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ABSTRACT

0n med i um and I arge watersheds of the Canad i an Pra i r i es,

the probable maximum fìood would resuìt from the melting of

the accumulated winter snowpack with concurrent spring

rainstorms. This study estimates the probable maximum

f lood f or the Boyne R iver watershed at Carman, lrlan i toba as

the result of the h,ettest expected antecedent soi I moisture

conditions, the probable maximum winter snow accumulation,

the probable maximum snow melt, and the probabìe maximum

spring rainfal l. A hydrological simulation program is used

to combine the hydrometeorological factors and to estimate

the probable maximum flood. ln addition, flood forecasting

regress ion eguat ions, deve loped by the ltlan i toba lJater

Resources Branch, have been used for comparison. Based on

this analysis, the probabìe maximum flood at Carman is

estimated to have a total runoff volume of approximately l4

inches (356 nillimetres) of water and a peak flow of about

17,000 cubic feet per second (482 cuUic metres per second).r

r This study uses imperiaì units with metric units in
brackets which corresponds with the current practice in
the l,lan i toba llater Resources Branch.
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Chapter I

I NTRODUCT ION

The purpose cf th i s study i s to determ i ne the probab I e

maximum flood on the Boyne River watershed at Carman,

f'lanitoba from the meteorological conditions leading to this

event. These cond i t i ons are used as i nput i nto a

hydrological simulation program. The simulation program is

used to combine these meteorological factors and to estimate

the peak flow and total flood volume of the probable maximum

f I ood. F I ood forecast i ng regress i on equat i ons are used for

a compar i son of est i mates.

A definition of the probabìe maximum flood

wi th a descr i pt i on of i ts purpose. The accepted

practice in determining probable maximum

d i scussed.

the

i s provi ded

engineering

floods is

A brief outl ine of the study organization is presented at

end of th i s chapter.
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I.I DEFINITION OF THE PR BABL E

The probable maximum fìood is the greatest flood that may

reasonably be expected to occur at a given ìocation, taking

into account all pertinent conditions of ìocation,

meteoroìogy, hydrology and terra¡n (Chow, 1964). þJhi le this

definition carries some impl ication of an upper I imit, it is

not the maximum possibìe flood. lt is nearìy impossible to

determ i ne the I atter w i th cer ta i nty . l'lore over ,

combi nations of hydrometeorologicaì factors that are

physicaìly possibìe may be so improbable that it would be

unreasonabìe to use such combinations as a basis for design.

The use of the term "reasonable" in the definition of the

probable maximum flood is a weakness, since it introduces a

subjective element in the definition. lt is therefore

important to note that over the years a degree of consensus

has developed among professional engineers in the field

about the procedures to be used in the derivation of the

probable maximum flood, ât least for those floods where

rainfall is the major contributing factor. This means that
I'reasonab ì err ref I ects not mere I y the j udgment of the

individuaì design engineer but is based on the col lective

judgment of the profession. Unfortunately, such a consensus

has not been achieved in cases where the combination of

snowmelt and rainfall is the major cause of floods. A

greater degree of subjectivity in the derivation of such

floods is therefore inevitable"
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What is reasonabìe in the estabì ishment of a design flood

depends on the consequences of the f ì ood be i ng exceeded.

The probable maximum fìood has generally been used as the

design flood where fai lure of a major hydraul ic structure

(i .e. reservoi r spi I ìway, floodway) would threaten many

human I ives and cause disastrous property damage downstream.

ln determining the design flood, the engineer is concerned

with balancing the cost of the structure on one hand with

the risk of loss of I ife and property on the other. The

probable maximum flood is seldom, if ever, used as the

design flood for local protection works.

The probabìe maximum flood estimate can vary over a

significant range of values each assoc¡ated with a certain

degree of conservatism depending on the assumptions and the

data used in the analysis. The practice of determining a

reasonable value for the probable maximum flood requires the

combined professionaì judgment of experienced engineers and

hydrologists.

1 .2 ACCEPTED ENG I NEER I NG PRACTI CT

There are basical ly two approaches for determining design

floods: the hydrometeorological approach and the

probabi I istic approach. For major dams where fai lure would

threaten many human I ives downstream, probabìe maximum

floods determined through hydrometeorological analysis have

general ly been used in desígning for structural safety
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hyd rometeoro I og i ca I

maximum fìood.

A I though, oñ

Canadian prairies

the meìting of

4

1983) . This study uses the

to determ i ne the probab I e

Reveì l,

approac h

Hydrometeoroìogical records are reviewed to determine

whether the probable maximum flood is likely to be caused by

rainfaì1, snowmelt or a combination of snowmelt and

rainfal ì. This review determines the appropriate accepted

engineering practice to be used to estimate the probable

maximum flood.

The accepted engineering practice in estimating probable

maximum floods due only to rainfaìl is well documented

(Chow, l!64; Weisner, 1970; United States Department of

lnterior Bureau of Reclamation, 1976; F. F. Snyder, 196l+).

The procedure involves: estimating the probable maximum

precipitation using the methods outl ined in the World

ileteorological 0rganization publ ications (1969 an¿ 197Ð;

est¡mat¡ng from historical data the losses due to

evapotranspiration and infiltration taking into account

wettest expected antecedent soi I moi sture condi tions; and

estimating the total runoff volume and peak fìow by using a

water budget (i.e. computer model simulation, unit

hydrograph method) .

the med i um and

peak flows often

the accumul ated

I arge watersheds of

occur as the result of

the

wi nter snowpack wi th



concur rent spr i ng ra i ns torms , there

(Worl¿ f'leteorological 0rganization,

engineering practice in estimating

snou/melt alone or to a combination of

5

documentat i onis littìe

ì 969) of an

f ì oods

accepted

due toprobab I e

snowmel t and rainfal l.

An adhoc procedure to estimate the probable maximum flood

on the Boyne River watershed as a resuìt of snowmelt with a

concurrent spring rainstorm is deveìoped from the studies of

Buckìer and Quine, l97O; Buckler, 1968; Bruce,1962; and F.

F. Franklin, 1965 and the folìowing available ìiterature:

Chow, 196\1 United States Department of the lnterior Bureau

of Reclamation, 1976; l.liesner, l97O; and the l,lorld

l,leteorological 0rganization, 1969, This procedure can be

descr i bed as fol I ows:

Determ i ne the probab I e max i mum seasona I snow

accumulation usi ng the partial season method.

There is insufficient long term cl imatoìogicaì

information to use the snow storm maximization method

or the stat ¡ st i ca I method. The f i rst step of the

partial season method is to estimate the probable

longest period of snow accumuìation. The maximum

amount of snow accumulation is then estimated within

th i s per i od by assum i ng the occurrence of a

succession of individual storms.

Estimate the probable maximum precipitation using

estab I ished procedures (Wor ld lrleteorolog ica I

2



0rganization, 1973;

study to i nc I ude for

wh i ch have occurred

runoff per i od.

6

Chow, 1964) but conf ining the

maximization only those storms

dur i ng the cr i t i ca I snowmel t

The seasona I var i at i on of probab ì e max i mum

precipitation is determined so that various

combinations for different times of the melting

season can be evaluated in order to obtain the most

critical combination (World Heteorological

0rganization, 197Ð. For example, in the Boyne River

watershed, maximized June storms may provide the

control I ing points for probable maximum precipitation

but opt i mum comb i nat i ons of accumu I ated snow on

ground and meìting rates are found in Apri I and earìy

l'lay .

I n th i s study, the estab I i shed procedures cannot

be used to estimate the probable maximum spring

precipitation as adequate dewpoint information is not

avai lable. Dewpoint information is essential for

moisture maximization of a storm which is a primary

step in estimating probable maximum precipitatíon.

The largest observed spring rainstorm can be used

to approx i mate the probab I e max i mum spr i ng

precipitation. The combination of probable maximum

snowmelt runoff with probable maximum rainfal I runoff
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i s considered by The Uni ted States Department of

I nter i or Bureau of Rec I amat i on to be unreasonab I y

severe for estimation of an infìow design flood. The

pol i cy of the Bureau of Rec ì amat i on i s 'rto comb i ne

runoff from a major rainstorm that could occur during

the snowmeìt season with probable maximum snowmelt

runoff." Therefore, for thi s study, the largest

observed spring rainstorm is considered sufficiently

severe to adequately represent a probable maximum

spring precipitation contribution to the probabìe

maximum flood.

3. Estimate the critical melt rates of the snowpack to

caìculate snowmelt runoff using the energy balance

method or the degree day method.

Either one of two basic approaches can be taken to

estimate critical snowmeìt rates: calculation of

snoh/meìt runoff by means of an air temperature index

(degree day method); or calculation of melt using

genera I i zed snowme I t equat i ons based on an energy

ba I ance. Deta i I ed i nformat i on regard i ng both

approaches can be found in the Corps of Engineers

report, 'rSnow Hydrology" (United States Department of

I nter i or , Bureau of Rec I amat i on, 1976) .

ln this study, the

snowpack is estimated

balance method usi ng

critical

on the

melting

basis of

rate of the

an energy

equat i onsgeneraì i zed snowmel t
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I
in the hydrological simuìation program (HSPF). A

simi lar approach has been used in other probabìe

maximum flood studies (p. E. Fawkes, British

Columbia Hydro and Power Authority, 197Ð.

Estimate the amount of melt water and spring rainfaì I

that wi I I appear as streamfìow using a water budget.

A water budget method is the basic approach used

to estimate totaì runoff volume. The ini tiaì soi I

moisture condition and losses due to infiltration and

evapotranspiration are taken into account in this

method. Peak f I ow can be est i mated by us i ng

flood-hydrograph synthesis (i.e. unit hydrograph

method) . Deta i I ed i nformat i on on the water budget

and flood hydrograph synthesis is found in the ì964

pubI ication, I'Handbook of AppI ied HydroIogy" by V. T.

Chow.

I n th i s study, the tota I runoff vol ume i s

est imated on the bas i s of the r^,ater budget method

using the hydrologic simuìation program (HSPF). The

ì^,ettest expected antecedent so i I mo i sture i s used f or

the initiaì soil moisture condition to establish the

initial availability of storage for infiltration"

Snowmel t wi th concurrent spr i ng ra i n are routed

through this mathematical model to derive the peak

flow of the probable maximum flood. This is simi lar

to the procedure used in the 1965 report on t'Review
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of Spi I lway Design Flood Derivations for the Portage

llounta in Dam, Peace R iver, B. C.I' by F . F . Snyder .

F I ood forecast i ng regress i on equat i ons are used to

compare est i mates of tota I runoff voì ume and peak

flow with HSPF.

1.3 STUDY ORGAN I ZAT I ON

Chapter 2 of this study provides a description of the

physical environment, the history of flooding and the

avai lable cl imatological data on the Boyne River watershed

upstream of Carman, ltlan i toba.

Chapter J provides an estimate of the probable maximum

season method.snow accumuìation using the partial

Chapter 4 provides an estimate

spri ng precipitation during snowmel t

of the probabìe maximum

runoff.

Chapter ! presents a hydrological simulation program that

uses an energy balance and a water budget to provide an

est¡mate of the maximum flood peak and the total volume of

the probable maximum flood on the Boyne River watershed at

Carman. Fìood forecasting regression equations are also

presented to provide a similar estimate. The results of the

hydrologic simulation program are compared bJith the results

of the f I ood forecast i ng regress i on equat i ons .



The ìast chapter of this study, Chapter 6,

impl ications of the estimates of the probable

at Carman.

l0

summar i zes the

maximum flood



Chapter I I

BASIN CHARACTERISTICS

The fol lowing background information describes the

physical environment, the history of flooding and the

avai lable cl imatoìogical data on the Boyne River watershed.

2.1 PHYSICAL CHARACTERISTICS

The Boyne River watershed is located on the escarpment in

Southern l,lan i toba as shown i n Append ix A. The Boyne R iver

drains an area between the Pembina River, the Assiniboine

R iver, and the Cypress R iver \^/atersheds. The gross dra inage

area of the Boyne River watershed at Carman is 461 square

miles (lì94 square kilometres). The River flows in an

easterly direction into the Red River Val ley. The elevation

in the watershed ranges from .l600 feet (488 metres) in the

headwaters to 850 feet (259 metres) at the hydrometric gauge

near Carman. Due to this relatively steep slope, the

watershed is quite wel I drained natural ìy so that no major

drainage works have been constructed. However, drainage in

the headwaters has been improved gradual ly over the years

mainly for agricultural purposes. This study assumes that

the hydrologic character i stics on the Boyne River have not

changed significantly as a result of drainage works as far

as large floods are concerned (H. R. Whiteley, 197Ð.

t1



Cìay loams are the predominant soil type in the

(above l0!0 feet or 120 metres). ln the lowlands,

sandy loam is the characteristic soil type. l.lost

lowlands are under cultivation. ln the uplands,

portion of the land is sti 1 I in its natural state.

12

up I ands

a f ine

of the

a ì arge

The only significant man-made structure which controls

flows on the Boyne River is the dam at Stephenfield. The

reservoir has a capacity of 72OO acre-feet (8.9 million

cubic metres) and was constructed in 1963. lt serves as a

\^/ater supply for the town of Carman, for a feed ìot, and for

a number of small irrigation operations. As there is little

storage ava i I abl e for f I ood control , the effect of the

reservoir on the probable maximum flood is negl igibìe.

2.2 HISTORY OF FLOODING

The Boyne River has a history of severe floods resulting

in damage to agriculturaì land just below the lvlanitoba

escarpment and to the town of Carman. Wel I documented

fìoods occurred in 1970, 197\, and 1979. A fìood in 1893

may have equal led the estimated ì00 year flood. An annual

peak discharge frequency curve is shown in Appendix B.

Channel breakouts occur on the Boyne River just below the

llanîtoba escarpment where it flows in a southeasterly

d i rect ion. l.later f rom such channel breakouts inundates and

erodes agricultural land before entering locaì drainage



systems, which convey the water

River. ln 1979, a portion of

of Rathwe I I was reported to

watershed to the northeast.

13

south and back to the Boyne

a channel breakout southeast

have ìeft the Boyne River

The town of Carman sustains flood damage due to periodic

inundation from the Boyne River. The town of Carman, with a

population of approximately 2jOO, serves as an important

regional agriculturaì service centre. This growing

community also serves as a prominent and popular retirement

sett I ement . A I though emergency measures were carr i ed out to

protect developed areas, damages in a flood such as in 1979

(estimated frequency of occurrence of about 6 percent) were

estimated to be approximately SZ. I mi I I ion in .l98ì dot lars

(Canadian-llanitoba Adhoc Task Force, l98l). The severity of

past flood damage has led the town of Carman to seek flood

control measures. A d i vers i on around the town has been

found to be economically feasíble. The town of Carman is

current I y seek i ng cost-shar i ng wi th the Prov i nce of flan i toba

for construction of thi s diversion.

2.3 CL II'IATOLOG I CAL DATA

Recorded maximum dai ly temperatures, minimum dai ly

temperatures and dai ìy precipitation at the Graysvi I le

cl imate station for the period of record 1925 tc 1982

inclusive are used in this study. The cl imatological data

obta i ned by the Atmospher i e Env i ronment Serv i ee of
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Environment Canada are shown in Appendix C, Tables l, 2, and

J respectively. Daily pi-ecipitation in the form of

accumuìated snow is shown in terms of water equivaìent as

indicated in the Atmospheric Environment Service pubì ication
rrl'lonthìy Record, l'leteorological 0bservations in Western

Canadarr.

Any missing records in the cl imatological data are

supplemented with data from the ltlorden experímental climate

stat ion. The l'lorden stat ion was chosen because of i ts long

per i od of cont i nuous record. The fact that the llorden

station I ies somewhat outside of the watershed shouìd cause

I ittle error since over a short distance, cl imatic variables

are very highly correlated.



Chapter III
THE DESIGN SN(]TIPACK

ln order to estimate the snowmeìt portion contributing to

the probable maximum flood, the probable maximum snow

accumuìation is first determined by using the partial season

method. ln this method, the probabìe longest period to

accumulate snow is estimated. This provides a synthetic

snow accumulation season since it is created artificially.

