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SYNOPSIS

Since 1972, the Hydrology Division of the Prairie Farm Rehabilitation
Administration has updated gross evaporation estimates using the methodology
based on the Meyer formula as described in the 1972 Saskatchewan-Nelson Basin
Board report and has distributed the estimates to numerous interested
parties. Recently, concern has been expressed regarding the validity of
gross evaporation estimates in light of the apparent significant trend of
increasing calculated gross evaporation in the historic sequence 1911-86.

This report outlines the background of the Meyer formula and the
methodology that has been used to date to determine gross evaporation at 14
key meteorologic stations in the Canadian prairies. It identifies the
inadequacies of the current methodology and discusses revisions to correct
the inadequacies. Gross evaporation has been recalculated for the entire
1911-86 historic period using the revised methodology and data, and the
resultant estimates are presented herein.

A vast improvement in both the temporal distribution and the magnitude of
gross evaporation was attained as a result of the numerous changes to the
methodology and basic data. The new gross evaporation estimates, which are
appropriate for small to moderate-sized water bodies, are now more consistent
over the period 1911-86. The pattern of gross evaporation more closely
resembles estimates provided by more direct methods such as the water budget
approach. However, there is still some uncertainty in the absolute values of
the new gross evaporation estimates due to the nature of the Meyer formula,
the difficulty of its accurate calibration in the Canadian Prairies and the
quality of the basic data.
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1. INTRODUCTION

An important aspect of any surface water supply analysis is the
consideration of gross evaporation from a free water surface. Evaporation
loss from a body of water (e.g. slough, lake or reservoir) is usually quite a
significant component of the water balance in the prairie region and has a
major impact on the water supply potential. The ability to provide a
realistic estimate of this component can have direct implications on the
feasibility of projects and the operating plans of water supply systems.

Various methods have been used to estimate gross evaporation. However,
the one that has been used most extensively in the Canadian Prairies is the
method discussed herein based on the Meyer formula. This method was
initially proposed by Meyer in 1915 and has been used in many studies, most
notably the 1968-72 Saskatchewan-Nelson Basin Board (SNBB) study. Since
1972, the Hydrology Division of the Prairie Farm Rehabilitation
Administration (PFRA) has been updating the gross evaporation estimates for
14 key meteorological stations using the methodology described in the SNBB
report. These gross evaporation estimates, which have been distributed to
various agencies, consultants, universities and individuals in the prairie
region, have been used for a multitude of water resource applications.

In recent years, it has become quite apparent that the magnitude of the
estimated annual gross evaporation is exhibiting an dincreasing trend,
particularly since the late 1950’s. Although climate change and improved
data quality were two factors which were initially put forward to explain the
observed phenomenon, a cursory examination of the data and methodology
indicated that other factors also affected the gross evaporation estimates.
Consequently, this study was initiated to identify the factors affecting the
determination of gross evaporation, to make the appropriate adjustments to
the data and methodology and to revise the gross evaporation estimates for
the historic period 1911 to 1986.

This report documents the history of the Meyer formula and explains the
identified inadequacies of the methodology in Section 2. Adjustments made to
the various components of the Meyer formula are discussed in Section 3.
Comparisons of the gross evaporation as determined by both the former and the
revised methods are provided in Section 4. Pertinent conclusions arising
from the study are presented in Section 5. In addition, a sensitivity



analysis of the Meyer coefficient to different types of data (i.e. relative
humidity or dew point) is provided in Appendix A. The revised gross evapora-
tion values are tabulated in Appendix B. Precipitation and net evaporation
values are also tabulated in Appendix B for compieteness.

No attempt has been made in this report tc discuss the physical aspects
of the evaporation process or to compare the numerous methods. Pertinent
information can be found in most hydrology texts[1]. Furthermore, no
attempt was made in this study to ascertain the relationship of the Meyer
coefficient to the size and character of a water body other than in a very
general manner. Such an assessment is beyond the scope of the present study
due to the absence of adequate data. Further refinements (e.g. incorporation
of a water body size function, calculation of evaporation on a daily basis,
determination of evaporation from a snow and/or ice surface, etc.) to the
methodology presented herein may be made when appropriate data has been
obtained.

PFRA intends to update the gross evaporation estimates on an ongoing
basis and to periodically distribute the information as an addendum to this
report. The onus is on the user to understand the basis for the calculation
of gross evaporation as described herein and to judge the suitability of the
tabulated data for specific intended applications.



2. MEYER FORMULA

2.1 Background

The process governing the loss of water through evaporation has been
under investigation for many years. Since Dalton’s time, about 1800, there
has been rather general agreement that the main factor controlling
evaporation is the vapor pressure gradient between the water surface and the
overlying atmosphere, which is affected by the wind movement over the water
surface. These and other factors (such as barometric pressure) governing
evaporation have been extensively evaluated by numerous investigators during
the twentieth century. As a result, many empirical formulae have been
proposed. However, most of these empirical formulae are based on the simple
aerodynamic equation:

E=Kf(u)(eg - e3) - . « « o o o o Lo (1)
where: E = gross evaporation,
K = constant,
f(u) = wind speed function,
ep = vapor pressure of saturated air at the temperature
of the water surface, and
ey = actual vapor pressure of air at some height above the

water surface.

