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ABSTRACT 

The main objective o:f this thesis is to :find an 

acceptable method with which to measure the winter 

prec ipi tat ion 

Saskatchewan. 

in the major internal drainage basins in 

These internal basins constitute twenty per 

cent o:f the settled land area o:f the province. Using 

stochastic hydrological in:formation, precipitation was 

demonstrated to be the controlling :factor in the level o:f 

four-closed lakes within £our of the :five major drainage 

basins (Old Wives Lake Complex, Quill Lakes and Assiniboine 

Plain Complex, Snipe Lake Plain Complex and Moose Mountain 

Complex). For the fi:fth basin (Great Sand Hills Complex) 

data were insuf:ficient to permit a valid analysis. 

A case study showed that the winter precipitation 

data :for Big Quill Lake could be used to predict the water 

balance :for the lake plain section o:f the basin. With this 

understanding, it was possible to design a new technique £or 

measuring winter precipitation using the recorded 

hydrostatic pressure :from beneath the ice surface o:f a 

closed lake. The new technique is necessary because the 

present network is either too sparse in these basins or 

extension too expensive to be used to give areal snow cover 

in£ormation. The hydrostatic pressure data provided a single 

value :for winter precipitation which was accurate :for ninety 

per cent o:f the Big Quill Lake drainage basin. 

The parameters necessary for the calibration 

equation were then drawn up as a conceptual model which 
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would permit the snow cover o£ the remaining three major 

internal drainage basins (Old Wives, Snipe Lake Plain and 

Moose Mountain Complexes} to be analysed given the necessary 

data. The conceptual model provides an estimate o£ the 

precipitation resulting £rom a single storm. 

Another model was developed £rom which it was 

possible to £orecast winter precipitation £or any o£ the 

£ive basins studied £rom in£ormation derived £rom one o£ the 

basins. At the present time the model developed is not 

capable o£ dealing with the comlexities o£ the duration and 

direction o£ the storm movement. Thus the application o£ the 

present model is limited to single basins. The technique 

is, however, not limited to the internal basins described 

but could be used in any closed lake where ice £orms during 

the winter months. 
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CHAPTER 1. INTRODUCTION 

1.1 Signi£icance and Objectives 

Precipitation is the major source o£ sur£ace water 

and is received in two £orms: liquid and solid. Generally 

winter precipitation.can be stored more easily in its £rozen 

state than liquid rains. Saskatchewan's low winter 

temperatures allow the snow to accumulate as a vast natural 

storage which is capable o£ supplying a tremendous amount o£ 

water £rom runo££. 

Snow has been measured £or centuries, and yet the 

lack o£ accuracy in snow measurement continues to be a 

persistent problem. The sparse network o£ point measurement 

sites in Saskatchewan does not allow proper utilization o£ 

this rescurce £or £arm £orecasts or water management. At 

present £lood prediction £or melting snow is poorly 

developed at best mainly due to inadequate and incorrectly 

appLied data. The ine££ectiveness o£ point measurements o£ 

snow£alt is due to a number o£ £actors: the variability o£ 

snow£all within a region; transport and redistribution o£ 

snow cover by wind; changes in areal variation o:f snow 

density due to the processes o:f densi£ication o£ the snow 

cover (Gray, 1969). Thus an alternative to the point method 

is required to provide an areal measurement rather than a 

point estimate o£ winter precipitation or snow cover. 

A total snow cover in an internal drainage basin 

can be estimated using the hydrostatic pressure below the 

1 



ice·cover o£ a closed take provided that its sur£ace area is 

a signi£icant proportion o£ the total basin area. The ratio 

of lake area to basin area necessary for an estimate wilt be 

determined in the study• When the surface of a closed lake 

is frozen, the ice surface transmits the weight of the 

overlying snow cover as a pressure which is distributed 

evenly throughout the lake, as tong as the take remains 

closed. The measured pressure at any point under the ice 

gives the increased weight from the precipitation whether 

this occurs in a solid or liquid form• Thus it may be 

possible to measure the winter precipitation o£ an internal 

drainage basin more accurately by using the frozen lake 

sur~ace in tbe sense o~ a sensitive balance. 

The objectives of this study, there~ore, are to 

examine tbe nature and distribution of the major internal 

drainage basins and closed lakes in Saskatchewan; to 

demonstrate that winter precipitation is the major component 

which ccntrols the level of closed lakes when the sur£ace is 

frozen; to develop a technique which witt provide more 

accurate determination of winter precipitation in an 

internal drainage basin; and to evolve a model which will 

permit the application o£ this 

precipitation to other internal 

Saskatchewan. 

2 
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1.2 The nature o£ the problem 

The study will concentrate on the £ive basins which 

contain the majority o£ the closed lakes in the province. 

The physical characteristics such as relie£, climate, soil, 

vegetation and hydrology o£ these internal or terminal 

basins will be examined. Based on the hydrology of the lakes 

within "these £ive basins, certain closed lakes will be 

inves~igated to determine whether or not they could be used 

as an instrument to measure the winter precipitation. The 

application o£ the standard point instruments and the normal 

areal methods of determining an 

precipitation witt also be analysed. 

estimate o£ winter 

Further, a case study 

o£ the largest of these lakes, Big Quilt Lake, will be 

investigated to develop a measurement technique which, it is 

hoped, will have application for other areas. The 

characteristics of Big Quilt Lake and its basin, and 

methodology and instrumentation necessary to measure the 

winter precipitation will be examined, using three 

procedures on seven experiments. Also, the procedures that 

will be necessary to construct a model of a network of these 

stations on a provincial scale witt be examined. 

An internal drainage basin can be distinguished 

from an open basin by its topography and hydrology. All 

points in the internal basin drain into a lake or series of 

lakes below the elevation of the boundary or perimeter o£ 

that basin. An internal basin is endorheic. 1 

As early as 1896, Russel recognized that annual 
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precipitation was an important parameter in the stability o£ 

a take's volume. Langbein (1961) was able to relate climate 

to topography by showing (Figure 1) that the probability o£ 

a closed lake existing is greater where the sur£ace area of 

the lake varies inversely as a £unction o£ the changes in 

elevation per unit of horizontal distance in the tributary 

area. In Saskatchewan, glaciation has created a landscape 

which increases the probability o£ an 

or terminal basin. 

interrupted drainage 

More than twenty percent of the settled portion o£ 

the province consists of internal basins (Table 1 ) • There 

are five zones in which endorheic basins are dominant. These 

are the Old Wives Lake Complex, Great Sand Hills Complex, 

Quilt Lakes and Assiniboine Plains Complex, Snipe Lake Plain 

Complex and Moose Mountain Upland Lake Group (Table 1' 

Figure 2 ). 

Snow is generally twenty percent o:f the year's 

supply o:f precipitation in southern Saskatchewan 

( Godwin , 19 6 1 ) • It accumulates from November to April due to 

the below freezing temperatures, absence of runo:f£ and with 

relatively tittle evaporation. The only runo:ff to these 

lakes from melting snow occurs in the spring and :from a few 

very large storms in the summer. The runof£ is drawn £rom 

the tributary area, which is normally many times larger than 

the lake's surface area. As a consequence, refilling o:f the 

lakes only occurs at these times. 
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PERCENTAGE OF CLOSED LAKES 

FIG. 1 DISTRIBUTION OF LAKE AREA AT OVERFLOW··· 
TO TRIBUTARY AREA 

THIS GRAPH SHOriS HO\'/ THE TOPOGRAPHY AFFECTS THE NU~~BER OF CLOSED LAKES. 

THERE \-/ILL BE ~ .. 1ANY LAKES ~/HEN THE TOPOGRAPHY ALLO\·/S FE\~ AREAS TO OVERFLOV/ 

* SOURCE: W.B. LANGBEIN, SALINITY AND HYDROLOGY OF CLOSED LAKES, 

USGS PROF. PAPER 412 (1961) P. 4. 
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; TABLE 1 
AREAS OF CLOSED BASINS IN SOUTHERN SASKATCHEWAN* 

(square miles) 

Internal Drainage Basins: 

1· Qld Wives lake Complex 
Old Wives lake 5,410 
Willowbunch lake Group 1,410 
Rush lake 990 
Shoe lake 400 

2. Great Sand Hills Complex 
Many Island lake 230 
Big Stick lake 1,010 
Hay lake 80 
Crane lake 330 
Skull lake 210 
Antelope Lake 420 
Great Sand Hill Group 3,050 

5,330 

3. Quill lakes and Assiniboine Plains Complex** 
Quill lakes 3,450 
little Manitou Lake 840 
lenore Lake Group 1,150 

5,440 

4. Snipe lake Plain Complex 
Whitebear lake 260 
Coteau Group 80 
lucky Lake 310 
Goose Lake 1,640 

2,290 
associated basins along the M1ssouri Coteau 

Manito Lake 1,320 
Kindersley Lake Group 2,960 
Whiteshore Lake 1,210 
Redberry lake Group 500 

5. Moose Mountain Upland Group 950 

5,990 

950 

The remainder of the southern half of the province 
is 103,680 square miles. 

* Adapted from Saskatchewan Department of the Environment, 
January, 1972. 

** Last Mountain Lake is not included as an internal basin 
in this table. 
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FIGURE 2 

LOCATION MAP - SOUTHERN H.'l.LF OF SASKATCHEWAN 

SCALE 1 INCH = 90 MILES 

55°~~~----,---------~----~---,~~.-~~-.a 
73-K . 73-J 73-1 . " 63-L . 

MEADOW 
54o LAKE• 

73.-F 

MAJOR INTERNAL DRAINAGE BASINS 

1. OLD WIVES LAKE BASINS COMPLEX 

2. GREAT SAND HILL COMPLEX 

3. QUILL LAKES AND ASSINIBOINE PLAINS COMPLEX 

a. Quill Lakes 

b. Last Mountain Lake 

c. Lenore Lake Group 

4. SNIPE LAKE PLAIN COMPLEX 

a. Snipe Lake Plain Group 

b. Whiteshore Lake Group 

c. Redberry Lake Group 

5. MOOSE MOUNTAIN GROUP 

SOURCE: J.H. Richards & K.I. Fung, Atlas of Saskatchewan (Saskatoon, 
Univ. of Sask., 196~). p63. 
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The contribution o£ rain£all, to the lake level, is 

largely negated by evaporation. This e££ect causes the 

lake's summer water balance to be negative. However, a 

positive annual balance in lake level may be produced 

because the smaller winter precipitation is held within a 

larger contributing area and produces quick runof£ into the 

lake, but generally, southern Saskatchewan lakes do not 

record a positive water budget. 

The lack o£ records, except at a few locations, 

makes accurate prognosis o£ the budget difficult. Using 

spectral analysis on the Regina winter precipitation, 

extreme snowfall should be expected in three, six, and 

sixteen year cycles (Davenport, 1974). A minimum snowfall 

should appear every £ourth year. In the Prairies where the 

standard deviation o£ precipitation is more than thirty 

percent of the average, extremes in precipitation are 

likely. As the World Meteorological Organization publication 

questions when discussing the West African drought: "Is the 

reduced rain£all of recent years part of a long-term trend; 

a temporary phase in a cyclic phenomenon or only a sample o£ 

a random distribution?n2 The question of the nature o:f 

trends will be discussed only in relation 

drainage basins o£ Saskatchewan. 

to the internal 

The distribution o:f the internal basins is, 

dependent upon a topography which has a disrupted drainage 

pattern and upon the extremes o:f a climate which is 

essentially sub-humid. The main control on the lake's budget 

is precipitation. 
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Except £or a few specialised studies3 and three 

original maps 4 of the distribution o£ accumulated snowfall 

in Saskatchewan, the information on winter precipitation is 

incomplete. The. standard climatological map of snowfall is 

given in Figure 3a, but this map does not give any detail of 

snow cover on the ground (Figure 3b). Part of the problem 

lies in the distribution of the measurement network and in 

the nature of the parameter that the network is measuring. 

The point sensor method of snow measurement assumes that 

snow falls uniformly: that is, from a stationary and 

homogeneous storm, or that the gauge network has the same 

probability distribution as all the storms measured by the 

network. An estimate of the number of years of required 

records 5 to approximate the probability of distribution of a 

storm is given by: 

YS = lO -8.3 (log10Kd + 0. 328) 
at 80% accuracy where (1.1) 

where T 
y 

Kd = 1 

i' (P. 
2

) 2 1. y 

i = l,n 
= time spent with each air mass 

Pi = the average amount of precipitation from each air mass 

YS = 1 year when Kd = 0.5 ,where YS is number of years 
YS = 10 years when Kd = 0.35 

This study by Houghton (1974) revealed that for the

Great Sa~t Lake area the number of years for which records 

are required is between one and ten. Such a study of winter

air mass frequency is not available for Saskatchewan 7 so 

that on~y indirect comparisons can be made. 
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1931 to 1960 
{inches) 

fiG.3aMEAN ANNUALAMOUNT of SNOWfALL 
for the southern half of saskatchewan 

. Data from J.H. Richards and K.I. Fung, ~tlas of Saskatchewan. 

(Saskatoon: Univ. of Sask.,l969). p.56. 
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(inches) 
( scale: 1 in. = 90 mi.) 

FIG. 3 b MEAN SNow DEPTH on· February 28 
1941 to 1965 

t 

for the southern half of Saskatchewan 
Data from G.A. MacKay and H.A. Thompson, Snow Cover in the 
Prairie Provinces of Canada, Transactions of A.S.A.£., Vo1.II, No. 6. (1968) p. 814. --
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The physical conditions which control the snow 

pack's composition at the time o£ the snowfall are wind, 

temperature, evaporation, geographical location and sur£ace 

obstructions. Arkhipova (1966) states that wind causes 

depletion o£ the snow pack and this is a £unction o£ wind 

speed and temperature. Blowing snow starts at 3 ms-1 ( 7 

aph) with eighty to ninety per cent within ten centimeters 

o£ the gTound (Molochinkov, 1939). Further, the crystal 

structure of the snow changes in response to temperature and 

atmospheric moisture de£icit (Mason, 1962). 

I£ winter precipitation accumulated where it :fell 

and amounted to r at points: x,y then the mean value (u) 

over the whole catchment area (A ) would be the integral 

expressed algebraically as6 

u = 
AtJrcx,y) dx dy 

J dx dy 
At 

Since in practice the 

(1.2) 

function r( x,y) is never 

known, a numerical estimation is made o:f a series of point 

snow gauges. 

r(x,y) = E r. (x. , y .. ) 
l 1 ~ 

i = l,n 

(1.3) 

The number of years, YM, to obtain an eighty per 

cent accuracy of the mean with respect to time using the 

multipoint method is 7 

11 3 ( log v + 0.796) + 1 
YM = • 10 y 0.8 

(1.4) 
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where V = coe~£icient o£ variance = Standard Deviation 

Mean 

This accuracy in Saskatchewan is attained after 

fifteen years of continuous records. The problem caused by 

the scarcity o:f individual gauges may be avoided in part by 

studying more storms so as to decrease the periodicity 

between the actual value and the mean .value if the storms 

are considered random. This will, however, result in an 

overestimation in the estimate of error. 8 

Once the snow is on the ground and in a static or 

stable position, errors in measurement o~ the snow pack will 

continue. The physical conditions which control the snow 

pack's composition at the time of measurement are dynamic 

and not static. The temperature must be uniform for the snow 

pack to be uniform in density. Major losses by evaporation 

can occur when the air temperature is greater than 32 deg. 

F., or by percolation when the soil temperature 

than the melting point of the snow. 

is greater 

Further, the precipitation received by ~he internal 

basin is controlled and altered by many physical factors. 

The various internal basins exhibit differences in 

hydrotogyt soils and vegetation, therefore, it is necessary 

to compare the nature and characteristics o~ the five basins 

under consideration. 
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1 .3 Footnotes 

1Endorheic regions are ones in which rivers arise, 

but do not reach the sea. This de£inition is :from G. E. 

Hutchinson, A Treatise on Limnology, Vol. 1 (New York: J. 
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CHAPTER 2. 

THE NATURE OF INTERNAL DRAINAGE BASINS 

IN SASKATCHEWAN 

2.1 Physical Se~~ing9 

~here are :five maJor in~ernal drainage basins which 

con~ain ~he maJori~y o£ the closed lakes in ~he province o£ 

Saskatchewan (Figure 2, page 7). In ~he presen~ chap~er, the 

physical parameters o£ each o£ these basins will be examined 

in order ~o identi£y ~he £ac~ors which determine ~hat closed 

lakes wilt occur within a par~icular basin. The parameters 

which are relevant ~o such a study are location, ~opography 

or basin shape, clima~e, soil material, 

hydrology. The hydrology introduced in 

vegatation and 

this section is 

concerned only with ~he direction o£ £low and ~otal basin 

runo££. The hydrology o£ the closed takes including 

groundwa~er will be discussed in Chapter 3. 

2.1.1 The internal drainage basins 

"In~ernal basins" were introduced in the :first 

chapter as being complexes or groups o:f takes. The largest 

o:f these complexes is "Old Wives Lake Basin" and is located 

in the central settled part o£ the province. Old Wives Lake 

and the Willowbunch Group are sub-basins (Table 1, page 6) 

and contain the only lakes o:f signi£icant size in this 

complex. A second maJor complex lies Wes~ o:f Old Wives Lake 

in ~he "Great Sand Hilts Complex", which includes ~wo large 
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sub-basins, Big Stick Lake and the Great Sand Hills Group. 

The third internal basin is situated in the south cen~ral 

section o:f the province and has been named the "Quilt Lakes 

and Assiniboine Plain Complex"• This basin is composed o:f 

:four sub-basins: Lenore Lake Group, Quill Lakes, Las~ 

Mountain 10 and Little Manitou. The :fourth major internal 

drainage basin has been called "Snipe Lake Plain Complex"• 

This basin consists o:f ~he :following groups which lie along 

the Missouri Coteau north o:f the South Saskatchewan River: 

Coteau Group, Lucky Lake, Goose Lake, Whitebear Lake, Manito 

Lake, Kindersley Lake Group, Whiteshore Lake; and Redberry 

Lake sub-group. The :fi£th and last internal drainage basin 

that will be discussed is the "Moose Mountain Upland 

Complex"• This basin is located in the southeastern part o£ 

Saskatchewan. 

2.1.2 Old Wives Basin Complex 

There are six maJor natural lakes and one large 

reservoir within this endorheic basin (Figure 4); these are 

Chaplin Lake, Old Wives Lake (previously called Johnstone 

Lake ), Lake o£ the Rivers, Willowbunch Lake, Big Muddy Lake 

and Twelve Mile Lake. All except Twelve Mile Lake tie along 

a linear trough to the west o:f Missouri Coteau. 
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Twelve Mile Lake, in the south central part o:f the 

basin, drains an area o:f almost three hundred square miles. 

It over~tows (and very rarely at that) only during :flood 

periods when the lake level is above an attitude o:f 2470 

:feet above sea level. Only this lake and Old Wives Lake 

have overflowed in historical times (Freeze, 1969), the last 

t i 111e in 1931. They are therefore the least saline o:f the 

six lakes. Old Wives Lake may overflow at 2188 :feet above 

sea level into Chaplin Lake but normally £low is in the 

reverse direction into Old Wives Lake. Old Wives Lake 

receives runo:f:f :from the north and west; runo:f:f to Lake o:f 

the Rivers and Willowbunch Lake comes :from the south and 

east. Outflow :from the complex to the Missouri River System 

could only occur under certain circumstances, such as when 

the :five lakes along the trough would reach 2200 :feet above 

sea level at the south end o:f the trough. This has not 

occurred in historic times. The runo:f£ :for the region is 

approximately 0.54 to 0.64 inches per year o:f which 0.03 to 

0.07 inches is groundwater base :flow. 11 The annual 

groundwater recharge is 0.10 to 0.15 inches per year. 

The climate o:f the whole basin has been described 

as coot, semi-arid continental with warm summers and cold 

winters. The mean monthly temperature is below 32 deg. F. 

from November to March and above 50 deg. F. :from May to 

September. The average annual temperature is 37 deg. F. 

with a January mean o:f about 6 deg. F. and a July mean of 

about 67 deg. F. Annual precipitation is approximately 

:fourteen inches with twenty per cent :falling from November 
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to March, 1 ~ most £alls between May and September, with the 

maximum in June. The area there£ore has a moderate moisture 

de£icit o£ seven to nine inches. About £i£ty percent o£ the 

winds blew £rom the southwest, and consequently the relative 

humidity is generally low (Godwin, 1961 ). 

Soils in the lake plains and Uplands belong to the 

Brown soil group. Twenty-£ive percent o£ the material o£ the 

Old Wives Lake basin plain is o£ lacustrine and glacial 

£luvial origin with mixed clayey and loamy textures. The 

£our remaining lake plains (Lake o£ the Rivers, Willowbunch, 

12 Mile and Big Muddy Lakes) are £ormed mainly o£ regosols. 

Some areas o£ native vegetation remain especially in the 

areas o£ salt 

cultivation. 

£tats, sloughs and areas unsuitable £or 

2.1.3 Great Sand Hills Complex 

The Great Sand Hills Complex derives most o£ its 

water £rom streams £lowing north £rom the Cypress Hills 

(Figure 5). The north slope o£ the Cypress Hills ranges 

£rom 2700 to 4200 £eet above sea level and is drained by 

small intermittent creeks which £low into a number o£ 

undrained lakes and basins on the Big Stick Plain. These 

streams accumulate a £low o£ 60 acre £eet per square mile 

during the spring runo££.1~ 

The Big Stick Plain has a complex topography and 

ranges in elevation £rom 2300 to 2700 £eet above sea level. 
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The undulating to moderately rolling glacial lacustrine, 

alluvial, loessial, and coarse aeolian deposits are 

interspersed with strongly rotting till and outwash 

materials. Wind action has created sand £tats and sand 

dunes; the largest tract constitutes is the Great Sand Hills 

(Figure 5). 

The Great Sand Hills are composed mainly o£ wind 

worked £luvioglacial debris which have :formed a dune 

complex; the materials tack moisture-holding capacity. The 

:fragile landscape can easily be eroded by human activity and 

unusually large runo:f:f. The streams :from the Cypress Hills 

dissipate near these sand hilts, o£ten :forming alkali :fla~s 

where the spring runo£:f is dried by evaporation during the 

summer. Only the Swi:ft Current Creek :flowing :from the 

Shaunavon Plateau reaches the South Saskatchewan River, and 

its continuity is guaranteed only because o:f the arti:ficial 

storage o:f the Reid Reservoir. 

Vertical zonation in climate is very marked in this 

basin (Table 2). The Uplands, with their higher elevations, 

have a shorter and cooter growing season and higher 

precipitation. The plain is considered to be the most arid 

in Western Canada; it receives low summer precipitation, 

high temperatures, and high number o:f days without cloud and 

is therefore dominated by a moderately severe moisture 

limitation :for vegetative growth (Table 2). The Shaunavon 

Plateau has a moderate moisture de:ficit, along with minor 
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heat de£iciencies a££ecting plant growth• The Cypress 

Hills, in contrast, have moderate heat de£iciencies and 

limitations on the length o£ the growing season, but no 

major moisture de£lciency. 

TABLE 2 

THE . CLIMATE OF GREAT SAND HILL COMPLEX 

GREAT BIGSTICK SHAUNAVON CYPRESS 
INDICATOR UNIT SANDHILL$ PLAIN PLATEAU HILLS 

Mean January 
OF Temperature 14-16 12-14 12-14 10-11 

Mean July 
OF Temperature 66-70 66-68 64-66 59-64 

Acri. Degree 
Days 2800-3000 2500-3000 2500-2750 2000-2500 

Length of 
Gro\'li:ng Season days 183-193 174-184 174-184 174-179 

No. of Frost 
Free Days days 110-120 100-110 80-100 70-80 

Annua 1 Preci p. 