Within this synthetic season, the probable maximum snow

accumulation is estimated in inches of water.

3 ENGTH OF SNOW ACCUI'IULAT I ON SEASONL

The probable longest period of snow accumulation will be

defined by determining the earl iest and latest dates of snow

accumu I at i on for the per i od of record 1925 to I 982 . The

dates of the beginning and the end of snow accumulation for

each year of the period of record are estimted by reviewing

dai ly temperature records from the Graysvi I le cl imate

station. These dates are reviewed to define the probable

longest period of snow accumulation and thus, the synthetic

snow accumulation season.

Criteria to establ ish the beginning and the end i ng of

devel oped. Thesnow aeeumulation for eaeh year have been

15
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beginning of the snow accumuìation period is defined as the

date when the daily maximum and the daiìy minimum

temperatures remained below 32 degrees Farenheit (zero

degrees Ceìsius) for at least three consecutive days with no

significant subsequent melting period. The end of the snow

accumulation period is defined as the date when the dai ìy

max i mum temperature i s greater than J8 degrees Farenhe i t

(3.3 aegrees Ceìsius) for four consecutive days in l'larch or

three consecutive days in Apri ì with no further significant

freezing period. Under this criteria, no significant

snowmeìt is assumed to occur when maximum dai ìy temperatures

are less than 38 degrees Farenheit (3.3 degrees Ceìsius).

The additional consecutive day requirement in llarch is to

prevent assigning the beginning of the meìt period to a

warming spel I foì lowed by weather al lowing continuation of

snow accumulation. A warm spel I contributes only to the

ripening of the snowpack. A mixture of a snow-rain

precipitation event in April is assumed to have occurred

during the spring meìt and is not included in the snow

accumulation period.

ln years with a two or three week warm spell occurring in

ì ate l,larch and extend i ng i nto Apr i I , the snow accumu I at ion

season could be prematurely ended. Typical ly, maximum dai ly

temperatures can rise to between 40 to !0 degrees Farenheit

(4.4 to 10.0 degrees Celsius). Corresponding minimum dai ly

temperatures can be low enough to cause freezing of the
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snowpack. ln such cases, the end of the snow accumuìation

period is redefined as the date when the daily minimum

temperatures are greater than 32 degrees Farenheit (zero

degrees Celsius) for four consecutive days in l'larch or three

consecutive days in Apri I with no further significant

freezing period. The criteria has the effect of ignoring

snowpack ripening periods and subsequentìy ìengthening the

snow accumu ì at i on per i od .

A further check on the snow accumulation period has been

conducted. Available records where the precipitation

amounts of snow (water equivaìent) and rain are indicated

separately are examined to estabì ish the dates of the actual

beginning, and the actuaì end of the snow accumulation

period. A comparison check between a number of actual and

estimated snow accumulation periods reaffirms the criteria
to est i mate the annua I snow accumu I at i on per i od .

Under these cr i ter i a, the dates of the beg i nn i ng and

end of snow accumu I at i on for each year of the per i od

record 1925 to ll82 are estimated as shown in Appendix

Table l.

The snow accumulation

are reviewed to determine

seasons for the period of record

the earl iest and latest dates of

this analysis the probable

on October 2Jth and ends on

synthetic snow accumulation

the

of

D

snow accumu I at i on. Based on

longest snow accumulation begins

April 2lst. ln this manner the

season is derived.
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3 2 EST II'1AT ION OF PROBABLt ¡1AX ll4u¡/r SN0W ACCU¡4ULAT ION

There appears to be no standard def i n i t i on of the

probable maximum snow accumulation in avaiìable literature
(Chow, 196\; Wor ld f'leteoroìog ica I 0rgan izat ion , 't969; 0.t4.

Gray and D.H. l,laìe, l98l). For this study the probable

maximum snow accumulation is defined as the greatest amount

of snow that would accrue from a reasonable number of

snowfall events less snowpack losses in the synthetic snow

season.

Adjustments on historicaì basin snowfaì ls due to the

effects of aerial distribution, escarpment and land cover

are considered first. These historical snowfall data are

then reviewed to estimate the maximum number of large

snowfal I events in the synthetic snow season to I imit the

estimate of snow accumulation to reasonabìe amounts. under

this criteria, time intervals containing the greatest

amounts of historical snowfaì I accumulation are combined to

estimate the probable maximum snow accumulation wi thin the

synthetic snow season.

Daily precipitation records at the Graysville climate

stations are used to estimate snow accumulation over the

entire Boyne River watershed. ln the case of snowfall,

point precipitation is used to adequateìy represent basin

precipitation. This appears to be justified since

snowstorms are associated wíth low temperatures. Therefore,
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snowstorms, unìike thunderstorms, occur with air masses that

are relativeìy stable. Consequentìy. the storm generating

mechanism for snowstorms favours a large aerial distribution

of snowfall. lt is therefore assumed that the point

measured snowfaì ì at Graysvi ì le adequately represents the

basin precipitation on the Boyne River watershed.

The effect of the escarpment on snowfall is checked by

comparing dai ly precipitation records at the Graysvi ì le

c I i mate stat i on be I ow the escarpment wi th da i ì y

precipitation records at the Deerwood climate station above

the escarpment. There i s no cons i stent d i fference between

the accumulation of snow at the two cl imate stations to

suggest that the escarpment has an effect on the

distribution of snowfal ì .

The degree of land cover would I ikely have a greater

impact on snow accumulation than the escarpment. Snow

accumuìation is greater on an area covered with bush than on

an open area under cultivation. Bush cover is predominant

in the headwaters of the Aoyne River watershed above the

escarpment. The lowland area beìow the escarpment is

predominantly under cultivation. The effect of the

distribution of land cover on snow accumulation on the Boyne

River watershed cannot be quantified. Point measured snow

accumulation at Graysvi ì le would l ikely result in a

conservative estimate of the average basin snoh/ cover.
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Criteria to limit the estimate of snow accumulation in

the synthetic snow season to reasonabìe amounts is deveìoped

from a review of historical snowfall data at Graysviììe.

The greatest number of snowfa I ì s i n the per i od of record

from 1925 to 1982 is thirty-rhree in rhe winrer of 1979; the

average number in a winter is about twenty. However, the

vast majority of these snowstorms produce very I ittìe water.

ln the period of record there are onìy two winters (1956 anA

1966) over which four of the snowfal ls each produces about

one inch (25.\ millimetres) of water. There is one winter

(ì970) over which five of the snowfal ls produced the

fol ìowing amounts of water; three at 0./ inches (.l7.8

millimetres) , one at 1,7 inches (t+3.2 miìl imetres) and one

al 2. ì inches (53.3 mi I I imetres). Snowstorms occur in ìow

air temperatures which have a ìow capacity to hoìd moisture.

Consequentìy, snowstorms produce small guantities of liquid

precipitation when compared to rainstorms. f,lajor snow

storms such as these would contribute significantly to the

snowpack and thus are reìatively rare. I t is assumed that

the probable maximum number of major snowfall events over a

winter that could each be expected to produce more than one

i nch (25.\ mi I ì imetres) of water i s f ive. Furthermore,

these five snowstorms are not all clustered in any one month

but are spread out

f ive major

over the winter. This is now referred to

as the snowstorms cr i ter i on.
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The probable maximum snow accumulation is estimated by

combining the greatest amounts of snow observed in a certain

time interval (for example: six days, a month or fortnight)

over the synthet i c snow season. An appropr i ate t ime

interval for this estimation is determined using the five

major snohrstorms criterion. The synthetic snow accumuìation

season from 0ctober 2/th to April 2lst is arbitrarily

divided into interval sets of one, then three, four, six,

thirty, thirty-one, thirty-five, and forty day intervals.

With the aid of a computer program, each interval within an

interval set is given the maximum total snow accumuìation

recorded for the interval in the years l)2j to .l982.

The total snow accumulation over the synthetic season

decreases with increasing interval length. The largest

maximum snow accumuìation from 0ctober 2lth to Apri I 2lst is

83.0 inches (2108 millimetres) of water. This amount is

generated using a daiìy interval set. A daily intervaì set

is not used to est¡mate total snow accumuìation over the

synthetic season as it would not be reasonable to assume

that snowfal I in successive days is independent. The

smalìest maximum snow accumulation occurs in a forty day

interval set, producing 15. I inches (384 mi I I imetres) of

water. By increasing the number of days in an interval, the

number of major snowfaì I events in the synthetic snow season

i s reduced.
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A thirty-one day interval set for snow accumulation is

chosen as it fits the five major storms criterion. The

probable maximum snow accumulation within the synthetic snow

season is estimated to be 16.6 inches (\ZZ ni ì ì imetres) of

wat.er. The distribution of this accumulated water in the

synthetic snow season is shown in Appendix E. This amount

of water avai labìe for runoff does not take into account

snowpack losses. Snowpack losses wi ì I be discussed in the

next sect i on.

3.3 SNOWPACK LOSSES

The probable maximum snow accumulation in the synthetic

snow season might have been expected to have been sl ightìy

I ower due to poss i b I e I osses f rom the snowpack by

evaporat i on and to the ground through mel t from heat

conduct i on f rom the ground . The f i nd i ngs of l.tcKay and

Blackwell (1961) in their work at Regina indicate that, on

the Prairies, the loss due to evaporation is largeìy

compensated for by the condensation of water vapour on the

snow. Further study i s requ i red to ascerta i n the

applicability of these findings on the Boyne River

watershed. However, in the case of a severe winter (such as

the probable maximum snow accumulation) with many major

snob/storms, weather conditions (h¡gh atmospheric moisture

cond i t i ons and I ow temperatures) are more favourab I e to

condensat i on than to evaporat i on. Consequent I y, the
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findings of llcKay and Blackwel I (196t) may be justified in

th i s study.

ln view of the difficuìties inherent in the estimates of

maximum winter snow accumulation, the snowpack losses are

assumed to be wi th i n the range of errors i nvolved i n the

estimates. Consequently, no deductions for evaporation and

ground meì t losses are made from the maximum snowpack

determinations. This does not precìude making al lowances

for such ìosses during the meìt period of the probable

maximum fìood.

3.\ SUf4tlARY

The synthetic snow accumuìation season is estimated to

beg i n on October 2lth and to end on Apr i l 2 l st. The

probabìe maximum snow accumulation in the synthetic season

i s est i mated to be 16.6 i nches (\ZZ ni I I i metres) of water .

Snowpack ìosses by evaporation and ground melt are assumed

to be negl igible. The 16.6 inches (\ZZ mi I ì imerres) of

h/ater is the potentiaì contribution of snowmelt to the

probable maximum f lood.

There i s a need for further study on estab I i sh i ng an

acceptabìe engineering practice for estimating the snowmelt

portion contributing to the probable maximum flood on the

Canadian Prairies" There is also a need for study on

snowpack losses during the snow accumuìation period to

reinforce the findings of llcKay and Blackwel I (196ì).



Chapter IV

PRoBABLE iIAXIilUl'l RAINFALL

Probabìe maximum rainfall is defined (l/orlA

l'leteorologicaì 0rganization, 197Ð as the greatest depth of

rain for a given duration meteorologicaì ìy possible for a

given basin at a particular time of year, with no al lowance

made for long-term cl imatic trends. Probable maximum

rainfall estimates are usually considered as approximations.

Current knowl edge of storm mechan i sms and the i r

precipitation-producing efficiency is inadequate to permit

precise evaluation of extreme rainfall. ln addition, the

accuracy, or reìiabiìity, of an estimate depends on the

amount and quaì i ty of data avai lable for appìying various

est imat i ng procedures.

The meteorological, or tradi tional approach of estimating

the probable maximum rainfal I consists essential ly of

moisture maximization and transposition of observed storms.

l.lind maximization is sometimes used. Storm transposition

cons i sts of the transpos i t i on of an observed

depth-area-duration geographic distribution of rainfal I from

the area in which it occurred to the basin under

i nvest i gat i on.

2\
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The seasonal variation of the probable maximum rainfall

is considered in this study as the probable maximum fìood on

the Boyne River watershed at Carman would resuìt from a

combination of snowmelt and spring rain. Without this time

restriction, the estimated probable maximum rainfal I (6 hour

duration) is approximateìy l4 inches (356 ni I ì imetres) of

water and i t wou I d occur dur i ng the summer months

(general ized charts of probabìe maximum precipi tation, U.S.

National Weather Service, 1978). The probable maximum

rainfalì in April wouìd have a smaller voìume due to ìower

temperatures and to lower amounts of avai ìabìe moisture.

Consequentìy, the estimated probable maximum rainfal ì is

seasonal ly adjusted by I imiting the study to those observed

storms which have occurred during the critical snowmeìt

runoff period in the month of Apri I and up to ten days in

the month of llay.

Due to a deficiency of meteorological information, the

probable maximum spring rainfall is approximated by using

the maximum observed spring rainfall. Use of the maximum

observed spring rainfal I in place of the probable maximum

spring rainfall is cons¡stent with the United States Bureau

of Reclamation pol icy for estimating springtime seasonal

probable maximum rain on snowmelt floods.



4. ì ¡4AX I¡4UI4 OBSERVED SPR ING RA INFALL

The f i rst step i n est imat i ng the probabl e

rainfaìl is to determine the maximum observed

during the critical snowmelt runoff period

cl imatoìogical ìy homogeneous area.
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max r mum

rainfall

in a

Prec i pi tat i on records have been exam i ned to obta i n the

outstanding storms of record. Cl imate stations are included

from the Red River to the Turtle l'lountain and from the

Canada-Un i ted States border to Portage I a Pra i r i e. Storms

producing Iarge amounts of rainfal I during the month of

Apr i ì up to about ten days in the month of l'lay are

considered for examination since storms occurring in this

period could be considered meteorological ìy compatible and

contribute to the probable maximum fìood at Carman. The

time of concentration of the effective drainage basin has

been estimated to be about three days tW"r., Resources

Branch, Prov i nce of t'1an i toba) . Consequent I y, the durat ion

of rainstorms considered are three days or less.

The ìargest spring rain on record occurred on Apri I 29th

and Apri I 30th, 1896. Since the aerial extent of the two

day storm i s I arge enough to cover the Boyne R i ver

watershed, the rainfaì I distribution is assumed to be

un i form over the bas i n. The storm centre passed i n the

vicinity of the Boyne River watershed. The average basin

precipitation from this storm is estimated using avai ìable
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daily precipitation records at the Treherne, Pilot llound,

Pemb i na Cross i ng, Rosebank , l'lorden, and Gretna c I imate

stations. The rainfal I information from the Treherne and

Pilot l'lound climate stations is used to represent rainfalì

above the escarpment. The total average rainfall from this

storm above the escarpment is estimated to be \.5 inches

(ll4 milìimetres) of water. Rainfalì recorded at the other

four stations is used to represent precipitation beìow the

escarpment. The total average rainfall from this storm

below the escarpment is estimated to be 3.7 inches (94

mi I I imetres) of water. For this study, ãrì average basin

precipitation is estimated to be 4. I inches (104

millimetres) of water.

\.2 PROBABLE ¡lAX II4UI4 SPR ING RA INFALL

ln this study, the establ ished procedures to maximize

this storm to estimate the probable maximum spring rainfal l

can not be used due to a deficiency of suitable spring

storms and cl imate data. Publ ished hourly or dai ly dewpoint

information does not exist for the 1896 spring rainstorm.

Accord i ng to the Atmospher i c E nv i ronment Serv i ce,

Environment Canada of the Federal Government, 1953 is the

fi rst year that hourly dewpoint data is avai lable in

southern f,lanitoba. Published wind information is not

available in l,lanitoba prior to the year 1921 " VJithout

hourìy or dai ìy dewpoint and wind information, moisture
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ln view of this deficiency of information, the maximum

observed spring rainfaì I of 1896 is used for approximating

the probable maximum spring rainfaì I in this study. lt can

be assumed permissible not to maximize the 1896 storm as it

is the ìargest spring storm on record. Furthermore, the

combination of this large 1896 storm with the probable

maximum snow accumuìation makes the I ikel ihood of this

combination very smal I compared to the I ikel ihood of a

probabìe maximum precipitation due to rain only.