In 1915, Meyer proposed the following empirical re]ationship[zl
for estimating evaporation from a free water surface:

E=K(V-v)(1+0.Iw) . . . . o o o o o o 0 s (2)
where: E = evaporation, in inches per month,

K = constant of 15 for a floating tub,

V = maximum vapor pressure, in inches of mercury, at monthly

mean air temperature,

v = actual vapor pressure, in inches of mercury, at monthly
mean air temperature and relative humidity, and

w = wind speed, in miles per hour, as measured approximately
30 feet above the general Tevel of the surrounding
country.

In a 1942 report[3], Meyer clarified some of the components of the
relationship and added an adjustment for the effect of barometric pressure



(i.e. the change in pressure due to a change in elevation). The resultant
relationship, which has since been referred to as the Meyer formula, is
presented as follows:

E = C(Vy - Va)(1 + 0.1W)(1 + 0.00001A) . . . . . . . . ... ... (3)

evaporation, in inches depth,

an empirical constant dependent upon the observation

times for vapor pressure and upon the size and character

of the water body,

Vw = maximum (saturated) vapor pressure, in inches of
mercury, corresponding to the mean temperature of the
water about one foot below the water surface,

Va = actual vapor pressure, in inches of mercury, in the
atmosphere about 25 feet above the water surface or above
the surface of the surrounding land area,

W = wind speed, in miles per hour, measured about 25 feet
above the surface of the water or above the surrounding
cleared land or the tops of trees or buildings, and

A = -elevation, in feet above mean sea level.

=
>
®
=S
1]
m
I u

Meyer indicated that a "C" of 15 should be used for monthly
evaporation from fully exposed pans, small puddles of water and intercepted
rainfall on the surface of soil and vegetation while moisture is available.
A "C" of 11 should be used for monthly evaporation from small lakes and
reservoirs when the actual vapor pressure in the air is determined from the
mean of the daily maximum and minimum air temperatures and the mean of the
morning and evening relative humidity measured about 25 feet above the
surface of the water or the ground. A "C" of 10 should be used for monthly
evaporation from small lakes and reservoirs when the actual vapor pressure in
the air is the mean of the morning and evening or is based on more frequent,
equally-spaced determinations of actual vapor pressure measured about 25 feet
above the surface of the water or the ground.

Meyer also increased all computed monthly evaporations by a factor
which accounted for a barometric pressure change as a function of elevation.
ATthough there seems to be some basis for considering the impact of changing
barometric pressure, increasing the computed evaporation by one percent for
every thousand feet increase in elevation to account for the effect of
decreased barometric pressure seems rather subjective. However, the impact
of this component on the magnitude of the computed evaporation is much Tless
than the impact of inherent inaccuracies of other components.



Meyer also noted in his 1942 report that water temperature is the
most significant single factor in determining evaporation loss. Furthermore,
he noted that the average water temperature relative to the average air
temperature increases in a northerly direction so that in the northern United
States, the mean water temperature was approximately 30F higher than the
mean air temperature. This phenomenon, which was confirmed by later studies,
was attributed primarily to the effects of radiant energy.

In estimating water temperature and selecting an appropriate "C"
value, the size and character of the water body must be considered. Meyer
suggested that the term "small lakes and reservoirs" relates to bodies of
water not over 35 feet in depth and not more than a few miles across. How-
ever, other factors such as springs may have a significant impact on the
temperature of the water body and should be considered. For example, the
temperature of even small spring-fed lakes may conform more closely to that
of relatively deep lakes. He also indicated that the surficial area of the
water body has relatively 1little effect upon the evaporation until water
surfaces are at least 10 or 15 miles across. For that reason, Meyer
concluded that the surface area of a water body has much less of an effect
upon the rate of evaporation than does its depth.

Detailed explanations and pertinent relationships presented in
Meyer’s 1942 report have not been repeated in this report. The reader is
referred to the 1942 report[3] if more specific information is required.

2.2 Related Studies

Since 1942, numerous studies utilizing the Meyer formula or address-
ing various components of the formula have been made. A brief discussion of
some of the more relevant studies is provided in this section.