May to Nov. inches 10-14 12-14 14-16 16-18 

Precipitation inches 8-9 8-10 8-10 10 

Hater Deficit inches 
per 4 ft. 8-10 6-10 6-8 4-6 

j 

Source - ARDA Soil Capabilities for Agriculture, Map Sheet 72K, 
Land Capabilities Map, ti69. 
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The soils north o£ the Cypress Hills are Brown 

Chernozemic and Solonetzic, developed on medium to 

moderately £ine textured glacial tilt, lacustrine and coarse 

deposits. The Hills themselves have Brown, Dark Brown and 

Black soils with local areas o£ Gray Wooded Podzolic soils. 

This co~ptex arrangement is due to changes in climate and 

is altitudinal vegetation with elevation. Thus there 

succession £rom grassland to £orest. Within the Complex, the 

Brown soils are dominant but large areas consist o£ 

undi££erentiated regosols which have poor water retention 

due to coarseness. This decreases the drainage to the lakes. 

Soils o£ the Sceptre and Fox Valleys at the 

northern end of the basin have a better water holding 

capacity and are developed on medium and £ine lacustrine and 

alluvial deposits, and £ine tilt. South o£ the Fox Valley, 

the regosolic soils o£ the sand hilts start again. These 

soils not only lack water-holding capacity, but are also 

susceptible to wind erosion. This soil type covers 

approximately 500,000 ~cres. 

2.1.4 The Quill Lakes and Assiniboine Plains Complex 

The Quill Lakes Complex embodies three internal 

basins: Little Manitou Lake Basin, Lenore Lake Group Basin, 

and Quill Lakes Basin (Figure 6). Last Mountain Lake Basin 

is part o£ the Assiniboine Plain Complex and is included 

here as a closed lake because its in£low is larger than its 

out£ low, and there is occasionally no out£low. (This will 
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be substantiated in the next chapter.) It is, however, 

usually considered as part of the open Qu'Appelle Basin 

(Richards and Fung, 1969). 

The lakes lie in shallow depressions, or in glacial 

spillways, or/and may be blocked from flowing southward by 

morainic hills. Bounding the area are morainic uplands: 

Allan hills to the west, Touchwood Hills to the southeast, 

Minichinas Hills to the northwest, and the Lenore and 

Porcupine Upland to the northeast. A small hilly morainic 

area called the Last Mountain Upland lies east of Last 

Mountain Lake (previously called Long Lake). The spring 

runoff from these basins is in the order of 15 to 30 acre 

:feet per square mile.t• Because the hydrology of the lakes 

will be part of the next chapter, only a cursory description 

has been given above. In addition, Quill Basin witt be the 

major :focus o:f Chapter 5. 

The ·Lenore Upland is gently to strongly rolling and 

has an elevation of between 1875 and 1925 feet above sea 

level. The Minichinas Hills are also rolling but are 

considered to be a discontinuous moraine rising from 1700 

feet to height of 1900 :feet above sea level. The Porcupine 

Hills Upland, covered by shallow glacial deposits, is a 

plateau with an elevation of 1800 to 2500 feet. The 
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Touchwood Hills vary in elevation £rom 1700 to 2200 £eet and 

the Allan and Last Mountain Uplands are between 1625 £eet 

and 2200 £eet above sea level. The local relief in these 

moraine covered hills is between ten and eighty £eet. The 

plains have a small relie£, generally tess than ten £eet. 

According to the Koeppen classi£ication15 these 

closed basins are in a cold "forest" sub-humid ( D£b ) 

climatic region. Using Kendrew and Currie's (1955) climatic 

division, the Lenore Lake Group, the Quill Lakes, Little 

Manitou Lake and the northern hal£ of Last Mountain Lake are 

situated in a parkland region. The southern hat£ o£ Last 

Mountain is located in the grassland region. 

Thus, Last Mountain Lake is situated in two 

climatic zones. The precipitation in the southern semi-arid 

sector ranges £rom twelve to £ourteen inches with eight to 

ten inches £alling during the growing season. The northern 

sector, including the other basins, receives £ourteen to 

sixteen inches o£ precipitation. Ten to twelve inches £all 

£rom May to September. The moisture de£icit is about six to 

eight inches. The mean annual temperature in the Touchwood 

Hills is 33 deg. F. increasing to 36 deg.F. at the southern 

arm o£ Last Mountain Lake. The January mean temperature 

varies £rom 0 deg.F. to 3 deg.F. and the July mean 

temperature varies £rom 66 deg.F. to 69 deg. F. The 

£rost-free period is 90 to 100 days in the north, and 100 to 

120 days in the south. 

The native vegetation varies from the mixed Prairie 

grasses in the central and western regions to the Parkland 
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and Fescue Prairie in the eastern and northern sections. 

Soils on the Quill Lake Plain include thin Black 

Chernozemic to the north and Dark Brown to the south; there 

are extensive areas o£ saline Regosolic soils. The .Last 

Mountain Lake Plain lies mainly in the Dark Brown soil zone. 

The Allan Hilts, Minichinas Hills and Lenore Uplands consist 

o£ hummocky moraines and till and include some areas o£ 

coarse materials. The Touchwood Hills and Porcupine Hills 

include Dark Gray Wooded and some Gray Wooded soils; in 

these, local relie£ is o£ten strong and stoniness is common. 

Glacial lacustrine materials £orming the plains section 

three southern occupy 0.38 million acres and connect the 

lakes. These lacustrine materials are o£ variable texture 

and all are saline due to artesian aqui£er out£all. 

2.1.5 Snipe Lake Plain Complex 

The Snipe Lake Plain Complex has three divisions 

which contain the maJori~y o£ its internal lakes (Figure 2). 

All are associated with the disruption o£ the drainage by 

uorainic deposits on the Missouri Coteau. 

The two sub-basins between the North and South 

Saskatchewan Rivers, can be divided into £our groups: the 

Lucky Lake group is enclosed by the Missouri Coteau, the Bad 

Hills and the reverse slope trend o£ the South Saskatchewan 

Plain; the Snipe Lake Plain lies between the Missouri Coteau 

to the east and the Neutral Hills to the west; the Goose 

Lake Group is a swampy area between Eagle Creek (Bear Hills) 
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and the sandy hills along the west bank o~ the South 

Saskatchewan; the £ourth group, the Whiteshore Lake Group, 

lies north o£ the Bear Hills (Figure 7). Manito Lake (to 

the northwest o£ the map area) will not be considered 

'further because a high groundwater in'flow is suspected. The 

area underlying the lake and to the south o£ it consists o£ 

undif'ferentiated regosols, mainly sand dunes. Eighty per 

cent of the area between the North and South Saskatchewan 

Rivers is internally drained.16 

The soils of the first two divisions are developed 

from lacustrine and alluvial materials separated by morainic 

uplands. Sixty-five per cent o£ the area lies in the Brown 

and Dark Brown soil zones and the surface materials are 

mainly clay, clay loam or loam. Fi'fteen per cent lies in 

the Dark Brown soil, and the soil materials are mainly heavy 

and medium clay; the remainder consists o:f solonetzic, 

eroded chernozemic, regosolic and gteysotic soils. The north 

has a slightly cooler and shorter growing season than the 

south and the 'frost-'free period is from 90 to 105 days 

the north to the south respectively. 

:from 

The third division is a small groupo£ takes north 

o£ the North Saskatchewan River (Figure 8.). The biggest of 

this group is Redberry Lake. The soil, climate and 

vegetation o:f the lake plain are slightly different 'from the 

'former area, the higher parts o£ the Missouri Coteau being 

cooler and wetter. 
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Since the area o£ each individual basin is small and 

the vegetation and hydrology change signi£icantly between 

the~, it is not considered within the scope o£ this study to 

discuss the complex in greater detail. 

2.1.6 The internal basins o£ the Moose Mountain Upland 

~he last complex o£ the major internal drainage 

basins to be discussed is that o£ the Moose Mountain Uplands 

(Figure 6, page 26). The basins in this complex are 

dif£erent £rom those previously discussed. The dominant sol~ 

is Gray Wooded on strongly rolling, wooded moraine; the 

latter prevents the :formation o:f an e:f:ficient sur:face 

drainage system. Groundwater is a major inflow into the 

lakes o£ the area, but the lake levels are generally below 

that necessary :for out:flow. Carlyle, Kenosee and Strawberry 

Lakes are the largest lakes o:f the region. 

~he mean annual precipitation, averaged over £i:fty 

years, is sixteen inches, while the mean summer temperature 

is 58 de@• F. with a January temperature o:f 3 deg. F. and a 

July mean temperature of 65 deg. F. (Meneley and Whitaker, 

1970). The calculated moisture de£icit is less than 2 

inches. 

The individual lake basins are small, therefore they 

will not be examined in detail. 
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2.2 Conclusion 

The basins can be segregated by two parameters: 

topography and climate. Topography alone can separate the 

basins as in the case o£ Old Wives Lake Complex and also in 

the case o£ the north slope o£ the Cypress Hilts where the 

runo££ £rom the Cypress Hills disappears underground and/or 

evaporates because o£ the lithology o£ the moisture 

absorbing Great Sand Hills. In Chapter 3 the topography will 

be described by a simple relationship involving depth, area 

and volume. The £ormuta is based on the £act that, when 

topographic conditions dictate stability, precipitation by 

itsel£ cannot maintain a rapid increase in volume. 
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CHAPTER 3. 

HYDROLOGICAL ASPECTS OF LARGE LAKES WITHIN THE BASINS 

Within each o£ the £ive internal drainage basins 

previously discussed, there are numerous closed lakes. The 

hydrology o£ the largest o£ the lakes is presented in Table 

3. The table shows the tributary area, present lake size, 

mean depth, salinity, gross and net evaporation, and runo££. 

By comparison, the largest tributary area surrounds Last 

Mountain Lake and the smallest is that o:f Whiteshore. Big 

Quilt Lake has the largest take sur:face area. The salinity 

o:f these lakes varies considerably, :from 118,000 ppm to 900 

ppm. In only a £ew instances is evaporation and runo:f:f 

known accurately. 

Seven o:f the lakes listed in Table 3 are examined 

further to determine whether they can be actuated as 

instruments to measure winter precipitation. The :fact that 

such an instrument is adequate and worthwhile 

demonstrated by showing that a relationship 

precipitation and the lake volume exists. The 

can be 

between 

basin's 

limitations in determining this relationship will be derived 

by determining the water balance. The water balance will be 

assessed by determining the hydrologic change in relation to 

the topographic parameters o:f basin volume, elevation and 

area. 
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BASIN 

Old Wives 

Cypress 

Qu'Appelle 

S. Saskatchewan 

Souris 

TABLE 3 

$ELECTED LARGE INTERNALLY DRAINED LAKES 

Tributary l:.ake Mean Salinity 
Area Area Depth 

Unit (mi 2) {mi 2) ( ft) (ppm) 

Symbol At. AL 0 c 

LAKE 

Pl d ~Jives 2650 70 20 1000 
!Chaplin 300 20 10 47,900 
~ake of the Rivers 235 6 10 2000 

i1low Bunch 262 13 10 8800 
Big Muddy 316 10 10 -
Twelve Mile 166 9 10 900 

Antelope - 6 26 13 ~ 700 

a;g Quill 1000 100 16 42,000 
Little Quill 700 43 3 20,000 
Little Manitou - 8 8 118,000 
Last Mountain 5642 88 25 2000 

Redberry 100 27 43 11,900 
Basin 105 16 20 14~000 

Carlyle 20 4 50 1300 

- not available 

Evaporation Runoff 
Gross Net 

( ft) (ft) ( ft) 

P+E E Q. 
1 

2.8 1. 7 0.06-1.5 
2.8 1. 7 -
2.8 1. 7 -
2.8 1. 7 -
2.8 1.7 -
2.8 1. 7 -
- - -

2.0 0.75 0.32 
2.0 0.75 -
2.0 0.75 -
1. 3 1. 0 1.5 

2.75 1. 0 -
2.75 1. 0 0.02 

2.24 0.88 1.65 



This section will also demonstrate that the lakes 

within these basins can provide a tong term source o'f 

in-formation. (It is to be noted that most of the equations 

in this study have been taken 'from Langbein (1961). Later in 

the text, values used in the equations are not always the 

same as those given in Table 3. Changes are made to 

compensate 'for missing data in a particular equation so that 

data in the equation are all 'from the same date or period.) 

As stated in section 2.1, knowledge o'f the hydrology 

o'f lake basins except in regions 1 and 3 (Figure 2, page 6) 

is not adequate. The hydrology o'f selected takes witt be 

examined by using dif'ferent statistical methods. This will 

include the assessment o'f evaporation, 

runof£. 

groundwater and 

3.1 Precipitation and 

the annual water balance: relationships 

The accuracy o'f the measurement o'f precipitation is 

best audited by examination of the water balance. 

volume of the closed lake represents the net sum o'f 

The 

the 

input and output of all previous years. The balance can be 

expressed as: 

Q( i ] + P A( L ) = E ( g ]A( L ) ( 3 • 1 ) 

with the year to year variations as: 

A( L ]H = Q( l ] - ( E( g J - P ) A( L ] ( 3. 2) 
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H = Q(i]/A(L]- E ( 3. 3) 

where E(g] P = E or net evaporation over the lake area, 

Q(i]/A(L] is derived £rom the winter precipitation. The 

discharge or loss £rom the lake by evaporation may be 

described linearly by the equation: 

Q( d ] = EA[ L ] = ( V( L ] + b ) I R ( 3.4) 

where b and R are constants. 

A graph o£ sur£ace area to volume £or seven lakes, 

Figure 9, shows that the curves in most cases are quite 

irregular and this indicates non-linearity. The area 

actually varies between the 0.4 and 0.75 power (m) o£ the 

volume. Su££icient in£ormation to determine the power, "m", 

was available only £or Big Quill Lake in Saskatchewan. The 

curve was non-linear and concave upward. The average power 

(m) £or Big Quill Lake 

the take volume is 

was 0.43 (Whiting, 1972, 1973). When 

tess than V[o]/2, the linearity o£ 

equation 3.4 is acceptably accurate. 
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The £allowing set of equations (Langbein, 1961) 

wil.l. hol.d: 

v = Q =Q[i]- Q[d] 

( 3. 5) 

But £rom (3.4) 

V = Q(i]- V/R- b/R 

( 3.6) 

assuming linearity and the unit o£ time is suf£iciently 

close to assume: V = v 2 and Q[ i] = 02 

Vz - Vt =Qz - Vz/R - b/R 

( 3. 7) 

where the subscripts, 1 and 2, are successive time 

intervals. From (3.7): 

Vz = (R/(1 + R)){Qz + V1 - b/R) 

(3.8) 

It shoul.d be noted that an error witt be incurred by 

assuming linearity. 

power series: 

v 
n 

R 
1+ R 

Equation (3.8) may be rewritten as a 

+ • • • • • • • • • • • • • • - b ( 3.9) 

The volume at any time (n) is a weighted average o£ 
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the in£tow during the preceeding time intervals~ These 

weights diminish in geometric ratio with respect to time. 

The convergence o:f the serias depends entirely upon the 

value of R. R is the ratio of change in the take volume 

corresponding to 

time. 

the change in discharge with respect to 

For example, a lake with a low value in R of one 

year is a playa lake which dries and 1ills within a single 

year. It is responding directly to the annual cycle of net 

evaporation and not to the preceeding years. A higher value 

of R means that the lake responds slowly and exhibits a tag 

in relation to the inputs. R is called the response time. 

3.2 Hydrologic change as related to topographic shape 

The response time, R, can be related to topographic 

shape by equating the cl.osed takes to those with 

hydraulically controlled outflow outlets. The response time 

o£ a hydraulic lake is proportional to the discharge 

:for the outlet compared to the stage or height. 

R = AV lAO= A(L]B/Q 

< 3 .to> 

rating 

where H/Q is the discharge rating curve. This curve is 

curvilinear and proportional to its graphical stope. Using 

Langbein's equation o£ mean discharge £or average lakes: 

H/Q 0.07/ (Q o. 6 ) (3.1.1) 
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Equation (3.10) becomes: 

R = 0.06 A[L] QO.G (3.12) 

Using R = 33 years ~or Big Quill Lake, the average discharge 

would be 2.2 c£s (0.06m~s-1). Table 4 shows examples o£ 

unregulated lakes £rom Langbein (1961 ). This shows that 

closed lakes in relation to their size have long response 

times and could be studied as climate indicators with 

greater ease than oceans or ice caps. 

TABLE 4 

COMPARISON OF RESPONSE TIME AND AREA 

Lake Victoria, Africa 
Lakes Huron + Michigan 
Lake Baikal, USSR 
Lake Ontario 
Lake Champlain, Vermont 
Yellowstone Lake 
Smalley Lake, Ind. 

Big Quill lake 
Old Wives Lake 
Last Mountain Lake 
Basin Lake 
Carlyle lake 

LAKE AREA 
(SQ. MI) 

MEAN DISCHARGE RESPONSE TIME 
(CFS) (YEARS) 

OPEN SYSTEMS 

27,000 
45,000 
12,000 
7,500 

435 
139 

0.1 

20,000 
180,000 
100,000 
230,000 
110,000 

1,300 
16 

CLOSED SASKATCHEWAN BASINS 

154 2.2 
1.7 
2.5 
6.1 

132 
88 
21 
8 12.5 

4.0 
1.'9 
0. 72 
0.3 
0.10 
0.085 
0.0011 

33 
20 
24 
25 
31 

Source for open systems: W.B. Langbein. Salinity and Hydrology of 
Closed Lakes. Washington: U.S.G.S. Prof. 
Paper No. 142 (1961) p. 11. 
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Five Saskatchewan lakes are shown as examples o£ 

the di1£erence between size and out£1ow. The average 

response time is twenty-seven years. Individual di£ferences 

£rom the·mean are small even though the areas decrease £rom 

154 mi 2 £or Big Quill Lake ~o 8 mi2 for Ca~lyle Lake. The 

net evaporation o£ the closed system can be calculated using 

equation (3.12}, Table 4, and the following equation: 

H = Q[gd] + Q[i] - Q[L] 
where 

and 

Q[n] = EA[L] 

H = 0 

cr = cr v i for a 

(3.13) 

balanced condition. The 

evapora~ion values are shown in comparison with estimated 

potential evaporation using the Meyer evaporation equation 

from standard meteorological data (Bruce 8 Clark, 1966) in 

Table 5. 

The average discharge into Big Quill Lake during 

the period 1960 to 1972 was 550 x 106 (15 X 

The net evaporation is EA at 1690 £eet above 

sea level ( 152 meters above sea level) and is 2100 x 106 

To maintain both Q(d] and EA at 

the same return period 264 x 106£t3yr-1 (8.6 x 106 m3yr- 1 or 

2.2 c£s (0.07 m3s-1) would have to be supplied (equation 

3.13). The net groundwater inflow would have to be 1550 X 
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Big Quill Lake 

01 d \vi ves Lake 

Last Mountain Lake 

Basin Lake 

Carlyle Lake 

TABLE 5 

EVAPORATION SINCE THE LAKE LAST OVERFLOWED 

AL -Qd Qgd Qi QL E E 
Standard 

(mi 2) ( X i 09 ft 3 ) ( Feet ) 

100 0.069 1. 430 0.55 1. 91 0.69 0.75 

110 0.054 0.368 1.69 2.00 0.65 1.7 

81 0.079 2.450 2.18 4.55 1. 83 1. 0 

16 0.192 1. 093 0.089 0.99 2.22 1. 0 

4 0. 314 0.402 0.165 0.17 1.52 0.88 



This is 0.55 inches per mon~h. Calculations using Tritium 

anaLysis (Ruther~ord, 1970) confirm this estimate. It is 

there~ore possible, knowing climatic information, to derive 

groundwater flow ~rom precipitation and to determine the lag 

in its return ~low. 

The seasonal index o~ the lake level changes (after 

Peck, 1955, for Great Salt Lake) was derived to indicate 

statistically the magnitude o~ the precipitation for Big 

Quill Lake on a seasonal and annual basis over nineteen 

years. The coe~~icients were derived by serially correlating 

five years of consecutive precipitation with a single year 

o:f lake level change for fourteen years. 

i:f six consecutive years of equal 

Table 6 shows that 

precipitation were 

0~ the last year's received, then one hundred per cent 

precipitation would be in the lake. Sixty-one per cent of 

the year before, and thirty-seven per cent from 2 years ago, 

and so on for all six years would be included in the lake's 

level at the end of the last year. The groundwater to the 

lake is the sum of the contributions from N - 1 years to N -

5 divided by the sum of all contributions. This means that 

sixty-two per cent o:f Big Quill Lake's change is due to 

groundwater inflow with a certainty of eighty-seven per 

cent, or a correlation 

groundwater :flow occurred 

coefficient of 0.64. 

after three years • 

The peak 

The 

groundwater contribution is called the "carry over" :from the 

previous years. This table has been normalised to enable 

comparison with the other Saskatchewan lakes. The 

coefficients can be used to calculate short term return 
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periods or changes in climatic trends over six years. For 

Great Salt Lake, Carlyle Lake and Last Mountain Lake, the 

maximum groundwater occurs at :four years. The negative 

groundwater contribution :for Last Mountain Lake shows that 

outflow occurs rather than in:flow. Part o:f the out:flow may 

be due to sur£ace out:flow at the control at the south end 

which is not monitored. It has been assumed to be small and 

intermittent. 

The importance o:f winter precipitation to the lake's 

level is shown at the bottom of Table 6. In :fact ninety per 

cent o:f winter lake change is due to winter precipitation. 

What is most surprising is the fact that the values are 

statistically constant (multi-correlation coe:f£icient o:f 

0.92). Any predictions based on these coe:f£icients will be 

very accurate. The possibility of being able to predict one 

year in advance is very encouraging to the hydrologist. The 

converse o:f these equations £or predicting the winter's 

precipitation from the lake level should also be true. 

The annual runo:f:f is derived solely £rom the 

tributary area and is a percentage o:f the winter 

precipitation. According to MacKay (1970), this amounts to 

80 - 85 per cent o:f the total winter snowpack. This amount 

is evaporated from the lake sur:face area during the summer. 
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TABLE 6 

COEFFICIENTS OF PREVIOUS YEARS' PRECIPITATION AS A FUNCTION OF LAKE LEVEL 

N N-1 N-2 N-3 N-4 N-5 % Multi No. of 
Gnd. Corr Years 
Water Coeff. 

Big Quill Lake 1.00 0.61 0.37 0.57 -0.11 -0.07 62 0.87 19 
* Great Salt Lake, Utah 1. 00 0.30 0.02 0.04 0.10 0.00 32 0.96 35 

Last Mountain Lake 1.00 0.82 -0.15 -1 .16 0. 51 -0.69 -50 0.91 20. 
Carlyle Lake 1.00 0.96 0.56 0.01 0. 51 0.58 72 0.66 30 

WINTER 
Big Quill Lake 1.00 2.20 1.97 3.06 1.33 0.78 90 0.92 19 

* Great Salt Lake Values are from 

E.L. Peck Hydrometeorological study of Great Salt Lake. Utah Engineering Experimental 

Station Bulletin No. 63. Vol. 45. No.8 (1954). 



If the standard deviation o£ the lake volume is proportional 

to the standard deviation of the successive inflows, then 

the constant o£ proportionality is the coefficient of the 

power series: 

0 
v 

(Langbein, 

a. 
1 

1961 ). 

.J 
I R (3.14) 

(2 + b/R) 

The standard deviation,; 0 i. ,is the 

coef~icient o£ variation in in£tow (U[s]) multiplied by the 

mean flow. This coefficient, U(s], increases with aridity. 

Langbein, (1961), used thirty-one takes to derive the 

empirical ~ormula: 

(3.15) 

and 

r = 12 EA[L]/A[t] (3.16) 

There:fore, 

u = 0 . 2 61 A [ t] /EA [L 1 
s 

(3.17) 

in ( 3.14) 

Oi = 0.261 EA[L]A[t] ( 3. 18 ) 

Since V = A D where D is the mean depth in feet, 

v 
av = 0.26 D 

-1 

1 E( A[t]/A[L] )R 
I ( 2 + 1/R ) 

{ 3. 19) 

The lake coefficient o£ variability is related to ~v by 

equation 3.4 • 
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u s 
(j 

= v = 
A 

There:fore, 

0.26 m 
D 

,-----------------
/ E ( A [ t] /A [ L) ) R 

I ( 2 + 1/R ) ( 3. 20) 

where m is ~he power exponent in Figure 9. For an unde:fined 

lake, 0.6 can be used as the mean value. Since Q is 

propor~ional to A(L] :for a closed lake, U is the coe:f:ficient 

o£ the variation in discharge from the lake. 