There are no major

and up to ten days i n

storms occurring in the month of Apri I

the month of llay that are as severe or

maximization, wind maximization and transposition

observed max i mum ra i nfa I I on Apr i I 2!th and 30th,

not possibìe.

more severe than the 1816 spring storm. The

accumuìation of major storms fol ìowing 1953

half inch to one inch (ì3 to 25 mi I I imetres)

than the Apr i I 1896 rai nstorm.
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of the

total rainfal I

are more than a

of water less

Transposition of the l816 spring storm can be assumed to

have I ittle impact on estimating the probable maximum spring

rainfal l. The storm centre of the ì896 spring rain passed

in the vicinity of the Boyne River watershed. The

geographic distribution of the rainfal ì is large enough to

have covered the Boyne River watershed. Due to the close

proximi ty of the storm to the Boyne River watershed, the



d i fference between the moi sture content of

mass and the mo i sture content of the a i r

watershed may be cons i dered i ns i gn i f i cant.

there is no significant difference in

elevation between the Iocation of the storm

River watershed.
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the storm air

mass over the

Furthermore.

ground surface

and the Boyne

The effects of wind maximization can be considered

insignificant for this study as it is used onìy infrequently

in non-orographic regions. The reason being that moisture

infìow rates recorded in extreme storms are at a maximum or

near maximum for precipitation-producing effectiveness and

there is general ìy no need to maximize wind speeds (Worl¿

Itleteorological 0rganization, 197Ð .

\.3 SUI'I¡{ARY

The Apri I 'l896 rainstorm is sufficientìy severe that an

average basin precipitation of À.1 inches (lO4 millimetres)

of water over a two day duration distributed uniformly over

the Boyne River watershed may approximate a probable maximum

spring rainfall. Consequently, the use of the April 1896

rainstorm in the estimation of the probable maximum flood on

the Boyne River watershed may be justified in this study.



Chapter V

PRoBABLE ìIAXI]'lul'l FL00D

For this study, the combined effects of wettest expected

antecedent soiì moisture conditions, probable maximum snow

accumulation, probable maximum snow melt and probabìe

maximum spring rainfall produce the probable maximum fìood

on the Boyne River watershed at Carman. A hydrologic

simulation model developed for flood forecasting on the

Boyne River watershed estimates the critical meìting rate of

the snowpack, the snowpack ìosses during the melting period,

the percentage of melt water that will appear as streamfìow

and its timing taking into consideration the probable

max i mum spr i ng ra i nstorm and wettest expected antecedent

soil moisture conditions. Two flood forecasting regression

equations developed to estimate runoff volume and peak flow

for the Boyne River watershed at Carman are used to compare

the results from the hydrologic simulation model.

5.1 HYDRO LOG tc AL S I I'1ULAT I ON PROGRAI.l FORTRAN (HSPF)

5 l.l Backqround lnformation

The Hydrological Simulation Program - FORTRAN (HSPF) (n.

Johanson, J. lmhoff and H. Davis, 1980) is a comprehensive

package for simulation of uratershed runoff. The simuìation

30
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modeì has been cal ibrated and verified for the Boyne River

u/atershed at Stephenf ield (approximately l2 miles west of

Carman) as part of the Boyne River Pi ìot Project (Uei ng

under taken by the Prov i nce of llan i toba, Water Resources

Branch) . Recorded data f rom the years 1970 ( I argest

recorded flood voìume) and 1979 (nignest recorded peak fìow)

have been used for calibration. Verification has been

undertaken with recorded data from the year 1969, 1971 and

197/1.

The simulation model uses meteorological data in

general ized snowmelt equations based on an energy balance to

estimate the melt of the probable maximum snowpack. Five

sources of heat which influence the melting of this snowpack

are simulated:

net radiation heat, both longwave and shortwave

convection of sensible heat from the air

latent heat transfer by condensation of moist air on

the snowpack

heat from rain, sensible heat from rain fal I ing and

latent heat from rain freezing on the snowpack

conduction of heat from the underlying ground to the

snowpack.

Energy va I ues are ca I cu I ated i n terms of the h/ater

equivaìent which they can melt.

2

3

\

5
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The probable maximum snowmelt and probable maximum spring

ra i n water are used for i nput to the " ì ands phaserl

(hydroìogy) portion of HSPF. The "lands phasetr uses a h/ater

budget to predict runoff of the probable maximum flood water

to streams. The streamf I ow i s then routed through the

watershed.

Soil moisture is accounted for in the water budget to

measure the ava i ìab i I i ty of ground r^/ater storage to

inf iltration. The initiaì soil moisture condition prior

to freeze up i n the fal I i s an important factor i n

determining the amount of runoff from snowmelt in the

spring. A high initial soiì moisture condition in the fall

at f reeze up decreases the ava i lable \^/ater storage f or the

initial water yielded from snow before snowmelt. This

enhances runoff conditions in the watershed.

The resu I t

from which the

maximum flood

of this

r unof f

simulation is a time

volume and peak fìow

are est i mated .

h i story of runoff

of the probable

at Carman

5 | .2 Probab I e l'lax imum F ìood I nput to HSPF

HSPF reguires meteorologicaì data as wel I as the initial

snowpack and watershed condi tions for input to simulate

snowmelt and spring rainfaì I of the probable maximum flood.

Th is

flood

information is not avai lable for the probable maximum

because the actua I data does not ex i st. However,
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actua ì meteorol og i ca I data for severe spr i ng runoff

conditions does exist from the caìibration and verification

years of the model (lg6g, 1970, 1971, 197\, and 197Ð .

Cal ibration of HSPF for the probable maximum flood

conditions is accompl ished by using combinations of actual

meteorological data from the years with severe spring runoff

cond i t i ons. For exampì e, the spr i ng of 1969 had the

meteorol og i ca I cond i t i ons that produced the fastest recorded

melt sequence (melt primari ly caused by radiation) over the

Boyne River watershed. Combining actual meteorological data

from a number of severe spring runoff events would I ikely

produce weather conditions for a probabìe maximum flood.

Consequent I y, HSPF i s ca I i brated wi th the comb i ned actua I

meteorological data to approximate weather conditions for

the probabìe maximum flood.

The initiaì snowpack, cl imate and watershed conditions

input to HSPF just prior to snowmelt incìude: the initial

depth of the snowpack of 16.6 inches (\ZZ ni ìl irnetres) of

water (probable maximum snow accumuìation), the initial air

temperature pr i or to snowmel t obta i ned from 1969

meteorol og i ca I data, the ref I ectance of the snowpack

(albedo) based on l!61 snowfaìl data, the in¡tial relative

density of the snowpack assumed to be 2l percent (obtained

from ì970 snow survey information since this is the largest

accumulation of snow on record) and the estimated wettest

soi ì moisture condition represented with data from the year



I 968 (the year ì 968

cond i t i ons on record) .

3L+

had wettest antecedent prec i p i tat i on

The meteoroìogical input data to HSPF needed for the

snowmelt period are: six-hourly air temperature (degrees

Farenheit), dewpoint (degrees Farenheit), solar radiation

(Langìeys) and wind velocity (miles per hour) data from 1969

and six-hourly precipitation (probable maximum spring

rainfalì data from ì896 in inches of water). For the

latter, the meteoroìogical input data correspond to a 1974'

rainstorm and are used to represent the conditions of the

probable maximum rainfalì. .The ljJl+ rainstorm occurred at

the peak flow and was the highest recorded flow. This

represents severe weather condi tions for the probabìe

max imum prec i pi tat ion.

5.1 .3 HSP F Anaì s i s of the Probab le l,lax imum F lood

HSPF is first run without the probable maximum spring

ra i nfa I I to determ i ne the date of the peak f I ow due to

snowmelt alone. This alìows the synthetic rainall

conditions to be merged before the peak flow with the 1969

meteorologicaì data which occurs prior to this synthetic

ra i nstorm. The mode I i s then re-run to i nc I ude the effect

of the probabìe maximum rainfal I to estimate the amount of

runoff and peak flow from the probable maximum flood at

Ca rman .
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The maximum amount of snowmeìt is limited by the amount

of energy availabìe to melt the snow and not by the quantity

of snow that can be accumulated. HSPF estimates that the

probable maximum snowpack would be completely melted in 12

days. The snowpack is assumed to completely disappear when

the frozen conten'u of the snowpack required for complete

aeriaì cover of snow is equal to one-tenth of the maximum

aerial snow cover remaining. The peak flow due to snowmelt

alone occurs ten days from the start of melt of the ripened

snowpack.

The probable maximum fìood is more sensitive to total

rain than to total snowmelt. The timing of the probable

maximum rainfal ì is critical to the peak flow of the

probable maximum flood. lf this rainfal I occurs after the

peak flow due to snowmelt, the probabìe maximum peak flow

would be significantly reduced and couìd have a lower second

peak flow. The estimated probable maximum rainfall

conditions over a two day period is added two days prior to

the peak flow. This has the effect of maximizing the total

runoff from the rain on snowmelt as the maximum infi ltration

and storage requirements have been achieved.

The amount of runoff from the probable maximum flood is

calculated to be approximately 14.4 3Aø mi I I imetres) of

water. This runoff quantity results from the deduction of

snowmelt losses from the total amount of water avai ìable for

runoff (2O"7 i nches or $26 mi I ì imetres of water) . The



energy balance and 'rlands phaseil port¡ons of

computes the snowmel t ì osses to be 6.3

mi ì I imetres) of water. Snowmel t ìosses

evapotranspi ration and inf i ì tration.
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the modeì

inches (160

occur from

The peak flow of the probable maximum flood is estimated

to be about 17,000 cubic feet per second (482 cubic metres

per second). The peak flow is computed from the rrlands

phaseil portion of the model. This assumes no ìoss of hrater

out of the basin. Furthermore, the attenuation of the peak

flow that usual ly occurs due to overbank storage between

Stephenfield and Carman with a fìood event of this magnitude

i s unknown.

Channe ì breakouts have been observed upstream of

Stephenfield just below the l,lanitoba Escarpment during the

1979 flood event. Some of the overland flow left the basin

while the remainder is picked up by downstream drains.

During the probable maximum flood, much more water would

I i kel y I eave the bas i n. The f I ows are generated from the

model assuming no loss of water out of the basin. The

s i gn i f i cance of the effect of channel breakouts on the

probable maximum flood requires further study and is beyond

the scope of this report.
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5.2 F LC 0 D FORECAST I NG REGRESS I ON EOUAT I ON T4ETHOD

A flood forecasting regression equation technique is used

to estimate the fìood voìume and peak flow of the probable

maximum flood for compar i son wi th the estimates by HSPF.

This technique uses existing regression equations with the

estimated values for antecedent precipitation and melt index

from the years of largest runoff voìume and highest flood

peak and the estimated vaìue for totaì precipitation. The

total pecipitation is the combined estimate of the probable

maximum snow accumulation and the probable maximum spring

rainfall.

F ì ood forecast i ng regress i on equat i ons have been

deveìoped for the Boyne River at Carman by the Province of

llanitoba Water Resources Branch (Warkentin, 1972). The

flood forecast equations are cal ibrated to the Boyne River

watershed on the basis of multipìe regression analysis of

historical fìood volume and peak flow data and unpubl ished

estimates of antecedent precipitation and meìt index

(Prov i nce of ltlan i toba, Water Resources Branch) . The f lood

forecast equations are verified by a comparison predicted

and recorded flood volumes and peak flows on the Boyne River

at Carman for the period .l964 to 1980.

The fol ì owi ng f I ood forecast i ng regress i on equat i on

developed to predi ct runoff volume on the Boyne River

ì^ratershed at Carman has a correlation coeffícient of 0.96
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and a standard deviation of 0.23 inches (5.8 mi I I imetres) of

water:

X Yrunoff (inches of water) c (P) (A.P. t.)

where: c is a regression coefficient taken here as

5
the constant = 3.8 x l0

is the total winter and meìt period

precpitation in inches of water

P.l is the antecedent precipitation

isacoefficient=2.19

is a coefficient = l.3l

i ndex

The foì I owi ng f I ood forecast i ng regress i on equat i on to

predict peak fìow on the Boyne River watershed at Carman has

a correlation coefficient of 0.97 and a standard deviation

of 359 cubic feet per second (10 cubic metres per second):

X Ypeak f ìow (c.f .s.) = c(P) P

where: c ís a regression coefficient taken here as

-gthe constant = ì.93 x l0

P

A

X

v

a
(n(n

P is the totaì winter and melt period

precipitation in inches of water

A.P.l. is the antecedent precipitation

l'1. I . is the melt index

x ís a coefficient = 1"80

y is a eoeffieient = 1.72

z is a coefficient = 0.93

i ndex
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The antecedent precipitation index (n. Warkentin, 1972)

is the sum of the weighted monthìy precipitations during the

period of llay to November inclusive. The calculation of

antecedent precipitation accounts for estimates of ìosses in

soi I moi sture due to evapotranspi rat i on. Evaporat i on data

is obtained from the publication by the Prairie Provinces

Water Board in which the lleyer evaporation formula for ìarge

I akes and reservo i rs i s used .

The meìt index (4. tlarkentin, 1972) used in the peak flow

forecast equation represents the calculated mean number of

degree days per day occurring during the melt period.

Detaiì on the calcuìation of the melt index can be found in

a report dated 1972 by A. Warkentin.

The forecast equations are used wi th an estimated

antecedent precipitation index and meìt index from the year

ì970. The spring of ìll0 has the largest volume of actual

runoff (2.6 inches or 66 millimetres of water). The amount

of precipitation avai lable for runoff is 10.0 inches (25\

miìlimetres) inches of h/ater. Using an antecedent

precipitation index of ll0, a melt index of .l4.6 and the

total precipitation value of 20.7 inches (526ni llimetres)

of water, the volume of runoff for the probable maximum

flood is calculated to be 13.7 inches (348 mi ì I imetres) of

water. The peak flow at Carman is est¡mated to be about
.l8,000 cubic feet per second (5lO cubic metres per second) .
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The forecast equat i ons are used wi th an est i mated

antecedent precipitation index and meìt index from the year

1971+. The spring of 1974 has the largest recorded peak f ìow

(\,67O cubic feet per second or 132 cubic metres per second)

at Carman. Using an antecedent precipitation index of 125,

a melt index of .l4.8 and the total precipitation vaìue of

20.7 inches (526 niììimetres) of water, the volume of runoff

for the probable maximum fìood is calculated to be 16.2

inches (4lZ mi I I imetres) of water. The peak fìow at Carman

is calculated to be approximately 22,OOO cubic feet per

second (623 cu¡ i c metres per second) .

Based on the input for the years 1970 and 197\, the flood

forecasting regression equation technique estimates that the

probabìe maximum flood at Carman wouìd have a fìood voìume

of about l4 to 16 inches (356 to 406 millimetres) of water

and a peak flow of about 18,000 to 22,000 cubic feet per

second (5 I 0 to 623 cub i c metres per second) . There i s

reasonabl e agreement between the HSPF and the f ì ood

forecasting regression eguation technique estimates of flood

volume and peak flow for the probable maximum flood on the

Boyne River at Carman"



Chapter VI

C(]NCLUSIONS

ì. The maximum snow accumuìation season is estimated to

be from 0ctober 27th to April 2lst. The probable

maximum snow accumulation over the Boyne River basin

within this period is estimated to be 16.6 inches

(\ZZ ni ì I imetres) of water equivalent.

2. The probable maximum rainfal I over the basin is

estimated to be 4.1 inches (lOl+ millimetres) of water

over a turo day period. This rainfal I event is

estimated to occur two days prior to the peak fìow at

Carman.

3. The total probable maximum precipitation avai lable

for runoff i s est imated to be 20,7 i nches (526

milìimetres) of water. The largest total

precipitation avai lable for runoff in the period of

record ís estimated to be approximately l0 inches

(254 ni I I imetres) of water (1956 anA .1970). 
The

total probable maximum precipitation available for

runoff is approximately twice the recorded maximum.