2.2.1 PFRA Study (1952)

In 1952, a report[4] was prepared by the Hydrology Division
of PFRA under the direction of the Prairie Provinces Water Board (PPWB)
documenting a procedure for calculating evaporation from lakes and reservoirs
on the Canadian Prairies when Class A evaporation pan data were not
available. The Meyer formula was selected for this purpose for three
reasons: 1) it was a widely-accepted method, 2) evaporation had been
computed using this method for the area just south of the Canadian Prairies,




and 3) the formula utilized data that were available from Class I
meteorological stations. Evaporation pan records for Western Canada date
back to the early 1900’s. However, the lack of standardization with regard
to exposure and type of pan and inconsistencies in some records have forced
designers to rely on other methods for estimating historic evaporation.

In order to use the Meyer formula, air/water temperature
relationships were required. These relationships were based on data for
Lake-of-the-Woods near Keewatin, Ontario, and were derived as follows:

April; Wo = 0.278Ap + 25.5 . . . . . (4)
May; Wy = 0.234Ap + 0.630AM + 5.9 . . . . . .. (5)
June; Wy = 0.173Ap + 0.467A + 0.591A3 - 5.1 . . . . . .. (6)
July; Wjy = 0.060Ap + 0.163Ay + 0.206A3 + 0.652Ajy + 2.6 . (7)
August;  Wag = 0.025Ay + 0.028A) + 0.089AJy + 0.480Rpg + 29.1 (8)
September; Ws = 0.006A; + 0.011Ajy + 0.061Aag + 0.398Ac + 34.5 . .  (9)
October; W = 0.018Apg + 0.103Ag + 0.557Aq + 19.3 .. . . . . . (10)

where: Wy = mean water temperature, in OF, for month X,
Ax = mean air temperature, in OF, for month X, and
X = subscript corresponding to month under consideration.

Unfortunately, Lake-of-the-Woods is not a typical prairie
water body because it exhibits a large inherent heat storage component
whereby the water temperature lags considerably behind the air temperature.
Thus, for relatively small prairie water bodies, the indicated air/water
temperature relationships underestimate the actual water temperature before
July and overestimate the water temperature after July.

Gross evaporation was calculated for the period 1921-50 at 15
key stations across the prairies by PFRA in the early 1950’s. These
calculations were based on the developed air/water temperature relationships
(Equations 4 to 10) and on other appropriate relationships provided by Meyer
in his 1942 report. The results of this work by PFRA were subsequently
presented at an International General Assembly in 1954[51.

2.2.2 McKay-Stichling Study (1961)

In 1961, McKay and Stich]ing[S] described an attempt to
validate the various evaporation equations using data obtained from the
Weyburn Reservoir on the Souris River in Saskatchewan. A water budget




approach was used to determine evaporation from Weyburn Reservoir. The
calculated values were then compared to values computed by other methods, one
of which was the Meyer formula in the reduced form of:

E=11(1 + 0.1W)(eq - e3 - 0.012) . . . . . . . . . . ... ... (11)
where: E = evaporation, in inches per month,
W = wind speed, in miles per hour, at 25 feet,
ey = saturated vapor pressure of the water surface, in
inches of mercury, and
e = atmospheric vapor pressure at the standard level, in

inches of mercury.

In calculating gross evaporation using this reduced form of
the Meyer formula, wind data were adjusted to a 25-foot level by using an
anemometer height ratio to an exponent of 0.5. This exponent apparently
produced a relationship which corresponded to a graphical relationship
provided by Meyer in his 1942 report and, at the time, it also seemed to be
supported by local wind data observations.

Comparison of the various evaporation estimation methods to
the water budget in this 1961 study indicated that the Meyer formula was one
of the better methods considered for estimating evaporation. Again, concern
was expressed regarding the relationship of evaporation to the water body
size and depth. A water temperature measurement program was recommended so
that air/water temperature relationships may be better understood.

2.2.3 SNBB Study (1968-72)

In 1968, a major study of the water resources of the prairie
provinces was undertaken by the SNBB and culminated in a report in 1972. As
part of the study, gross evaporation for project sites was determined using a
procedurel’] based on the Meyer formula. The components of this
methodology are described in detail herein because it formed the basis for
subsequent updates by PFRA, the results of which were widely distributed and
used by various agencies.

Gross evaporation was initially computed by SNBB at 17 key
meteorological stations for the period 1911-67. PFRA subsequently updated
the gross evaporation estimates for the period 1968-86 for 14 of the stations
as shown in Figure 1. (Three stations were eliminated because gross
evaporation was determined simply as a factor of one of the other 14
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stations.) However, gross evaporation as determined by both SNBB and PFRA
was based on the following simplified form of the Meyer formula:

EGg = 11(Vyy - V) (L + 0.IW) . . . . o o v o oo o oo (12)

monthly gross evaporation, in inches, at the key

meteorological station,

Vw = saturated vapor opressure, in inches of mercury,
corresponding to the monthly mean water temperature at
the surface of a hypothetical open body of water at the
site of the station,

Vi = actual monthly mean vapor pressure, in inches of
mercury, in the atmosphere about 25 feet above ground
Tevel at the station, and

W = monthly mean wind speed, in miles per hour, at 25 feet

above ground level.

where:

m

o
~
i

The correction for barometric pressure due to a change in
elevation that was included in the Meyer formula as presented in a 1952
report[4] was not incorporated in the methodology for determining gross
evaporation because of its relatively insignificant effect (less than 4%) on
the magnitude of monthly gross evaporation.