Rearranging 3.19 or 3.20: 

R s: 
v 

max 
E( A 

max 

v. m1n 
A • ) m1n 

normally R > D/E because the lakes are shallow. The 

coe:f:ficients have been tabula~ed in Table 7 and compared to 

observed data (Figure 10). 

TABLE 7 COEFFICIENT OF VARIATION OF AREA 

· Pyramid Lake, Nev. 

Carlyle Lake, Sask. 

Mono Lake I calif. 

Walker Lake, Nev. 

Big Quill Lake, Sask. 

Great Salt Lake, Utah 

Last Mountain Lake, Sask. 

Lake Corangamite, Australia 

Devils Lake, N. Dak. 

Lake Eyre, Aust. 

50 

BY EQUATION ~.12 BY OBSERVATION 

0.040 

0.03 

0.043 

0.075 

0.'11 

0 .. 125 

0.14 

0.21 

0.40 

2.5 

0.025 

0.21 

0.05 

0.05 

0.63 

0.15 

0.19 

0.30 

0.6 

3.6 
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FIG. 10 VARIATION OF RUNOFF TO AVERAGE 
ANNUAL RUNOFF* 

THE VARIATION OF ANNUAL RUNOFF CAN BE DETERMINED IN 2 
WAYS OBSERVATION, LINEARLY ( DASHED LINE ) OR NON
LINEARLY ( LINE ), 

* SOURCE: W.B. LANGBEIN, SALINITY AND HYDROLOGY OF CLOSED 
LAKES, USGS PROF. PAPER 412, (1961) P. 6. 
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Although most compare favourably, discrepancies can 

be accounted £or because groundwater was not included. There 

is aLso a bias due to the short period over which 

observations were made. Also, groundwater has a longer time 

base which tends to stabilise the observed variation. For 

example, errors occur in calculated values £or Big Quill 

Lake, as the coe££icient by equation 3.12 is 0.11 £eet (2.2 

em) and by opservation is 0.63 :feet (13.3 em). This would 

hold true £or other Saskatchewan takes to a varying extent. 

3.3 Stability of closed takes 

In order £or a closed lake to be used as an 

instrument to measure precipitation, it should be stable. 

The stability o£ a lake may be expressed in terms o£ its 

salinity. The shallower the lake, the greater the 

probability of the salt being concentrated. A £actor (S) 

which relates the mean lake depth to over£low, can be 

estimated because a closed lake ceases to exist when it 

dries up or overflows. The criterion of topographic shape is 

V[o]/A[t]. Conversely, the deeper the take, the greater will 

be the probability of over£low and flushing the salts: 

s = 
D 

llV[o] 

A[t] 

D + 
llV[o] 

A[t] 

where llV[o] = V[o] - V[L] 
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Equation 3.22 goes to zero when either 

D or f!i V is zero; that is, in the two cases above.· This 

occurs when the lake is a dry or over~lows the basin. The 

stability reaches a maximum when the lake volume is more 

than hal~ its over£low volume, V(o]. A comparison o£ 

Saskatchewan lakes (Table 8) shows that this £actor is 

complex and very much dependent upon a combination o£ 

ratios. 

TABLE 8 

STABILITY FACTORS FOR SASKATCHEWAN LAKES 

Tributary .. 
·surface· Mean· 

Area Depth Stability 

(mi 2) (ft) ( ft) 

At fj s 

Big Quill Lake 1000 16 6 

Old Wives Lake 2650 20 0.4 

Last Mountain Lake 5640 25 o·.o3 

Lake of the Rivers 235 10 0. 1 

Twelve Mile Lake 166 10 0.3 

Basin Lake 105 20 3.1 

Carlyle Lake 20 50 18.8 
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3.4 Atmospheric water balance over the age o£ the lakes 

The lakes obtain their salt £rom two sources: 

precipitation and soil material. The amount o£ salt in the 

lake and the hydrologic variations discussed previously are 

used to determine the climatic trend o£ the lakes. 

ihe nuclei o:f precipitation droplets are 

pre£erentially acquired in the moisture source region 

(.Mason, 1962)' and hence the ion o£ the nuclei is 

pre:ferentially carried along storm tracks and eventually 

dropped in the basin area. The distance £rom the weather 

system source to the precipitation drop zone also determines 

the size o£ the nuclei. Consequently, an area which is 

a£:fected by a weather system or systems 

has a pre£erential ion supply. 

£rom one source, 

Precipitation £alls in two major £orms: rain and 

snow. Each have di££erent chemical compositions or ratios; 

however both are high in carbonates. In the summer on the 

Canadian Prairies the dominant cations are sodium, magnesium 

and calcium. In the winter the snow wilt metamorphise with 

ground dust which is higher in sodium and maQnesium ions. 

The chemical composition o£ stream in£low during 

ephemeral runo££ is controlled by the mineralogy o£ the 

sur:ficial formation or formations. The solubility of the 

co~ponent minerals and the possibility o:f secondary reaction 

must be entertained. The time available £or reaction is 

controlled in the ground by permeability and on the sur£ace 

by the routing o:f the channels. In each case the time is a 

54 



£unction o£ flow length and hydraulic gradient along the 

path. 

In the Canadian Prairies the surficial material 

consists o£ is glacial till, unconsolidated sands, and 

clays. The runo:f£ is generally high in sulphate and 

chloride ions under these soil conditions. As the travel 

time increases, the so./Cl and the Mg/Ca ratios decrease and 

the base exchange and sulphate reductions become more 

complete. Carbonate (C0 3 ) is linked to calcium (Ca) and 

magnesium (Mg). Any excess of alkaline earths is combined 

with sulphate cso.). The remaining sulphate is paired with 

sodium (Na) and potassium (K) and the excess sodium is 

linked to the chloride (Cl). The union of alkaline earths 

with carbonate, and of calcium with sulphate is relatively 

unlikely compared with the above combinations. The relative 

solubilities (Table 9)' were used to calculate the 

evaporation necessary to cause the preferential ion change. 

The. lake consitiuents are those that end up in the lake and 

are shown in Table 9 as shaded pairs. It should be noticed 

that the ratio of solubility of the shaded pairs to unshaded 

is 100 : 1. 
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TABLE 9 

RELATIVE SOLUBILITIES 
OF SALT IN DISTILLED WATER AT.50of IN EPM 

AS COMPARED TO NACL 

Na 

M'9 0.0004 

Ca 0.0005 0.006 

Shaded area pairs are lake constituents. 
This table was taken from , 
W.B. Langbein. Salinity and Hydrology of Closed 

takes. Washington: U.S.G.S. Prof. Paper No. 142 

( 1961 ) .. 
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The age o£ the ideal closed lake is equal -to the 

quotient o~ the dissolved salt (o£ one or more ions) divided 

by the annual input. 

There-fore, 

weight in solution 
annual \veight of input ( 3. 23) 

The balance is determined by the ratio o:f lake area to 

tributary area; that is, the relative proportions o£ supply 

o:f dilute rainwater, saline stream in£low and aqui£er 

in"flow. A large ratio means that the inflow wilt be dilute 

and hence the take witt be dilute. The net ef:fect can be 

expressed as the ratio of the annual salt input to the lake 

volume: 
esQsAt + cPPAL + C gdQgdAr 

~D 

Equilibrium is achieved when 

EAL = 

The ratio of evaporation to the mean take depth (E/D) is a 

measure o£ the annual rate of salinity change. The 

coe££icient of variation of the lake area (U) is related to 

the annual rate o:f salt change. This equilibrium bas to 

balance the annual rate o£ increase in salinity by 

evaporation. The geometric shape a££ects the evaporation 

(Lakshman, 1971) by A /D. The salinity (C) can be 

expressed as: 
c 

Langbein (1961) derived and calculated the constants o:f 

proportionality. 
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Asstnning 

c = 55 000 ~! 
' · D U 

Q[gd] = 0 

c P >> CE 
p 

-
1' 

where I w = 0.55 PG lOP 100 

equation 3.22 becomes 

T = A[L] W 

A{L] U 

( 3. 24) 

( 3. 25) 

( 3. 26 ) 

Calculations were made £or seven Saskatchewan lakes (Table 

10). The takes o£ the southwest appear, £rom this table, to 

have been £tushed more recently than those closer to wetter 

regions. The exception to this is Basin Lake. However, 

there is some doubt about the consistency o£ the values £or 

Basin Lake. Big Quill Lake and Little Quilt Lake were 

combined prior to 1936, so that in this table and the 

£ollowing table this old lake is called Quill Basin. Using 

TABLE 10 AGE OF SASKATCHEWAN LAKES USING EQUATION 3.26 

~ AL \i u T 

{mi2 ) (mi 2) (m.i 2) (yr) 

Big Quill La.k.e 154 100 0.84 0.11 2500 

Quill Basin 550 230 0.86 0.15 2700 

Old Wives Lake 132 110 0.47 0.25 300 

Lake of the ?..i VE:YS 18 6 0,38 0. 21 . 800 

Last !·~ountain Lake 81 88 0.30 0 .. 16 1200 

Basin Lake 20 .. 5 16 0.70 0.07 700 

Carlyle Lake 7.7 4 1.38 0.03 2200 
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the solubility ratios o:f the lake constituents, the li:fe 

time evaporation o:f the lakes was calculated using equation 

(3.23), Table 11. The discrepancies between the last three 

col~mns may be due to three causes: errors in assumptions 

( i• e. linearity); inaccurate measurements (especially Basin 

Lake and Quill Basin); and actual changes in the climate. 

Since net evaporation is a :function o:f both gross 

evaporation and precipitation, the change in two climatic 

parameters may be summarized in relation to the present 

meteorological record given in the last column. 

Speci:fic errors can be noted :for Quill Basin, Basin 

Lake and Carlyle Lake. The values suggest that either the 

constituents or, probably, the in£tows to these lakes have 

changed. In the case o£ the Quill Basin, the take has split 

into two with one side (Big Quill Lake) becoming very salty, 

and the other side (Little Quilt Lake) decreasing in salt 

content. Equation (3.22) :for Last Mountain indicates that 

there might be out£low underground (Table 6). 

The comparison o£ the ion ratios o£ Saskatchewan 

lakes to those o£ the oceans shows that the ion ratios in 

these lakes have not changed. The composition o£ ancient 

ocean sediments suggests that the ratio o£ sodium to 

potassium has risen :from 1:1, 200 million years ago, to 28:1 

at present (Macintyre, 1970). In Big Quill Lake, the ratio 

is at 18:1 at present (Langham 1970). Comparison o£ the 

sodium cation to total salts to 11,000 years BP (McCallum 

and Wittenberg, 1968) shows that this ratio has not changed. 
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TABLE 11 

EVAPORATION OVER THE AGE OF THE LAKE USING SALT RATIOS EQUATION ~.24 

' 
~-

Time Salt Concentration Evaporation 
(ppm) (feet) 

I 

Year Lake Stream Gnd- Stream Gnd- Major Eq 'n 
Water Water Ion 3.13 

Big Quill Lake 2500 42 ,000_ 1100 1440- 0.37 0. 24 . 1.24 0.69 

* Old Wives Lake 300 1,000 180 1900 0.44 0.04 1. 45 0.65 

Last Mountain Lake 1200 2,200: 180 3200· 0. 23 . 0.0 0.75 1. 83 

Basin Lake 700 11,900. 180 .. 3300. 2. 41 . 0.13 7.95 2.22 

Carlyle Lake 2200 13,000 180: 450 0. 31 0.12 1. 02 1. 52 

Quill Basin 2700 25,000 . 180 1000 1.22 0.07 4.02 -

Lake of the River~ 800 : 2,000 180. 1900. 0. 41 : 0.03 ' 1. 35 -
_I ----- ---- ---·-------~--~-- --- ·-

not available 

* All values are estimated using USGS quality of surface waters for irrigation, western 
United States, except for Big Quill Lake. 

Std.Obs. 
Period 
0.75 

1. 7 

1. 0 

1. 0 

0.88 

0.75 

1. 7 



This is believed to be due to the £act that sodium remains 

in solution and that potassium precipitates into the clay 

bottom sediment. Over the same period, the magnesium to 

calcium ratio o£ the ocean sediments has risen £rom 1:1 200 

million years ago, to 3:1 at present. This increase has been 

credited to organisms which remove calcium by building 

calcium carbonate shells. Big Quilt Lake has maintained a 

steady ratio o£ 30:1. The calcium in shallow lakes 

precipitates at a high rate as organic by-products, that is 

as gyttja or calcareous ooze. This would indicate that 

using ratios o£ salt in£low to lake salt tonnage would be 

constant back to 11,000 BP (the age derived £rom Carbon-14 

analysis o£ the lake bottom sediments}. It would be 

expected that the other lakes are similar as they are in 

clay soils except £or the Great Sand Hills Complex. 

There£ore, the majority o£ the lakes are considered to be 

permanent (that is not to dry up or over£low over the next 

500 years) and the ratios to remain constant. 

3.5 Conclusion 

£our 

In the second chapter, the basins were segregated by

parameters: topography, soil, vegetation and climate. 

In this chapter, topography, soil and climate are used to

derive additional in£ormation about the basins. The 

topography can be described by a simple relationship 

involving depth, area, and volume o£ the closed lake within 

the basins. In these basins, when topographic conditions 
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dictate stability, precipitation by itsel£ cannot maintain a 

rapid increase in volume. In the cases where topography is 

not a prime factor, the water budget will produce changes, 

as evaporation will offset the increases made by 

precipitation and thereby decreases the area. 

Statistically, this hypothesis was tested using a 

six-year estimate of lake levels from two climatic 

parameters: evaporation and precipitation. In addition, 

deterministic equations were used to translate the changes 

in the lake area and volume into net evaporation, first over 

the response period using equation 3.13 and second, over the 

age of the take using equation 3.24 • This deterministic 

model is in agreement for five of the seven lakes, Tables 5 

and 11. Climatic trends in~erred from this tatter table 

would indicate that Saskatchewan was: 

1. Warmer in the central region (Quilt and Basin lakes) 

with less precipitation than shown in recorded data 

because the net evaporation over 2500 years is 

nearly fifty per cent greater than either the 

observed or the response period values. 

2. The interface region of Last Mountain Lake has 

fluctuated. In the recent past, the climate was 

warmer with less precipitation (net evaporation 

greater than at present by 83 per cent). Further 

into the past, there was probably greater 

precipitation (net evaporation less by 25 per cent). 

~he Moose Mountain Uplands region (Carlyle) shows a 

similar regime (14 per cent compared to 25 per cent 
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£or Last Mountain Lake), but was probably not as wet 

or as warm as it is now (net evaporation of 

:feet). 

o.88 

3. The Old Wives Lake Basin was slightly wetter in the 

recent past (net evaporation o£ 1.45 or 1.35 :feet 

between 300 and 800 years ago), but had a climate 

similar to that o£ today (1.7 :feet net evaporation). 

The basins there:fore do respond to the climate in 

two ways: by the water balance where topography is not a 

£actor and by the salt balance where topography is a £actor. 

Both depend upon precipitation to derive increases in the 

Lake's level. 

It is apparent :from this chapter that physica t 

in£ormation about the internal basins and their takes is not 

adequately known. In this study, data was extrapolated by 

using two statistical models: a water balance model and a 

saLt balance model. The type, accuracy and quantity o£ the 

in£ormation was also not equally available £or all basins. 

In :fact the lack o£ data on the Great Sand Hilts Complex 

makes its use in :further discussion suspect. The most 

detailed data are available £or the Old Wives Lake in Godwin 

(1961) and Big Quill Lake in Whiting (1974). Big Quilt Lake 

has been studied more intensively: :further, the instrument 

£or recording winter precipitation was already installed. 
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CHAPTER 4. 

PROBLEMS OF MEASURING WINTER PRECIPITATION 

In the £ollowing, standard point sensors will be 

studied and other experimental areal type instruments 

discussed. At present only the point instruments are 

universally accepted. The techniques available to 

extrapolate beyond the point gauges and interpolate between 

the point instruments wilt be examined. The limitations o:f 

the standard methods will be diagnosed and then the criteria 

for a new method, using a closed take, will be outlined. The 

new areal method witt be based on the interpretation o£ the 

snow pressure on the £rozen lake. Two models will be 

produced and, later, will be used to calculate precipitation 

£or a particular case study. 

4.1 Standard Instruments 

The measurement of winter precipitation can be 

divided into three broad categories according to the 

techniques used. These are physical areal measurement, 

continuous instrument recording, and remote sensing. The 

first, physical measurement, is generally catted a snow 

course. The second category is the most numerous and is 

used in aerological work; these are stationary instruments 

The third technique is stilt experimental called gauges. 

and generally involves the use of scanning devices (remote 

sensing} from either airplanes or satellites. A brief 
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description o£ these methods is given below. 

4.1.1 Snow Course 

The most accurate method o~ measuring snow:fall is 

the snow course. The actual density or water equivalent o~ a 

snow pack or, the amount o£ snow on the ground, is extracted 

and measured. Most o£ the commercially available instruments 

use a sampling tube or hollow cylinder and a spring or beam 

balance to measure the increase in weight due to the snow. 

The sampling tube is pushed vertically into the snow pack 

and a core is extracted. Given the cross sectional area o:f 

the tube and the height o:f the snow pack, the volume is the 

area times the height. The measured weight is converted into 

density or water equivalent. This method is time consuming, 

especially i£ a large number o:f samples is required to 

achieve an accurate basin mean. The method is simple and 

accurate. Un:fortunately, samples cannot be duplicated 

because the snow density and depth vary even in a :few :feet. 

Generally, ten stakes one hundred :feet apart are used to 

obtain a mean value o:f an area. This involves a lot o£ time 

and requires many man-hours o£ work. Snow depth on the 

ground is reported by the Atmospheric Environment Service o£ 

Canada by a simple ruler and a 0.1 density calibration to 

water equivalent (A.E.s., 1972). 
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4.1.2 Continuous instrument recording 

The second group of techniques consists of true 

instrumen~s or gauges. The simples~ is a storage gauge which 

is emp~ied after each s~orm, month, or season. The 

measurement is made by melting the snow in ~he gauge and 

measurins the resulting water in a graduated cylinder. The 

graduated cylinder is calibrated in hundredths of an inch or 

centime*ers of water as a ratio of orifice cross- sect ion 

(MacKay, 1963 ). Evapora~ion crea~es increased problems as 

the time interval be~ween samples increases; further, the 

relationship is complicated by: dimensions of ~he gauge; 

exposure; shielding; wind; heating capacity of the gauge and 

ambient air temperature, especially when above freezing. In 

addition, undercatchment may occur due ~0 wind turbulence 

above the orifice, to exposure and to slope (G~ay, 1971). 

Con~inuous measurement can be made using heated 

standard tipping bucket rain gauges. Evaporation is 

increased by the heat supplied to melt the snow. Weighing 

type gauges are also available, but generally are accurate 

only ~0 0.1 of an inch, spring balance being 

insufficiently precise to allow grea~er accuracy; if the 

spring is more sensitive, the wind will create enough 

pressure to depress the weighing cylinder. Lastly, the 

weighing cylinder itself is a significant proportion of the 

weight relative to the snow collections. The ability of the 

spring ~0 suspend the cylinder weight and still be able ~o 

measure a season's snowfall is the main criterion in 
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designing the instrument's sensitivity. 

I£ the expected snow pack is deep, then snow pillows 

may be used. These are generally polyvinylchloride plastic 

:£uet tanks (8 :£ee t by 10 feet) £illed with glycol. The 

increase in pressure is transmitted to a recording barometer 

or manometer. The obvious error is expansion o£ the :£luid 

with temperature. The snow pack must also remain compressed 

onto the pillow with no air gaps, :£reezing layers, or 

bridging in order to get accurate results. Un£ortunately, 

the prairie snow pack is not deep enough and wind hardens 

the snow too densely and quickly to 

transmitted correctly to the pillow. 

allow pressure to be 

Snow can also be measured with a variety o:f 

radioactive sensors, either active or passive sources and 

detectors. However, they su££er the same problem as the snow 

pillow, as the snow pack in most parts o£ the Prairies is 

too shallow. It is possible to surmount this problem by 

using a natural gamma detector. Un£ortunately, Prairie 

experimentation is still not complete (Gray, 1970). Problems 

occur because natural back radiation is not constant £rom 

sur£lcial material. Soil moisture can also be detected 

through thin snow packs. This means that the detector views 

the moisture in the soil as being part o:f the snow pack. 

4.1.3 Remote sensing 

Active and passive radiation sensors may be used 

£rom airborne plat£orms, but the complications on the ground 
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are ampli£ied in the air. In addition, navigation accuracy 

is not good enough to repeat readings except in large, 

expensive aircra£t and the cost would be prohibitive. The 

best prospects £or areal snow cover are microwave scanners 

in the GigaHertz £requency range, on board satellites. These 

are just being launched as experimental satellites with 

enough accuracy £or metering ice depths. (Remote Sensing 

Symposium, Burlington, Ontario, 1973). Only the experimental 

airborne scanning instruments give true areal pictures. 

4.2 Extension o£ point value measurement o£ a region 

The point measurement can be extended by various 

methods to be equivalent over a region. The acceptable error 

£or these methods can be 

particular region. 

experimentally determined for a 

Kopanev ( 1972) in the Soviet Union, has estimated 

the accuracy necessary £or a measurement network using snow 

courses. In the Ural Steppe, which has a climate similar to 

the Canadian Grasslands, the tow snow£all from a single 

storm, although having relatively small absolute error, can 

give considerable total or cumulative errors• Knowing these 

instrument or absolute errors, the total error can be 

obtained £rom the average snow depth. 

r = Ph I ii x 100% (4.1 )17 

where Ph absolute error 4cm., 

h average snow depth. 

The relative error, 11 r 11 , in snow depth is related to the 
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length of the snow course ("l") and the number o:f points 

measured ("n")• Table 12 below gives an estimate of the 

network accuracy. The basin snow:fall should be determined 

within :five percent o:f the total depth. 

Kopanev has also studied the optimum time interval 

between snow measurement. The accuracy is a :function which 

is dependent upon snow depth and density, and this :function 

has distinct characteristics due to accumulation and 

melting. Where accumulation occurs :for three or five months, 

a statistical. record of ten years is necessary (Kopanev, 

1972). The interpolation o:f snow cover depth error increases 

with increased temporal changes. Ideally for forecasting, 

Kopanev suggests an interpretation error o:f :four per cent, 

standard deviation (mean square error) o:f six per cent, and 

a possible error o:f :fifteen per cent. The interpolation 

the network is error in snow depth and in density o:f 

determined by the space-time variations of the snow cover. 

At present the snow course data are only available 

:from experimental groups such as the University o:f 

Saskatchewan, Canada Department o:f Agriculture Research 

stations, Saskatchewan Research Council and Saskatchewan 

Department o:f Environment. This is not given on a scheduled 

basis, but as a demand arises. 
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TABLE 12 

RELATIVE ERRORS AS A PERCENTAGE OF SNOW DEPTH (h) -
* IN THE SOVIET UNION 

LOCATION LENGTH OF SNOW NUMBER OF POINTS 
COURSE 10 20 50 100 (km) 

European USSR 
North 1 18 16 13 12 

2 16 12 11 10 
Central 1 10 7 5 5 

2 8 5 5 4 

South 1 38 36 36 36 

2 38 36 35 35 
Asiatic USSR 

North 1 10 9 9 9 

2 7 7 7 7 
Central 2 7 5 4 4 

South 1 6 5 4 4 

* 1.0. Kopanav, Estimate of the Accuracy of Determination of 
Snow Cover Characteristics and Recommendations of 
Rationalization of Snow Measurement Network, Soviet Hydrology:
Selected Papers. No. 2 (1972) p. 125. 
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The only real time in£ormation is available £rom the 

Federal Atmospheric Environment Service, but it is a point 

gauge network o£ some 350 stations in Saskatchewan. Only two 

or three are available per basin. Interpolation can be made 

£rom some :five to eight stations £or each basin £rom 

external points. This is a station density o£ one per 7000 

square miles. Area extrapolation, however, is not a regular 

service provided by any governmental agency. 