4. The Hydrological Simulation Program - FORTRAN uses

atmospheric spring melt conditions from 1969,

atmospheric rainstorm conditions from 1974 and soil

moisture conditions from .l968. The modeì predicts

- 4t
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that the probable snow accumuìation can be total ly

meìted in a twelve day period. Snowmelt losses are

computed by the mode I to be 6 ,l i nches ( I 60

mi I I imetres) of water. The estimated probable

maximum flood at Carman has a totaì runoff voìume of

approximateìy l4 inches (356 millimetres) of water

and a peak flow of about .l7,000 cubic feet per second

(482 cubic metres per second).

5. F I ood forecast i ng regress i on equat i ons use the

estimated vaìues of antecedent precipitation index

(A.P.l.) and melt index (14.1.) from the ìarge spring

runoff events of ì !/0 and 197\. These equat i ons

predict a runoff volume of approximately 15 inches

(381 mi ì I imetres) of water and a peak flow of about

20,000 cubic feet per second (566 cubic metres per

second) at Carman. These estimates are in reasonabìe

agreement with the results of the Hydroìogical

Simuìation Program.

6. Under llanitoba prairie conditions, channel breakouts

frequentì y occur dur i ng major runoff events. Channel

breakouts occurr i ng upstream of Carman, just below

the I'lan i toba escarpment, contr ibute to increased

storage and loss of water from the watershed. The

s i gn i f i cance of the effect of channe I breakouts i n

the stream network upstream of Carman on the probabìe

maximum flood requires further study and is beyond

the seope of this report.
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\3

There is a need for further study on establ ishing an

acceptabìe engineering practice for estimating the

snowmelt portion contributing to the probable maximum

fìood on the Canadian Prairies. There is also a need

for study on snowpack losses during the snoÌ^/

accumulation period to reinforce the findings of

tlcKay and Blackwell (1961).



REFERENCES

l. Atmospheric Env i ronment Servi ce, l4onth I y Record
l'leteoro I oq i ca ì 0bservat ions i n Western Canada ,a

2

co'nt i nu i ng pub I icat ion.

British Columbia Hydro
(1880) Proiect Spi I lway

and Power Author i ty, Reve I s tokeü:%.,-Desiqn Flood , Report

H I ntroduct i on to
to 235, Pergamon Press,

Snowmel t C ontr i but i ons to l'îax imum F I oods
B r anch Canada Department of Transport,

197 5

3. Bruce, J. P. and
Hydrometeoro ì o9Y '1966.

Cìark, R.
pages 230

l{

5

6

Bruce, J. P.,
lleteoro log i ca I

1962.

Buck I er, S. J.
l'leteoro ì oo i ca I

and Qu i ne, J F., Critical
Itlaximum Fìow in theCondition for

Pembina Vallev Above Entwistle, Hydrometeoro I og i ca ì

Report No. 2,
of Transport,

Buck I er, S. J
and Ra i nstorm

fleteoro I og i ca I

1970.
Branch - Canada Department

Probab I e f.lax imum Snowpack , Spr i nq l'le I t
Lead i nd tô the Probable I'laximum Flood

Elbow River , Alberta,
l'leteoroì og i ca I Branch
I 968.

7. Canada - l'lanitoba Adhoc Task

Hydrometeorological Report No. l,
- Canada Department of Transport,

Force on llan i toba F lood
F lood l,1i t iqat ionl'1i t igat ion Proj

Projects, .l98ì. ec ts , l'lan i toba

I Chow, V. T., Handbook of Applied Hydroloqy, pages 25 to
72, llcGraw-Hi I l, 1961+.

9. Fawkes, P. E., Probable l4aximum Flood for the Peace
River at Site C, B. C. Hydro and Power Authority,
Vancouver , B. C. , 1977 ,

10. Gray, D. l{., Handbook on the Pr i nc i pl es of Hydrol oqy
VJater I nformat i on Centre I nc. , 1970.

lì. Johanson, R., lmhoff, J. and
for Hydroloqical Simulation

User s l,lanua ì

FORTRAN (HSPF)
National Technical lnformation Service, United States
Envi ronmentaì Protection Agency Report No.
600/9-80-015, r980.

Davis, H

Proqram *

4ü



\5

12. l'lcKay, G. A. and Blackwell, S. P., Plains Snowpack
T,JA ter E õuivalent f rom Climatoloqical Records,
Proceedings of the Western Snow Conference, .l961.

13. Snyder, F. F., Hydroìogy of Spi I lway Design: Larqe
Structures - Adequate Data, pages 239 to 259, Journaì
of the Hydraul ic Division, Voì. 90, No. HY3, 196\.

I 4. Snyder, F. F., Report on Review of Spillway Design
F lood Der ivat ions f or Portaqe l,lounta in Dam '@River, B. C., lnternational Power and Engineering
Consultants Ltd., Vancouver, B. C., 1965.

15. Strah I er , A N. and Strah I er, A

I nteract i on Between
H Envi ronmentaì

Geosc i ence Natural Systems and
l,1an, pages lì! to ì26, Hamilton Publishing Company,
197 3.

I 6. Un i ted States Department of I nter i or Bureau
Reclamation, Desiqn of Gravity Dams, United
Government Pr i nt i ng 0ff i ce, Denver , 1976.

of
S ta tes

17. Uni ted States National Weather Service, Probable
l.lax imum Prec i p i tat i on Est imates United States East of
the ì05th ltleridian , Hydrometeorological Report No. 51,
United States Government Printing 0ffice, Washington,
D. C., June, 1978.

18. Wang, Bi-Huei and Revel l, R. R.,
Probab I e l,lax imum F I ood Est imates,

Hydrauì ic Engi neering,

Conservat i sm of
pages 400 to l+08,
Vol. .l09, No. 3,Journal of

r983.

19. l/arkent i n,
the Boyne

A Runoff Forecastinq in the Watershed of
River Above , l'lan i toba, Canada,

Resources Branch, 1972.Prov i nce of Ètan i toba, lr/ater

R. , Does Dra i nage Add To F I ood Peaks? ,
\6, Proceed i ngs of the Dra i nage Eng i neers
Eng. Tech. Pub. 126-32, School of
University of Guelf, Guelf, 0ntario, 1975.

Ca rman

20 l,lhiteley, H.
pages 40 to
Conference,
Engineering,

21 . V'liesner, C. J.,
Limited,1970.

Hydrometeoro I ogy, Chapman and Hal ì

22. VJor I d lleteorolog ica I 0rgan izat ion, EUJ!g!g!_gl
l'lax imum F loqçÞ, Techn i ca I Note No. 98, 1969.

23. World ltleteorological 0rganization, flanua I f or
Est i mat i on of Probab I e l'lax imum Prec i pi cat ion
Operational Hydrology Report No. l, 1973.



APPENDIX A

BOYNE RIVER I^IATERSHID . I{AP

0

o\
I

rã¡ xt!.o*ùc a^r¡E d. t --t

EOTNE RIVER WATERSHED

r¡¡ìua

cûu

UTIID

:5å¿-ìi

INDEX UÂP
oÞ:

4-s

t I GElro

Ftam¡rt¡ m mfüF e
ECHmE rE- O

I
\
I

.rvlt

Þwu
6

at

uã
€

Í(U
e

¡üt

ô**
@ro @

æEGO
@Iq @ETO

qtoó
rm
e ßU ¡ ¡rlat

¡eo¡
o

C



Pf,OBTSUTY IX PTICEIT

5{) a0 3t, m t0 5.0 L0 r.0 0.0s
emfxt
toüx,
?(n00
qxþo
5ofxto

¡æ0c

t(ûx¡

eoûfro

1800û

99 98

tt
nÌEr¡r¡TtEn tEcciot. Í!g7$rcnl mln ¡rELtmû.

¡

F

Þ
EÌto
=CL

x
E

L)
t¿l
(n

t-
t¡-

=(-)
-
trl(9
ttr
CE

=CJ(t,

c¡

CE
LJ
o-

cr
-,zz
CE

lom
AFÛ
üm
?fFg
to00
úm
tû00

tæ0

¿om

1800

læ0
¡æ
r00
?û0

m
lo0

w
s0

t6
160

¡6

.-

-----Ï---_

--4

+

-ì-+-+--l-

r:ä--i++

-
L

:-- _--i:

+
==j----T-

----f---

æE==

-

.: -.-=L.:-

---.. --r- t- ..- . :-. .

-1--r-T_:.]-j-

-+#

LE6ENO
$NI¡RBE Rû€'ì

PLÚ ?úT¡TT¡6X #r
¡10 t

(100t
sf¡"it\
o

SlEr CIEFF¡CIE¡ tÊt -
8' 7 Ctrrmerc€ omt

-0.88
sTD.gEV. r

rERN YRLI'E
QI

fTH!
0
E

.u1
r8.5 F.3.

PNÚ'¡NCE 
'F 'ICXIT6BSE?ftTrlEXl Ç ffiltftL iclt¡cE!

IIßTER RESÛURCÊS BBA}¡CH

FREOUENCY CURVE

BOÏNE RIVER
NEHR CFRI{ßN

ûF BEÊtBtt¡ 19fS- 1983 tfr ll.l{f,BDEtl JWE/E{
ûF YEeß¡ ¡11 .rit.¡ 0çûF003 v t6¡



1

2

3

4

È

6

7

B

9

10

11

12

IJ

14

'1 5

16

1'7

18

19

20

21

))
23

24

25

26

27

28

29

30

31

ÀPPENDIX C
ENVIRONMENT CÀNÀDÀ CLIMÀTOLOGICÀL DÀTÀ

TÀBLE 1 - UÀXII,TUM DÀIT,Y TEMPERÀTURES
DEGREES FÀRENHEIT

1925

JÀN FEB MAR ÀPR ocr NOV DEC

8"0

1.0

15.0

20.0

25.0

27.0

24.0

15.0

11.0

*3.0

13.0

'1i.0

11.0

2.0

5.0

1.0

7.0

4.0

25.0

30.0

40.0

40.0

15.0

38.0

24.0

-7.0

-2.0

5.0

10.0

13.0

-5"0

-12.0

-12.0

34.0

43.0

44.0

40.0

37.0

20.0

22.0

20.0

24 .0

28 .0

20.0

25 .0

15.0

-'1 .0

10.0
.1 0.0

10.0

5.0

9.0

15.0

15.0

22.0

12.0

12 .0

12.0

18.0

18.0

4.0

32.0

35.0

40.0

43.0

25. 0

30.0

34.0

28.0

28.0
.1 1.0

4.0

8.0

15.0

17.0

35.0

28 .0

22.0

36.0

24.0

25 .0

43.0

43.0

49"0

44.0

44.0

47.0

48.0

57.0

53.0

52.0

62.0

50.0

46.0

55.0

62.0

62.0

63.0

66.0

59.0

79.0

68.0

54.0

57.0

48.0

51 .0

53.0

58 .0

45.0

62.0

42.0

57.0

6'1 .0

7 4.0

52.0

58.0

s0.0

62.0

46.0

42.0

42.0

55.0

52.0

49.0

41 .0

38.0

34.0

39.0

38.0

42.0

58.0

51 .0

47.0

50.0

36.0

39.0

3s.0

38.0

39.0

43.0

42.0

32.0

40.0

34.0

27.0

29.0

21.0

17.0

20.0

37.0

45.0

40.0

39.0

41 .0

32.0

16.0

18.0

21.0

25.0

43.0

52.0

51 .0

35.0

33.0

32.0

35.0

41 .0

42 .0

44 .0

52.0

57.0

32 .0

25.0

43.0

29 .0

26.0

12.0

13.0

20 .0

26.0

29.A

34.0

41 .0

34.0

11.0

11.0

23.0

4'7 .0

22.0

19.0

34.0

27.0

11.0

25.0

24.0

1 9.0

22.0

28.0

21 .0

15.0

16.0

18.0

21.0

15.0

10.0

-4.0

-6.0
4.0

10.0

i4.0

24.0

28.0

-48



49

1 926

JAN EEB MÀR ÀPR OCT NOV DEC

I

2

3

4

5

6

7

B

9

10

11

12

13

14

15

16

17

1B

19

20

21

),
23

25

¿b

27

2B

29

30

JI

30.0

36.0

35.0

21 .0

28.0

15.0

25.0

33.0

37.0

32 .0

29.0

27.0

39.0

35.0

29.0

27 .0

36.0

0.0

3.0

2.0

0.0

11.0

9.0

6.0

31 .0

4.0

-8.0

-1 .0

19.0

3.0

5.0

7.0

13.0

18.0

1't.0

37.0

28.0

35.0

34.0

22.0
ntr n

32 .0

31 .0

13"0

9.0

14. 0

20.0

16.0

18.0

3.0

4.0

12.0

28 .0

38.0

39.0

35.0

27.0

46.0

32.0

9.0

12.0

19.0

20.0

27 .0

0.0

19.0

31 .0

27 .0

33 " 0

11.0

15.0

3s.0

30.0

27 .0

43.0

36.0

35.0

38.0

s9.0

5'1 .0

58. 0

47.0

28.0

28. 0

20.0

29.0

22.0

25.0

29.0

26.0

30.0

29 .0

27.0

32.0

35.0

41 .0

38.0

33.0

48.0

50.0

54 .0

65.0

30.0

38.0

7 6.0

35.0

42.0

50.0

45.0

82.0

71 .0

69.0

50.0

38 .0

54 .0

50.0

76.0

84.0

50.0

67.0

54. 0

62.0

54.0

51 .0

47.0

51 .0

62.0

50.0

58.0

64.0

42.0

41 .0

43.0

53.0

48. 0

41 .0

37.0

38.0

62.0

50.0

38.0

3s.0

33.0

35.0

59. 0

56.0

54.0

53.0

29.0

33.0

30.0

34.0

36.0

35.0

38.0

44,0

35.0

31 .0

27.0

2C,.0

29 .0

32.0

33.0

35.0

33.0

29.0

31 .0

21 .0

20.0

18.0

12.0

22.0

18.0

21.0

16.0

12 "0

1.0

12.0

17.0

17 .0

-5.0

-2.0

7.0

2.0

-5.0

7.0

20.0

19.0

34.0

36.0

1'7.0

21 .0

8.0

-16.0

-18.0

-'10.0

-'1 .0

0.0

5.0

15.0

28.0
îtr n

33.0

-3.0

5.0

27.0

12.0

2.0

4.0

29 .0

33.0

27 .0



50

1 927

JÀN FEB MÀR ÀPR OCT NOV DEC

I

)