Monthly vaiues of saturated vapor pressure were determined by
lTinear interpolation of specified saturated vapor pressure coordinates
(corresponding to temperature increments of 50F) using estimated water
temperatures based on the following equations[4]:

TW; = TAy . (13)
TWp = TAy . (14)
TW3 = TA3 . . . . . . .. (15)
TWq = 0.278TAg + 25.5 . . . . . . . (16)
TWg = 0.234TAg + 0.630TAg + 5.9 . . . . . . . (17)
TWg = 0.173TA4 + 0.467TAg + 0.591TAg - 5.1 . . . . . . (18)
TW7 = 0.060TA4 + 0.163TAg + 0.206TAg + 0.652TA7 + 2.6 . (19)
TWg = 0.025TAg + 0.028TAg + 0.089TA7 + 0.480TAg + 29.1 (20)
TWg = 0.006TAg + 0.011TA7 + 0.061TAg + 0.398TAg + 34.5 (21)
TWio = 0.018TAg + 0.103TAg + 0.557TAjg + 19.3 . (22)
Wiy =TAIL . o o o o o s o (23)
W12 = TA1o . . (24)
where: TWy = mean water temperature, in OF, at the surface of a
hypothetical reservoir at the meteorological station in

month X,
TAy = mean air temperature, in OF, at the meteorological

station in month X, and
X = numerical subscript denoting the sequential calendar
month where 1 is January and 12 is December.




Air/water temperature relationships for April to October
(months 4 to 10 inclusive) were taken directly from PPWB Report No. 5[4].
The air/water temperature relationships for the remaining months were based
on a general assumption made in the SNBB report to enabie use of the Meyer
formula for the winter season.

Monthly values of actual vapor pressure at the 25-foot Tevel
were derived from preliminary values determined at 4 feet above the ground
level (the height at which pertinent meteorological observations were assumed
to have been made) based on either dew point (whenever it was available) or
relative humidity data. When dew point data were available, the preliminary
value of the corresponding monthly mean vapor pressure, Va(4), was
determined by linear interpolation of tabulated vapor pressure coordinates
using the dew point temperatures. When dew point data were not available,
the preliminary value of the corresponding monthly mean vapor pressure was
determined by multiplying the vapor pressure value (obtained by linear
interpolation of the tabulated vapor pressure coordinates corresponding to
the monthly mean air temperature) by the corresponding monthly relative
humidity. The following relationship was developed to adjust the preliminary
vapor pressure from the 4-foot level to the 25-foot Tevel:

Va = (0.9152 + 0.094Vap(a))Va(a) - - -« » « o o oo (25)
where: V, = actual monthly mean vapor pressure, in inches of
mercury, in the atmosphere about 25 feet above ground

level,
Va(4) = preliminary value of monthly mean vapor pressure, in

inches of mercury, derived from meteorological obser-
vations, assumed to be obtained at the 4-foot
level, and

the mean of the April to October values of V;(3g)
for the calendar year. (Thus, there s one Vap(4)
value for each calendar year.)

Vam(4)

However, this relationship was not used because it didn’t provide appropriate
adjustment factors. (The relationship was erroneously developed on the basis
of an arithmetic function rather than a Tlogarithmic function.) Instead,
adjustment factors were interpolated from two specified coordinates (i.e. an
adjustment factor of 0.9340 for a Vyp(g) value of 0.2 and an adjustment
factor of 0.9904 for a Vypn(g) value of 0.8) using a Tinear Tlogarithmic
relationship.
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The values for wind speed were adjusted to the 25-foot level
using the following relationship presented in earlier pub]ications[4,6]:

W= WV(25/WE)O-5 . . . . . o ... (26)

monthly mean wind speed, in miles per hour, at about 25
feet above ground Tevel,

observed monthly mean wind speed, in miles per hour, and
height above ground level, in feet, of the anemometer in
which the WV observations were obtained.

1}

where: W

WV
WE

2.2.4 Buckler Study (1969)

In 1969, Buckler[8] determined an appropriate exponent that
should be used in Equation 26 for relating monthly mean wind speed at
different anemometer heights in the open prairie. Since anemometers were
mounted at varying heights until 1960, when a concerted effort was made to
standardize the heights at 10 metres above the ground, it was essential that
wind data be adjusted to a common base. Buckler determined that an exponent
of 0.25 was applicable to the prairie region where there were few trees and
the terrain was gentie and rolling.