The interpolation can be done by arithmetic means. 

This is the most inaccurate method as location spacing puts 

a bias in the value. The accuracy o£ the mean value may be 

increased by using correlation coe££icients £or each gauge. 

These are derived statistically assuming a random error 

between each station over a large number of years. For a 

ninety-£ive per cent confidence level, 28 years or degrees 

of freedom would be required if the distribution has a 

"normal distribution"• In climatology, 28 years is normal.ly 

extended to 30 years £or simplicity. This statistically 

derived mean, however, does not realistically describe an 

areal mean because it contains no location parameters. 

Thiessen (1911) showed that location distance can be 

added to the arithmetic mean and statistical correlation 

coefficients. Recent computer methods (Gigg, 1972) allow 

complicated function weights (Unwin, 1969) or coefficients 

to be added to each gauge to account £or altitude and 

exposure (Chidley and Keys, 1970). For simple cases, 

assuming linear variation o£ precipitation, the volume at 

the centroid of three stations may be calculated. 
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For the simple case o:f three rain gauges, the 

equation may be written as: 

Q( n] = A( n ]< H[ i ] + H( J ] + H( k] ) I 3 ( 4. 2) 

where A[n] is the sum o:f all three station amounts and H(i], 

H(j] and H[k] are the distances 

clockwise direction (Figure 11). 

be~ween stations in a 

The weights would be identical i:f the triangles 

(shaded area) were equilateral (Figure 11). The polygons are 

foraed by Joining the centroid o:f each triangle to the 

middle of each side. The area o:f the polygon about each 

station, excluding the areas outside the basin boundary, is 

the weighting number :for each station. In the case o:f 

altitude and exposure, the calculations are done in three 

dimensions. These weights need only be calculated once. The 

hypothesis o:f these methods (polygon, triangles or isohyetal 

areas) is that the precipitation at any point in the polygon 

can be taken to be equal to that o:f the nearest gauge. 

However, snow :falls uni:formly only in a uni:form atmosphere. 

The cost o:f computing these weights at the University o:f 

Saskatchewan is about $5.00 per station and about $5.00 per 

storm. The expense would be exhorbitant :for a routine 

network. 

It may be concluded :from the above analysis that: 

( a ) the areal methods which use point sites are 

unreliable due to inaccuracies in the instruments, 

( b ) ~he gauges distort the natural air :flow and hence 
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alter the gauge catch, 

(c) the technique o£ interpolating or extrapolating point 

measurements does not model the physical characteristics 

o£ a basin, but £ollows a set o£ mathematical rules Which 

may statistically represent the basin, and 

(d) the cost o£ both snow course measurements and point 

gauge areal data analysis is prohibitive. 

4.3 Method o£ measuring winter precipitation by 

using the £rozen ice sur£ace o£ a closed lake 

In order to avoid problems inherent in the methods 

described above, a new method has been devised whereby the 

"instrument" is an integral part o£ the basin and there£ore 

does not obstruct the aerodynamic £low o£ precipitation over 

the basin; £urther this method applies to a large proportion 

o£ the basin. The value produced by this instrument is a 

single number and does not require extrapolation. The new 

instrument, called a "nitrogen bubbler recorder", measures 

the di££erences in pressure under the £rozen ice sur£ace o£ 

a lake. Thus by using a £rozen closed lake, the average 

snow£all is computed. I£ the lake constitutes a signi£icant 

proportion o£ the total area o£ the internal basin, the snow 

cover may be interpreted to give a reading £or the whole 

basin• The £allowing analysis will show that the estimate 

from the £rozen lake sur£ace will be more representative 

than the extrapolated value £rom £ive or six site gauges. 

The accuracy o£ the two systems would be equal i£ at least 
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fifteen years of the site gauge data were known. This time 

period is required 'for site gauges to give an areal 

probability distribution (equation In the basins 

discussed, there are not enough gauges 

recorded data. Therefore, the 'floating lee 

with su'f'ficient 

sur'face method 

would be the most accurate available in Saskatchewan's 

internal basins. The floating ice surface of a closed lake 

transmits changes of weight as a pressure which is 

distributed evenly throughout the lake (Meneley, 1974). The 

difference in pressure at any point under the ice can be 

related to precipitation amount whether as rain or as a snow 

cover of uneven thickness. 

4.3.1 The measurement of pressure changes 

in a lake using the nitrogen bubbler recorder 

The difference in pressure due to receipt of 

precipitation is measured with a mercury manometer. The 

manometer system of measuring hydrostatic pressure is 

considered the simplest in that it has no moving parts and 

the sensing element is stable. The pressure of the lake is 

sensed by blowing nitrogen bubbles out through a pressure 

line at the bottom o'f a lake and measuring the discharge 

pressure with the manometer. No commercial equipment existed 

in 1966 or 1967 so a system was designed and built by the 

Saskatchewan Research Council to measure the lake levels of 

Big Quill Lake.1 6 The author has utilised this equipment. 

The method of measuring winter precipitation, developed by 
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the author, witt be re:ferred to as the 

":floatins-ice-sur:face" technique. 

This system incorporates several design :factors to 

eliminate changes due to pressure :fluctuations which are not 

related to the lake level. The e:f:fect of atmospheric 

pressure changes are cancelled because the atmospheric 

pressure on the lake and at the open end o:f the ma nome te r 

are the same. Temperature changes along the hoses connecting 

the bubbler system to the lake from the heated instrument 

hut are eliminated by a second hose called a static line. 

The nitrogen gas is supplied from a cylinder through a 

regulation system to the bubbler outlet through the dynamic 

hose (Figure 12). The dynamic tine meets the static line at 

the bubbler head at the bottom o:f the take. The concentric 

manometer measures the pressure on the static line. 

The instrument records the level of the mercury in 

the manometer by a servo-motor driven probe. The servo-motor 

changes direction on making electrical contact with an 

acidic water solution on top o:f the mercury. The timing of 

the servo-motor and the punching o:f the 

controlled 

automotive 

electrically. 

batteries. The 

The power 

level on 

digital level are 

is supplied by two 

the manometer is 

converted to engineering units by calibrating the system. 

The dimensions o:f the manometer used in the :following 

equations are given in Figure 13. (See Appendix A for the 

derivation of the calibration equations.) 

:factor used in the case study is 1.114. 
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The pressure to the manometer, "P"t is a function of 

the mercury level change, lake change, and air pressure, 

Pl o] • The lake level above the orifice, H, on the bottom o£ 

the lake is a function o£ the calibration factor times the 

height of the mercury column in the manometer relative to 

its unpressurized height times the ratio of the density of 

mercury ~o the lake water. 

H = 1.114 (column of Hg) x (density of Hg) 

(density of salt water) 

(4.3) For 

example, if the density of mercury is taken to be 13.55 

grams per cubic centimeter and the density of the lake water 

is 1.037 grams per cubic centimeter, the the depth of water 

is 

H = 14.55 (H of mercury) (4.4) 

Since the recorder is mechanically connected to the probe, 

the mechanical connexion must be calibrated to the height 

changes in the manometer. This calibration was accomplished 

by raising the manometer on metal discs o:f 0.01 ± 0.001 

inches in thickness and recording the changes (Langham, 

1970). When the salinity of the take is 1.037 grams per 

cubic centimeter, the depth of the water in feet above the 

bubbler orifice isH divided by 142.96 (Langham, 19/0). 

Although the central manometer tube is constricted 

where the probe wire passes through, evaporation of about 

0.015 inches per month occurs from the acid solution on top 
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of the mercury. The ambient vapour pressure is kept fairly 

constant by controlling the temperature of the hut. The rate 

o£ evaporation is there£ore relatively constant. The rate of 

loss is less than 1/30 of the standard precipitation unit 

and is not considered important. Corrections are made by 

towering the pressure in the manometer to atmospheric once a 

month and punching the zero re£erence level. 

4.3.2 Isolation of precipitation from the lake record. 

lake as an instrument, two 

111odets 

In order to use 

were developed 

the 

by the author as procedures :for 

obtaining regional winter precipitation. The first model 

shows the technique used to ascertain that a precipitation 

event has occured. A second model assembles the procedures 

to give the precipitation amount and also checks the 

reliability of the data. The procedures given in this 

section are unnecessarily tedious because the instrument was 

developed to do more complicated work. A simplified version 

is advocated for operational measuring networks. 

The first model, Figure 14, shows the steps 

necessary to determine storm events from four precipitation 

recorders around the take. These are Fisher-Porter weighing 

type recorders which produce a coded digital datum every 

fifteen ninutes. The tapes are collected from four locations 

and sent to Toronto (Atmospheric Environment Service) for 

machine decoding from paper tape and are encoded to cards. 
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The data cards are returned to Saskatoon where days o:f no 

precipitation are removed and the storms are tabulated by 

location. For the purpose o:f this study any storm lasting 

Longer than six hours and producing greater than o.t inches 

o:f precipitation was compared to the lake level record. This 

last criterion is based on the sensitivity o:f the 

Fisher-Porter recorders and not the lake recorder. These 

procedures are necessary to prove that some other process is 

not producing the lake level increases (Chapter 6). 

The second model, Figure 15, combines the 

in :f o rm at ion :from the :first model with the lake level data. 

The per:forated paper tapes :from the lake level recorder are 

translated on an IBM 47 tape to card converter using a 

programme board. The board is a hard-wire programme device 

and controls the conversion to cards and edits :for punch 

errors. The data on the cards are trans:ferred to magnetic 

tape 

also 

on an 

edits 

IBM 370/158 computer. This trans:fer prog~amme 

:for blanks :from the first edit step, 'for 

anomalies and :for mal:functlons. Anomalies are detected by 

comparing each level reading against a twenty value running 

mean. If the difference between the two is greater than 400 

recorder units (or 2.5 inches) the level is replaced by a 

zero. The number of blanks and anomalies are tablulated and 

this allows bad tapes to be noted and discarded. Rejection 

is made i:f :five per cent or more errors occur which cannot 

be corrected. To detect malfunctions, the data are plotted 

as a computer line graph of dally values or an average of 

288 :five-minu~e values. Anomalies caused by hose :failure or 
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a manometer blow-out are easily detected in this manner as 

the curve drops to zero. Water or salt crystals in the hoses 

are detected by a jagged or a sawtooth trace which 

continuously decreases; this trace contrasts with the trace 

under normal conditions, which wilt be wavy but always 

around a mean value. Under windy conditions, the trace will 

be jagged, but a£ter the wind subsides wilt return to the 

previous mean value. When precipitation occurs, a step will 

be seen in the trace £or both calm and windy conditions. 

The edited tape is then ready £or conversion to 

hydrostatic head or to actual height using a computer 

programme. (All programmes used in this thesis are included 

in Appendix B. } The computer programme uses a set o£ 

equations and a table o£ monthly salinity values to compute 

the lake level. To check £or continuity between ninety day 

tapes every value at £ive-minute intervals is plotted by a 

computer controlled electro-mechanical plotter. 

For the purpose o£ this thesis, the new programme 

produces a graph of the lake level during the storm in 

inches accurate to 0.001 inch. The graphs start at the 

beginning o£ the day o£ the sto~m and allow a decision to be 

made on the method required to determine the precipitation. 

In the simplest case, the trace wilt be £tat until the snow 

starts with a steady increase 

p recipi tat ion event and then a 

vertical di£ference between the 

to the end o£ 

£lat trace again. 

two £tat traces is 

the 

The 

the 

precipitation amount. This is catted a STEP 1 procedure in 

Figure 15. Most snow£alls, however, are accompanied by wind 
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which disrupts the stable conditions in the lake. The lake 

level £luctuations have been observed to be normally greater 

than £our inches. 

The second procedure is a £orward and backward check 

o£ the record to £ind a £tat trace be£ore and after the 

storm on which to base the change in lake level due to 

precipitation. Since evaporation £rom the manometer is 0.003 

inches per day, a signi£icant error will result if this 

method is used for a period longer than three days. This 

second method or STEP 2 procedure is reJected if the average 

deviation o£ the pressure trace is greater than twenty per 

cent of the derived precipitation amount or the di:f£erence 

in lake level before and after the storm. Since the major 

component of the disturbance of the take during the storm is 

wind, the third method uses a mathematical filter to smooth 

the perturbations. For example, in the case of Big Quill 

Lake, the seiche or wind wave has a delay time of eighteen 

hours (Whiting, 1973). This was discovered by using spectral 

analysis of 

response of 

the lake level data (Langham, 1970). A smooth 

the precipitation event is determined by 

artificially imposing this delay on the data (Figure 15). 

Similar filters may be derived for other lakes based upon 

the lake length, orientation to the storms and latitude 

(Wunch, 1973). To increase the accuracy of the precipitation 

amount, the value calculated is multiplied by the ratio of 

the density of snow to the density of the lake brine. 

The only nitrogen bubbler recorder existing in 

Saskatchewan is at Big Quilt Lake. The capital cost of this 
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unit was $5000.00 and approximately $1000.00 is required £or 

annual operating cost. By comparison, i:f the standard 

methods described in the £irst part o:f the chapter were 

used, at least six recording precipitation gauges would have 

be installed. This would cost $18000.00 :for the 

instruments and installation and $2000.00 annually would be 

required to estimate the winter storm amounts :for the basin. 

The present recorder was designed "for another 

purpose and procedures were also designed to analyse the 

accuracy o:f the method compared to the standard methods. A 

simpler version o:f both the recorder and procedures could be 

designed :for an operational system, but is not required :for 

this thesis. A modi:fied unit should not require a heated hut 

or :four precipitation gauges to veri:fy that a precipitation 

event has occured. The digital record would be in inches or 

millimeters o:f water equivalent and not in engineering units 

requiring a computer programme to translate the lake levels. 

In the next chapter, a case study using this 

":floating-ice-surface" system :for measuring winter 

precipitation in the Big Quill Lake Basin will be examined. 

The complications due to the basin and the lake will be 

analysed in order to ascertain whether the technology can be 

applied to other internal basins. The limitations and 

advantages o:f the present recorder and the method used to 

obtain winter precipitation wilt also be discussed. 
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4.4 Foo-tnotes 

17 I • n. Kopanev, 

De te rmi nation o:f Snow 

Recommendations on the 

Estimate o:f the Accuracy 

Cover: Characteristics 

Rationalization o:f the 

o£ 

and 

Snow 

Measurement Network, Soviet Hydrology: Selected Papers, No. 

2 (1972) PP• 122- 128. 

Report 

18 Adapted from E. J. Langham, Interim and Progress 

on the Big Quill Lake Study, Report E70-12, Appendix 

C (Saskatoon: Saskatchewan Research Council, 1970). 
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CHAPTER 5. FACTORS AFFECTING 

THE MEASUREMENT OF WINTER PRECIPITATION 

IN THE BIG QUILL LAKE BASIN: A CASE STUDY 

The £loating ice sur£ace method o£ areal measurement 

of winter precipitation has been applied to Big Quill Lake 

Basin in order to demonstrate its e~ficiency and accuracy as 

compared to conventional techniques. This basin was selected 

~or a detailed analysis because a nitrogen bubbler recorder 

was already in operation as part of the Saskatchewan 

Research Council's project on Big Quill Lake. 

physical characteristics and location in 

Also, its 

central 

Saskatchewan made the basin ideally suited to set up the 

models pertinent to extension of 

basins in the province. 

the 

5.1 Basin characteristics affecting the 

measurement of winter precipitation 

technique to other 

Big Quill Lake is a ct~sed basin within the Quill 

Lakes and Assiniboine Plain Complexl9 and is the largest 

endorheic lake in Saskatchewan. Since this lake will be used 

as an instrument in the determination of 

prec ipi tat ion, a detailed examination of the 

physical characteristics such as hydrology, 

wlnte r 

basin's 

physical 

limnology, relief, area o£ active drainage, aquifers and 

climate. The basin area is Just less than one thousand 

square miles (Figure 16). The basin boundary was delineated 
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using a 1:50,000 topographic sheetZO with 25 £oot contours. 

In parts o£ the map where the 25 £oot contours were 

inaccurately drawn, drainage channels shown on 1:25,000 air 

photo@raphs were used to complete the boundary. 0£ this 

area, twenty-£ive per cent is drained by streams. The 

remaining seventy-£ive per cent does not contribute to the 

£low o£ water to Big Quill Lake but drains internally into 

lakes, sloughs and other depressions. 

The basin area can be divided into three 

physiographic settings: Touchwood Hill, "Northern Sector 

Hills" and Lake Plain. The Touchwood Hills, is a groundwater 

recharge area (Christiansen, 1970); its lower reaches are 

well drained with incised, but ephemeral streams, whereas, 

the upper sections are in a high slough density zone which 

contains £ew streams. These sloughs are generally 300 to 900 

£eet across and are £illed by the snow melt generally during 

the spring. I£ the ground is £rozen, £tooding o£ these 

sloughs could occur. In which case they may £orm a network 

o£ interconnected sloughs which eventually could reach one 

o£ the ten intermittent streams £towing to the lake. 

Because o£ the poorer agricultural soils and higher slough 

density, there has been less inter£erence £rom man so that 

native vegetation covers a considerable proporation o£ the 

upper parts of the Hitts.Zl First settled in 1911, by 1956 

sixty-nine per cent o£ the land was under cultivation 

(Whiting 

by 1970, 

1972b) and twenty-one per cent was bush. However, 

seventy-nine percent of the area was cultivated. 

As this trend continues, the snow catchment and distribution 
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will change. 

The "Northern Sector Hills" are o:f lower relief than 

the Touchwood Hills and are formed o£ three longitudinal 

spurs running north to south with streams in between. The 

centre valley con1ains the largest stream :flowing into Big 

Quill Lake and is :fed by swampy areas which produce an 

average :flow of 10 c:fs :from break-up to :freeze-up. This 

compares with a peak runoff of 1500 c:fs at snow melt. The 

average slope of the Northern Sector Hills is :fifteen :feet 

per mile to a maximum elevation of 150 :feet above the lake. 

The Lake Plain, the largest unit of the basin, 

contains three old glacial meltwater channels which :follow a 

line parallel to one another :from the take 

direction to Last Mountain Lake. 

in a southwest 

The remaining area on the west side of the plain is 

flat with little or no natural drainage; it is contained by 

hills on the east and west. Since the groundwater aquifer is 

under artesian pressure, the area is very saline. Generally 

the sloughs in this region are about 1400 parts per million 

(ppm) o:f dissolved salts. 

East of Big Quill Lake a :flat lacustrine plain 

developed on materials in which high moisture content occurs 

close to the surface; there is little or no movement of this 

moisture toward the lake. Middle Quill Lake connects Big 

Quill Lake and Little Quill Lake via a channel which is ten 

:feet below the level of the plain. This channel was dammed 

in 1935 to provide a wildlife preserve. 

The bottom of the lake slopes to a depth of :five or 
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seven £eet within hal£ a mile of the shore. The bottom is 

covered with decomposed organic material and sand underlain 

with clay. On the north and wes~ side, the lake bottom 

slopes very gently so that the lake depth is only two or 

three £eet some miles o£f shore. As a consequence, a small 

decrease in the lake level on this type of shore will 

produce a large increase in beach area. This type of beach 

is generally called an "alkali flat"; in this case it is 

extremely soft, consequently the placement of instruments 

such as recorders is generally made in the deeper water and 

of£shore from boulder peninsulas. 

Winter lake level analysis demonstrates that 

groundwater flow, either in or out of the lake, is neither 

continuous nor persistent (Whiting, 1973). The salinity of 

Big Quilt Lake implies that there is groundwater discharge 

to ~he lake. From 1966 to 1969 a drilling programme was 

conducted by the Saskatchewan Research Council to look :for 

the sources o£ groundwater and the :following in£ormation was 

reported (Christiansen, 1970 ). The aquifers probably only 

~nderlie the southern half o:f Big Quill Lake and southwest 

corner of Little Quill Lake. The whole system can be traced 

seventy miles south to the Qu 1 Appelle Valley, and fi£ty 

mites west to Watrous. This means that this aquifer is 

connected to the Hatfield Valley (Chris~iansen, 1971). The 

Hatfield Valley is a glacial meltwater channel superimposed 

on the preglacial drainage channel which traverses the 

province 

aquifers 

in a southeast direction. Some recharge to ~hese 

occurs £rom the Touchwood Hills sur£ ace 
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depressions. This can occur even though there is a thick 

till overlying the aqui£er in the low lying areas to the 

west. Surface flowing wells are common in the low ~ying 

areas to the west. There are two surface glacial meltwater 

channels on either side of the Touchwood Hills, one to the 

southwest o~ Big Quill Lake and one to the southeast of 

Little Quill Lake. These groundwater inflows or outflows may 

cause errors in recording precipitation values unless care 

is taken. 

A summary o:f the climate of the basin is given in 

Table 13. The region can be separated into the same three 

distinct areas: Touchwood Hills, the Northern Sector Hills, 

and the Lake Plain. The values :for the climatological data 

were obtained from the International Hydrological Decade 

study presently being conducted on the lake by the 

Saskatchewan Research Council• The Touchwood Hills rise only 

400 feet above the Plain; however, they a:ffect the local 

climate, as the normal southward uniform progression of 

warmer temperatures, less precipitation and a long period o:f 

days without frost are altered by these Hills. In a report 

by Pollock and Gage (1973), it is shown that the frequency 

of :five year return periods for one day rainfalls is shown 

to be higher for the Allan and Touchwood Hills than the area 

to the north, but lowest in the tee or east of these bills. 

In review, the basin covers one thousand square 

miles and the take is ten per cent o:f the basin area. The 

runof~ to the take comes mainly from the north and south, --

nostty 1rom the north. Both the north and the south 
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watersheds are being changed ~rom native vegetation to ~arm 

land. This will generally change the retention of winter 

precipitation and possibly change the amount which 

eventually· enters the lake. In the next section the lake's 

environment will be investigated to discover the variables 

which will aid in the determination of winter precipitation. 

TABLE 13 

SUHi~ARY OF CLIMATE 

Touchwood Northern 
Hills Quill Plain 

Mean Annual 
January Temperature OF -1 -2 -3 

He an P.nnua 1 
July Temperature OF 62 65 64 

Summer Preci pi tati on -
12 (May to October) · inches 11 12 

Winter Precipitation 
(Novermber to April) inches 6 5 4 

Preci pi tati on SD% 
30 Variation 30 30 y 

Evaporation inches· 20 25 25 
: 

Evaporation 
Variation percent 37 

Frost Free 
Period days 100 100 80 

Degree Days 
Above 42° F °F days 2200 2400 2300 

Runoff inches 4 
Variation percent 76 

not available 
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5.2 Lake characteristics a££ecting the 

measurement o£ winter precipitation. 

The precipitation £rom a storm is calculated £rom a 

single lake level recorder. However, be£ore the record o£ 

the lake level increase can be utilized to give the average 

areal precipitation, several :factors have to be known: 

salinity at the time o£ the storm, the ice depth, and area 

o£ £ree £loating ice. For example, the salinity value is 

used in equation (4.3), while the area o£ £ree £loating ice 

is used to compute the snow cover. 