3

4

q

6

7

B

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

39.0

35.0

36.0

31 .0

20.0

21 .0

20.0

21.0

12.0

20.0

10.0

0.0

-4.0

-1 .0

21 .0

6.0

-10.0

-4.0

-2.0

-12.0

-9.0

2.0

16.0

-1 .0

-18.0

12 .0

32.0

38.0

15.0

10.0

2.0

-6.0

4.0

6.0

13.0

11.0

31 .0

8.0

5.0

10.0

27 .0

12.0

7.0

15.0

10.0

0.0

3.0

-4 .0

7.0

22.0

37.0

40.0

38.0

35.0

30.0

20.0

13.0

16.0

12.0

18.0

27.0

34. 0

34.0

38.0

39.0

34.0

33.0

36. 0

39.0

43.0

41.0

44.0

46.0

48.0

41.0

28.0

15.0

32.0

37.0

38. 0

35.0

31.0

28.0

30.0

34.0

38.0

31.0

37.0

38.0

32 "0

39.0

41 .0

56. 0

38.0

36.0

29.0

33.0

38.0

4i .0

45.0

38.0

42.0

50.0

56.0

50.0

59. 0

57.0

66.0

34.0

32.0

34. 0

48.0

53.0

56.0

66. 0

s8.0

62.0

51 .0

57.0

70.0

38.0

39.0

41.0

36.0

31 .0

32.0

27.0

29 .0

32.0

33.0

30.0

12.0

'1 5.0

14.0

11.0

12.0

9.0

9.0

10.0

17.0

30 " 0

33.0

44.0

29.0

26.0

30.0

18.0

-1 .0

-3.0

-6.0

-1 .0

31 .0

2.0

-6. C

-14.0

-15.0

-9.0

-4.0

6.0
'1 5.0

-6.0

-6.0

-5.0

0.0

-2.0

-1.0

1 6.0

20.0

12.0

13.0

19.0

24.0

20.0

12.0

5.0

12.0

-3.0

-5.0

-10 " 0

61 .0

s9. 0

li? n

49.0

49.0

52 .0

56.0

55. 0

49.0

52.0

42 .0

41 .0

39.0

s4.0

60. 0

56.0

64. 0

76.0

80.0

57.0

56. 0

s9"0

68.0

63.0

60.0

s8. 0

61 .0

60.0

51 .0

47.0

45 "A



5t

1

a

3

4

tr

6

7

B

9

10

11

12

13

14

'1 5

16

tt

1B

19

20

21

22

23

24

26

28

29

30

31

JÀN FEB

1928

MÀR ÀPR ocT NOV DEC

48.0

64.0

66.0

50.0

56. 0

49.0

70.0

63.0

50.0

57.0

?o ñ

33.0

49.0

trî n

55.0

63.0

62.0

45.0

41 .0

52.0

55. 0

54.0

49.0

50"0

54.0

52.0

54.0

34.0

42.0

39.0

29 .0

-11 .0

1.0

6.0

21.0

32.0

38.0

33.0

39.0

41.0

42.0

38.0

37.0

30.0

-9. 0

-1 .0

28.0

38.0

34.0

3.0

5.0

21 .0

15.0

9.0

11.0

4.0

9.0

6.0

3.0

6.0

15.0

12.0

12.0

20.0

33.0

32.0

30.0

30.0

33.0

36.0

34.0

36.0

35.0

40.0

33.0

41.0

21 .0

17.0

31.0

26.0

35.0

10.0

11.0

9.0

5.0

1 0.0

33.0

35.0

36.0

29.0

31 .0

29.0

28.0

30.0

i3.0

9.0

16,0

18.0

14.0

18.0

30.0

23.0

24.0

28.0

22.0

32.0

31 .0

33.0

36.0

42.0

s9. 0

58.0

58. 0

63.0

37.0

24.0

20.0

30.0

27.0

36.0

34.0

38.0

69.0

48.0

30.0

34.0

33.0

39.0

28.0

34.0

47.0

51 .0

38.0

35.0

31 .0

39.0

34.0

43.0

34.0

21.0

35.0

38.0

53.0

42.0

39.0

46.0

49.0

57.0

68.0

7 6.0

54.0

65.0

38.0

42.0

49.0

38.0

s0.0

55.0

40.0

35.0

40.0

54. 0

34,0

38.0

48.0

39.0

34.0

32.0

34.0

35.0

39.0

41 .0

39.0

40.0

42.0

31.0

39.0

46.0

37 .0

34.0

32.A

33.0

28.0

15.0

9.0

8.0

12.0

19.0

20 "0

42.0

39.0

46.0

41.0

38.0

37.0

35.0

39.0

30.0

26.0

1s.0

12.0

3.0

29.0

36.0

42.0

39.0

41.0

35.0

34.0

33.0

24 .0

16.0

1.0
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4

5

6

7

I
9
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11

12

13

14

15
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17

18

19

20

)1

aa

)a

24

25

26

27

28

29

2fì

31

-2 .0

-1 .0

3.0

15.0

3.0

*15. 0

6.0

12.0

10.0

3.0

3.0

-15.0

-13.0

-12.0

-2 .0

0.0

6.0

-6. 0

-2.0

16.0

17.0

-6.0

-12 .0

-8.0

-13.0

-9.0

-2.0

-9. 0

-12.0

-4. 0

4.0

27 .0

22.0

31 .0

34.0

3'1 .0

5.0

11.0

7.0

32 .0

37.0

38.0

37.0

35.0

38.0

45.0

45.0

52.0

5'1 .0

29 .0

37.0

20.0

34.0

33. 0

34.0

35.0

47 .0

51 .0

65.0

54.0

31 .0

33.0

36.0

56.0

67.0

45.0

37.0

3s.0

35. 0

34.0

)1 îl

36. 0

44.0

49.0

53.0

48.0

53.0

53.0

54.0

55.0

51 .0

s8.0

65.0

59.0

59.0

56.0

65.0

52.0

39. 0

49.0

52.0

sB.0

68.0

6s.0

65.0

7 4.0

62.0

63.0

53.0

57.0

s3.0

47 .0

4'7 .0

59.0

62.0

75.0

67.0

67.0

77.0

67 .0

45.0

55.0

50.0

43.0

41 .0

63.0

65. 0

54.0

49.0

34.0

32.0

35.0

34.0

35. 0

38.0

35.0

37.0

32 .0

33.0

30.0

40.0

4'1 .0

35.0

31 .0

30.0

40.0

46.0

50.0

60.0

47 .0

35.0

36. 0

31 .0

24.0

20.0

18.0

20.0

15.0

30.0

35. 0

15.0

13.0

9.0

8.0

10.0

20.0

22.0

20 .0

-15.0

8.0

10.0

16.0

4.0
'10.0

27.0

24.0

26.0

28.0

10.0

-4.0

-10.0

-2.0

4.0

7.0

13.0

22.0

18.0

34.0

12.0

25 .0

Jb.U

39.0

37.0

34.0

2.0

12.0

24 .0

15.0

4.0

-2.0

-4. 0

8.0

5.0

11.0

9.0

-4 .0

3.0

27 .0

17.0

1.0

-B .0

-9.0

-2 .0

18 .0

4.0

11.0

13.0

23.0

31 .0

26 .0

32.0

29.0
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B

9
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1

12
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16
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21

22

23

24

25

26

27

28

29

30

JI

-20 .0

2.0

0.0

4.0

3.0

-13.0

-12.0

-20.0

-20.0

-5.0

3.0

-5.0

2.0

-10.0

-15.0

-23.0

-3.0

-4.0

-18.0

-1 6.0

-'10.0

-8 .0

-6.0

12.0

-6.0

2.0

10.0

12.0
.1 1.0

16.0

15.0

12.0

16.0

13.0

18.0

14.0

30.0

18.0

39.0

37.0

29.0

31.0

24.0

20.0

-12 .0

-5.0
20.0

28.0

43.0

42.0

40.0

41.0

39.0

32.0

8.0

16"0

17 ,0

12.0

'15.0

12.0

20.0

îo n

10 n

24 .0

30.0

36.0

38.0

39.0

40.0

36.0

36.0

30.0

25.0

32.0

30.0

38.0

36.0

39.0

36.0

40.0

32 .0

34.0

20.0

26 .0

24.0

30.0

28.0

35.0

24 .0

30.0

44.0

47 .0

53.0

63.0

54.0

53.0

49.0

64.0

70.0

72.0

68.0

71 .0

59.0

59. 0

48.0

40.0

41 .0

42 .0

49.0

66. 0

37.0

46.0

43.0

49.0

s5.0

54. 0

59.0

55.0

s9. 0

67 .0

61 .0

s3.0

59.0

58.0

s9. 0

s8.0

58.0

58.0

59.0

55.0

47.0

45"0

57.0

54. 0

54.0

s3.0

28.0

34:0

33.0

35.0

41 .0

45.0

44.0

49.0

s5.0

50.0

49.0

46.0

41 .0

28 "0

39.0

s3.0

46.0

60.0

s6.0

48.0

36.0

40.0

44.0

52.0

59. 0

57.0

51 .0

33.0

34.0

28 .0

30.0

32.0

31 .0

30.0

31 .0

22.0

39.0

32 .0

38.0

30.0

7.0

8.0

14.0

34.0

26.0

11.0

10.0

27.0

29.0

34.0

35.0

33.0

40.0

38.0

37.0

36.0

32.0

30.0

34.0

33.0

27.0

30.0

31 .0

20.0

18.0

21.0

29.0

25.0

21 .0

27.0

20.0

31.0

30.0

18.0

1s.0

9.0
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30
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19.0

17.0

10.0

20.0

24 .0

19.0

36.0

25.0

26.0

27 .0

a) õ

19.0

16.0

15.0

30.0

23.0

21 .0

23 .0

19.0

20 .0

22.0

25.0

19.0

20.0

29.0

26.0

24.0

26.0

41 .0

40.0

42 .0

49.0

38.0

40.0

43.0

41.0

39.0

37.0

33.0

28 .0

30.0

37.0

24.0

26.0

40.0

38.0

28.0

22.0

28 .0

47.0

43.0

42.0

40.0

42.0

41 .0

41 .0

32.0

28.0

27 .0

31.0

26.0

43.0

59. 0

54.0

63.0

68.0

70.0

56. 0

49.0

52 .0

63.0

7 4.0

75.0

7 4.0

66.0

70.0

68.0

81.0

4.1 .0

43.0

39.0

41.0

38.0

33.0

39.0

64.0

69.0

7 4.0

82.0

79.0

71.0

67 .0

61 .0

57.0

52.0

49.0

48.0

52.0

61 .0

53.0

55.0

51 .0

56. 0

Êo ô

55.0

63.0

68.0

59.0

67.0

46.0

58.0

65.0

70.0

69.0

64.0

60.0

43.0

20 n

43.0

s3.0

. 30.0

30.0

31 .0

33.0

29.0

34.0

28.0

29.0

27 .0

30.0

32.0

26.0

25.0

19.0

20.0

27.0

29.0

30.0

33.0

36.0

38.0

29.0

37.0

40.0

34.0

16.0

23.0

30.0

35.0

39.0

43.0

57.0

60.0

58.0

56.0

55. 0

53.0

61 .0

56.0

55.0

57.0

60.0

59. 0

52.0

50.0

45.0

32 .0

38.0

47.0

48.0

45.0

33.0

21.0

19.0

17"0

19.0

15.0

14 .0

25.0

29 .0

30.0

34.0

37.0

28.0

7.0

4.0

4.0

6.0

13.0

12.0

19.0

21.0

30.0

28.0

31.0

?¿n

3s.0

29.0

31 .0

30.0

27 .0

33.0

39.0

41 .0

37.0

35.0

31.0

34.0

34.0

27.0

19.0

17.0
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25
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16.0

12.0

15.0

23.0

19.0

11.0

8.0

0.0

12.0

21 .0

30.0

27 .0

16.0

7.0

-2 .0

0.0

14.0

1s.0

-2.0

9.0

15.0

19.0

20.0

34. 0

38.0

24 "0

30.0

16"0

*15.0

-14.4

-6.0

-1 .0

-7.0

-6.0

-3.0
13.0

7.0

0.0

-4.0
12.0

18.0

24.0

4.0

1.0

3.0

19.0

20.0

15.0

23.0

19.0

28.0

14.0

2.0

16.0

27 .0

46.0

49.0

53 " 0

42.0

29.0

28.0

32.0

26.0

7.0
't.0

-3.0
1.0

6.0

17.0

13.0

19.0

30.0

13.0

17.0

27.0

29.0

22.0

28.0

31 .0

41.0

32.0

24.0

?2 ñ

45.0

33.0

35.0

36.0

34"0

31.0

29.0

25.0

14.0

19.0

31 .0

42.0

48.0

51 .0

52.0

s8.0

39.0
Ea ñ

32.0

43.0

52 .0

s5.0

55.0

63.0

64.0

55.0

66.0

68.0

71.0

66.0

40.0

49.0

37 .0

45.0

59.0

56.0

s0.0

48.0

tÕ ô

69.0

47.0

49.0

65.0

59.0

43.0

34.0

33.0

28 .0

46.0

45.0

47.0

s8.0

59.0

33.0

33.0

33.0

34.0

31.0

47.0

54.0

45.0

34.0

31.0

44.0

47.0

33.0

30.0

32.0

34.0

37.0

39.0

40.0

39.0

40.0

37.0

40.0

26.0

24.0

21 .0

29.0

12.0

5.0

-1 .0

7.0

10.0

17.0

2.0

on

12.0

24.0

33.0

22.0

37.0

9.0

20.0

34.0

44.0

43.0

41.0

40.0

17.0

10.0

33.0

25.0

-6.0

-15.0

-19.0

1.0

0.0

-8.0
10.0

13.0

0.0

-6.0
8.0

12 "0
'18.0

19.0

36.0

26.0

31.0

36.0

29.0

25.0

32.0

7.0

25.0

19.0

-2.0
22 .0
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9
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14
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21

22

23

24

') ç.

26

a1

28

29

30

31

26.0

33.0

-6.0

5.0

29 .0

13.0

10.0

12.0

12.0

6.0

-10.0

-6. 0

-8.0

38.0

1.0

-12.0

14.0

2.0

0.0

10.0

18.0

19.0

18.0

21.0

-5.0
3.0

15.0

20 .0

25.0

18"0

12 "0

4.0

5.0

-10.0

-1 6.0

18.0

-19.0

-15.0
10 n

-2.0

-2 .0

2.0

3.0

-6.0
5.0

19.0

11.0

22 .0

22.0

22.0

4.0

14.0

26 "0

36.0

36.0

29.0

37.0

39.0

30.0

19.0

24.0

32.0

33.0

33.0

29.0

39.0

3.0

a.n

22.0

26 .0

33.0

31.0

11.0

33.0

20.0

22.0

23.0

22.0

22.0

26.0

27 .0

31.0

37.0

41.0

36. 0

27 .0

42.0

43.0

41" 0

51 .0

40.0

38.0

33.0

34.0

36.0

41.0

42 .0

39.0

31.0

27.0

29 .0

30.0

38.0

41 .0

54 .0

53.0

66. 0

70.0

68. 0

42 .0

s0.0

64.0

71 .0

42.0

38.0

4'1.0

54.0

56.0

61.0

59"0

56.0

62 .0

61 .0

61 .0

46.0

67.0

47.4

53.0

64 .0

52.0

50.0

51 .0

66.0

71 .0

56.0

5 t.u

52.0

48.0

49.0

40.0

34.0

32.0

27.0

26.0

34.0

28.0

24.0

34.0

39.0

41 " 0

40.0

31 .0

23 .0

21 .0

22.0

24 .0

29.0

21 .0

18.0

21 .0

34.0

37.0

41 .0

42.0

9.0

7.0

36.0

34.0

41 .0

34.0

33.0

19.0

34.0

21.0

23 .0

21.0

29.0

2ô n

34.0

21.0

14"0

38.0

31.0

11.0

11.0

33.0

41 .0

-8.0

-1 .0

2.0

-10.0

-5.0

-10.0

-10.0

1s.0

9.0

5.0

5.0

35.0

5.0

0.0

4.0

5.0

-17.0

-20.0

-14 .0

-12 "0

-14.0

-15.0

0.0

1.0

-19.0
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-14.0

-12.0

4.0

9.0

24.0

16.0

-7.0

30.0

38.0

36.0

1 9.0

13.0

3.0

33.0

14.0

-2.0

15.0

26.0

11.0

18.0

40.0

11.0

38.0

-9. 0

15.0

36.0

38.0

-12.A

-12.0

40 " 0

7.0

20.0

23.0

13.0

13.0

15.0

-2.0

0.0

2.0

27 .0

32 .0

40.0

31 .0

36.0

35.0

26.0

34.0

8.0

8.0

28 .0

12.0

1.0

-4.0

-5.0

-8.0

-3.0

9.0

28.0

40.0

40.0

41 .0

42.0

43.0

25.0

11.0

23.0

9.0

23 .0

36.0

44.0

35.0

23.0

46 .0

29.0

7.0

16.0

41.0

29.0

41.0

6"0

23.0

12.0

22.0

13.0

15.0

44.0

11.0

12.0

40.0

47.0

42 .0

34.0

41.0

48.0

46.0

52.0

62 .0

47.0

37.0

3s.0

44.0

42.0

46.0

39.0

31 .0

38.0

43.0

53.0

45.0

50.0

58.0

s3.0

37.0

57 .0

52.0

39.0

7 4.0

78.0

82.0

38 " 0

59.0

63.0

60.0

55.0

65.0

65.0

72.0

66.0

7 4.0

86.0

78.0

86.0

88.0

46.0

62.0

46.0

39.0

43.0

50.0

s0.0

63.0

60.0

55.0

40.0

45.0

48.0

39.0

47 .0

42.0

34.0

31.0

38.0

42.0

51 .0

54. 0

52.0

46.0

38.0

36.0

36.0

36.0

49.0

52.0

54.0

56.0

49.0

63.0

49.0

36.0

34.0

30.0

39.0

27.0

30.0

32.0

36"0

33.0

30.0

27.0

24.0

20.0

15.0

10.0

22 .0

7.0

12.0

20.0

25.0

24 .0

17.0

20.0

40 " 0

36 " 0

28.0

31.0

33.0

20.0

29 .0

12 "0

18.0

10"0

15.0

12 "0

-5.0
12.0

-16.0

-15.0

-12.0

-10.0

-5.0

21 .0

-6.0
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tt
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24.0