2.2.5 Buckler Study (1973)

In 1973, Buckler(9] reassessed the methods used to compute
evaporation from water bodies in the Prairie Provinces based on data for Lake
Diefenbaker in Saskatchewan and Glenmore Reservoir in Alberta. He found that
using a coefficient of 9 (in conjunction with dew point data) in the Meyer
formula produced reasonable results for Lake Diefenbaker. However, most
water bodies in the prairie region are much smaller than Lake Diefenbaker and
thus require a larger coefficient.

Three pertinent recommendations were contained in Buckler’s
1973 report. They are:

1) Monthly mean surface water temperature should be determined
using the following relationship:

TW=6.5+0.95TA . . . . . v v v v i 2D

where: TW

monthly mean surface water temperature, in OF,
and

monthly mean air temperature, in OF.

[}

TA
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2) Wind speed should be adjusted to the 25-foot level using an
exponent of 0.25 (rather than an exponent of 0.5 as presented
in previous publications[4,6]).

3) Gross evaporation should be calculated using the Meyer formula,
as presented in Equation 3 (page 4), in conjunction with a
coefficient (C) of 10. (The validity of this recommendation
will become more apparent Tlater in this report. Refer to
Section 3 and Appendix A for more details.)

Buckler concluded that the Meyer formula provided the best
approach for estimating gross evaporation if care was taken in the selection
of the coefficient. He indicated that the Meyer formula should be suitable
for estimating gross evaporation from all water bodies in the prairie and
foothills regions if an appropriate coefficient was used.

2.2.6 PFRA Study (1978)

In 1978, PFRA[10] documented water temperature data that
had been collected from 13 water bodies (reservoirs, dugouts and lakes),
located as shown in Figure 2, during the period 1963-72. These water bodies
ranged in size from 3 dam3 to 469 000 dam3 (most were in the 50 dam3 to
5000 dam3 range) and in mean depth from 1.2 metres to 8.5 metres (most were
Tess than 5 metres). The following air/water temperature relationship was
developed to replace relationships (Equations 13 to 24) being used at that
time:

TW=2.82+0.97TA . . . . . . . . . s (28)

where: TW
TA

monthly mean surface water temperature, in 9C, and
monthly mean air temperature, in OC.

The air/water temperature relationship presented as Equation
28 very closely resembles the relationship (refer to Equation 27) proposed by
Buckler in 1973[9]. For example, using arbitrary air temperatures of 00C
and 200C, Buckler’s relationship provides water temperature estimates of
2.79C and 21.79C, respectively, while PFRA’s relationship provides water
temperature estimates of 2.89C and 22.20C, vrespectively. Since PFRA’s
relationship was based on a more extensive and appropriate data base, it is
considered to be more valid and applicable to the estimation of water
temperatures for small to moderate-sized bodies of water in the Canadian
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Prairies. However, the air/water temperature relationship shown as Equation
28 was never used for estimating gross evaporation.

Results of the 1978 PFRA study also indicated that the
coefficient (based on dew point data) in the Meyer formula should be
increased to approximately 12 for very small water bodies (such as dugouts)
having storage capacities in the order of 2 to 6 dam3. The coefficient
appears to be about 12.5 (compared to 15 as initially specified by Meyer[2]
when based on relative humidity data) for a water body the size of a Class A
evaporation pan when based on dew point data. |

2.3 Inadequacies of Current Methodoloqgy

To date, gross evaporation has been calculated by PFRA using rela-
tionships presented in Equations 12 to 26 (i.e. same as the relationships
used in the SNBB study). These relationships were based on relationships
that were initially provided in a PPWB report[4]. They were subsequently
modified in the SNBB study[7] to suit the needs of that study. However,
recent investigations and a more rigorous examination of the basic data and
the methodology have identified several inadequacies. These inadequacies are
listed as follows in order of their impact on the estimation of gross
evaporation:

Basic data quality (particularly anemometer heights)
Consistent vapor pressure data base

Air/water temperature relationships

Anemometer height adjustment

Barometric pressure adjustment
Vapor pressure relationship

OOl WM —

A brief discussion of each item is provided in this section. For
more details, refer to Section 3.

A number of adjustments were subjectively made to the basic data
(particularly the anemometer heights and corresponding wind speeds) to
correct obvious data errors. For example, abrupt changes in the wind speed
data were normally indicative of some change in the anemometer location or
the result of an inappropriate assumption. Data errors were identified by
plotting each element (i.e. air temperature, wind speed, relative humidity or
dew point temperature) for each station considered and visually examining the
historic data sequences. This examination was conducted after all data bases
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had first been checked against published data and data in computer data banks
where available. Depending upon the nature of the adjustments, the impact on
the gross evaporation estimates was substantial in most cases.

