrrevents selected from the list .of those cvernts which

procuced greeter then 0.2 in. of procipitation on gt e ycrie of the
R ‘ . - .o .
rain-gauge networks. o : ' o
. , . -
In most c¢inses the iﬁchﬁfts cnclose clongatea precimitation areas,
. ~ ) ’ \ ’
the results of time integration of rainfo®l amounts, Thus they.
4
~. ' - v
. _ . P :
. .
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-cvents or lonﬁer perlods lacL Lhe rdln—no raln ptr

T : o ' B
dreeceien ofa | Y |
indicete the directicn of oticn of rrecipitation élerents.: IF we

assume that the cells ard®mainly circular, it follows. that the length

. W N y : N
. . . : . ST | -
of a_llne normal to the derCtlon of roticn msy,bc takon te represent
~ LN

'the dndrctcr. Because mosL of LLC maps of total ralnfhll for slng19

T, ne
&)

At

H’ Of Lho raémr‘

j?togruphs, the lcnpth of Lth dine, lcnpe the. udnther of “the. LQllS,

is very unccrtainl“'Arbitrary Selectipn/of boundaries hased on gradient
Al ’ . " ) ’ i N ‘ ) RN : ) 3 . ) . .
or ischvef value was therefore_used tp cbtain som appro LLLLlon of the

a

size of cell conLrlbutlng to the hlgPﬁst prcc13}tation amounts.~

lhe gree est weaknesses cf the»methcd are_in the gaps between -

-~

statiovne outéide the basin end in the subjective interpretation

- N

TR y . . - ¢ . R
resulting from the use of isohyets. To answer tlie first weakness, only

areas of maximtm précipitation within or overlapping ttre study hasin
. O : . 0' . .
o . " . 5 . . . o

were utilized. The. second vezkness remains unanswéred. -

& third weskress in the method was revealed in the analysis of

single events in which cnly cases of greater then- 6.2 in. of precip-

‘ritation on at least one of the gauge networks were analysed. This

B J

f\kévzfoguced a unifermity in precipitaticn which tended to mask cell cize

AN

- ’ ;S N
in many irstances and introduced a bias towards larger element size as
measuTed on these maps. Thus Table 11 geens to indicate a majority of

cases iﬁ'which'precipitation element diamreter is over 30 mi while

W lv tOtcL napq shchd nothing over 20 ni 1n‘?1amete

%
-~

\

- 87
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TABLE X

[

~ .

Pr001p1LuL10n llcrcnr Size (diam“ter 1n ml)

Measured Trom Naps of [otal PICLlpllatlon - “f
A T ’ . .
Period . No aof Maps . ' Diameter i
S o - TS 5-10  10-20 . 20-30 30
- - n - . .
. Weekly. 17 ¢ - 32 .20 - 4
Single "~ 21 - 4. 4 2" 113

event

5

Begﬁaée of'the bias mentioned above the author feels that the -

results of ‘the single event measurements must e ignored. The

agreementy between the values teken frem. the weekly total maps and -

' | o - .
‘those from the radar pbotcgraphs ‘is of a high order. It could:;?\\\

profitable to assume thct a reasonable answer- has been- given to \\

the questicn "how large is the average sform?" in this part of

v

: v\. .
Alberta. - T
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‘Summary and Conclusions
L.
Life .is the art of drawing sufficient
conclusions from insufficicrt premises.
N ’ -
o &S
Samuel Butler :

,Lotebocks, 1912

N _ "Lordy, What:Is Man?"
14;2 .
: o
¥
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SUMMARY ‘ o

This. study was ‘an attempt- to gain as much knowledge as possible -
L , . s . ” . -

in a very limited time, about the spatial‘distributicn.of precipit a-

"

tior ~ in the Whitemud Creek Basin, south of Edwonten, Alberta. It

gradually evolved into 4 CompariSon‘of rainfall measuremenL by twa

0

‘TﬁlthUéP petworke of quite dlffcreut dcn51t165 - The Lstabllshcd
_network in the area encompas;\a by llg 2. Ias 1pp10}1rctely 1" gauge

ﬂper 240 sq. mi hlth a thC rarge in Lhe aréas repzeoentcd b/ 1nd1v1d—

, val gauges: - - S - o AR ’ o
; g g ) ? N ° ° r ’ ‘ v" ‘» . SN “‘4 T.AI_, ! .