~he weight o:f snow which the ice can support is a 

£unction o£ both the ice and the lake water density. Because 

closed lakes contain salt, the density o£ the water 

increases as the ice depth increases. As salt water £reezes 

or changes its phase, the brine is excluded as the pure ice 

crystal £orms (Pounder, 1965). The salt which is excluded 

remains in the lake balance, there:fore, the salinity o:f the 

water increases. The ice thickness can be measured or 

calculated using a variety o£ methods which are described 

later in this section. Once the ice depth is known, the area 

o£ £ree £loating ice can be calculated. This area is used to 

calculate the average depth o:f snow or water equivalent on 

the lake and then extrapolated for the whole basin. 
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5.2.1 Determination o£ lake ice area 

io calculate the area of £ree £loating ice, a bottom 

topography map was constructed. The hydrologic map o£ Big 

Quill Lake was originally produced by the Conservation and 

Development Branch o£ the Provincial Department o£ 

Agriculture (1966). The lake depths were taken using an echo 

sounder by the Fisheries Branch, Department o£ Natural 

Resources. This map was published in 1970 (Langham, 1970). 

The new map, Figure 17, was interpolated and extrapolated 

using two methods: 

1. construction o£ six aerial mosaics 1947, 1956, 

1959, 1960, 1966, and 1970 which show the 

water/land interface on a speci£ic day. 

2. construction o£ legal land entitlements £rom 

summer land surveys in 1885, 1902, 1904, 

1919, and 1959. (Whiting, 1971). 

Conspicuous landmarks were used to orient the 

photographs in the aerial mosaics. Land surveys at the time 

the photogrammetry was £town allowed the shoreline to be 

surveyed accurately to one wave height. The reverse was 

applied to the legal land surveys where the horizontal 

distances £rom known survey points were measured and a 

profile to water from these known points was surveyed. The 

shoreline is then known to 0.01 £eet £rom the bench marks. 

It took one season to survey the area, and there-fore the 

accuracy is about one "foot or the level between spring 

runo££ and ireeze-up. 
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Gaps occur in the map at levels where no aerial 

photographs or surveys were conducted. The overall accuracy 

o£ the map is in the order o£ plus or minus one foot below 

the 1700 £oot elevation. The 1725 foot to 1825 foot contours 

were included to show the elongated bowl shape of 'the 

drainage basin. 

planlmetering of 

The 

the 

map was constructed to allow accurate 

lake area at one foot elevations 

between 1682 and 1703 £eet (Table 14). It is possible, 

knowing the height of the top of the lee or the lake level 

before freeze-up and the depth of the ice, to calculate the 

area of free-floating ice. Ice, which is elastically 

connected to shore, witt float as long as there is 

sufficient water below. The lee floats because it is lighter 

or exhibits less weight than water of the same volume. The 

exact weight of snow on the ice can be calculated by 

subtracting the pressure on a probe at the bottom of the 

lake, before a snowfall, :from the pressure a£ter the 

snowfall. The change in lake level, AH, is equivalent to the 

increase in the water equivalent of the snow, ~w, since the 

differential pressure is assumed to be vertical. The water 

equivalence o:f snow is equal to the volume times the 

density. The depth o:f snow over the whole :free-:floating lake 

lee is: 

d = .AW ~H 
= 

Axe Ax~ ( 5.1) 

Assuming the density of :fresh fallen snow to be o.ts over 

one day and 0.2 over £our days (Mackay, 1970), the depth of 

the snow cover over the whole lake is easily determined. 
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TP,BLE 14 

PLANIMETRY OF SURFACE AREA FROM 1:50,000 

* 

* BIG QUILL LAKE MAP 

Surface Area 
x106 Feet2 

274 
1420 
1848 
2177 
2361 
2507 
2588 
2670 
2851 
3240 
4320 

Elevation Feet 
Above Sea Level 

1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 
1693 
1703 

J. Whiting, Big Quill Lake Annual Report, 
E71-ll. (Saskatoon: Saskatchewan Research 
Council, 1971). p. 9. 
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5.2.2 Ice thickness 

The average ice depths from observations are given 

in Table 15. From the table o£ depth versus sur:face area, an 

area versus time graph was derived (Figure 18). In Prairie 

climatic conditions, ice :forms or thickens rapidly after 

beginning to £reeze. Generally, Big Quill Lake freezes in 

the third to fourth week of November, and within two weeks, 

the ice depth is six inches (point A, Figure 19). Because 

the l.ake is so shallow and flat, the surface area at the 

bottom o£ the ice, or the ice which is free floating, 

decreases very rapidly as the ice thickness increases. 

A more accurate, but more time consuming method o£ 

calculating the ice thickness is available (Allen and 

Cutbird, 1971). The equations accepted in Canada were 

modified by Leahey (1967) from the work of Zubov (1938) and 

Lebedov (1940). These equations are based on the accumulated 

freezing degree-days. The calculations in general dictate 

that the maximum thickness, point B, Figure 19, occurs three 

to £ive weeks prior to clear water, point D. The freezing 

degree day calculation was not used in this study because 

observations were available• These calculations are only 

necessary i:f snow depth is required. In this study, only 

water equivalent is used as a test of accuracy. The snow 

depth consideration is, however, used in Chapter 7 when 

consideration is given to extension of the nitrogen bubbler 

instrument to other lakes. 
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Date 

Units 

23/02/71 

...... 21/01/72 0 
...... 

29/02/72 

27/01/73 

TABLE 15 

SUMMARY OF 

Distance from Ice Depth from 
South Shore Thickness Top of Ice 

(miles) (inches) to Water 
(inches) 

1 34 -
4 34 -
8 34 -
4 24.7 1. 2 
8 20.5 0.8 
1 31.5 0.3 
4 34.3 2.4 
8 28.7 1.5 
0. 1 27 2.4 
1 26 2.4 
4 31 1. 0 
8 27 1. 9 

*oensity units gm. cm.-3 

- not available 

ICE OBSERVATIONS 

Salinity of Average 
Ice * Snow Cover 

(density) (inches) 

- 7 
1.0092 9 

- 6.5 
1.0098 6.7 
1. 0087 7.3 
1. 009 12.8 
1.010 7.7 
1. 010 9.7 
1. 004 4.4 
1.007 5.6 
1.006 5.2 
1. 006 5.8 

Depth Salinity 
of Lake of Lake * 
(inches) (density) 

78 1. 066 
86 1. 064 
86 1.064 
76.7 1. 055 
79 1. 059 
75.7 1. 061 
80.5 1. 067 

- 1.060 
66 1. 060 
76.8 1. 059 
82.8 1. 057 
75.6 1.058 



<( 
L!J 
a: 
<( 

.r:::. 
0 
.c 

(/) 

(/) 

w 
z 
~ 

u 

:::c 
1-:-

25 

T 
NOV DEC JAN FEB MAR APR 

FI6. 18 AREA OF FLOATING ICE - BIG QUILL LAKE 

36 
8 

24 

12 

0 
NOV DEC JAN FEB MAR APR 

FIG. 19 AVERAGE ICE DEPTH~ BIG QUILL"LAKE 

102 

, , , 

\ 
\ 

\ 

D 



5.2.3 Salinity changes 

The salinity or specific gravi~y is required to 

calculate the water equivalent of the lake water and o£ 

winter precipitation, equation (4.3). As the ice thickens, 

the salinity of the water beneath increases and the water is 

able to suppor~ the weight of the new ice. A smoothed graph 

o:f the salinity data collected from 1965 to 1973 is 

presented to show the annual salinity change, Figure 20 

(Whiting, 1971). Samples were collected and analyzed 

approximately every month from 1969 to 1972 and also 

sporadic sampling from 1920 to 1968. 22 

The major ions are sodium and magnesium with the 

accompanying sulfate ion. The caLibration graph, Figure 21, 

shows that wet basis analysis of salt is proportional to 

specific gravity. This is the simplest method of analyzing 

the salt of lakes which have a known ratio of salt and 

water. The ratio is constant because the lake is closed and 

the salt ratio of the inflow does not upset the equilibrium. 

The simultaneous measurement of the lake level 

change, ice depth and salinity, correlated with a rating 

curve of depth against area, will allow the accurate 

aeasurement of winter precipitation. 
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5.3· Footnotes 

19See Chapter 2, section 2.1.4 ~or the basin's 

physical setting within the Quilt Lakes and Assiniboine 

Plain Basin and section 2.2 Ior hydrology in~ormatlon. 

AdditionaL in~ormation is available in Saskatchewan Research 

Council Reports E70-12, Langham; E71-3, E72-9, 

~72-20, and E73-14, Whiting. 

~ODept. of Energy, Mines and Resources, 

Topographic Series Maps 72P and 73A (O~tawa: 

Printer, 1966). 

E'72-14 t 

Canadian 

Queen's 

Land 

2 1 Taxation Dept., Wynyard, Soil Capabilities Map and 

Inven~ory o~ Rural Municipality 308, Big Quilt Lake, 

1964-1971, unpublished. 

22Sampting was done by Fisheries, Dept. of Natural. 

Resources and Conservation ~nd Development, Department o£ 

Agriculture, Saskatchewan. 
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CHAPTER 6. 

APPLICATION AND RESULTS OF THE MODEL: 

A CASE STUDY OF BIG QUILL LAKE 

6.1 The measurement o~ winter precipitation 

in the Big Quill Lake Basin 

In Chapter 5, it was shown how the particular basin 

charac~eristics a~£ect the new method. With this knowledge, 

~he recorder system was used to interpret precipitation 

amounts. The precipitation values were derived ~rom the 

equations in the sections "Method" and "Isolation o~ 

Precipitation ~rom the Lake Record" (Chapter 4.3). The basin 

and take characteristics such as salinity are combined in a 

compu~er programme (Appendix B) using the system design 

models in Figures 14 and 15 (pages 81 and 83). 

The criteria that made a storm acceptable for study 

were @iven in Chapter 4.3.2; that is, the duration o£ the 

precipitation must last longer than six hours and produce 

more than 0.1 water equivalent inches o~ precipitation. Ten 

storms between November, 1969 and April, 1972 met this 

standard, but only seven occurred where an edited tape 0~ 

lake levels was also available. This criterion was chosen 

because o~ the limited accuracy o£ the Fischer-Porter 

recorders. The floating ice surface method's accuracy is not 

limited to this criterion, however. 
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6.2 Case study o£ seven storms 

Seven storms are presented to prove the accuracy o£ 

the £toa~ing ice sur£ace methode The winter precipitation is 

computed using the mechanics described previously and are 

compared £irst to £our point sites within the basin and then 

to eight sites outside the basin (Figure 6, page 26). Since 

all o£ the standard sites were recorded in water equivalen~ 

inches, 

chapter. 

no attempt will be made to give snow cover in this 

Figure 

ihe take level response to the storms is given in 

22, a to j. This was derived using the methods given 

in Figure 15, page 83. In Figure 22, the level is given in 

inches and the points are hourly averages, except when the 

third method is used. The third method is an eighteen hour 

running mean. 

ihe day o£ storm is given as the date £rom January 

1st. o£ each year. The tapes are catalogued in this manner 

to allow either splicing or retrieval o£ particular 

sections. To aid the reader, each date is also accompanied 

by the storm number. The actual duration o£ precipitation is 

given by the procedure in Figure 14 and is shown on the 

curve by A and B. The section, A to B, and the date o£ the 

storm are the same day. The delta symbol denotes the 

di££erence in level between the letters which £ollow the 

delta symbol. The curve labelled C to D is the section 

derived by using the second method, or step 2 o£ Figure 15. 

Similarly, the curve E to F is derived using the third 
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method (Figure 15). The mean deviation is calculated as the 

deviation at the beginning and the end o£ the storm. This 

can be considered as the maximum error in determining the 

precipitation amount and not the standard deviation o£ the· 

curve during the storm. This graph is presented as a visual 

representation. The precipitation amounts shown were derived 

by the computer programme (Appendix B). 

In general, the £irst processing or step 1 of Figure 

15 does not give adequate results. In only three cases can 

the normal or unadulterated trace be used to give 

precipitation directly (Table 16). These are shown in Figure 

22e, f and J• The first storm (a) has some perturbations 

~uring the storm, especially prior to the beginning of the 

storm, until some twelve hours a£ter the storm. The second 

storm trace (c) is not as violent as the first, but is 

continuously in motion some £our hours be£ore the storm 

until long after. In the third and fourth storms (e and f), 

the pressure step due to precipitation is clearly 

discernible. Storm £ive (g) is totally hidden in the curve 

and is clearly the worst case. The next (i) shows a case 

when wind is a factor before the storm, but this decays at 

the start o£ the snow storm hence the trace drops until 

point B and is £lat until D. The last storm to be 

considered is again an easy step function. 
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In two cases the two directional iteration, or step 

2 o£ Figure 15 was used to obtain the precipitation amount. 

Figure 23i shows the response £or a success£ul analysis. 

Figure 22a, curve C to D, was not success£ul due to the 

sinusoidal type curve prior to the storm. The mean value o£ 

the sinusoidal type curve was used to give the precipitation 

value, but this still leaves a high mean deviation. This 

storm was, there£ore, analyzed by spectral determination, or 

step 3 processing (Figure 22b ). The mean deviation is 

mathematically lower and this is re£lected in the curve. In 

remainin@ storms, Figure d and h, the tatter process was 

used to di:f£erentiate the response due to winter 

precipitation. In the £irst o£ these cases, Figure 22d, the 

calculations produced a uni£orm step £rom a Jagged response, 

Figure 22c, curve E to Fe In the latter storm, Figure 22h, 

the sawtooth curve o£ Figure 22g is smoothed, but in so 

doing, the precipitation step is lost (curve A to B). To 

recover the storm response, the iteration processor or 

2 method is added (curve E to F). 

step 

In summary, some o£ the storms produce a lake level 

response which is easily recognized as a precipitation step. 

In the more complicated processing, the wind response is 

removed using a simple running mean o£ predetermined 

or with the addition o£ an extra process. 
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6.3 Comparison with the results ~rom 

the standard instruments 

A summary o~ the results o~ both the methods and 

£our gauges surrounding the take is given in Table 16. The 

various methods used to obtain the amount o£ water 

equivalent precipitation and the mean deviation using this 

method are shown. The table also compares the proposed 

method with the average o£ £our point sites within the 

basin. The lake plain estimate is within the accuracy o£ the 

point instruments (plus or minus inches water 

equi vat ent). The possibility o~ extension o~ the values 

obtained £rom the lake 

examined by comparing 

system beyond the lake plain is 

the seven storms' values to eight 

points outside the basin2~ (Figure 6). The values ~or the 

eight stations outside the basin are given in Table 17 and 

compared with the values given in Table 16. The average 

value o£ each storm is di£~erent from the lake system. The 

wide variation within eight stations themselves, 

however, would indicate that this average is also not valid 

~or the total area. This result is not surprising, as 

e quat ion { 1 • 1 ) indicated that ten years o£ records are 

needed to achieve an eighty per cent probability 0~ 

describing the storm distribution and £i£teen years are 

required to achieve an equivalen-t probability using the 

multipoint system (equation 1.2) • 
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Day from 
January 1 

320 

350 

31 

111 

108 

343 

97 

Year 

1969 

1969 

1970 

1970 

1971 

1971 

1972 

TABLE 16 

VALUES FROM THE LAKE LEVEL RECORDER COMPARED TO THE 
FOUR AUTOMATIC STATIONS AND MANNED STATION (WYNYARD). 

(units in inches) 

Floating Ice Surface Method Four Automatic 
Stations 

Step 1 Step 2 Step 3 Avg. No. of 
Normal Two Directional Spectral Amount Stations 

Iteration Determinator 

0.200 + 0.2 0.115 + 0.04 0.167 + 0.03 0.2 2 

0.096 + 0.07 0.059 + 0.01 0. 1 3 

0.096 + 0.01 0.7 1 

0.104 + 0.04 0. 1 1 

0.265 + 0.04 0.166 + 0.03 0.2 4 

0.060 + 0.06 0.175 + 0.06 0.1 1 

0.070 + 0.01 0.1 2 

Wynyard 

Amount over Period 
of Graph 

0.25 

0.05 

no storm 

0.15 

0.07 

0.15 

0.15 



. TABLE 17 

STORM PRECIPITATION ~ BIG QUILL LAKE 

Total days (in 0.01 inches of water equivalent) 

Date/Site Nov. 11 Dec. 16 Jan. 31 Apr. 18-21 Apr. 17-18 Dec.9 Apr.6-9 
1969 1969 1970 1970 1971 1971 1972 

North Side 
Humboldt 0. 28 0.02 0.03 o. 10 0.12 0.48 0.05 
Muenster 0.20 0.10 0.20 0.35 0.07 0.45 0.10 
Paswegan 0.65 0.15 0.15 1. 00 0.09 0.55 0.10 
South Side 
Watrous M M M 0.20 0.23 0.34 0.17 
Nokomis 0.~0 0.10 - 0.15 0.22 0.05 0.06 ..... ,_. 
Raymore 0.21 0.03 0.16 0.06 0.15 0.03 U1 -
Semans 0.45 0.16 - 0.30 0.14 0.20 0.06 
~!i sha rt 0.40 0.03 - 0.22 0.05 0.35 0.12 
Inside 
Wynyard 0.25 0.02 T 0.22 0.07 0.·29 0.35 

Average o. 35 0.08 0.02 0.30 o. 12 0.32 0.12 
* 4 Gauge Average 0.2 0.1 0.2 0. 1 0.2 0. 1 0.1 

Lake System 0.17 0.06 0.10 0.10 0.17 0.18 0.07 

* This value is divided by four from Table 16 as three gauges were missing to give a basin estimate. 
Adapted from Monthly Weather Record, Atmospheric Environment Service. 

M = missing, T = trace, - = not avail·abl e 



In addition, the closed lake method bas a uni£orm 

reliability while the Fischer-Porter gauge and standard 

gauge become unreliable (Gray, 1971) due to undercatchment 

during windy conditions. In more than £i£ty per cent o£ the 

storms discussed, wind was a £actor. This result is similar 

to one by Harbeck and Co££ay (1959) comparing a rain£all 

network o£ 22 gauges with 4 take level recorders and 4 

in£low s~a~ion and 2 out£low stations over 34 storms• 

1he wide variation in the accuracies achieved by 

three methods leaves tittle doubt that care must be taken in 

the extrapolation o£ the data obtained. The £loating ice 

sur£ace method is very accurate £or selected zones. These 

areas are the hydrologically active zone o£ Big Quill Lake 

which covers 250 square miles of the topographical basin and 

t~ Lake Plain and Northern Hills, which appear to have a 

similar snow cover2•, and covers 900 square mites. 

There£ore, the winter precipitation is accurately estimated 

£or the major agricultural land o£ the basin. Only the 

Touchwood Hills remain without an accurate estimator. Since 

it is not possible to extend the precipitation values into 

this area other closed lakes in this area should be used to 

act as regional estimators. 

Furthermore, Table 1, page 6, showed that the £ive 

major basins cover ~wenty per cent o£ the settled portion o£ 

the province. In addition, there are other smaller basins 

which could be used to estimate in zones outside the maJor 

basins. In the next chapter, the case study will be expanded 

using models to introduce or suggest a network o£ lake 
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stations to give snow cover values :for -the province. In 

order to accomplish this e:f:fectivety, the advantages and 

disadvantages o:f this system are given below using 

research discussed in this chapter and Chapter 4. 

6.4 Limitations and advantages o:f the 

:floating ice sur:face method 

the 

The nitrogen bubble instrument does have limitations 

which are controlled by ice, wind and salinity. These are, 

however, outweighed by the advantages o:f the method. The 

instrument cannot be used to measure winter precipitation 

when the ice does not cover the entire take. This means that 

the method works :from approximately November to May, during 

the period when snow will accumulate and normally not 

evaporate or run o:f:f. The area o:f :free :floating ice is also 

required i:f areal snow depth is to be calculated. In order 

to complete this calculation the ice depth should be known 

to estimate the area o:f ice • The ice thickness was 

determined assuming that the :few observations were 

representative o:f the whole lake• An empirical :formula is 

available to give the potential ice depth, but not the 

actual depth. The ice sur :face does, however, present an 

advantage because the lake is closed. The ice cover can be 

used to advantage as it produces a uniform pressure and this 

pressure is proportional to the snow cover. The re:f ore, a 

single pressure change value is adequate :for the whole take. 

The ice also dampens wind waves. This dampening does not 
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work inde£initely or completely as wind witt cause deviation 

errors. In £act, the ice cover can be destroyed by high 

winds in the early and tate part o£ the winter season. 

Discontinuities in the take record can occur due to 

the method used to incorporate salinity changes; that is as 

a monthly value and not as a smooth £unction. The salinity 

parameter assumes that the speci£ic gravity is linearly 

proportional to the sa tt content and that this ratio is 

constant during the winter. 

Another limitation o£ the present method is the £act 

that some technique o£ detecting that snow or rain has 

fatten must be used. The present method is to use the 

standard point gauges in the basin to remove any ambiguity. 

This reduces the cost as only a portion o£ the lake level 

tape needs to be audited £or precipitation. The system is 

still not capable o£ determining changes which occur in the 

characteristics of the basin such as in land use, snow 

catchment and deposition. However, i£ these changes are 

persistent over a number o£ years, the take's level and its 

£luctuations witt incorporate this change. The change will, 

there£ore, become a part o£ the precipitation 

Chapter 3 showed that this memory could be used to 

change • 

analyze 

the basin's history. Both salinity and take area are related 

to this change and are also a part o£ the calculation to 

determine snow cover. There£ore, gross changes in the basin 

are manifested in the lake. 

Other basin characteristics can also be used to 

advantage. The lake is aerodynamically an integral part o£ 
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the basin and there£ore does not disturb the trajectory o:f 

the :fatting or blowing precipitation as would a standard 

instrument standing above the ground. This means that 

changes in density or dri£ting o:f the snow are automatically 

measured. The recorder there:fore measures actual snow on the 

lake and not potential as in the case o:f a point gauge. By 

shear size alone, the lake technique is more representative 

than any 

not 

point gauge. There:fore, the closed take technique 

does require a storm probability distribution or 

equivalence probability distribution, unless the lake is 

signi:ficantly di:f:ferent :from the shape o:f the basin, or 

unless more than one lake is used to repres~nt the snow:fatl. 

The :floating ice sur:face method gives the actual amount o:f 

winter precipitation :for each storm only during the period 

in which it would accumulate and not the calendar winter 

season. 
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6.5 Footnotes 

23Atmospheric Environment Service, Monthly 

Climatological Record§ (Ottawa: Queen's Printer, 1969-1972). 

24 The Earth Resource Technology Satellite picture 

£or December 9, 1972 shows the Lake Plain and Northern Hilts 

as having a similar appearance for a ten day old snow£a~t. 

This covers ninety per cent o£ the drainage basin. 

·£rom Don Fisher Associates, Prince Albert. 
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CHAPTER 7. 

APPLICATION OF THE FLOATING ICE TECHNIQUE 

TO OTHER INTERNAL DRAINAGE BASINS IN SASKATCHEWAN 

In Chapter 6, the closed take recorder system was 

developed to measure the winter precipitation events for the 

Big Quill Lake Basin. This chapter will expand the system to 

form a network of stations within the five major basins. The 

input to the network is a single lake in each of the five 

maJor basins in Saskatchewan (Figure 2, page 7). The 

response of each take to precipitation is calculated and 

interpreted to be the areal precipitation cover for the 

whole basin. The take should be similar in shape to the 

basin and the surface area of the lake should not be less 

than ten per cent of the basin area. Also, the accuracy of 

this technique is enhanced by the nature of the physiography 

of the basin, as explained in Chapter 3 and in detail in 

Chapter 5. If this network is successful, the total area 

represented by the model or models witt be twenty per cent 

of the settled part of the province. It is not within the 

scope of this thesis to extend the interpreted snow cover to 

the whole province or the remaining eighty per cent 

settled portion. 

o£ the 

A model of the proposed system will be designed 

after having defined the scope of this section. This is 

accomplished by defining the variables and establishing 

whether each is deterministic or stochastic (Table 18 ).25 

This table helps to establish the class of the model. The 
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·TABLE 18 INPUT AND OUTPUT TO THE MODEL 

INPUT 

STOCHASTIC 
ICE DEPTH 

GROUNDWATER 

DETERMINISTIC 
LAKE CHANGE 
SALINITY 
WIND 

DETERMINATION OF THE CLASS 

SYSTEM 

( 0, 0) 

OUTPUT 

CONCEPTUAL 
CLIMATIC RESPONSE 
SNOW DEPTH 
NOISE 

EMPl RICAL 

PRECIPITATION 

THE CLASS .OF THE MODEL IS FOUND BY CHOOSING INPUT,X, 
VARIABLES, FOLLOWING THE SYSTEM EQUATION,A, AND 
FINDING THE APPROPRIATE OUTPUT CLASS, Y. THE VARIABLES~ 
X, AND Y, MUST BE CLASSIFIED BEFORE-HAND. 
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deterministic variables are the ones which can be physically 

measured or estimated. The stochastic variables are 

estimated using correlations or equations based upon a 

normal probability distribution o£ occurance. In this 

table, the inputs are labelled x 1 , x2, X3 etcetera; the 

events which happen in the lake are labelled At, A2, et 

cetera, and the outputs £rom the system are given the 

notation Yt' Y2t Y3 and so on. The outputs can be 

categorized as empirical or conceptual, depending upon 

whether the input is stochastic or deterministic 

respectively. There£ore, i£ calibrated precipitation is 

required, the model's output will be empirical. I£, on the 

other hand, the response required is snow cover, then 

stochastic in£ormation must be used in the input and the 

model becomes conceptual. In other words, the table is used 

to classi£y the tabulated inputs in such a manner that the 

lake responses to the input £orces the outputs to be 

tabulated according to their class. 