-4.0

7.0

26 .0

16.0

6.0

-1 .0

5.0

12.0

1.0

-7.0

-2.0

-12.0

-5.0

-2.0

5.0

0.0

-22.0

-26.A

-22.0

-20 .0

-31.0

-15.0

-12.0

-5.0

-12.0

12.0

'7.0

15.0

33.0

39.0

41.0

43.0

34.0

25.0

10.0

25.0

26.0

30.0

28.0

26.0

37.0

36. 0

?o ñ

31 .0

16.0

32.0

34.0

32.0

24.0

25 .0

15.0

41 .0

14.0

4.0

12.0

21 .0
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19

20

21

))

24

25

26

27

28

29

30

31

JÀN

5.0

10.0

5.0
'1s.0

15.0

10.0

'1 4.0

16.0

1s.0

12.0

10.0

7.0

1'7.0

14.0

0.0

3.0

0.0

12.0

20.0

10.0

18.0

6.0

5.0

4.0

3.0

-12.0

-6.0
0.0

2.0

0.0

4.0

6.0

6.0

16.0

17.0

16.0

18.0

17.0

25.0

-7.0

-8.0

-9. 0

-2.0
24.0

33.0

22.0

33.0

36.0

10.0

1.0

2.0

11.0
'1 4.0

-8.0

-6. 0

9.0

-4. 0

-4.0

6.0

49.0

48.0

47.0

44.0

34.0

40.0

61 .0

69.0

66.0

7 6.0

71 .0

40.0

s0.0

65.0

60.0

s4.0

56.0

52.0

54.0

42 "0

35.0

40.0

54.0

50.0

56.0

6'1 .0

70.0

57 .0

68.0

7 4.0

45.0

54.0

53.0

65.0

62.0

66.0

69.0

7 6.0

72.0

68. 0

60.0

s5.0

57 .0

58.0

57.0

51 .0

54.0

57.0

47.0

49.0

62.0

59.0

39.0

46.0

62.0

78.0

52.0

51 .0

45.0

40.0

34.0

15.0

6.0

-10.0

0.0

5.0

6.0

-5.0

-10.0

-8.0

-6. 0

-8.0

22.0

0.0

10"0

5.0

0.0

0.0

-18 .0

-15.0

-6.0

13.0

5.0

34.0

3.0

-2 .0

12.0

33.0

2.0

-2.0

26.0

23.0

7.0

6.0

4.0

3.0

-5. C

-6.0

20.0

41 .0

33.0

6.0

21 .0

20.0

26 .0

20.0

'15.0

7 "0

9"0

20 .0

8.0

11.0

16.0

17.0

11.0

9.0

14.0

10.0

25.0

39. 0

35.0

36 " 0

45.0

30.0

25 .0

25.0

50.0

32.0

25.0

23.0

42.0

43.0

47.0

19.0

9.0

9.0

9.0

16.0

21 .0

17.0

17.0

20.0

15.0

17.0

25.0

0.0

-1 .0

12 .0

27.0

0.0

14.0

2.0

10.0



79

JÀN FEB

1 956

MAR APR ocr NOV DEC

1

¿

3

4

5

6

7

I
9

10

'1 
1

1)

13

14

'1 5

tb

17

18

19

20

21

aa

23

24

25

26

27

28

29

30

31

21 .0

26"0

5.0

6.0

30.0

-8. 0

4.0

26.0

26.0
.1 5.0

16.0

17.0

12.0

11.0

-10.0

-13.0

-4. 0

-2.0

-19.0

-9. 0

-2.0

-3.0
0.0

19.0

24.0

23.0

23.0

15.0

5.0

3"0

1.0

10.0

11.0

33.0

31.0

27 .0

36.0

31.0

31 .0

37.0

22.0

21 .0

12.0

12.0

-1 .0

-4.0

-7.0

-6.0

-5.0
3.0

-4.0

-3.0
10.0

22 "0

8.0

-5. 0

3.0

9.0

20.0

33.0

)A ñ

32 "0

15.0

34.0

22.0

5.0

2.0

8.0

15.0

3.0

2.0

20.0

12.0

8.0

12.0

24.0

35.0

30.0

36.0

43.0

34.0

21 "0

22.0

39.0

43.0

32 .0

,o ñ

30.0

24 .0

31 .0

36"0

39.0

37.0

38.0

42.0

30.0

29.0

31.0

35.0

39.0

44 .0

38.0

42.0

46 .0

42 .0

3s.0

36.0

40.0

47 .0

49.0

56.0

35.0

32 " 0

41.0

52.0

30.0

34. 0

30.0

38.0

42.0

49.0

65.0

69.0

60.0

s9.0

60.0

56.0

74.0

58.0

57.0

61 .0

68.0

76.0

7 6.0

56.0

66. 0

69.0

53.0

69.0

78.0

s9.0

61 .0

45.0

46.0

s9.0

40.0

44.0

38.0

4.1 .0

47.0

46.0

50.0

39.0

36.0

46.0

s0.0

46.0

37.0

21.0

39.0

32.0

49.0

45.0

45.0

48.0

22.0

20.0

22 .0

?t n

24.0

23.0

29.0

16.0

15.0

30.0

48.0

26.0

42.0

31.0

21.0

36.0

34 " 0

43.0

43.0

9.0

8.0

2.0

-1 .0

'1 4.0

14.0

15.0

-9.0
0.0

-8.0

-7.0

-10.0

4.0

-8.0

-8.0
40.0

36.0

40.0

17.0

12.0

12 "0

26.0

43.0

41.0

33.0

29.0

20.0

38.0

-10.0
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1 957

MAR APR ocr NOV DEC

1

2

3

4

6

7

B

9

10

11

13

14

16

17

18

19

20

21

1)

23

24

'8,

26

27

28

29

30

31

JAN

-5. 0

15.0

16.0

11.0

'16.0

24.0

21 .0

-12.0

-5.0

0.0

-4.0

-'1 6.0

2.0

6.0

-9.0
16.0

17.0

24.0

30.0

6.0

-5. 0

-5.0
*6.0

-8. 0

-4.0

8.0

20.0

-8"0

4.0

10.0

-5. 0

FEB

0.0

8.0

19.0

20.0

10.0

16.0

14.0

18.0

25 .0

23.0

36.0

37.0

11.0

25.0

27.0

5.0

29 .0

3.0

4.0

3.0

5.0

-1 .0

1.0

14.0

22.0

17.0

38.0

31.0

10.0

14.0

23.0

13.0

15.0

20.0

27 .0

28.0

28.0

31 .0

30.0

20.0

18.0

21 .0

20.0

28.0

30.0

32.0

39.0

50.0

52.0

53.0

51 .0

42.0

47 .0

49,0

44 "0

37.0

37.0

41 .0

41.0

32.0

37.0

44 .0

41 .0

45.0

31 .0

36.0

40.0

36.0

29.0

26 .0

35.0

37.0

53.0

44 .0

41 .0

s1 .0

45.0

56.0

s9.0

61 .0

7 4.0

75.0

70.0

61 .0

45.0

55.0

7 6.0

78.0

86.0

75. 0

80.0

75.0

70.0

58.0

50.0

45.0

44.0

45.0

51 .0

55.0

57.0

59. 0

67.0

50.0

s6. 0

55.0

49.0

57 .0

61 .0

57.0

34.0

30.0

36.0

46.0

60.0

39.0

51 .0

49.0

46 .0

61 .0

3s.0

37.0

38.0

43.0

51 .0

48.0

30.0

20.0

26.0

45.0

46.0

33.0

32.0

39.0

31.0

25.0

30.0

35.0

28.0

26.0

22.0

45.0

40.0

23.0

57.0

36.0

23.0

3s.0

8.0

22.0

20.0

10.0

25.0

32.0

35.0

25.0

21.0

28.0

41 .0

0.0

10.0

31 .0

33.0

34.0

36.0

35.0

37.0

38.0

38.0

43.0

30.0

30.0

10.0

30.0

35.0

25.0

15.0

-10.0

-12.0

-11 ,0

10.0

/:



81

1958

JÀN FEB MÀR ÀPR ocr NOV DEC

1

2

3

4

q

6

7

I
9

'1 0

11

12

'l 3

14

t5

tb

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

4.0

12.0

20.0

to n

44.0

3.0

36.0

46.0

¿q n

22.0

34.0

32.0

8.0
1,7 .0

28.0

15.0

20.0

22.0

10.0

14.0

32.0

0.0

19.0

29.0

26.0

15.0

19.0

20.0

19.0

11.0

10.0

8.0

9.0

20.0

10.0

2.0

-3.0

-2.0

-4.0

-3.0

-2.0
10.0

12.0

11.0

-10.0

-5. 0

0.0

7"0

11.0

20.0

31.0

22.0

46.0

52.0

41.0

54.0

31 .0

21 .0

12.0

14.0

31.0

30.0

36.0

11.0

18.0

39.0

40.0

40.0

36.0

27.0

28.0

27.0

28.0

27 .0

21.0

22.0

28.0

30.0

30.0

3s.0

45.0

44.0

51 .0

54. 0

51.0

51 .0

52.0

54. 0

55"0

60.0

45.0

54.0

60.0

58.0

56. 0

56.0

60.0

60.0

58.0

67.0

46.0

70.0

75.0

82.0

64.0

61 .0

60.0

61 .0

60.0

57.0

37.0

38.0

46.0

42 .0

50.0

58.0

59.0

20 .0

50.0

44.0

42.0

s0.0

7 4.0

46.0

61 .0

64. 0

58.0

s8.0

47.0

4'1 .0

50.0

55. 0

70.0

52 .0

65.0

60.0

s8.0

70.0

75. 0

72.0

60.0

52.0

69.0

45.0

45.0

46.0

59.0

51 .0

56. 0

62.0

61.0

64.0

59.0

55. 0

47.0

44.0

46.0

38.0

35.0

40.0

44.0

47.0

50.0

46.0

3s.0

34.0

33.0

26.0

25.0

45.0

33.0

30.0

33.0

18.0

17.0

14.0

0.0

10.0

0.0

-15.0

10"0

11.0

15.û

41.0

5.0

-2 .0

-4.0

-10.0

-12.0

-5.0

4.0

3.0

0.0

-5.0
5.0

6.0

4.0

31.0

0.0

-10.0

10.0

10.0

31 .0

20.0

20 " 0

30.0

25.0

22.0

10.0

25 .0

28.0

20.0



ó¿

1959

JÀN FEB MÀR APR ocT Nov DEC

I

)
a

4

Ê

6

7

I
9

10

11

12

13

14

15

'16

17

18

19

20

21

na

¿3

24

25

26

27

28

29

30

31

34.0

-10.0

-15.0

-8.0

-15.0

4.0

12.0

10.0

12 .0

17.0

34.0

16.0

31 .0

18.0

-2 .0

-15.0

-12.0

15.0

-5.0

-7.0

-2.0
*9.0

-5. 0

0.0

-4.0
4,0

11.0

0.0

-5.0

-14.0

-9.0

-6.0

30.0

0.0

-4.0

-3.0

-4.0

-8.0
0.0

-4.0

-5.0
6.0

0.0

10.0

'1 0.0

24 .0

10.0

4.0

-4.0

10.0

27 .0

20.0

30.0
ttr n

3.1.0

31 .0

34.0

35.0

35.0

43.0

36.0

12.0

24.0

26.0

31.0

34.0

31.0

38.0

34.0

33.0

34.0

34.0

24 .0

20.0

16.0

36. 0

44.0

34.0

12.9

14.0

45.0

38.0

35.0

42.0

38.0

43.0

46.0

48.0

38.0

35.0

36.0

51 .0

42 .0

51 .0

47 .0

60.0

36.0

34.0

38.0

38.0

46. 0

55. 0

60.0

70.0

44.0

46.0

42.0

43.0

51 .0

64 .0

63.0

48.0

46.0

40.0

34.0

s5.0

62 .0

60.0

51 .0

50.0

50.0

69.0

69.0

54.0

54.0

46.0

35.0

32.0

30.0

2? ñ

33.0

35.0

34.0

36.0

33.0

32.0

41.0

44.0

34.0

34.0

40.0

41.0

38.0

49.0

32.0

33.0

34.0

33.0

34.0

35.0

45.0

30.0

30.0

28.0

24.0

14.0

14.0

33.0

25.0

37.0

25.0

15.0

10.0

8.0

11.0

11.0

-5.0

10.0

20.0

31.0

28.0

34. 0

31.0

31 .0

15.0

12.0

20.0

20.0

20.0

25.0

30.0

36. 0

35.0

35.0

25.Q

25.0

30. 0

25 .0

35.0

28.0

25 .0

20.0

31.0

40.0

41 .0

41 .0

37 .0

28.0

18.0

15"0

8.0

18.0

21 .0

20.0

25.0

28.0

32 .0

30.0

12 .0

12.0

13.0

20.0



B3

JÀN FEB

1960

MÀR ÀPR ocT NOV DEC

1

2

3

4

5

6

7

I
9

10

11

12

13

14

15

16

17

1B

19

20

21

¿¿

a2

24

25

26

)'7

28

29

30

21

21 .0

9.0

-15.0

-7.0

-5.0

26.0

Ôñ

10.0

10.0

21 .0

29.0

16.0

11.0

IE ô

15.0

15.0

15.0

20.0

11.0

5.0

4.0

7.0

7"0

6.0

-5. 0

-4.0
20.0

0.0

23.0

30 " 0

1t1 .0

20.0

28 .0

3s.0

36.0

29.0

22.0

40.0

12.0

0.0

-4.0
1'1 .0

15.0

26.0

31 .0

32.0

8.0

11.0

-5. 0

8.0

10.0

11.0

10.0

16.0

15.0

14.0

15.0

15.0

18.0

't0.0

8.0

10.0

5.0
'1 0.0

14.0

14.0

18.0

26.0

25.0

26.0

20.0

21 .0

22 .0

31 .0

31 .0

38.0

31.0

21.0

35.0

38.0

30.0

32 "0

20.0

33.0

42.0

24.0

34.0

33.0

31 .0

3s. 0

31 .0

3s.0

4'1 .0

36.0

43.0

44 .0

34.0

26 .0

39.0

51 .0

56. 0

51 .0

52.0

51 .0

55.0

4'1 .0

46 .0

55.0

63.0

58. 0

64.0

51 .0

45"0

47.0

45.0

37.0

44.0

46.0

32 .0

45 " 0

54. 0

51.0

63.0

B0 " 0

62.0

71 .0

7 4.0

75.0

60. 0

52.0

60.0

60. 0

62.0

50.0

58.0

50.0

50.0

3s.0

30.0

45.0

42.0

4'1.0

33.0

50.0

46.0

50.0

61 .0

52.0

48.0

40"0

34.0

35.0

4"Ì.0

41 .0

36.0

46.0

38.0

45.0

26.0

23 .0

29.0

24.0

26 .0

30.0

40.0

40.0

30.0

31 .0

42.0

43.0

45.0

47.0

40.0

45.0

27.0

53.0

17.0

10.0

13.0

13.0

18"0

28.0

33.0

37 " 0

29 .0

14 .0

14.0

-2.0

32.0

33.0

8.0

11.0

29.0

39.0

38.0

16.0

19.0

21 .0

14.0

2.0

-2.0

1.0

6.0

26.0

29.0

12 "0

-9.0

22.0

22.0

27.0

12.0

4.0



B4

JÀN FEB

1961

MAR ÀPR ocr NO\¡ DEC

1

2

3

4

c,

6

7

I
9

'1 0

11

1)