- - " ~ _‘ ~

- For this study, a ”dense” réipgaigeihetwcrk'WaSIoperated‘iﬁ:the,'1*

RRRPRPIN

Whitemud Creck baSinl ' It LOnSlthd of 29 SLpchmentary gauoes,ii
. cos IR b

cllmatologlcal station (Ellerslie) and l }1rst oree: station,
Edmonter International Airport., ' The last station was used .as the
. ) - . ) . .b" . .

. i

_ base statidén and all measurements vere compared-to it when calculating
variaBility." The gauge density in thls nctwork was about 1 gauge

per 5‘sq mi. -

. ‘5 - . oy R .
. . . . : ’ X1 s SPRCENL A )
The suprementaryastatlcns comprising the ”dense' network were”

equ1ppea;w1th 48 oz JLlCC cans as rain gauges. The acculacy and -

‘cowparabllzty of these. units was cvaluateo ~and fovnd ‘to be satisfact—‘
Ory-i ' 4.

= _Differences"in rainfall, measurerent betwcen the two gau&e net-

_works was evaluated through the- use of Khe Thlessen polygon nethod

":x
‘This 1nvolved uhe calculatlo“ of the representative area of each gauge
’1n each network. - Two stations (EllerCJle and ‘the bose bLathH) were .

"common to both- networks. These StathﬂS have two dlfferent repreccnt—»V

. @
ative.areaé each, therefore baced cn the dlffcrcvt spac1ngs xlthln the’
- . , o

. networks.
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CQNCLQS;O%S T . L .

. . ,k . )
. The Thiecssen polygoen method-was_used to measure the difference

N

in rainfall catch by ‘two rain gauge networks of different densities

opecrating in the sane river basin. Twe staticns were commen to toth
N > . : ) . B )
networks..  The average rain_gauge density in the dense network was

$

.

approxzimately 1 gauge per 5 sq mi. In the established network, 4
gauges represcnted‘the'nearly 150 sq mi of the basin. Two of these

1

were lecated outside the basin. Cne gauge, that at the base station,

N 1

‘represcﬁted'592 of'thé,totél area undef study. -

For thg summer of 1972, the cstahlished netwérk heas;red 1047
of_thé tctal gfecipitaiidn peqéived‘by tﬁe;dénse net&érk{ | ThiS-resﬁlt
scems to hhve’b\:n‘caqse& by the high vélues répo%tqd'at the base,
‘station. The percéntage of,thé fagnsg” netwerk pfecipitatioé anounts
‘VAricﬁ frem 819% to‘62‘fbr-méasurcd fainfall events. It may be cdnsid—
;ered coinbidéntal*thétithe'rgsultsjfﬁf.the summet:toﬁal were in such
|  good agreecment, .~ '.\ k : '7  . o .v:<<<f
| The ranked ﬁércentage§“yére divided into qbartiles; This revealéd
chat of ‘thcse o;erts hblch proouced more than 0.2 1n.-of‘r’1nfhil }Ehé‘

bulk cang from the Lnd 3rd and 4th guartiles.,  Of the cases contained -

"within tly lst quartllc, one ﬁ%oduccd 6147 of the "dense" netwerk rain-

fall andﬁ wbs calculatcd to be 190%. - - Both:had just sufficient'qiiz:’ e
fall to be 1nc1uded The-rémainder of the cases analysed, those from

the other QGartiles, Were quite ti&htly'clustered Petween 457 and 164Z.
This woulu seem to 1nd1cate that as precmpltdtlon 1ncreases, varlabllity

dccreases to .some" extent..
< v

>y



There were 10 events which produged
fain in tbo Utudy'bgsin. Fcur of U
» . N

OO/ of the "dense

catablished network.

Ll
@

B

Twelve
to co}d frent or tioﬁal passages.
- to. be .
surface hcatlrg'
.1ng from warn- Llcntal 1ifte are con510Lned

is, variability is considered to be low.

aJIterenccs Lef&een tle networks. that are

« ' N f

the cold‘frbntql and cyclonic‘siihations.i

Total Surmer Precipitation

v

L.