During the period of record, one element of the basic data (i.e.
relative humidity) did not remain constant. Relative humidity was initially
provided on the basis of two observations per day. However, starting in
1939, relative humidity was generally determined on the basis of four
observations per day. About the same time, Atmospheric Environment Service
(AES) also began calculating dew point temperatures, but this information was
not extensively utilized until the early 1960’s. Although Meyer indicated in
his report[3] that the coefficient will vary depending upon the number of
observations used to calculate relative humidity, no adjustment to the
coefficient had been made despite the variety of relative humidity and dew
point data that were used. Appropriate adjustments to either the coefficient
or the data base had a significant impact on the gross evaporation estimates.

Air/water temperature relationships developed by PFRA in the current
study were reviewed to assess their applicability over relationships that had
been used to date based on Lake-of-the-Woods data. Additional analyses were
also conducted using the basic data obtained by PFRALI0] +to develop
individual monthly relationships rather than utilizing a single relationship
for all months. Use of these new monthly air/water temperature relationships
had a significant impact on the temporal distribution of the gross
evaporation estimates.

The wind speed adjustment for anemometer height should be based on
an exponent of 0.25 rather than an exponent of 0.5, which has been used to
date. The exponent of 0.25 was first recommended by Buckler[8] in 1969 and
has since been endorsed by other AES personnel. The effect of this
adjustment was substantial, particularly in the years prior to 1960 when
anemometer heights were extremely variable and as high as 27 metres above the
ground level at some Tlocations.

Although a barometric pressure adjustment to account for changes in
elevation was proposed by Meyer[3] and subsequently acknowledged or
endorsed by other 1nvestigators[4,5’6a9], it was not included in the
methodology adopted by SNBB and utilized to date by PFRA. SNBB ignored this
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correction because it was relatively insignificant and would have complicated
the computing process. The maximum effect of this adjustment on the gross
evaporation estimates was in the order of 4%.

The vapor pressure relationship utilized initially by SNBB and
subsequently by PFRA to update gross evaporation was a simplified version of
the table provided in the SNBB report[7]. The relationship was based on
temperature increments of only 50F in order to minimize computer storage
requirements. Of course, with today’s computing capability, this constraint
is no longer a concern, and a more detailed and exact relationship can be
used in determining vapor pressure. The maximum effect of this modification
on gross evaporation estimates was in the order of 3% on a monthly basis or
1% on an annual basis.

Although the variability of the Meyer coefficient as a function of
water body size and character was recognized, no attempt was made in this
study to derive a relationship other than to provide an indication of the
range in general terms. The development of such a relationship would require
a great deal more data than are presently available. The scope of this study
was limited to the consideration of aspects that could presently be
addressed.
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3. ADJUSTMENTS TO THE METHODOLOGY AND DATA BASE

This section describes, in detail, the adjustments that were made not
only to the methodology or components of the Meyer formula, but also to the
data base. The combined effect of these adjustments is illustrated for all
14 stations in Section 4. An example, using data for the Regina station, is
provided to illustrate the impact of each specified modification on the gross
evaporation estimates based on the old (SNBB) methodology and data base.
Similar impacts were observed at the other stations.

3.1 Data Verification

The data bases that had been assembled to date were obtained by
manual extraction of the data from AES publications. Because of the vast
amount of data involved, undoubtedly a certain amount of human error was
inherent in the extraction process. However, some errors in the published
data were also evident upon a close examination of the data. The objective
of this phase of the study was to verify all data bases to the extent that
was practical. Plotting the data proved to be a useful method of identifying
obvious data base errors (i.e. incorrect published values) and human
extraction errors.

The two major sources of error or discrepancy involved the specified
anemometer heights and the estimated wind speeds. As the history of
anemometer heights is unknown or questionable for most stations during the
years prior to the 1940’s, it was very difficult to ascertain the anemometer
height corresponding to the recorded wind speed data. Some anemometers were
on buildings, some on towers and some on the ground. Furthermore, there was
little consistency in the reporting of anemometer heights. For example, an
anemometer on a 20-metre building may have been reported at a 2-metre height
because it was 2 metres above the building. As observers changed, so did the
recorded anemometer height datum, even though the anemometer was not actually
moved. Only since the early 1960’s have the anemometers been placed at the
standard height of 10 metres. In addition, the procedure previously used to
estimate missing wind speed data was based on regression analyses using
relatively nonhomogeneous data or, at the very Tleast, an inappropriate
exponent for adjusting the wind speed to a common datum.

The plotting of adjusted monthly historic sequences of wind speed
provided an easy approach for identifying the date of significant changes or
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apparent inconsistencies in anemometer heights. Unfortunately, subtle
changes to the anemometer heights were masked by the natural wind variations.
However, sltight discrepancies between the assumed and the true anemometer
heights were of Tlittle consequence in the final result. A satisfactory
product was obtained by the identification and correction of the obvious
anemometer height inconsistencies during the recorded period. Estimated
monthly wind speeds for missing periods were obtained by multiplying wind
speed data (converted to an arbitrary level of 7.62 metres using an exponent
of 0.25) at the nearest base station by the ratio of the mean monthly
converted wind speeds based on the common period of recorded data.
Initially, vregression analyses were conducted to derive wind speed
relationships, but the statistical significance of the resulting
relationships ranged from poor to marginal. Furthermore, estimated wind
speeds based on the questionable relationships did not provide the
appropriate variability that was obtained by applying a ratio based on
calculated mean monthly values for the common period of record.