The variables o£ equation (4.3) o£ lake level 

response can be classi£ied using Table 18. Since none o£ 

the variables o£ this equation are stochastic and none o£ 

the lake's responses are produced by conceptual alteration, 

the output £rom this equation is empirical. 

The type o£ model is determined by the time £actor. 

The type o£ model can be explained using an analogy (Figure 

23). In this £igure, Table 18 has had the third dimension, 

time, added to it. The time response can either be static or 

dynamic (Figure 24). 
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FIG. 23 VARIABLES LUMPED IN TIME AND SPACE WITH THE 

PROBABILITY OF OCCURRING 

t 

THIS FIGURE ADDS THE DIMENSION TIME TO TABLE 18 TO ENABLE 

THE TYPE OF MODEL TO BE DETERMINED IE. STATIC DR DYNAMIC. 

ADAPTED FROM: J.C.I. DODGE, MATH. MODELS OF HYDROL. SYSTEMS, INTERN. 

SYM. ON MATH. MODELLING TECHN., PROC. OF HYDROL. SYM., VOL 2. FT. 

COLLINS (1967) P. 175. 
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STATIC 

A) STATIC 

EQUILIBRIU~r-----------~----------------~--------~EQUILIBRIUM 1 

B) STABLE 

EQUILIBRIUM 

C) UNSTABLE 
EQUILIBRIUM 

DYNAMIC 

D) STEADY 
STATE 

EQUILIBRIU 

E) DYNAMIC 
METASTABLE 
EQUILIBRitM 

wind pressure 

EQUILIBRIUM 1 

t EQUILIBRIUM 2 

______ ~CIPITATION AMOUN':_ ---= 
EQUILIBRIUM 1 

----
---

--
PRECIPITATION 

AMOUNT 

time 

FIG. 24 THE RESPONSE OF THE MODEL TO STIMULI 

THIS FIGURE SHOWS THE LAKE LEVEL OR HYDROSTATIC PRESSURE 
RESPONSE TO VARIOUS STIMULI AS DETERMINED BY FIGURE 23. 

ADAPTED FROM: R.J. CHORLEY AND B.A. KENNEDY, PHYSICAL 
GEOGRAPHY - A SYSTEMS APPROACH ~ENGLAND: 
P IT rJJ AN PRESS , 1 9 7 i ) P • 2.0~2 ~ 
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Again, by tabulating the inputs, sys~em responses 

and outputs, the type o£ model can be determined using this 

£igure by tracing the steps o£ the desired equation through 

the boxes o£ each domain. For example, i£ the model or 

system were closed or had no external input, equilibrium 

must occur (Figure 24a). 26 I£ wind were to be introduced 

into the system, a disturbance o£ the lake's level and 

stable equilibrium would occur, but the lake would recover 

the same equilibrium level a£ter the wind had ceased (Figure 

24b). In the simplest precipitation model, 27 the 

precipitation causes a dynamic response called an unstable 

equilibrium as the lake level is increased (Figure 24c). 

The complex model, or a step 3 computation, is a dynamic 

metastable equilibrium (Figure 24e). These are the lake's 

responses with respect to time which can be categorised or 

typed by using Figure 23 to determine whether the responses 

are static or dynamic. 

Already the composition o£ the model is becoming 

complex. The model will there£ore be optimized and then 

calibrated to determine the accuracy. This optimization 

£orces the model to become conceptual rather than empirical. 

The model £or a particular lake was shown in Figures 14 and 

15 o£ Chap.ter 4, and has been calibrated in Chapter 6 

(Figure 25). The £irst variables which the model should 

handle are the physical ones, such as wind, air pressure, 

di££erential temperature and the take's shape. Only the wind 

e£fects have to be mathematically removed. The equation o£ 
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di££erential change used one parameter which is dynamic, and 

that is salinity. From equation (4.3), the precipitation in 

water equivalent is determined at the time of 

prec ipi tat ion event. 1£ the snow cover measurement 

the 

is 

required, then an additional set of equations is used. 

~his new optimized model can be expanded to include 

~ive lakes and hence £ive basins (Figure 26). This model is 

catted a "processor o£ information". The model is composed 

of six parts which combine deterministic and stochastic 

variables into a processor o£ data. The deterministic 

parameters are physical data such as wind and temperature, 

and are labelled 'plus factors•. The limnological variables, 

such as ice depth and salinity, are stochastically derived 

variables and are labelled minus factors. These two form a 

subsystem to the lake level response system. The lake level 

is modified by precipitation which can be measured, provided 

that the subsystem is consistent with the calibration 

procedures derived in Chapter 6. The derived precipitation 

can be interpreted to be equivalent to the basin after 

analyzing the basin's shape and magnitude in relation to the 

lake. This model shows the basins as unconnected entities. 

Another model is required to characterise this 

response and interconnexion between basins (Figure 27). This 

model, which is called a "response model", consists of five 

lakes with regulators and storages which cascade into five 

basins. Each basin system also has regulators and storages. 
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BASIN 1 

f=lG. 26 fmCESSING tolE.. Fm FIVE INTERNAL DRAINAGE BASINS 
TO OBTAIN PRECIPITATION AND stOf COVER 

<USE TIE SAM:: KEY AS FIG. 25. 
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BASIN 1 

BASIN 2 

BASIN 3 

BASIN 4 
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----------- ------', I LINK 

LAGS 

STOCHASTIC 

OsroRAGES 

~ 

FIG. 27 RESPONSE MODEL FOR FIVE INTERNAL DRAINAGE BASINS TO OBTAIN A PROVINCIAL SNOW COVER 
ONLY '!'HE FIRST BASIN IS SHOWN D< D::::TA!L. THE SECOND IS GIVEN IN IDEALIZED FORM AND THE REMAINDER IN 

CONCE'I>TUAL FORM 

130 



The cascade link is composed o£ outputs £rom both the 

and storages. The regulators, such as ice regulators 

thickness, produce the snow cover response or sensitivity, 

while the wind blown snow is considered to be a storage lag. 

The ou~put from the lake cascade storage characterises how 

the s~orm changes while over the basin• The storm cascade 

also has two parts: a regulator and a storage part. The 

regulators are the basin's characteristics which a££ect snow 

collection such as vegeta~ion, basin area and basin shape. 

There is also a £eedback loop due to the storm 

cascade to the lake level response to create a new 

equilibrium level. The storage £actors are storm direction 

and duration. The coupling between the basins is the storm's 

or weather system's continuity. The ability o£ this single 

model to represent winter precipitation is, there£ore, a 

£unctiort o£ the air mass £requency. The exact nature o£ this 

£unction is presently not accurately known. 

The lack o£ continuity between the basins and the 

storm tracks limits these models to one o£ summation o£ snow 

cover £or each basin as a separate item (Figure 26). Using 

Figure 2, page 7, ~he basins which can be incorporated into 

a network with the least amount o£ work are Old Wives Lake 

Basin Complex, Great Sand Hills 

Assiniboine 

Complex. 

Plains Complex, 
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Until the problem of continuity is solved, the 

fourth dimension, time, cannot be used to predict the 

snowfall £or the rest o:f 

incorporating many small 

the province. 

closed lakes 

The return from 

or basins would 

diminish unless the lakes in these smaller basins are a 

significant proportion o£ the total basin area and the basin 

area is representative o£ the adjoining basins. 
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7.1 Footnotes 

2 5 J. c. I. Dooge, Mathematical Models o£ Hydrologic 

Systems, Proc. o£ Intern. Hydrology Symposium, Vot. 2 (Fort 

Collins, Cot., 1967) PP• 170 - 189. 

Chorley and B. A. Kennedy, Physical 

Geography- A Systems Approach (England: Pitman Press, 1971) 

PP• 6, 77, 117, 120, 202. 

27 Chapter 6.2, Figure 15, step 1. 
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CHAPTER 8. 

SUMMARY AND CONCLUSION 

8.1 Summary 

The study 

internal basins 

has 

o:f 

concentrated on the :five major 

Saskatchewan. The physical 

charac-teristics such as relie:f, climate, soil, vegetation 

and hydrology o:f these ba~ins were examined together with 

their size and their importance to the study o:f snow cover. 

Based on the hydrology o£ the lakes within these basins, the 

signi:ficant closed lakes were investigated to determine 

whether they could be used as an instrument to measure 

winter precipitation. Five o:f the seven investigated lakes 

showed that their levels were predictable based on the 

measurement o:f precipitation. The other two lacked an 

adequate data bank o:f in :format ion. The standard point 

instruments and the normal methods o:f determining areal 

winter precipitation were analyzed :for comparison to the new 

method which has been called the :floating ice sur:face 

method. The :floating ice sur:face method used in this study 

utilizes a nitrogen bubbler recorder to measure the 

hydrosta-tic pressure change under the ice sur:face caused by 

winter precipitation whether in a liquid or solid :form. 

Using a particular basin, Big Quilt Lake, a case 

study was developed -to analyze the accuracy, advantages and 

limitations o:f the new method o:f determining winter 

precipitation. The characteristics of the basin and o:f the 
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lake, and the method and the instrument necessary to measure 

winter precipitation were substantiated. On the basis o'f 

the analysis using seven actual storms, the method was 

demonstrated to give the basin's precipitation. The measured 

lake responses to the storms were compared to site gauges. 

To investigate the possibility o£ extending the range o£ the 

new technique, the lake level responses were compared to 

eight sites outside o'f the basin. However, since the 

average 'from the eight standard gauges did not produce an 

acceptable mean value, 'further investigation was not carried 

out. 

At present, only one hydrostatic pressure recorder 

exists in Saskatchewan. This recorder is at Big Quill Lake 

and is operated by the author, at the Saskatchewan Research 

Council. The present method was designed to use this 

recorder and to prove its accuracy in comparison with the 

standard methods o£ determining snow storm precipitation. 

The floating ice sur'face method has the same accuracy, 

better sensitivity and is one-third o£ the cost o£ the 

standard gauges in the basin. The hydrostatic pressure 

equation derived to translate the lake levels into amounts 

o£ precipitation was proven to be dependent upon wind and 

salinity, but independent o£ air pressure and air or water 

temperature. Procedures were devised to model the 

interactions o£ wind and salinity and so to convert the lake 

level into precipitation amounts. I£ areal snow cover was 

required, then the area o£ £ree-£loating ice had to be 
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derived £rom an ice depth calculation in conjunction with a 

table o£ lake area at di~£erent elevations. The £loating 

ice sur£ace technique can be used normally from the third 

week in November un~il the second week in May to measure 

liquid or solid precipitation which £alls in discrete 

storms. The amount o£ precipitation recorded by the nitrogen 

recorder is a single value which has been shown to be more 

representative o£ the basin than any single point gauge. 

Since the lake sur£ace is aerodynamically part o£ ~he basin, 

the measuring technique does not disturb or obstruct the 

£alling snow. The method automatically accounts £or changes 

due to drifting snow and changes in the density of the snow. 

This new method was shown to be more representative o~ the 

lake area snow cover than the combination of many point 

gauges and is probably more accurate than extrapolation o£ 

the basin snow cover £rom the present recording gauges. 

8.2 Conclusion 

The £loating ice sur£ace method produces a physical 

space average or areal mean value which may be converted 

into a point value o£ winter precipitation. The production 

o:f a precipitation map ~rom data derived £rom the "process 

model" is di:f£icult and wi~hout physical basis, unless the 

aistribution displayed is adequately understood. The obvious 

dilemma is that the observed basin data re£er to points in 

space, between which there are considerable gaps. It has 

been shown in this thesis that linearity cannot be assumed 
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between poin-t gauges. In the same manner, the areal method 

cannot be extended to "the whole province or 

its own basin without a loss o£ integrity. 

points ou-tside 

Since the closed lake method produces a 

space-£orecast for the basin, extension o£ the in£ormation 

outside the area which is more than a couple o£ orders o£ 

Dagnitude greater than the closed lake is to attempt to 

:forecast the :future. The storms which produce snow are not 

homogeneous and stationary. The internal character o£ the 

storms changes with time, direction o£ travel and velocity. 

The "response model" presented in this thesis is an attempt 

to copy or derive the storm's distribution between basins. 

This model is useful because we are :forced to recognise 

where improvements can be made. 

~he process model does improve the present sparse 

network of gauge stations around Big Quill Lake• I£ the 

present network were extended to all internal basins, :fewer 

standard gauges would be required in the internal basins. 

The gauges which are removed could be used to eliminate gaps 

outside the basins. In the case o£ Big Quill Lake, the 

Touchwood Hills are di:f:ferent physiographically and 

climatologically :from the remainder o:f the basin, and a 

gauge removed :from the Plain could be installed there. The 

Hills are important because they supply runo:ff and 

groundwater recharge and, there:fore, should not be 

neglected. The prediction o:f :flood and drought would be 

improved because more area is measured with greater 

accuracy, but with the same number of measurements. As a 
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result, the cost to produce real time data would not be 

significantly increased. The increased accuracy would not be 

significant except where gauges do not exist already. The 

advantage is in the management of the instrument network, 

distribution of the instruments and, probably, more reliable 

nanagement of Saskatchewan's water resources. 

Knowledge o:f Saskatchewan's water resources was 

increased in this study by the cataloguing of the lakes by 

age, :flushing time, and evaporation; by the stochastic 

prediction of the take levels using precipitation; and by 

of lake the determination o:f stochastic return periods 

levels due to spring runo:ff from the accumulated winter 

precipitation. In addition, the physical features o£ the 

internal drainage basins were analyzed to determine their 

e:f:fect on the collection of winter precipitation. The 

stochastic in:formation demonstrated that precipitation was 

the major controlling :factor in the levels o:f :four lakes and 

that, in particular, the winter precipitation :for Big Quill 

Lake gave the most predictable water balance. With this 

information, Big Quill Lake was chosen :for the case study as 

it o:f:fered the best chance :for success. A new technique of 

measuring winter precipitation by using the :floating ice 

surface was designed and was proven to give an accurate 

precipitation amount for the greater part o:f the Big Quill 

Basin• As a consequence, a model was developed to use the 

major internal basins in Saskatchewan to obtain total snow 

cover in these basins. Thus, it has been shown that the 

objectives set out in the introduction o:f this study have 
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been achieved. 

The results of this study could be extended in two 

ways. The new instrument, in a simplified form, could be 

installed in :four of the :five internal basins to give a 

better space-forecast £or spring runoff. In addition, these 

sane recorders could also be maintained during the summer to 

give lal<e level information :for evaporation estimates. 

Secondly, the theories, information and method expressed in 

this study are not restricted to Saskatchewan. The :floating 

ice surface technique can be applied to any internal 

drainage basin where ice :forms on a closed lake for the 

majority of the winter months o:f each year. 
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APPENDIX A 

THE DERIVATION CF THE EQUATION TO 

TRANSLATE HYDROSTATIC PRESSURE 

INTO LAKE LEVELS 

Adapted £rom E. J. Langham, Interim and Progress R~port on 

the Big Quilt Lake Study, Saskatoon, Saskatchewan Research 

Council, 1970, Report E70-12, Appendix c. 

150 



The pressure to the manometer of the nitrogen bubbler 

system, p, is a function of the mercury level change and air pressure, 

p 0 • Therefore, p = (H2 - H
1

) p
1 

g + H3 ~g + p
0 

where g is the gravity constant 

p 
1 

is the density of the mercury 

P 2 is the density of the lake 

(A.l) 

H is the heights~. given in Figure 13,page 82. 

When the system is balanced or unpressurized, p = p • The new 
0 

balance is, therefore, 

(H' - H') 
2 li P

1
g = -H

3
p
2

g (A.2) 

Since the volume of mercury is constant in the concentric manometer 

(H2 - H
2
') d

2 = (H - H') d
2 

- d
2 

1 1 1 3 2 
4 4 

(A. 3) 

where d is the heights given in Figure 13, page 82 • 

Substituting (A.3) in (A.l) and rearranging 

p = (H2- Hz)Plg + (Hl- Hi)plg +Po 

Using (A.3) to eliminate H
1 

p = (H2 - H;} p
1 

g + d~ 
----

d2 - d2 
3 2 

2 
- d 

2 

(A.4} 

+p 
0 

(A.S) 

Equation (A.S) can be simplified by replacing the d's with a single 

number called a calibration facter, f, of the mercury manometer. 

(A.6) 

For the manometer used in all measurements the values are: 
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d3 = 69. 72rn.1n 

and f = 1.114. Whe""~. the system is operating, the nitrogen pressure 

is (A. 7) 

where is the mean excess pressure required to blow bubbles .. 

Therefore (A.S) becomes 

The lake level above the orifice, H4 , is 

H4 = 1~114(H2 - H~) l 

p 2 

0 

P:lg 

{A.8) 

(A. 9) 

The last term o/p
2 

g can be neglected since the flow rate friction 

and viscous forces are small. If the density of mercury, p
1

, is taken 

to be 13.55 grams per centimeter and p
2 

is the salinity calculated 

each month, the equation maybe re~qritten.. For Big Qu.ill Lake, the 

average density is 1.037 gm/cc. Therefore the equation becomes 

{A.lO) 

Since the recorder is mechanically linked to the probe, the mechanical 

connection must be calibrated to the height changes in the manometer. 

This calibration was accomplished by raising the manometer on metal 

discs of 0.01 ~ 0.001 inches, in thickness and recording the changes 

(Langham, 1970). The following equation holds when the salinity, p2 , 

is 1.037 gm/cc: 

DL = H4 I 142.96 feet (A.ll) 
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APPENDIX B 

THE COMPUTER PROGRAMMES USED 

IN THIS THESIS 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
C PROGRAM TO PLOT LAKE LEVELS 
C BY JeWHITING,1972 
C SASKATCHEWAN RESEARCH COUNCIL 
C SUBROUTINES FOR DATE 
C PRECIPITATION PLOTTING 
c CALL FOR SECTIONS OF 00000 3 DAY LE 
C NGTHS 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 

CALL READ 99 
3 FORMAT( 1H , 'DATE' ,14,3( 1 / 1 ,12), 1 TO', 14,3( 1 / 1 ,12 ), 1 NU 

CMBER= 1 ,16) 
110 FOR~AT(3I6,I4,I2,516,14,12) 
100 FORMAT( 316) 
101 FORMAT(1216) 
102 FORMAT(12(2X,4A1)) 

DIMENSION TA(15) 
DIMENSION JDA(18) 
INTEGER YRO,YR 
INTEGER*2 STORE(13000), 
CNK/ 1 'I 

C DAYS IN MONTH 

L( 12), IM ,NY( 50) ,NBLA 

DATA JDA/31,28,31,30,31,30,31,31,30,31,30,31,31,28,31, 
C30,31,30/ 
INTEGER DAY,DYO,HRO,HR 
DIMENSION RHO( 12),FASL(13000) 
DIMENSION AMODES(200) 

C MONTHLY SPECIFIC GRAVITY VALUES 
DATA RH0/1.054,1.065,1.066,1.052,1.041,1.040,1.042,1.0 
C43,1.044,1.0 

*46,1.047,1.050/ 
C BASE LEVEL 

BASE=1683.121 
JAD=O 

c IF PLOT REQUIRED JPLOT=1 
C IF ONLY GRAPH REQUIRED JPLOT=2 
C IF TABLES REWUIRES WRIRE SUBROUTINE 

JPLOT=2 
103 FORMAT( 216) 

DATA TA /15* 1 0.0 1 / 

c 
C READ IN START AND END DATES. 
c 

c 

READ(5,4) IST1,ISTOP1 
4 FORMAT(213) 

NN=O 
K3=0 
JSTOP=O 

I STOP IS THERE ANY MORE FILES TO BE RUN 
C YES ISTOP=1 
C NO ISTOP=O 

AFTER 

C MISS IS THE NUMBRR OF VALUES TO BE DELETED BECAU 
C SE OF TOO M:U 
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52 READ(5,103,END=212)MISS,ISTOP 
LX=O 
NC1=0 
NC2=0 
IAD=O 

C READ DATE 
53 READ(5,110,END=53 )DAY,MON,YR,HR,MIN,NTAPE,INTERV,DYO, 

CMO,YRO,HRO,M 
*INO 

DA=JDA( MON }-DAY 
IF(MON.NE.MO)RHO(MON}=(DA*RHO(KON)+DYO*RH~(MO})/(DA+DY 

CO} 
C CONVERT TO JULIAN CALENDAR 

CALL NDAY( DAY,MON,YR,IDATE) 
DATE=IDATE*1.0+HR/24.0 

IF(NTAPE.LE.40)BASE=1680.921 
IF(NTAPE.GT.40)BASE=1682.611 

IF(NTAPE.GE.78}BASE=1682.398 
IF(NTAPE.EQ.411)BASE=1680.921 

C READ DATA 
20 READ(5,101,END=212} (L(I},I=1,12} 

c 
C REJECT ALL READINGS THAT CONTAIN ANY BLANKS IN THE PUN 
C CHED NUMBERS 
c 

c 

c 

c 
c 

c 

c 

READ( 99, 102 )(NY( MN ), MN=1, 48) 
N1=1 
K4=0 
DO 11 K1=1,12 
N3=1 
K4=K4+1 
N2=N1+3 
DO 12 K=N1,N2 
IF(NY(K}.NE.NBLANK)GO TO 12 
L(K4)=NBLANK 
N3=N3+1 
IF(N3eLT.5} GO TO 12 

9 K4=K4-1 
GO TO 8 

12 CONTINUE 
8 N1=N1+4 

IF(N3.GT.1) NC1=NC1+1 
11 CONTINUE 

IF(K4.EQ.O) GO TO 20 
FORM DATA ARRAY 
DO 22 K=1,K4 
LL=L(K) 
TAKE CARE OF BLAMKS 
IF(LLeEQ.NBLANK)GO TO 19 
CHECK FOR END OF TAPE 

EXIT ARRAY 
IF(LL.LT.-1500)LX=1 
IF(LLeGT.O)GO TO 36 
END OF TAPE GO TO 
IF(LX.EQ.1)GO TO 30 
VALUE EQUALS ZERO 

24 IAD=IAD+1 
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51 CONTINUE 
212 CONTINUE 

IF(NTAPE.EQ.69)GO TO 
C146 

500 

C OMA(GTIXE LL 
WRITE(6,100)NTAPE,STORE(I),JAD 
STOP 
END 
SUBROUTINE NDAY(IDATE,MONTH,IYEAR,IDAY) 