"dense"

*

The

and dry ben@res over the scudy

This is in kCLpng with earlier, studles which sho

, varlablllty anrcases as Bgnge dEHblt} increases (Huff and Schickedanz,

1972 and others). Pchipitation maxima

network rainfall being calculated for the

of the measured rain events of 1972

.network pﬁ’eal d a more

more than 0. 5 in. of -

.

‘se 10 resultéd in more than -

prlmallly of cyc]onlc c11g1r and one” was attrlbuted solely to

> . : A"MI

‘mi north of the base stntlon, and/’?er a

‘base sLatlon “nd those stgtlons nearest 1t cn Lhc south

Within thc ba31n only these two

rain than did the base Station.

basln, but w1th1n the base map ared, reportcd as much as,

,‘ the base station.

were éttributed _ -
. : <
Elcven-others were cpnsidered :
Precipitation of cyclonlc orlgln and that result— }
‘ to be quite uniférm. That
; This ssndy has.produced
fémafk£b1y_3imiia%*fd£'Edtﬂ““ o
cnmplicatedvpatﬁt L ¢ wet
gbasin than over the surxoununL a}ea. i
' fnét observedn»:
were observed at M-2, 4.5
v1dcr area which- 1nclded the .
band-wést.
, "
ta;ions (N—Qvand C—6) reéeived mOré
erghLv1em and Ulrflelg, out51de the
and nore than~ .
> \,f" .
»

1
Y



- Within the basin, the driegt;conditicns were recbrdédJover' Pty v
1sin whcrc tctu]“ were lces thal lJ in. ‘ﬂ e e
\,ﬂ o / ‘ Q"i
. Just west of the western boun 1ry of the study basnn, and h01 area
@ ) - -

.;thégﬁouthcrn third cf the

of lcse‘than 13 in. ralnfall'h been shown. 1hlo is based q§

%pefrecord at Calmar whlch the ~auther leels CODLclPS errors,&n ’ A
2 _ B R . . \ ih S ) ":\n EOE

L’the dally tecord of prec1b1tat1on durlng the umrel of l972 tf?l

. o E g“ )
. . ; .
i -~ P
.

opeclflcally, on the f%llowing dates, Caln Y reporLcd no preefgltatlon

although other statiorns fnearby, wrcludlpg CleAL WcsL“*rcporLcd more
L N

thaP .lO in.: May 3' May 2] June’ 8; June 16 June >3 July 24 ‘ l"- Cs

r‘r.)

,325 kug 8 Aug 2,, Sept 4. . o » @ g WL jﬁa'
Just north of the study basin, an eastfwest dry.areaf@ith léés&fw
. L oW RR _ : o i
i%& 'than 12 ih.,rainfall 1s based on recolngs at the Ivrnwood CllW&tOl"

A
)

g

v.;

" . , _ ¢ .
2 - OglCal Qtathﬂ and. at the authcr S horc in Pqtkallen. lhese dry s

g , -

areas are, also the areas of greatest dlfferencc 1n total seasonal _ v

Yo

ce . L

precipitation. . l.v - - ’ TGy

- At a distance of 3 mi the average difference in total precﬁé% ﬂntuﬁﬁﬂ

1tﬂLuPn was 8/ 'At'about;l2 mi this increased to l/% and extreme
. values of 4€A\ag&\?6 were calculated at 14 and 13 m1 rcspectlvely

The first value is quite close to the 6/ value at 3 mi calculated by

Huff from a longer term record in Illinois.

. These dlffcrences may be expresscd as extreme prec1p1tat1cn
‘ i, : : ‘
© gradients.. Between the base station and Lynnwdod, the gradient is

.24 in. per mi. Fetweern the seme poiﬁt ahd Parkalleu, a gradient
of .30'in.'per mi.was.calculated. 1 Between M-2 and M—8,'just north

of the baSe statlon, the gradlent was calculated to.be greater than 1°

in. Pervmlf -w ' ‘, o : : : ‘lA.h}
— B
/

~3
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A cgrviiineaf regression Jine_wasifitted by eye to data rglating
percentage. of base statton raiqfall to distance from that poinff It_
revealed an_oéciilatian‘with'wavé length of about;]l.S ﬁi._ This;may
reflect rﬁe average spacing betwceer preftrred?stqrgttracks during this
aummer. ihis may prpvide aa aquaé ot furthey: reséarth usiﬁg data
such as the Alberta Hail Studieg volunteer network. It an bava
implications for agricultqre;'haii insuranca,“aﬁd forgst fire fore- /) :
Castingt

lieekly Fatterns

Short-term, short-distance variability is highlighted. Despite
. A o s ot R - -
the fact that.tctal sunmervprecipitation was higher in the ceutral and