A detailed comparison of the old (SNBB) versus the new (PFRA)
anemometer histories, as well as the stations used to estimate missing wind
speed data, are presented in Table 1. As can be seen, some of the revisions
to the anemometer heights are dramatic and thus have a significant effect on
the gross evaporation estimates. Revisions to the estimated wind speed also
had a significant effect on the gross evaporation. The combined effect of
the revisions to the anemometer heights and estimated wind speeds for the
Regina station are illustrated in Figure 3. All other components of the
Meyer formula (including the exponent of 0.5 for adjusting wind speeds) were
kept constant.

Numerous minor changes were made to other data components (e.g.
relative humidity data) to correct both obvious errors in the published data
and data extraction errors. However, identification of all of these
corrections was deemed unwarranted.

For the most part, air temperature data was available for all of the
14 key stations. The relatively few months of missing data had been
estimated by SNBB based on regression analyses. Although a longer period of
record may change the relationship, reassessment of the air temperature
relationships was deemed to be unwarranted, and the estimated values as

determined during the SNBB study were accepted for the purposes of this
study.



Table 1

Summary of Anemometer Histories and the Base Stations

Used to Estimate Missing Wind Speed Data for the 14 Key Stations

, snea! | prRAZ !
! §OHEIGHT | . HEIGHT ) H
STATION i PEQL00 i) ' PERICD REY SASE STATION USED TO ESTIMATE MISSING WIND SPEED DATAS
Alberts : ; i
Calgary 101190 - 12/1930 18,29 | 01,1911 - 031911 ‘ |
13171931 - 1271932 7.52 | 261311 - 031931 ! |
| 01/1933 - 12/19%5 18,29  04/1031 - 031940 | - Megicine Hat (07/1936 ana 08/1919) i
01,1996 - 091986 | 20.42 ¢ C4/1%0 - 02/1%M48 | !
| 10,1986 - 12/1986 10,00 | 03,1948 - 037193 [
i § D4/1933 - 01,1936 ]
‘ | 027196 - 04,1973 | |
| 05/1973 - 111685 \ |
H i 1271983 - 12,1986 | :
£gmonton |01 1311 - 0/197% 18.29 011911 - 0271911 | i
! : 1978 - 1976 0,06 933911 - 521918 i i
I A1 377 - 1271986 "0.00 ! 931918 - 08,1939 ! - Zstrlatora (0171935 - 96/1937) |
I . 39.1939 « 371348 | |
; i 93,1348 - 23/1583 ¢ \
i i § 0471933 - 171954 i
H 0171953 - 08/1969 1
| | a7/1969 - 12/1969 |
| ‘ 01,1970 - 12/1586 |
Lethbrioge P014911 - 1271937 7.62 1 0151910 - 1271937 | - Calgary (01/1911 - 02/1911); Megicine Hat (03/1911 - 09/1920 and 11/1920)
‘ {01/1938 - 12,1954 25.91 1 01,1938 - 11,1953
: ;01,1953 « 12,1605 13,39 § 12/19%3 - 07:19%9 |
© 01/1986 - 12,1986 10,06 | 08/19%9 - 10/1965 |
| fo0ro1oes - 1271086 |
Medicine Hat P0119tY - 0741970 | 17,37 ¢ 011011 - 0221912 | - Calgary €01/1911 - 02/1911)
)8:1370 - 12/1986 | i0.06 | 0371512 - $8/19% |
i 39/1930 - 38,1937 |
| 3971937 - 04,1938 |
: . 071938 - 04,1343 |
: | | ] 93,1943 - 0571045
‘ 0 : : 06,1945 - 06,1970 | - Calgary (0171932}
i ! | 07,1970 - 12/1988 |
i
:Snn(cf--ﬂ i : 1 H
! Broadviaw 01,1911 « i2/1976 1 22,86 | 011911 - 971938 1 - Winnioeg (03,1931 and '2/1935); Regina (all other months)
‘ 01 1917 - 07-1938 | 7.62 , 08,1038 - 10,1840 !