13

14

15

tb

17

18

19

20

21

22

23

24

25

26

27

28

29

30

JI

-10.0

-7 .0

28.0

31 .0

40.0

34.0

15.0

26 .0

39.0

19.0

26.0

3.1 .0

14.0

18.0

40.0

45.0

10.0

15.0

8.0

0.0

-5. 0

4.0

-11 .0

-8.0

-7.0
0.0

8.0

10.0

8.0

10.0

10.0

-10.0

0.0

20.o

31 .0

32.0

34.0

36.0

43.0

31 .0

31.0

36.0

32.0

26 .0

10.0

17.O

6.0

-4. 0

5.0

1 0.0

26.0

25 .0

20.0

1 0.0

20.0

30.0

31 .0

32.0

33.0

37.0

30.0

16.0

11 .0

34.0

30.0

36.0

26 .0

31 .0

36.0

26.0

25.0

40.0

34.0

14. 0

31.0

42.0

37.0

38. 0

42.0

35.0

44.0

33.0

45.0

49.0

36.0

28.0

24.0

42.0

33.0

28.0

26.0

38.0

47.0

33.0

28.0

33.0

45. 0

54 .0

55.0

26.0

31.0

50.0

45.0

33.0

35.0

42.0

48.0

62.0

70.0

52.0

s6. 0

57.0

s0.0

56.0

51 .0

39.0

47.0

47.0

38.0

38. 0

46.0

60.0

70.0

7 4.0
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46.0

42.0

46.0
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46.0
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45.0

49.0

45.0
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52.0
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44.0

36.0
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45.0

43.0
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34.0

30.0
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43.0
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56.0
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40.0

49.0

41.0
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32.0
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41 .0
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30.0
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34.0
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29.0

20.0

41 .0

8.0
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42.0

34.0

30.0

45.0
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67.0

44.0

39.0

55.0

55.0
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59.0

56.0

73.0

47.0

52.0
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56.0

55.0

53.0

51 .0

50.0

47.0

44.0

41.0

33.0

26.0

45.0

45.0

52.0

44.0

51 .0

41 .0

22.0
'18.0

14.0

12.0

24.0

29.0

52.0

41.0

30.0
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14.0

26.0

35.0
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5.0
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35.0
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48.0
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46.0
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52 .0

55. 0

65. 0

76.0

66. 0

50.0

45.0
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34.0
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12.0
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12.0
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41 .0
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15.0
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5.0
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12.0

20.0

22.0

28.0

28 .0

34.0

44.0

45.0

34,0

42.0

6"0

5.0

22 .0

20.0

21.0

18.0

25.0

20.0

5.0

9.0

15.0

18.0

20.0

18.0
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30.0

35.0

39.0

40.0

51 .0

3s.0

34. 0

40.0

47 .0

49 .0

66.0

61 .0

50.0
?ô n

54.0

64.0

68.0

40.0

52. 0

s6. 0
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46.0
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54.0

71 .0
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57.0
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44.0
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52 .0

44.0
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65. 0
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42.0

63.0
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54 .0
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42.0
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61 .0
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51 .0

48.0

47.0

45.0

60.0

54.0

51 .0

48.0

52.0

48. 0

44.0

38.0

34.0

32 .0

29.0

40.0

33.0

21 .0

12.0

6.0
.1 5.0

36.0

20.0

40.0

14.0

6.0

14. 0

2.0

3.0

2.0

-3.0

-8.0

-6.0

-4.0

20.0

26.0

22 .0

32 .0

32.0

28.0

30.0

12.0

7.0

4.0

7 ,0

-2.0

-6.0

1.0

-6.0

6.0
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-2.0
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21.0

12.0

0.0

4.0
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6.0

10.0
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20.0
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33.0
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30.0

32 .0

15.0

8.0

5.0

8.0

10.0

4.0

20.0

4.0

6.0

16.0

20.0

25.0

20"0

20 "0

22.0

32 "0

33.0

58.0

70.0

45.0

39.0

40.0

35.0

30.0

26.0

34.0

28.0

36.0

28.0

16.0

25.0

26.0

20.0

25.0

23 .0

24.0

26.0

29.0

24.0

25.0

22.0

24.4

21.0

16.0

10.0

16.0

37 "0

31.0

30.0

42.0

47 .0

30.0

30. 0

41 .0

37.0

31 .0

27 .0

22 .0

24 .0

20.0

16.0

21 .0

16.0

21 .0

22 .0

23 .0

35.0

36.0

28.0

24 .0

10.0

25 .0

9.0
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10.0
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2.0
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38.0

36.0

35.0

36.0

34.0

34.0

44.0

42 .0

40.0

38.0

35.0

trî n

60.0

61 .0

37.0

45. 0

s1 .0

48.0

44.0

52 .0

37.0
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62.0
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68.0
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8.0
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-17.0

-16.0
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22.0
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30.0

23.0
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16.0

13.0

10.0
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28.0

37.0

30.0

34.0

43.0

40.0

43.0

40.0

35.0

37.0

35.0

28.0

34.0

47.0

41 .0

21.0

18.0

24.0

27.0

31.0

35.0

48.0

54.0

53,0

54.0

51 .0

50.0

35.0

34.0

42.0

36.0

37.0

34.0

36.0

44 .0

51 .0

51 .0

50.0

56. 0

55.0

60.0

34.0

37.0

35.0

39.0

46.0

s8.0

68.0

52.0

40.0
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34.0
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37.0
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53. 0

57. 0
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22 .0
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33.0
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18.0

18.0

21 .0
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14.0

24.0

26.0

21 .0

26 .0

22.0

16.0

24 .0

32.0
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42.0

34.0

15.0

36.0

40.0

34.0

17 .0

28.0

34.0
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-2 .0

6.0

24.0

23.0

32.0

29.0

6.0

0.0

-2 .0

2.0

8.0
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20.0

32.0

34.0
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31 .0

30.0

31.0

12.0

-5.0
12.0
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-2 .0
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12.0

21 .0

18.0

20 "0

15.0
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30.0

26.0

12.4

10.0

30.0

32.0

7.0

12.0

13.0

12.0

18.0

18.0

12.0

14.0

30.0

28.0

36.0

34.0

41 .0

39. 0

39.0

40.0

41 .0

47.0

37.0

44.0

46. 0

25.0

30.0
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^

40.0

48.0

30.0

37 .0
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24.0

40.0

52.0
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46.0

44.0

52.0

42.0

34.0
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53.0

42.0

24.0

27 .0

31.0

42.0

48.0

52.0
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44.0
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42.0
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59.0
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47.0
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45.0

44.0
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46.0
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26 .0

45.0
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31 .0

34.0
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33.0

29.0
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10.0

21.0

31.0

29.0

40.0

¿q n
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31 .0

33.0

31.0

30.0
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31 .0

¿¿.u
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15.0
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32 .0
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14.0

4.0
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56.0

70.0

55.0
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41.0

34.0

34.0
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44.0

54. 0
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0.0
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9.0

5.0
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0.0

16.0

24 .0

1.0

9.0
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7.0

3.0

6.0
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4.0
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22.0
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35.0

34.0

35.0
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36.0
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25.0

41 .0
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64"0

66. 0

48.0

55.0
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57 .9
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57.9
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61 .0
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84.0

61 .0
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60.1

63.0

66.0

53.1
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48.9

46.0

48.9

54.0

57 .0

48.0
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69 .1

59.0
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-11.9
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3.0
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8.1
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10.9
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14.0
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19.0
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21 .9

28.0

36.0

32.0

28.0

1 0.9

18.0

16.0

15.1

14.0

10.9

14.0

18.0

15.1

'l 8.0

24.1

39.9

37 .9

44.1

32.0

18.0

25.0

30.0

30.9

30.0

30.0

42 .1

35.1

44.1

46.9

39.0

19.9

2E I

42.1

46.0

48.0

39.9

39.0

46.0

44.1

32.0

32 .0

39.9

39.0

41 .0

46.0

34. 0

39.9

54.0

42 .1

39.9

35.1

39.9

48.9

48.0

54.0

57 .9

57.9

30.0

4'1 .0

55. 9

61 .0

61 .0

64.9

63.0

70.0

73.0

77.0
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64. 0

68.9

1a E

s0.9

62.6

50.0

50.9

60 .8

bt./

â4. 
^
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60.8

45.5

49 .1

46 .4

46 .4

59.0

50.0

66.2

74.3

71 .6

47.3

46 .4

64 .4

ct I

41 .0

45.5

46 .4

41 .9

s1.8

44.6

59.0

'1 )

5.0

32.0

34.7

11.3

-1 .3

-0.4

-))
-0.4

24.8

29.3

32.0

32.0

30.2

30.2

to ?

24.8

21 .2

24.8

21 .2

32.0

1) )

-5.8
8.6

14.0

5.0

-4 .0

21 .2

2.3

-4.9

-11 .2

tro n

69.8

55.4

59. 0

44 .6

48.2

61 .7

50.0

35.6
ac 1

24.8

a) o

28 .4

)R ¿,

aÊ -

28 .4

23 .0

14.0

5.0

3.2
ot

14.9

23 .0

28 .4

22.1

14.0

5.0

11.3

?')

-0.4
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26 .6

33.8
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35.6

41 .0

44"6

42.8

42.8

48.2

48.2

41 .0

48.2

51"8

50.0

46 .4

37 .4

44 .6
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23.0

lq ¿
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-7 .6

-13.0

-'13.0

7.7

23.C

1.4

-4.0
_1 2

-7 .6

-16.6

- lb.tt

-0.4

-1 .6
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-0.4

1.4
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-14.8

-13.0
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-0 .4
_1 a
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14.0
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-4.0
añ a
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-13.0
?1

-5. B

*13.0

-13.0

-rb.b

-11.2

-7 .6
10 A

14 .9

5.0

-4.0

-4.0
1a a

1 5.8

8.6

14.0

14.0

14.0

¿¿. I

23.9

6.8

-16 .6

-7 .6

-22 .0

-22 .0

-lb.b

-1 3.0

-7.6

-11.2

-7 .6

1 5.8

5.0

-14.8

-tb.b

-27.4

-29.2

-26.5

-19.3

6.8

18. 5

32 .0

34.7
to ?

28 .4

28 .4

30.2

30.2

24.8

24.8
't 5.8

14.0

26.6

1 5.8

1 5.8
trn

a,

Eñ

6.8

5.0

5.0

17.6

23.0

)1 )

32.0

28 .4

19.4

26 .6

26.6

11 1

15"8

1 0.4

14.0

23.0

19 .4

21 .2

26 .6

30.2

tô 2

33.8

30.2

30.2

33.8

28 .4

41 .0

30.2

)1 
'

28 .4

32 .0

37 .4

26 .6

26 .6

32 .0
'1 q ¿

23 .0

32.0

9.5

1 5.8
?ó a

37 .4

))1

24.8

14.0

26 .6

35.6

32 .0

26 .6

26.6

30.2

38.3

36.5

37 .4

41 .0

37 .4

a1 
^

4t t.u

41.0

44.6

32.0

32.0

39.2

44 .6

32.0

32.0

49 .1

41.0

40.1

39.2

32.0

40.1

28 .4

28 .4

28 .4

17.6

17.6

14 .0

14.0

10.4

10.4

24.8

24.8

39.2

42.8

36.s

32.0

23.0

23.0

41 .0

32.0

28 .4

28 .4

23.0

6.8

23.0

23.0

26.6

32.0

30.2

33.8

30.2

28 .4

21 .2

)1 
'

8.6

8.6

I t.b

26 .6

26.6

26 .6

24.8

26 .6

19.4

21 .2

10 .4
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19 .4

8.6

8.6

14.0

1.4

1.4

19 .4

14.0

10.4

6.8

10.4

10.4

10.a,

5.8

-9.4

-13.0

-q ¿

-13.0

-9 .4

-7 .6

12.2

14.0

1.4

-5.8

-15.6

-14.8
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-16.6

-18.4

-25.6

-27.4
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30

31

-2',7 .4
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33.8
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TÀBLE 3 - DÀII,Y PRECIPITATION
INCHES OF WÀTER
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1

2

3

4
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6

7
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9

10
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12

'13

14

15

16

17

18

19

20

21

22

23

¿4

25

26

27

28

29

30

31

0.00

0.00

0.00

0.04

0.00

0.03

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

c.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.20

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.03

0 .02

0.00

0.00

0.00

0.00

0.00

1 .40

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.20

0.00

0.05

0.60

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.74

0.00

0.05

0.25

0.00

0.01

0.00

0.00

0. 00

0.03

0 .02

0.00

0.00

4.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.50

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.11

0.00

0.00

0.30

0.00

0.00

0.00

0 " 00

0.00

0.00

0.08

0.00

0.00

0.00

0.29

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

-164-



tbþ

1 926

JÀN FEB MÀR APR ocr NOV DEC

1

a

3

4

q

6

7

I
9

10

11

12

IJ

14

15
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1Ê

25
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30
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.60

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.24

0.00

0.36

0.00

0.16

0.00

0.00

0.00

0.00

0.00

0.13

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.35

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.00

0.00

0.25

0.00

0.15

0.10

0.0s

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

t



0.00

0.00

0.00

0.00

0.00

0.00

0.00

n îE

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.i0

0.00

0.00

0.00

0.00

0.69

0.00

0.32

0.00

0.00

0.00

0.00

0.00

0.09

0.02

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.57

0.00

0.00

0.00

u. t¿

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.05

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00

0.00

0.00

0.1s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00
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27
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0.00

0.'r0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.11

0.03

0.00

0.05

0.00

0.00

0.24

0.00

0.00

0.00

0.00

0.06

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.19

0.00

0.00

0.00

0.00

0.00
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17

1B
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20

21

ta

24

25

¿b

27

2B

29

30

21

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.0c

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 15

0.0r1

0.00

0.00

0.00

0.00

0.10

0.05

0.65

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0 " 00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.13

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.61

0.00

0.00

0.00

0.00

0.00

0.1'1

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.05

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.00
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3

14

15

16

17

1B

19

20

21

22

12

24

25

26

27

2B

29

30

31

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.70

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.00

0.00

0.00

0.05

0.00

0"00

0.00

0.00

0.00

0.00

0.12

0.49

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.'t5

0.00

0.00

0.0c

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.14

0.00

0.00

0.00

0.00

0.16

0.00

0.00

0.00

0.28

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.07

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.''l0

0.00

0.20

0 " 60

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.90

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0. 00

0.00

0.00

0.00

0.00

0.20

0. 00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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JÀN FEB

1930

MAR ÀPR ocr NOV DEC

1

2

3

4

5

6

7

I
9

10

11

12

13

14

15

16

18

19

20

21

.))