'ncfthétp ﬁprtiona of the basin, the-greateat number of wet‘céntres on
tﬁe Weekly maps occurred in the’aouthern portion. Ihisyoddity is
accouéted;fot by thé‘numbet of ocqurfences with smallbtctai ptgcipitat—
'i;n amountsi- The ceattal_and ﬁortherﬁ bcrtions-receiVed more;highéA
value wet centres.

TWO‘Statloﬂb at the n01th end of the hhltcmud Creek basiubwereA

>
located at about 75 ft (T—9) and L25 ft (N 7) below theflevel of the

3
surroundlng plaln. These StutIOTS frequentl> reccrocd greater total
-weekly pretlpltatlop than adJacent statnons at hlghcr tlevatlons. This
was the case for 6 of the 17 cuth maps and alco for total seasonal
amouﬁts.v In 2 ather weeks T—9. received more rain than the adjacent'
highet stations_bat M—7'did-not; _, .f_ - --mz{
| Thia faatare should-raceive moré'fhtensive investigaticn by means -

of a more dense gauge netwerk in that area. Factor analysis might be



P

Qenerel

) . 3 .
employec to liscover the influencing variables.

Q1z.e of St01m%

—l— P } . o

Radar‘phoLopTuphSpa“d rmaps of single event and weekly total -
precipitetion were analysed to obtain some idea of average storm
L M .

-size in the study area. The radar photographs reveal a strong tend-

.

ency for precipitating cloud elements to be less than 5 mi in

diamcter. " The same tendency is chvious in the maps of weekly total
preciﬁltation; In both cases, the 5 to lO mi category contaln 667
of the number leported in the first category In the .10 to 20 cl

T

catcgor), ‘the radar rhotographs. reveal about 585 of the pLev1ous grcup.
In this same categorv the maps of weekly total P ec1p1tatlon show 207 °?
of the number recorced in the previous column.

Because of the: methed employed wi th the weekly raps and the

"obvious blas in selectlng eycnts te be phOtO”rcprd thc-results can be

accepted as valid.énly-tor situations involving thunderstorms. "

The plesent rainfall neasurement network in the v1c1n}f§ of

Tdmonton gave qu1te an adeguatc estimste of the total summer season raln

fall (Nay to September) durJng 1972 ] For_individual.rein events however e

4quite large differences were noted! These dlfferences were roughly in

“ﬂ\the range of + 30%. - This applled to ralnfall aseoc1ated witk cold flonts

‘and poqt cold frontal 1nstub111ty (and trowels) and that resultlvg from

lows.l Llfferences resultlpg from convectlve storms. could not be assess—'

.ed becayse of tke ac of an ade vate-nunher cf cases. Table VI revea_s'
d b ? f the 1 L f ad g b T | = \ i

o obvious seasoral bias in the-magnitude‘of tke difference although -
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there does. seem to beva higher proporticn of cases with positive

~difference during June and July of 1972, than at cther times.

Lo

Implications of Findings: ., ' . : : -
o _ . | ‘ A . , - .
For storms producin?-morethan 0.2-1in. of fain on both net-

works, differences in calculated totals ranged from -34% to +64%.
NS . o , S :

There is no way of predicting whether the difference will be posit-

ive or negative for any given rain event, - Error in the precip-

itation total calculated fromthe established network for any one

event may therefore be as ‘much as‘lOOZL Low often this might happen

cannot be predicted as yefh. Additignal data éhould be'géthered to 7
. D . QA ’ N
establish the validity\of,the size of error. With added'data'and\$\\\'/
¢ E .
further study, it ma y begome possible to predlct the 51gn amd p0531bly
the approx1mate wagnktude of the error.' bc unlformlt} of error
in measurement of precipitatiqn from both 1ows and cold -fronts

;(ihcluding»trdwals) should also be validated.

There appear 'to be significant implications in the above findings

2

for calculatior of - ~term water balance, for calculation of

a
irrigation reqhirements,'crop:development, groundwater recharge,

" soil-moisture techarge, and ruroff. R ‘ e
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