)SED 

INTEGER KDAY(13)/0,31,59,90,120,151,181,212,243,273,30 
C4, 334,365/ 
IF(MIN0(IDATE,MONTH,IYEAR).LEe0eOR.MONTH.GT.12.0R.IDAT 
CE.GT.31) 

c 

c 

* GO TO 40 
IDAY=KDAY(MONTH)+IDATE 
IF(MOD(IYEAR,4).EQ.O.AND.MONTH.GT.2)IDAY=IDAY+1 

40 CONTINUE 
RETURN 
END 
SUBROUTINE SPLIT(JAD,FASL,DATE,INTERV,YR) 

DIMENSION AMODES{l),FASL(l),DAY(24),INT(24) 
INTEGER YR 

1 FORMAT(I6) 
NUMBER OF ZONES TO BE LOOKED AT 

WRITE(6,300)INTERV,DATE,YR 
READ(5,1,END=500)NO 
READ DATES OF BEGINNING OF ATEA TO BE COVERED 

C ARDS 
READ(5,2,END=500)((DAY(J),INT(J)),J=1,NO) 
IZ=O 
IK=1 
XDAY=DATE 
DO 100 J=l,NO 
INTE=O 

C CHANGE INT(J) INTO MINUTES 
2 FORMAT(24(F6.0,I6)) 

INT(J)=INT(J)*60 
IDAY=IFIX(DAY(J)) 
DO 102 I=IK,JAD 
XDAY =XDAY+INTERV/60. 
IF(IFIX(XDAY).GE.DAY(J)) GO TO 103 
IZ=IZ+l 

102 CONTINUE 
103 DO 104 IK=IZ,JAD 

INTE=INTE+INTERV 
IF(INTE.GE.INT(J)) GO TO 105 

300 FORMAT(I6,F10.2,I6) 
104 CONTINUE 
105 IDAY=IFIX(XDAY) 

WRITE(6,301)IK,IDAY,INTERV,YR 
301 FORM:AT(5I10) 

CALL PROFIL(IK,FASL,I,IDAY,INTERV,YR) 
IK=IK+l 

100 XDAY=XDAY+INTE/60. 
500 RETURN 

END 
SUBROUTINE PROFIL(J4,BOTTOM,IK,IDAY,INTERV,IYEAR) 
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c 
C SUBROUTINE TO DISPLAY SALINITY PROFILES 
c 

c 
c 

INTEGER PAGE 
ORIGINAL PROGRAM BY LeFERTUCK, MODIFICATION JeWHITI 

NG 
DI~ENSION LEVEL(4000),BOTTOM(J4),KOLHD(5) 
REAL KONC( 4000) 
INrEGER TITLE( 10)1 1 BIG 1 , 1 QUIL 1 , 1 L LA 1 , 1 KE R1 , 1 EACT 1 , 1 

CION I ' I TO P' 
* , 1 RECI 1 , 1 PITA 1 , 1 TION 1 1 

REAL FORM ( 19 ) I ' ( 1 H ' , 1 , F 1 , 1 7 • 2 , 1 

1 , 1 F11. 1 , 1 3,2H 1 , 1 , 1 , 1 1 , 1 

c•,• <1H', 
1 '*l,T 1 , 1 120, 1 , 1 1H , 1 , 1 T60, 1 , 1 1H , 1 , 1 T80, 1 , 1 1H , 1 , 1 T 

c 1 ,'10o,•,•1H 

* >'I 
REAL C( 10 )I • 0 I ' ' 1' ' • 2. ' ' 3' ' ' 4' ' '5' ' I 6. ' '7 I ' ' 8 I ' I 9 I I 

200 FORMAT(I7,I6,F11.2) 
C GENERATE GRID VALUES 8 PRINT HEADINGS AT 
C TOP OF PAGE 

IPAGE=1 
AX=O.O 
AY=1700.0 
D0300 I=IK,J4 
AX=AMAX1(AX,BOTTOM(I)) 
IF(BOTTOM(I).LTe1687.0)GO TO 300 
AY=AMIN1(AY,BOTTOM(I)) 

300 CONTINUE 
DIFF=(AX-AYl*12.000 
IDIFF=500 
IF(DIFF.LE.2.00)IDIFF=200 
IF(DIFF.LE.1.00)IDIFF=100 
IF(DIFF.LE.0.50)IDIFF=50 
DO 301 1=1,5 

301 KOLHD(I)=IDIFFI5*I 
WRITE(6,4)IDAY,IYEAR,IDIFF 

4 FORMAT( 1 1 1 ,20X, 1 DAY OF START OF GRAPH 1 ,I6, 1 YEAR 1 , 16 
C,l 1 EACH DIV 

*ISION= 1 ,I6) 
WRITE(6,1) TITLE,PAGE,KOLHD 

1 FORMAT(' 1 ,T21,10A4,T110, 1 PAGE 1 ,I311' 1 ,2X, 1 DATE 1 ,3X, 1 

CELEVATION 1 ,4 
*X, 
*ATER LEVEL 1 ,T36,I6,41201 1 (DAY) 1 ,T14, 1 (INCH) 1 ,T25, 1 (I 

CNCH) 1 ,1 1 + 1 ,T 
*21,99( 1 _ 1 )IT20,5( 1 1 ,19( 1 1 )),' 1 ) 

C SCALE LINE, SET OBJECT TIME FORMAT, AND P 
C RINT LINE 

DATA=O. 
DO 8I=IK,J4 
KONC(I)=DATA+INTERVI60.0 
DATA=KONC(I) 
BOTTOM(I)=(BOTTOM(I)-AY)*12.000 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
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C FOR STEP 3 MANIPUlATION TO GET RID OF WIND EFFECTS 
C USE THE FOLLOWING C CARDS WITHOUT C ON THE FRONT 
C XL=XL+BOTTOM(I) 
C ONLY HOURLY PLOT 
C IF (MOD(I,60).EQ.O)GO TO 700 
C GO TO 8 
C 700 CONTINUE 

K4=19 
C RUN =0 
C TA(2)=XL/YL 
C K5=K4+1 
CC K6=K5+1 
CC K7=K6+1 
C NN=NN+1 
C DO 19 HOUR RUNNING MEAN 
C DO 12 JX=2,K5 
C IF(NN+1.EQ.JX)GO TO 13 
C 12 RUN=RUN+TA(JX_ 
C 13 IF(NNeLTeK4)K4=NN 
C RUN=RUN/K4 
C I21=K5-1 
C DO 44 II=2,I21 
C 44 TA(K7-1)=TA(K6-II) 
C 45 CONTINUE 
C !OTTOM(I)=RUN 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 

LEVEL(I)=IFIX(BOTTOM(I)*10000.0000) 
LEND=MAX0(MINO(LEVEL(l)/IDIFF,99),1) 
FOR~(7)=C(LEND/10+1) 

FORM(8)=C(MOD(LEND,10)+1) 
8 WRITE(6,FORM) KONC(I),BOTTOM(I) 

C PRIN~ BOTTOM OF GRAPH AND WARN IF EXCESS 
C DATA 

WRITE(6,2) 
2 FORM:AT(T20,5( I 1 ,19( I 1 )), 1 1 / 1 + 1 ,T21,99( 1 _ 1 )) 

WRITE(6,3)KOLHD 
3 FORMAT( 1 1 , T36, I6, 4120) 

PAGE=O 
RETURN 
END 
SUBROUTINE PLOT(JAD,FASL,DATE,INTERV,YR,AMODES,ISTART, 
CISTOP) 
RETURN 
END 

9 7 70 13 69 3 17 7 70 12 
8368 8346 8328 8292 8311 8316 8308 8313 8309 8321 
8255 8239 8230 8215 8200 8186 8169 8152 8122 8070 
8060 8086 8142 8201 8253 8298 8331 8387 8413 8411 
8397 8407 8436 8419 8400 8375 8378 8349 8324 8309 
8280 8281 8290 8301 8302 8315 8328 8331 8357 8379 
8398 8397 8370 8349 8329 8307 8291 8294 8297 8305 
8350 8362 8374 8499 8400 8545 8503 8424 8439 8450 
8463 8462 8455 8446 8439 8430 8430 8429 8424 8423 
8559 8396 8390 8381 8393 8403 8421 8432 8450 8459 
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8409 8441 8476 8509 8519 8521 8635 8690 8602 8663 
8572 8546 8562 8565 8545 8527 8564 8575 8563 8593 
8517 8472 8571 8472 8534 8484 8541 8537 8526 8547 
8544 8581 8538 8542 8481 8599 8556 8525 8541 8541 
8496 8588 8607 8545 8565 8540 8642 8567 8537 8566 
8354 8362 8473 8625 8669 8497 8586 8432 8396 8385 
8589 8725 8747 8600 8508 8448 8459 8480 8477 8523 
8759 8759 8660 8873 8650 8491 8552 8429 8499 8502 
8872 8921 8832 8638 8621 8717 8695 8798 8755 8822 
8715 8623 8548 8578 8624 8789 8721 8806 8817 8743 
8697 8734 8655 8692 8672 8757 8862 8935 8825 8753 
8679 8597 8570 8708 8571 8719 8533 8663 8665 8649 
8668 8657 8600 8560 8744 8778 8781 8548 8799 8734 
8571 8570 8690 8704 8590 8489 8743 8592 8482 8714 
8456 8618 8629 8609 8809 8591 8752 8521 8661 8753 
8688 8551 8411 8533 8634 8706 8425 8442 8532 8651 
8666 8670 8467 8529 8733 8730 8631 8582 8528 8554 
8547 8779 8802 8743 8743 8713 8765 8429 8572 8421 
8474 8362 8570 8445 8589 8493 8398 8612 8427 8597 
8589 8638 8447 8554 8653 8689 8483 8611 8582 8474 
8415 8558 8557 8490 8650 8609 8472 8521 8605 8752 
8649 8394 8439 8522 8569 8633 8651 8701 8871 8762 
8833 8934 8773 8771 8872 9164 9063 8943 8875 8729 
8592 8589 8606 8584 8550 8610 8575 8689 8730 8726 
8733 8755 8764 8783 8893 8934 8950 8711 8707 8772 
8875 8829 8798 8778 8709 8636 8689 8754 8624 8646 
8688 8702 8718 8732 8743 8762 8772 8785 8801 8812 
8850 8866 8878 8892 8906 8920 8936 8952 8970 8984 
9036 9053 9071 0293 1103 9855 

-2000 
330 350 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
C PROGRAM TO ELIMINATE DAY OF NO RAIN 
C PROGRAM BY J.WHITING, 1971, SASK RESEARCH 
C DATA FROM AES , TORONTO FROM TAPES SUPPLIED BY SRC 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
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103 

227 

CALL READ 99 
FORMAT(A80) 
INTEGER ARAIN( 3, 32) 
FORMAT(9X,3I2,A1,32A2) 
REAL FQ RM( 7 1 ) I ' ( 9 X ' ' ' ' I 2 ' ' ' I I 2 ' I ' I I 2 ' I ' 

1. •,•,•,• •,•,•,• 
c,. •,•,1, 

2' •,•,•,1 •,•,•,• 
c,' •,•,•, 

2' •,•,•,• .,.,~,· 

c,• 1,•,•, 
2' ' ' ' ' ' ' ' •,•,•,1 

Ct I I t I t I t 

2' •,l,t,l ·,~,·,· 
Ct I •,•,•, 

2' I t I t I t I ·,~,·,· 

INTEGER 11 
INTEGER A1 
INTEGER A2,F2 
DI~ENSION ICOUNT(32) 

•,•,•,• •,•,•,• 

•,•,•,• •,•,•,• 
.,.,~,· •,•,•,• 
·,~,·,1 1,1,•,• 

•,•,•,• ·,~,•,• 

•,•,•,1 )1/ 

I t I t I 

I t I t I 

I t I t I 

I t I t I 

I t I t I 

DIMENSION RAIN(5,32l,IRAIN(110),PRECIP(110),JHR(110) 
DIMENSION PREC(100) 
REAL MONACC 
INTEGER IRAIN 
DATA RAIN,JHR/160* 1 0.0 1 ,110* 1 0 1 / 

DATA IRAIN,PRECIP/110* 1 0 1 ,110*'0.0 1 / 

DIMENSION JDA(12) 
DATA JDA/'31', •2s• ,•at• ,•ao• , 1 31' , 1 30 1 ,•31' ,•at• ,•30', 
C I 31 1 t I 30 I t I J 

*1'/ 
DATA I1,Al,A2,F2/ 1 0111 1 , 1 01A1 1 , 1 01A2 1 , 1 F2.1'/ 

224 FORMAT(15X,A1,32A2) 
229 FORMAT( 1 1 ,3A4,32A2) 

DATA A,B/ 1 D1 , 1 AFOE 1 / 

C DATE CARD 
DATA JMON,JYR/ 1 12 1 , 1 67 1 / 

DATA JMON,JYR/ 1 11 1 , 1 67 1 / 

INTEGER JJJ,LLL,DDD,ZZZ 
DATA JJJ,LLL,DDD,ZZZ/ 1 - 1 7 1 L 1 , 1 D1 , 1 Z 1 / 

INTEGER MMM 
DATA MMM/ 1 M1 / 

1 FORMAT(9X,3I2,I1,32F2.1) 
2 FORMAT(1H ,6X,316, 1 CARD OUT OF ORDER 1 ,13) 
3 FORMAT(lH ,'MISSING DATA FROM 1

9 /1H ,416, 1 T0',4I6) 
4 FORMAT(lH 7 7(16,F6.1),2X,2A4,516) 
5 FORMAT( 1H ,12X,2I6, 1 MONTH TOTAL 1 ,F6.1, 1 IN•') 
6 FORMAT(1H ,18X,I6, 1 YEARLY TOTAL 1

7 F6.1, 1 1Ne 1 ) 

C CARD OUTPUT 

c 

7 FORMAT(7(I4,F4.1),2A4,313,1X,211) 
8 FORMAT( I4,4X,6( I4,4X ),2A4,2I3,4X, 1 11 1 ) 

10 FORMAT(1H1, 1 FISCHER-PORTER PRECIPITATION GAUGE 1 ,//1H, 
c• HOUR DA 

*Y MONTH YEAR 1
7 /1H ,7( 1 HOUR INCH' ), 1 

* CARD' ) 
PLACE YEAR 

C INITIALIZE 
c 
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IC=O 
IRROR=9999 
MONACC=O. 

C 1 INTERV 1 AL =1 FOR HOURLY VALUES ONLY 
INTERV=1 
INTERV=O 
ISTART=l 
YRACC=O. 
WRITE( 6,10) 

c 
C READ DATA CARDS 
c 

400 DO 20 1=1,3 
READ(5,227,END=600) IYR,IMON,IDAY,ACARD,(ARAIN(I,J),J= 
Cl, 32) 
JCOUNT=O 
IF(ACARD.EQ.JJJ)GC TO 226 
DO 225 J1=1,32 
ICOUNT(J1)=0 
IF(ARAIN(I,J1)-LLL)327,526,327 

526 ICOUNT(J1)=J1 
JCOUNT=JCOUNT+t 

327 CONTINUE 
IF(ARAIN(I,J1)-MMM)225,527,225 

527 ICOUNT(J1)=J1 
JCOUNT=JCOUNT+1 

225 CONTINUE 
IF(JCOUNT.EQ.O)GO TO 530 

226 WRITE(6,227)IYR,IMON,IDAY,ACARD,(ARAIN(I,J),J=1,32) 
IF(ACARD.EQ.JJJ)GC TO 400 
GO TO 20 

530 CONTINUE 
READ(99,1)IYR,IMON,IDAY,ICARD,(RAIN( I 9 J),J=1,32) 
IF(ICARD.EQ.O)GO TC 221 
IF(I.NE.IC~RD)WRITE(6,2)IDAY,IMON,IYR,ICARD 

20 CONTINUE 
221 CONTINUE 

IF(MOD(IYR,4).EQ.O)JDA(2)=29 
NN=O 
DO 21 1=1,3 
DO 22 J=1,32 
IF(ARAIN(I,J).EQ.NMM) RAIN(I,J)=-0.1 
IF(ARAIN(I,J).EQ.LLL)RAIN(I,J)=-0.1 
NNN=J+(I-1)*32 
IHR=NNN/4 
NHR=MOD(NNN,4) 
IHR=IHR*100+NHR*15 

401 CONTINUE 
IF(RAIN(I,J).GE.OO.O.AND.IC.EQ.1.AND.INTERV.EQ.O)GO TO 
IF(RAIN(I,J).LE.-0.1.AND.IC.EQ.O.AND.INTERV.EQ.0)GO TO 
IF(RAIN(I,J)eLE.O.OlGO TO 416 
GO TO 411 

410 CONTINUE 
LHR=IHR 
LDAY=IDAY 
LMON=IMON 
LYR=IYR 
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c 

IC=1 
GO TO 416 

412 KHR=IHR-15 
IF(NHR.EQ.O)KHR=KHR-40 
IF(KHR)413,414,414 

413 KHR=2345 
KMON=IMON-1 
KMON=12 
KDAY=IDAY-1 
IF(KDAY.EQ.O)KDAY=JDA(KMON) 
GO TO 415 

414 KW:ON=IMON 
KDAY=IDAY 
KYR=IYR 

415 WRITE(6,3) LHR,LDAY,LMON,LYR,KHR,KDAY,KMON,KYR 
WRITE(7,8)1RROR,LHR,LDAY,LMON,LYR,KHR,KDAY,A,B,KMON,KY 
CR 
IC=O 
IF(RAIN(I,J).LEe 0.0) GO TO 416 

411 CONTINUE 
NN=NN+1 

C ACCUMULATE MONTH ~CTAL 
MONACC=MONACC+RAIN(I,J) 
PRECIP(NN)=RAIN(I,J) 

c 
c 
c 

c 

JHR(NN)=IHR 
416 CONTINUE 

22 CONTINUE 
IF( ICARDeEQ.O)GO TC 100 
IF(IHReGE.2400)GO TO 100 

21 CONTINUE 
100 CONTINUE 

IF(IMON.EQ.JMON)GO TO 300 
IF(ISTART.EQ.1)GO TO 200 
WRITE(6,5)JMON,JYR,MONACC 

200 CONTINUE 
JMON=IMON 
YRACC=YRACC+MONACC 

C ACCUMULATE YEARLY TOTALS 
c 

MONACC=O• 
300 CONTINUE 

IF(ISTART.EQ.1)GO TO 201 
IF(JYR.EQ.IYR)GO TO 301 
WRITE(6,6)JYR,YRACC 

201 ISTART=O 
JYR=IYR 
YRACC=O. 

301 CONTINUE 
N1=1 
NI=O 
IF(NNeEQ.O)GO TO 35 
DO 31 I=1, 14 
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NI=NI+7 
IF(NieGE.NN)GO TO 32 

31 CONTINUE 
32 DO 33 J=1,I 

N2=N1+6 
N3=NN+1 
DO 36 JK=N3, N2 
IRAIN(JK)=O 
PREC IP( JK )=0. 0 

36 JHR(JK)=O 
WRITE(6,4)(JHR(N),PRECIP(N),N=N1,N2),A,B,IYR,IMON,IDAY 
c,J,I 
WRITE(7,7)(JHR(N),PRECIP(N),N=N1,N2),A,B,IYR,IMON,IDAY 
c,J,I 

33 N1=N2+1 
DO 34 1=1,NN 
JHR(I)=O 

34 PRECIP(I)=O.O 
35 CONTINUE 

GO TO 400 
500 WRITE(6,5)1MON,IYR,MONACC 

YRACC=YRACC+MONACC 
WRITE(6,6)1YR,YRACC 

600 CONTINUE 
STOP 
END 

21401HFEE7307003 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070P1 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070P2 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070P3 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070Q1 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070Q2 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070Q3 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070R1 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070R2 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73070R3 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071 1 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071 2 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071 3 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071J1 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071J2 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071J3 L L L L L L L L L L L L L L L L L L L L L L 
21401HFEE73071K1 
21401HFEE73071K2 
21401HFEE73071K3 
21401HFEE73071Ll 
21401HFEE73071L2 
21401HFEE73071L3 
21401HFEE73071M1 
21401HFEE73071M2 
21401HFEE73071M3 
21401HFEE73071N1 
21401HFEE73071N2 
21401HFEE73071N3 
21401HFEE7307101 
21401HFEE7307102 
21401HFEE7307103 

164 



21401HFEE7308051 
21401HFEE7308052 
21401HFEE7308053 
21401HFEE7308061 
21401HFEE7308062 
21401HFEE7308063 
21401HFEE7308071 
21401HFEE7308072 
21401HFEE7308073 
21401HFEE7308081 
21401HFEE7308082 
21401HFEE7308083 
21401HFEE7308091 
21401HFEE7308092 
21401HFEE7308093 
21401HFEE7308101 
21401HFEE7308102 
21401HFEE7308103 
21401HFEE7308111 
21401HFEE7308112 
21401HFEE7308113 
21401HFEE7~08121 

21401HFEE7308122 
21401HFEE7308123 

01 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
C PROGRAM TO TABLTE BY LOCATION AND TIME MATCH 
C THIS WAS A SPITBOL PROGRAM TRANSLATED IN TI FORTRAN 
C ORGINALLY WRITTEN BY N.NICOLICHUK,SRC 
C ADAPTED BY J.WHITING,1973,SASK. RESEARCH COUNCIL 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
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DIMENSION IORDER(5) 
663 FORMAT( 1 1 , 100( '*' ) ) 
665 FORMAT( I I' 516) 
809 FORMAT( 1 1 1 , 1 PAGE= 1 ,13) 

64 FORMAT( 1 - 1 , 1 0NE PLACE',I4,10X, 1 TWO PLACES 1 ,I4,10X, 1 TH 
CREE PLACES', 

1I4,10X, 1 FOUR PLACES 1 ,14) 
503 FORMAT(' 1 , 1 NO LOCATION GIVEN ON CARD 1 ,13~,F3.1) 

501 FORMAT( 1 +', 81X ,F3.1) 
401 FORMAT( 1 + 1 ,64X,F3.1) 
301 FORMAT( 1 + 1 ,46X,F3.1) 
201 FORMAT( 1 + 1 ,28X,F3.1) 
707 FORMAT( 1 + 1 ,10X,I4,78X,3I6,09X,I1) 
708 FORMAT( 1 1 , 2( 4X, F12. 0)) 

52 FORMAT(' 1 ,10X, 1 TIME 1 ,10X,2A4,10X,2A4,10X,2A4,10X,2A4, 
C10X, 1 YR M 

lON DAY 1 ,1X, 1 NO. SYNCHRO. EVENTS') 
51 FORMAT( 1 1') 

903 FORMAT(4(2A4,2X),10X,I4) 
900 FORMAT( ' ') 

20 FORMAT(i(I4,1X,F3.1),2A4,3I3) 
908 FORMAT( 1 1' ) 
159 FORMAT( I 87 I ,T24' 5F6. 2) 
664 FORMAT(' 1 ,2A4,5X,5(7X,F12.0)) 
158 FORMAT( 1 1 , 1 DURATICN-HRS 1 ,T29,5(F5.2,14X)) 

INTEGER*2 !SPACE 
777 FORMAT( 1 87 1 ,T24,5I6) 
764 FORMAT( 1 88 1 ,2A4,5(F12.0)) 
872 FORMAT(I4,3I2, 1 FISCHER-PORTER B.Q. 1 ,4F8.2) 
765 FORMAT(4X, 1 0RDER 1 ,5X,5(13X,I6)) 
211 FORMAT( 1 + 1 ,T27,F5.1) 
311 FORMAT( 1 + 1 ,T32,F5.1) 
411 FORMAT( '+ 1 ,T38,F5.1) 
511 FORMAT( 1 + 1 ,T44,F5.1) 

REAL*8 SPACE( 5 ) 
DIMENSION CIP( 5) 
INTEGER*2 SPAC 

DIMENSION DA( 12),CT( 5) 
DATA IY1,IY2,1Y3,IY4/ 1 S 1 , 1 TART 1 , 1 •,• END'/ 
DATA DA/31.,28.,30.,31.,31.,30.,31.,31.,30.,31.,30.,31 
C./ 
INTEGER ORDER(5) 
DOUBLE PRECISION T(5) 
DOUBLE PRECISION DMAXl,DMINl 
DOUBLE PRECISION START(5),END(5) 
REAL*8 LEAST,LAST 

INTEGER A,B,C,D,E,F,G,H,Q,P,AVAIL,HR,YR,DAY,BEGIN 
DIMENSION IPLOT(16,8) 
DOUBLE PRECISION TIME(1400) 
DIMENSION HR(1300),PRECIP(1300), NEXT(1300),1 
CNAME(1300), 

1 IHR( 7 ) , PREC I( 7 ) 
INTEGER* 2 IMON{1300),IYR(1300),IDAY(1300),LOC(1300) 
L=l 
DO 283 1=1,5 
CIP(I)=O.O 
CT( I )=0. 
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END(I)=O.O 
ORDER( I )=0 
START( I )=0. 