23

24

26

27

2B

29

30

31

0.05

0.00

0..05

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0 " 00

0.00

0 " 00

0 " 00

0.00

0.00

0.10

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

1.s0

0.40

0.00

0.40

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.80

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.02

0.00

0.10

0.00

0.00

0.00

0.û0

0.00

0.00

0.00

0.03

0.00

0.35

0.02

0.02

0.00

0.55

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.15

0.00

0.00

0.00

0.05

0.00

0.65

0.00

0.20

0. 00

0.40

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.05

0.00

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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JÀN FEB

1931

MÀR APR ocr NOV DEC

1

2

3

4

R

6

7

B

9

10

11

11

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

û.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 .71

0.29

0.04

0.00

0.00

0.00

0.27

0.44

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.'10

0.00

0.00

0.60

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.09

0.00

0.00

0.00

0.00

0.00
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1932

JAN FEB MAR APR ocT NOV DEC

1

')

3

4

tr

6

7

B

9

10

1'1

12

'13

14

15

16

17

18

19

20

21

)t

23

24

25

26

27

28

29

30

31

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.40

0.00

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.'1 0

0.00

0.00

0.00

0.40

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.45

0.00

0. 00

0.00

0.20

0.00

0.35

0.00

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Cr .00

0.00

0.00

0.00

0.35

0.14

0.00

0.00

0.00

0.43

0.06

0.00

0.00

0.00

0.09

0.08

0 .02

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.52

0.00

0. 00

0.05

0.00

0.45

1.05

0.79

0.00

0.00

0.00

0.35

0. 00

0.10

0.00

0.00

0.0s

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.17

0.11

0.00

0.00

0.60

0.00

0.00

0.20

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



JAN FEB

1933

MÀR ÀPR

0.10

0.00

0.00

0.07

0.00

0.00

0.00

0.00

0.50

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.13

0.00

0.02

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0 " 00

0.00

172

DEC

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.03

0.02

0.01

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.00

0.00

OCT NOV

1

a

3

4

5

6

7

I
9

10

11

12

13

14

lÈ

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

0.00

0. 00

0.00

0.00

0.20

0.00

0.20

0.00

0.00

0. 00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0. 00

0.00

0. 00

0.00

0. 00

0.00

0. 00

0.00

0.00

0"40

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.09

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.9,6

0,00

0"10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.20

0.00

0.30

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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1934

JAN FEB MAR ÀPR ocr NOV DEC

1

2

)

4

q

6

7

I
9

10

11

12

13

14

15

tb

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

0. 15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.00

0.20

0.00

0.20

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.50

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.30

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.11

0.45

0.00

0.00

0.00

0. 04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. s9

0.00

0.10

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.10

0.00

0.40

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.30

0.00

0.00

0.00
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1935

JAN FEB MÀR ÀPR ocr NOV DEC

1

2

3

4

tr

(r

7

I
9

i0

11

t¿

11

14

15

16

1'7

1B

19

20

21

aa

24

25

26

27

28

29

30

-1 I

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.30

0.00

0.00

0.20

0.30

0.00

0.00

0.20

0.20

0.40

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0. 70

0.10

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.14

0.31

0.00

0.00

0.00

0.00

0.06

0.00

0.00

0.00

0.00

0 .02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.26

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.36

0. 99

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.09

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0 .04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



1936

JÀN FEB MÀR APR ocT NOV DEC

175

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.30

0.00

0.00

1

2

3

4

tr

6

7

I
9

10

'1 
1

12

12

14
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5

7

B

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

)Ê,

26

27

28

29

30

31

0.00

0.00

0. 05

0.00

0.00

0.00

0.07

0.00

0.00

0.00

0.00

0.0.1

0.00

0.00

0.00

0.20

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.06

0.00

0.21

0.00

0.06

0.00

0.21

0. 06

0.26

0.00

0.00

0 .02

0.00

0.00

0.00

0.00

0.03

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.11

0.00

0.00

0.38

0.00

0.00

0.00

0.12

0.08

0.00

0.00

0.02

0.00

0.00

0.00

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.08

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0 .12

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 35

0"45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.40

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.52

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.00

0.00

0.00

0.00

0.00

0.00
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1

2

3

4

Ê

6

7

B

9

10

11

12

13

14

15

16

18

19

20

21

23

24

¿5

26

27

28

29

30

31

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.20

0.00

0.00

0.00

0.00

0.05

0.1s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.15

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.'1 s

0.00

0.03

0.02

0.00

0.60

0.10

0.00

0.00

0.20

0.70

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.18

0.01

0.00

0.00

0.00

0.00

0.00

0.81

0.04

0.01

0.00

0.00

0.00

0.0.1

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.07

0.16

0.03

0.00

0.00

0.00

0 .00

0.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0 .00

0.00

0.00

0 .00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.02

0.00

0.15

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.25

0.05

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.10

0.00

0.00

0.00

0.15

0.05

0.25

0.60

0.00

0.00

0.00

0.'15

0.00

0.0s

0.05

0.05
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JÀN FEB MÀR APR OCT NOV DEC

1

2

3

4

q

6

7

8

9

10

'1 
1

12

13

14

'1 5

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1ô

31

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.30

0.10

0.10

0.03

0.10

0.03

0.33

0.19

0.00

0.00

0.22

1 .05

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.07

0.00

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.1s

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.20

0.00

0.10

0.00

0.15

0.60

0.00

0.00

0.00

0.30

0.10

0.10

0.10

0.00

0.30

0.30

0.10

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.80
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1966

JÀN FEB MÀR ÀPR ocT NOV DEC

1

2

a

4

6

7

I
9

10

11

12

13

14

'1 5

16

17

18

19

20

21

22

24

25

26

27

28

,q

30

?1

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.05

0.00

0.10

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.05 ,

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.40

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.20

0.70

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.'l 0

0.00

0.00

0.00

0.00

0.00

0.10

0.05

0.00

0.00

0.00

0.00

0.00

0.09

0.00

0.01

0.01

0.00

0.00

0.00

0.00

0.43

0.00

0 .20

0.00

0.00

0.80

1.20

0.00

0.00

0.00

0.05

0.00

0.03

0.00

0. t0

0.00

0.00

0.00

0.00

0.00

0.00

0.35

0.04

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.75

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.05

0.15

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.20

0.00

0.00

0.0c

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00
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0.00

0.00

0.15

0.1tJ

0.10

0.00

0.00

0.20

0.05

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.10

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.45

0.05

0.00

0.00

FEB MAR ÀPR ocT NOV DEC

1

a

3

4

5

6

7

B

9

10

'1 
1

12

1?

14

15

lb

17

1B

19

20

21

22

23

24

25

26

)1

28

29

30

?l

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.05

c.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.58

0.20

0.00

0.35

0.00

0.00

1 .85

0.98

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.35

0.00

0.00

0.00

0.00

0.00

0.87

0.13

0.08

0.00

0.00

0.02

0.90

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.22

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.04

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.10

0.00

0.10

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.35

0.0s

0.00

0.00

0.00

0.00

0.00

0.40

0.00

0.00

0.20

0.00

0.05

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.15

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.04

0.00

0.00
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JÀN FEB MÀR APR OCT NOV DEC

1

2

3

4

q

6

7

B

9

10

11

12

13

14

Itr

16

tt

1B

'1 
9

20

21

¿¿

23

24

25

26

27

2B

29

30

3'1

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.10

0.'10

0.00

0.00

0.00

0.00

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.'10

0.25

0.00

0 " 00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.05

0.26

0.10

0.00

0.00

1 .00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0"00

0.00

0.00

0.00

0.71

0.97

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 .27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.22

0.68

0.00

0.05

0.00

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0.00

0.30

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.05

0.05

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.10

0.00

0.00

0.00

0 "20

0.00

0.'10

0.00

0.00

0"00

0.00
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4
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6
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9
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14

1tr

16

17

18
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20
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24
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30
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1969

MAR ÀPR ocr NOV DECJÀN FEB

0.00

0.00

0.00

0.00

0.10

0.00

0.40

0.00

0.00

0.00

0.00

0.30

0.'10

0.20

0.20

0.00

0.05

0.00

0.10

0.00

0.15

0.15

0.05

0.00

0.00

0.25

0.00

0.00

0. 1s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.05

0.00

0.05

0.05

0.30

0.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.02

0.00

0.00

0.07

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.07

0.00

0 " 00

0.00

0.00

0.15

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.06

0.00

0 " 00

0.00

0.00

.0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.20

0.00

0.00

0.00
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0.05

0.00

0 " 00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.11

0.00

0"84

0.04

0. 04

0.10

0.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.11

0.06

0.00

0.00

0.02

0.00

0.00

0.00

0.12

0.00

0.00

0.00

0.00

0.00

0.00

0.16

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.10

0.00

0.00

0.20

0.20

0.10

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.15

0.00

0.00

0. 00

0.00

0.20

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.05

0.05

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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a

3

4

q

6

7

8

9

10

11

12

13

14

15

tb

17

18

19

20

21

))
23

24

25

26

a-

28

29

30

31

0.00

0.0s

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.'10

0.05

0.00

0.00

0.00

0.00

0.40

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.05

0.10

0.05

0.00

0 " 00

0.00

0,05

0.05

0.15

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.15

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0. 00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.19

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.10

0.'10

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0"00

0.00

0.20

0.35

0.00

0.00

0.00

0.00

0.00

0.15

0.05

0.05

0.05

0.05

0.0s

0.00

0.00

0.20

0.00

0.00

0.10

0.10

0.00

0.05

0.10

0.00

0.05

0.00

0.00

0.15

0.31

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0"10

0.00

0.00

0.00

0.00
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0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.0s
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0.00

0.00

0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.20

0.15

0"00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.0'1

0.07

0.0s

0.10

0.00

0.00

0.38

0.01

0.00

0.14

0.00

0.07

0.12

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.08

0.04

0.04

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.24

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.56

0.08

0.00

0.00

0.00

0.24

0.00

0.00

0.00

0.00

0.05

0.00

0.00

0.00

0.17

0.00

0.17

0.00

0.00
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0.00

0.00

0.04

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.i7
0.51

0.00

0.16

0.00

0.00

0.08

0.00

0.00

0.00

0.56

0.00

0.00

0"00
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JAN FEB MAR APR OCT NOV DEC

1

)

3

4

r

6

7
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9

10

11

12

13

15

tb

17

18

19

20

21

22

¿3

24

2r5

26

28

29

30

31

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

û.08

0.00

0.04

0.00

0.00

0.00

0.04

0.00

0 .12

0.00

0.00

0.00

0.04

0 .02

0.00

0.00

0.00

0.04

0.02

0.02

0.00

0.00

0.00

0.00

0 ,17

0.24

0.00

n )¿.

0.32

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.13

0.00

0.00

0.02

0.00

0.00

0.00

0 .02

0.00

0.08

0.00

0.00

0.00

0.00

0.09

0.06

0.00

0.00

0.00

0.10

0.04

0.00

0.00

0.00

0.00

0.09

0.28

0.36

0.00

0.00

0.00

0.14

0.39

0.00

0.20

0.00

0.20

0.00

0.20

0.00

0.00

0.28

0.08

0.05

0.00

0.06

0.00

0.00

0.00

0.14

0.35

0.18

0. 00

0.00

0.00

0.04

0.00

0.25

0.00

0.00

0.00

0.08

0.34

0.00

0.00

0.00

0.9i

0.59

0.28

0.00

0.00

0.17

0.00

0.0c

0.00

0.24

0.00

0.08

0.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.16

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0"00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.12

0.16

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.10

0.04

0.00

0.00

0.00

0.00

0.00

0. 0B

0.00

0.04

0.00

0. 04

0.05

0.10

0.00

0.02

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00

0.00
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0.00
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0.00
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0.00
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0.00

0.00
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0.06

0.00
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0.00

0.00

0.00

0.00

0.00

0.06

0.04

0.39

0.02

0.00

0.00

0.00

0.00

0.17

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.04

0.02

0.00

0.24

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0"00

0 " 00

0"00

0 " 00

0 " 00

0.00

0.00

0.08

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.17

0.00

0.00

0.00

0.00

0.08

0.98

0.20

0.00

0.04

0.00

0.00

0.28

0.00

0 "20

0.00

0.00

0.00

0.00

0.00

0.00
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0.00

0.00
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0.20

0.08

0.00

0.18

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 00

0.00

0. 08

0 " 00

alô

0.00

0.00

0.04

0.04

0.06

0.00

0.00

0.00

0.04

0.00

0.00

0.00

0.00

0.04

0.10

0.08

0.00

0.00
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0.20
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0.20
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0 " 06
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0.00

0.06

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

1.18

0.00

0.00

0.00

0.00

0 " 00

0.10

0.10

0.00

0.00

0.00

0.00

0.13

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0 " 00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.23

0.06

0.00

0.09

0.09

0.00

0 " 00

0"00

0.14

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.08

0.00

0.00

0.24

0.00

0.00

0.08

0.00

0.00

0.00

0.00

0.20

0.02

0 " 00

0.00

0 .71

0.08

0.00

0.00

0.00

0.00

0.08

0.00

0.33

0.55

0.00

0.00

0.00

0.06

0.04

0.00

0.00

0.00

0.i0
0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0 "20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0. 06

0.00

0.04

0.16

0.00

0.00

0.00

0.00

0.00
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0 .49

0.17

0.00

0.00

0.00

0.00

0.00

0"00

0.00

0.00
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0.'1 6

0,00

0.08

0.00

0.00

0.00

0.14

0.00

0. 04

u. tb
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0.00

0.06

0.00

0.00
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0.04

0"00

0.00

0.00
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0.00

0.00

0.00

0.00
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0.00
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0.39

0.00

0.00
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0 " 00
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0.00

0.00

0.00

0.00

0.00

0.00
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0.26

0 "47
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0.87
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0.00
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0.00
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0.24
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0.00
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Appendix D

TABT,E 1 - ESTIMÀTED SNOW ÀCCIT}ÍULÀTION SEÀSONS

for períod of record 1925 to 1982

WI NT¡']R
START OF SNOW

ÀCCUMULÀTTON
END OF SNOW
ÀCCUMULATI ON

1925

1 926

1 927

1 928

1929

1930

1931

1 932

1933

1 934

1 93s

1 936

1 937

'1938

1 939

1 940

19 41

1942

1 943

1944

1 945

1 946

19 47

1948

1 949

1 950

1 951

1 952

1 953

1 926

1 927

1928

1 929

1930

1931

1 932

1933

1934

1935

1 936

1937

1938

1939

1940

1 941

1942

1 943

1 944

1945

1946

194'7

1 948

1 949

1950

1 951

1952

1 9s3

1 954

Nov 24

Nov 15

Nov 11

Dec 1

Nov 20

Nov 15

Nov 22

Nov I
Nov 1

Nov 27

OcL 29

Nov 1

Nov 14

Nov 20

Dec 1B

Nov 21

Nov 16

Nov 17

Lrec ¿

Nov 17

Nov 5

Nov '1 6

Nov I
Nov 17

Nov 19

Nov I
Nov 1

Nov 22

Dec 2

_ 141

Mar

Àpr

Mar

Àpr

Àpr

Mar

Àpr

Mar

Àpr

Àpr

Àpr

Apr

Mar

Apr

Àpr

Apr

Apr

Àpr

Àpr

Àpr

Mar

Àpr

Apr

Mar

Apr

Àpr

Àpr

Mar

Apr

20

9

19

)

1

31

4

2B

4

7

9

7

14

1

13

9

13

3

9

20

20

11

16

31

14

14

)1

4
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1954

1955

1 956

1 957

1 958

'1 959

1960

1 961

1 962

1963

1 964

1 965

1966

1 967

'1968

1969

19',7 0

197 1

197 2

197 3

197 4

1975

197 6

197 7

197 I
197 9

1980

1 981

1955

1 956

1 95?

1 958

1959

1960

1 961

1962

'1963

1964

1 965

I vbb

1 967

'1 968

1969

197 0

19'7 1

1972

197 3

197 4

197 5

197 6

1977

197 B

197 9

1980

1 981

1982

Nov

Nov

Nov

Nov

Nov

Nov

Nov

Nov

Dec

Nov

Nov

Nov

Oct

Nov

Nov

Nov

Nov

Nov

Oct

Nov

Nov

Nov

Nov

Nov

Nov

Nov

Nov

Nov

îq

11

14

15

23

1

I
a2

4

20

18

12

31

1tr

q

12

19

20

)'7

)

20

20

21

19

10

23

30

1B

Mar 31

Àpr 9

Mar 19

Àpr 10

Àpr 2

Apr 9

Àpr 18

Àpr 16

Mar 21

Àpr 2

Àpr 7

Àpr 16

Mar 22

Àpr 2

Apr 4

Àpr 21

Àpr 5

Àpr B

Àpr 1I

Àpr 9

Àpr 9

Àpr 13

Apr 4

Mar 25

Apr 13

Mar 27

Mar 28

Àpr 2
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APPENDIX E

SYNTHETIC SNOW SEASON
ACCUMULATION IN INCHES OF WATER

OCTOBER 27 TO APRIL 2I
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