283 CONTINUE 
KHR=1800 
LAST=O. 
K3=59 
LEAST=80. D 9 
N=1300 
Q=O 
WRITE( 6, 808) 

808 FORMAT( 1 FISCHER-PORTER PRECIPITATION GAUGES AROUND TH 
CE PERIMETER 

*OF BIG QUILL LAKE 1 ,//////// 1 1 , 1 MISSING VALUES ARE RE 
CCORDED BY 2 

$CONSECUTIVE *** 1 ) 

DO 10 I= 1,1300 
NEXT(I)=I+1 

10 CONTINUE 
AVAIL=1 
I1=1 
L2=0 
DO 11 I=1,16 
READ(5,903) ( IPLOT(I,J),J=1,8),LL 
L2=L2+1 
IF(LLeEQ.1000) GO iO 60 

11 CONTINUE 
60 READ(5,20,END=30) (IHR(I),PRECI(I),I=1,7),A,B,YR,MON,D 

CAY 
DO 50 1=1 ,7 
IF(IHR(1).EQ.9999)GO TO 40 
IF(PRECI(I}.EQ.O.O) GO TO 60 
P=AVAIL 
AVAIL=NEXT(AVAIL) 
NEXT(P}=Q 
HR( P )=IHR( I ) 
PRECIP(P)=PRECI(I) 
IYR(P)=YR 
IMON(P)=MON 
IDAY(P)=DAY 
INAME(P)=A 
TIME(P)=YR*0.1D9 +MON*0•1D7 +DAY*0.1D5 + IHR(I) 
LOC(P)=5 
L3=0 
DO 13 J1=1,8,2 
IF( A. EQ. !PLOT( 11, J1)) LOC( P )=L3+1 
L3=L3+1 

13 CONTINUE 
Q=P 
GO TO 50 

40 P=AVAIL 
AVAIL=NEXT(AVAIL) 
HR( P )=IHR( 2) 
IDAY(P)=IHR(3) 
I.MON(P)=IHR(4) 
IYR( P )= IHR( 5) 
INAME(P)=A 
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TIME(P)=IYR(P)*0•1D9 +IMON(P)*0•1D7 +IDAY(P)*0.1D5 + H 
CR{ P) 

PRECIP{P)=9999e9 
NEXT{P)=Q 
LOC(P)=S 
L3=0 
DO 14 J1=1,8,2 
IF{A.EQ.IPLOT( I1,J1)) LOC(P)=L3+1 
L3=L3+1 

14 CONTINUE 
Q=P 
P=AVAIL 
AVAIL=NEXT{AVAIL} 
NEXT(P)=Q 
HR{ P )=IHR{ 6) 

!DAY{ P )= IHR{ 7) 
IMON(P)=YR 
IYR(P)=MON 
INAME(P)=A 
TIME(P)=IYR(P)*0•1D9 +IMON(P)*0.1D7 +IDAY(Pl*O.tDS + H 
CR( P) 

PRECIP(P}=9999.9 
LOC(P}=LOC(Q} 
Q=P 
GO TO 60 

50 CONTINUE 
GO TO 60 

30 A=1 
BEGIN=P 

23 E=BEGIN 
D=E 
C=D 
B=C 

3 C=B 
B=NEXT( B) 
IF(B.EQ.O) GO TO 1 
IF(TIME(D).GT.TIME(B)) GO TO 2 
GO TO 3 

2 E=C 
D=B 
GO TO 3 

1 IF(E.EQ.D) GO TO 6 
IF(NEXT{D).EQ.O} GC TO 7 
NEXT{E)=NEXT{D) 
GO TO 21 

6 BEGIN=NEXT{D) 
GO TO 21 

7 NEXT{E)=O 
21 IF(A.EQ.2) GO TO 12 

IBEGIN=D 
NEXT{D)=O 
P=D 
A=2 
GO TO 22 

12 NEXT{P)=D 
NEXT{ D )=0 
P=D 
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22 IF(NEXT(BEGIN).NE.O) GO TO 23 
D=BEGIN 
NEXT(P)=D 
NEXT(D)=O 
F=O 
G=O 
IONE=2 
IJJ=O 
LEAST=O. 
H=O 
K1=0 
L4=1 
KK=O 
DO 16 I1=1,L2 
IPAGE=1 
A=IBEGIN 
L4=L4+1 
IF(L4eEQ.L2+1) L4=L4-1 
WRITE( 6, 908) 
IF(KKeLTei1)WRITE(6,52)(IPLOT(I1,J),J=1,8) 
WR I T E ( 6 , 9 0 0 ) 
K3=1 
KK=I1 
B=A 

150 CONTINUE 
A=B 
K=1 
IF(A.EQ.O) GO TO 16 
K3=K3+1 
IF(K3-59)699,710,710 

710 CONTINUE 
IPAGE=IPAGE+1 
WRITE(6,809)IPAGE 
WRITE(6,52) ( IPLOT(I1,J),J=1,8) 
WRITE( 6, 900) 
K3=0 

699 CONTINUE 
701 A=B 

L=LOC( A) 
GO TO (200,300,400,500,502),L 

200 WRITE(6,201) PRECIP(A) 
T( 1 )=TIME( A) 
CIP( 1 l=PREC IP( A) 
GO TO 202 

300 WRITE(6,301) PRECIP(A) 
T( 2 )=TIME( A) 
CIP( 2 )=PREC IP( A) 
GO TO 202 

400 WRITE(6,401) PRECIP(A) 
T( 3 )=TIME( A) 

CIP( 3 )=PREC IP( A) 
GO TO 202 

500 WRITE(6,501) PRECIP(A) 
T( 4 )=TIME( A) 
CIP( 4 )=PREC IP( A) 
GO TO 202 

502 WRITE(6,503) PRECIP(A) 
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T( 5 )=TIME( A) 
202 L3=0 

LOC(A)=5 
DO 17 I=1,8,2 
IF( INAME(A).EQ.IPLOT(L4,I)) LOC(A)=L3+1 
L3=L3+1 

17 CONTINUE 
ITT=LOC( A) 
IF(PRECIP(A).GT.99.)GO TO 679 

END( ITT)=T( ITT) 
IF(START(ITT)eEQ.O.)GO TO 773 
START(ITT)=DMIN1(T(ITT),START(ITT)) 

773 CONTINUE 
DO 671 I=1,5 
IF(ITT-I)770,771,770 

771 IF(IJJ.EQ.O)GO TO 772 
IF(ORDER(IJJ)eEQ.I)GO TO 679 

772 IJJ=IJJ+1 
ORDER(IJJ)=I 
GO TO 679 

770 CONTINUE 
671 CONTINUE 
679 CONTINUE 

IF(KHReLEe600 •• AND.KHR.GE.O.)IONE=O 
678 CONTINUE 

B=NEXT(A) 
IF(B.EQ.O) GO TO 166 
IF(TIME(A).EQ.TIME(B)) GO TO 700 
IF(PRECIP(A).EQ.9999e9) K=K-1 

166 CONTINUE 
WRITE(6,707)HR(A),IYR(A),IMON(A),IDAY(A),K 
WRITE(7,872)HR(A),IDAY(A),IMON(A),IYR(A),(CIP( II),II=1 
c, 4) 

IF(PRECIP(A).EQ.9999.9)GO TO 660 
DO 988 11=1,4 

988 CIP(II)=O. 
KHR=TIME(B)-TIME(A) 
IF(KHR.LE.600 •• AND.KHReGEe0e)GO TO 559 
IJJ=O 
WRITE( 6, 900) 
K3=K3+1 
IONE=IONE+1 
IF(IONE-1)662,661,662 

661 WRITE( 6, 663 ) 
START(5)=LEAST 
END(5)=LAST 
DO 44 IY=1,5 
ICT=O 
SPACE(IY)=START(IY) 
IF(START(IY).EQ.O.)GO TO 44 
IF(END(IY).GT.END(5))GO TO 44 
IF(END(IY).LTeSTART(5))GO TO 44 
IR=ORDER( IY ) 
IF(ORDER(IY).GT.O.AND.IY.LT.IORDER(IR))IORDER(IR)=ORDE 
CR( IY) 
DO 876 ICS= 1, 400 
SPACE(IY)=SPACE(IY)+15.0 
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IYE=SPACE(IY)/0.1D9 
YE=SPACE( IY)-IYE*0.109 
I.MN=YE/0.107 
X.MN=YE-I.MN*0.107 
IDY=XMN/0.105 
OY=XMN-IDY*0.105 
.MHR=OY/0.103 
PHR=DY-.MHR*0.103 
JHR=PHR 
IF(JHR.LE.60)GO TO 68 

61 SPACE(IY)=SPACE(IY)+40 • 
.MHR=MHR+1 
IF(MHR.LT.24)GO TO 68 

62 SPACE(IY)=SPACE(IY)+7600. 
IOY=IDY+1 
.M=IMON( A) 
JT= IYR( A) 
IF{JT.EQ.4)0A(2)=29. 
IDA=DA( M l*O .107 
IF( IOY.LE.IOA)GO TC 68 

63 SPACE(IY)=SPACE(IY)+(0.1D9- DA(M)*0•107) 
68 IF(SPACE(IY).GE.END( IY))GO TO 44 

ICT=ICT+1 
876 CONTINUE 

44 CT(IY)=ICT*0.25 
WRITE(6,664)IY1,IY2,(START(IZ),IZ=1,5) 
WRITE(7,764)IY1,IY2,(START(IZ),IZ=1,5) 
WRITE(6,664)IY3,IY4,(END(IZ),IZ=1,5) 
WRITE(7,764)IY3,IY4,(END(IZ),IZ=1,5) 
WRITE(6,765){0RDER(IZ),IZ=1,5) 
WRITE(7,777)(0ROER(IZ),IZ=1,5) 
WRITE(6,158)(CT(IF),IF=1,5) 
WRITE( 7, 159 )( CT( IF), IF=l, 5) 
WRITE( 6, 663) 
WR I T E ( 6 , 9 0 0 ) 
IJJ=O 
K3=K3+10 

810 DO 760 ITT=1,5 
ORDER(ITT)=O 
CT{ ITT)=O. 
!ORDER( ITT)=O 
START( ITT )=0• 

760 ENO(ITT)=O. 
LEAST=O. 

662 CONTINUE 
GO TO 660 

559 CONTINUE 
LAST=TIME(B) 
IF(LEAST.EQ.O.O)LEAST=TI.ME(A) 
IF(START(ITT).EQ.O.ANDeKHR.LEe600 •• AND.KHR.GE.O.)START 
C( ITT )=T( ITT) 
IF(START(ITT).EQ.O.)START(ITT)=LEAST 
LEAST=DMIN1(TIME(B),LAST,LEAST) 

660 CONTINUE 
WRITE(6,900) 
GO TO (800,801,802,803),K 

800 F=F+1 
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GO TO 150 
801 G=G+l 

GO TO 150 
802 H=H+l 

GO TO 150 
803 Kl=Kl+l 

GO TO 150 
700 IF(PRECIP(A).EQ.9999.9) K=K-1 

K=K+l 
GO TO 701 

16 CONTINUE 
F=F/L2 
G=G/L2 
H=H/L2 
Kl=K1/L2 
WRITE(6,64) F,G,H,Kl 
WR I T E ( 6 , 51 ) 
STOP 
END 

WYNYARD CHANNEL DAFOE WATSON 1000 
430 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 
1715 0.12000 0.12345 o.t 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 
930 0.11000 0.11615 0.1 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 
730 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 1 
2130 0.1 0 o.o 0 o.o 0 o.o 0 o.o . 0 o.o 0 o.o WYN 

CYARD 72 7 1 
130 0.21945 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 2 
1845 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 7 2 
900 0.3 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 8 
415 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 8 
700 0.11400 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 8 1 
1030 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 8 1 
1445 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 1 
1300 0.11645 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 1 
1400 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 1 
1015 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 1 
1200 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 2 
1645 0.11815 0.11915 0.12045 0.1 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 2 
215 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 9 2 
230 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WYN 

CYARD 72 11 
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1430 0.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WA 
CTSON 73 9 1 

1745 o.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WA 
CTSON 73 9 1 

1815 0.11830 0.21845 0.11900 0.11945 o. 1 0 o.o 0 o.o WA 
CTSON 73 9 2 

1130 0.1 0 o. 0 0 o.o 0 o.o 0 o. 0 0 o.o 0 o.o WA 
CTSON 73 9 2 

1245 1.4 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WA 
CTSON 73 10 1 

2015 o.1 0 o.o 0 o.o 0 o.o 0 o. 0 0 o.o 0 o.o WA 
CTSON 73 10 2 

1530 o.1 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o 0 o.o WA 
CTSON 73 11 

9999 1415 2 11 73 0 3 WA 
CTSON 11 73 

C THIS PROGRAM SEPARATES STORMS OF A SPECIFIC MAGNITU 
C DE 
C TABLUATES AND OUTPUTS 
C START, END, ORDER OR STORM DIRECTION AND VELOCITY 
C WRITTEN BY J. WHITING, 1973, SAK REARCH COUNCIL 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c cccccccccccc 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c 

701 
700 
802 
203 
872 
873 

765 
664 
777 
158 

cccccccccccc 
FORMAT( 1 1 , 10I10,2F12.0) 
FORMATI 1 + 1 ,T100,2F8.2) 
FORMAT( 1 DURATION (HRS) 1 ,7X,5F8.2,2F12.2,I6) 
FORMAT(I2) 
FORMAT(I2,2I1,3I2,20X,4F8.2) 
FORMAT( I I ' I 2 ' I : I t 2 I 1 t 3 I 5' SF 8. 1 ) 
DIMENSION IMIN(1300) 
FORMAT(14X,5(13X,I6)) 
FORMAT(2X,2A4,5F12.0) 
FORMAT(23X,SI6) 
FORMAT(23X,5F6.2) 
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INTEGER KDAY(12)/31,28,31,30,31,30,31,31,30,31,30,31/ 
DIMENSION PREC(1300) 
DIMENSION X(4),Y(4) 
DATA X,Y/8*10./ 
DIMENSION TT(4),T( 1300),DD(4),D(1300) 
DIMENSION J~IN(1300l 
DIMENSION IT(10) 
INTEGER ORDBR(5),HR(1300),IDAY(1300),IMON(1300),IYR(13 
COO) ,A 
DIMENSION CIP( 5) ,C'I( 5) 
DOUBLE PRECISION START(5),END(5) 
DIMENSION XP(4,4) 
DATA X,Y/15.5,0.0,21.0,13.1,0.0,2.0,2.2,11.5/ 
CALL READ99 
LINE=37 
START(5)=6709000000. 

C SEUDO STARTING DATE FOR NNON EXIXTING GAUGES 
START(5)=6710070045. 
START(5)=7007010000. 
READ( 5,300) ( ( XP( I,J),I=1,4),J=1,4) 

300 FORMAT(16F4.1) 
N=O 
A=O 
PRECIP=O. 

156 FORMAT( '1 1 , 1 DATE 1 ,T22 9
1 PRECIPITATION (INe) 1 ,T63, 1 STORM 

C1 ,T87, 1 NUMBE' 
*R',/ 1 1

9
1 HOUR DAY MONTH YEAR WYNYARD CHANNEL DAFOE 

* *TAL TIME BETWEEN SPEED 1 ,/ 1 1 ,T63, 1 STATIONS (HRS) 
199 CONTINUE 

LINE=LINE+1 
IF(MOD(LINE,38).EQ.O)WRITE(6,156) 
READ(5,203,END=10)IC 
IF(IC-24)221,221,223 

221 A=A+1 
READ(99,872)HR(A),IMIN(A) 9 JMIN(A),IDAY(A),IMON(A),IYR( 
CA), ( C I P( I I ) 1 

*II=1,4) 
C=O. 
PRE=O. 
DO 804 1=1 9 4 
IF(CIP(I).GT.99.)GO 'IO 804 
PRE=PRE+CIP( I) 
C=C+1. 

804 CONTINUE 
IF(C.GT.O.)PRE=PRE/C 

C TAKE CARE OF NON EXISTENT GAUGES 
IF(START(5)-6710070000.)100,101,101 

100 PRE=PRE*4• 
GO TO 102 

101 IF(START(5)-7006300000.)103,102,102 
103 PRE=PRE*1.3333 
102 CONTINUE 

PREC(A)=PRE+PRECIP 
WRITE(6,873)HR(A),IMIN(A),JMIN(A),IDAY(A),IMON(A),IYR( 
CA), ( C I P( I I ) , 

*I I= 1, 4), PREC( A) 
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PRECIP=PREC(A) 
GO TO 199 

223 CONTINUE 
READ(99,664) IY1,IY2,(START( IZ),IZ=1,5) 
N=N+1 
READ(5,664) IY3,IY4,(END(IZ),IZ=1,5) 
READ(5,777){0RDER(IZ),IZ=1,5) 
READ( 5,158) ( CT( IF), IF=1, 5) 
101 =ORDER( 1 ) 
I02=0RDER( 2) 
I03=0RDER( 3 ) 
T(A)=O. 
D{A)=O. 
DX=O. 
TX=O. 
YD=O. 
DO 15 1=1,4 
DD( I )=0 • 

15 TT( I )=0 • 
IF(I02.EQ.0)GO TO 299 
YT=O. 
XT=O. 
DO 399 I=1,4 
IF(I.GE.3)GO TO 117 
K1=0RDER(I) 
K2= ORDER( I+ 1 ) 
DO 116 J=1,10 

116 IT(J)=(START(K2)-START(K1))*(10.**J)/0.1D11 
GO TO 119 

117 DO 118 J=1,10 
Kl=ORDER( I-2) 
K2=0RDER( I-1 ) 

118 IT(J)=(END(K1)-END(K2))*( 10•**J)/0.1D11 
119 CONTINUE 

XK=O. 
MJ=IT(9)-IT(8)*10 
IF(.MJ.GT.6)IT( 10)=IT( 10)-40 
IF(IT(8).GT.6) GO TO 115 
IF(IT(10).EQ.O)GO TO 115 
IF(IT(8).EQ.O)GO TO 444 
IT( 10 )=(IT( 10 )-IT( 8 )*100) 

444 XK=IT(8)*1•+(IT(10)+1)/60. 
115 TT(I)=XK 

IF( TT(I).EQ.O. )GO TO 399 
IF(TT(I)eLTe-6eeOReTT(I).GT•6•)GO TO 11 
DD( I )=SQRT( ( X( K1 )-X( K2) >**2+( Y( K1 )-Y( K2) )**2) 
DD(I)=DD(I)*XP(K1,K2) 
DD(I)=DD(I)/TT(I) 
DX= DX+ DD( I ) 
TX=TX+TT(I) 
XT=XT+1. 
IF(I.GT.2)YD=YD+DD(I) 

IF(I.GT.2)YT=YT+TT(I) 
11 CONTINUE 

399 CONTINUE 
IF(XTeEQ.O. )GO TO 299 

IF(XT.NE.2.)YT=YT/(XT-2e) 
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IF(XTeNE.2. )YD=YD/{XT-2.) 
T(A)=TX/XT 
D(A)=DX/XT 

299 CONTINUE 
PRECIP=O. 
WRITE{ 6, 802) { CT( IF), IF=1, 5), T( A), D{ A), N 
WRITE(6,630)YT,YD 

63 0 FORMAT( 1 + 1 , T63, 2( 1 ( t t F 5 • 2, 1 ) 1 , 6X) ) 
WRITE( 6, 800) 

800 FORMAT( t I ) 

GO TO 199 
10 STOP 

END 

93026 771 F I SCBE R- PORTER B.Q. o.o 
co 

100026 771 FISCHER-PORTER B. Q. o.o 
co 

101526 771 FISCHER-PORTER B.Q. o.o 
co 

o.o 

o.o 

o.o 

88 START o. o. 7107260930. 
C107260930. 

88 END o. o. 7107261015. 
C107261015. 

87 3 0 0 
87 o.o o.o 0.50 o.o 
194526 771 FISCHER-PORTER B.Q. o.o o.1o 

co 
204526 771 FISCHER-PCRTER B.Q. o.1o o.o 

C10 
211526 771 FISCHER-PORTER B.Q. 0.10 o.o 

co 
88 START 7107262045. 7107261945. o. 

C107261945. 
88 END 7107262115. 7107261945. o. 

C107262115. 
87 2 4 1 
87 0.25 o.o o.o o. 0 

20027 771 FISCHER-PORTER B.Q. o.1o o.o 
co 

123028 771 FISCHER-PORTER B.Q. o.o 0.10 
co 

143028 771 FISCHER-PORTER B.Q. 0.10 o.o 
co 

144528 771 FISCHER-PORTER B.Q. o.o o.o 
C20 

88 START o. 7107281230. o. 
C107281230. 

88 END o. 7107281230. o. 
C107281445. 

87 2 5 4 
87 o.o o.o o.o o.o 
2230 0 871 FISCHER-PORTER B.Q. o.o o.o 

co 
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o.1o o. 

o.1o o. 

o.1o o. 

o. 7 

o. 7 

0 0 
0.50 

o.o o. 

o.o o. 

o.o o. 

7107262045. 7 

7107262045. 7 

0 0 
1.25 
o.o o. 

o.o o. 

o.o o. 

o.o o. 

o. 7 

7107281445. 7 

0 0 
2.00 

9999.90 o. 



15 3 871 FISCHER-PORTER B.Q. o.o o.o 9999.90 o. 
co 

1600 3 871 FISCHER-PORTER B.Q. o.o o.o 9999.90 o. 
co 

010 871 FISCHER-PORTER B.Q. o.o o.o 9999.90 o. 
co 

173010 871 F !SCHER-PORTER B. Q. o.o o.o 9999.90 o. 
C10 

174510 871 FISCHER-PORTER B.Q. o.o o.o o.o o. 
C10 

181510 871 FISCHER-PORTER B.Q. 0.10 0.30 o.o o. 
co 

88 START o. o. o. 7108101730. 7 
C108101730. 

88 END "' o. 7108101815. o. 7108101745. 7 
C108101815. 

87 4 2 5 0 0 
87 o.o o.o o.o o.o 0.50 
223012 871 FISCHER-PORTER B.Q. o.o 0.10 o.o o. 

C10 
224512 871 FISCHER-PORTER B.Q. o.1o o.o o.o o. 

co 
231512 871 FISCHER-PORTER B.Q. 0.10 0.10 o.o o. 

co 
88 START 7108122245. 7108122230. o. o. 7 

C108122230. 
88 END 7108122315. 7108122315. o. 7108122230. 7 

C108122315. 
87 4 2 1 2 1 
87 0.25 0.50 o.o o.o 0.50 
124517 871 FISCHER-PORTER B.Q. o.1o o.o o.o o. 

co 
203018 871 FISCHER-PORTER B.Q. o.o o.o o.o o. 

ClO 
213018 871 FISCHER-PORTER B.Q. o.o o.1o o.o o. 

co 
220018 871 FISCHER-PORTER B.Q. o.o o.o o.o o. 

C10 
88 START o. 7108182130. o. 7108182030. 7 

C108182030. 
88 END o. 7108182130. o. 7108182200. 7 

C108182200. 
87 4 2 4 0 0 
87 o.o o.o o.o 1.50 1.50 

11520 871 FISCHER-PORTER B.Q. o.o o.o 0.20 o. 
co 

153020 871 FISCHER-PORTER B.Q. o.o o.o o.1o o. 
co 
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