i 08/1938 - 1271961 & 21,34 | ''.1340 - 26/1350 - Regina 104,1949 - 03/19 2na 98/1549 - 10/1549)
w ; P01.1962 - 12 1964 | 8,29 | 07.16%0 - GB8/°951 |
\ i [ Ci.196% - 12,1386 | 10,06 | 29/19%1 - 58/19%2 |
| | ; | 3971992 - 10/1962 1} ‘
| | | 111982 - Q171968 !
i . | | 02/1968 - 12/1986 H
| Mortn dattlatora ! 01 1911 - 12/1921 12,19 | ot/ - ! - Regina (11/1911 - 12/1911): Batciatord (ail other montns) i
i P31,1922 - 1271923 7.52 | 0171971 - 1 - Fagira (03,1922 - 03/1922): 3attlatora (ail other montns) :
01/1929 - 1271042 | 10.67 | C9/1924 - { - %sqina (11-1937); Batriatord (all other months} ‘
1AM - 1253 | 762 0t 1] - ‘ - Mocth Battlafors (O1/1941 - G1/1542): Regina (02/1542 - 12/194%) i
310iaaa - 12,1957 1 16046 0 09 1943 - - "mgine (10/194%)
31,1958 - 12/1386 1 10,06 | 26139 - I - egins 10271631 ang 07/1951) !
| : 191998 - P '
s i 41669 - ‘ I
t f ‘ L2974 - i
b : Poo1197% - i '
| Arinca Aibart D01 N9IT - 201920 1 19,24 . Q119N - | !
! 101 1921 - 12,1949 | 7,82 101916 - 1 - Battletord (10/1937); Nortn Settletora (01/1944 - 04/1%45); Regina (11/1937, 12,1942 - 1214
| 9171930 - 35/'948 | 19.51 29,1345 - | :
| | 3471968 - 12,1986 {oro.o ©Co 1949 - | 1
i i 96,1968 - | H
t Sgina | 311911 - 09,1938 | 7,62 | 21/i9v1 - 0871911 1
H ©O06- 1938 - 12,1987 1 20,42 | 091911 - 12.19%0 | ;
' | 011968 - 12,1986 | 10.06 | 0171931 - 121938 | - winnipeg (03/1531 and 12/1533%) i
i 01,1939 - 07 1t | :
: 381541 -
I i3t 1M - .
i ! Pona19% - '
' i [ e
i . ! P a7 -
i : i i 92 1968 - .
Sasxatoon 9N - 1251916 © 752 D 0L 1R1) - 0201953 ) < Princa Aidart ‘03,1931): Feqina (ali other montns). Inreai:sStic recorded +aiuss wers repiaced by 9sti-
© 011917 - 09/1917 24,28 | ; mated vaiues to maks thee sare consistant with cata for 8ajacent stations.
}10,1037 - 02,1918 7.52 | 03,1933 - 04/1943 | B.29 | - Reqina {01193 - 03/193%)
) 0371918 - 981918 | 24,18 | 03,1545 - 07/1945 | 7.62 i - Feqina (all months)
t 391918 - 21 191 | 7.62 ' 0BsTM43 - 021963 1 16,76 - eqina (07 1051)
3207019 - 08:7919 1 24.38 . I3.1963 - 12,1566 | 19.8) :
i L390919 - 1201930 7.62 11967 - 12,1586 | '0.00 i
t S1OUOIT - 1zsaeY | 22.36 i X
T1T964 - 7 1065 L 2499
{ 217967 - 12 "7 > !
‘ ! 2N A8 - 12 586 . i
! Switt Curcent - 920927 1L - 0641912 0 T.A2 !
BETIRLIF A 07 5 OT1912 - JT s | 22
S 01 1986 i0.06 . 38,1933 - 93,1922 | . - Regina (G3:1921) .
i i 0601922 - 05,1928 | 122 | - Rmqins (08,1923 ;
i ' i | 16,1978 - 05,1932 ) . | .
i i [ 361932 - 081933 ¢ 1.2 | ;
i i | 59,1933 - 04,0938 | 7.52 | - Regina (01,1935 - 11:1953 and 01/1936 - 04/1938); Medicine Hat (12/1933)
i ; Po051938 - 111982 8.9
: i 1582 - 416 $1.57
i 35 16 - 97973 1 C3tn
31973 - 121986 .50
Yarxton SIS 6T 1911 - 43983 S.82 1 - Prince Albart (03710310 Sasxatoom i12/193%); Aeqine (aii dthar montns)
. 12 19%0 7,62 1983 - 1 1662 - Fegine (10/1953)
) BEFRL 5,75 1 1962 - 111966
| : - 2,198 12,19 1966 - 12,1586 .
i ' - 06 : H
. : I
!ihmmm | H H
! arandon | 011913 - 0871949 | 7,62 | Q11911 - 07/1938 | T.AZ . - Regina (08/1920 and 04/1931): Winnipeg (ail other montns) !
: 2671549 - 06,1993 18,16 | 981318 - 02/1959 | AT - Rivers (C8/1938 - 28/1938) :
! 37 7933 - 37 1933 TL82 03 999 - J7I964 i %24 i
JB19%3 - M471998 ¢ 1508 JBrid6A - 11,1965 1 15,46 I
T9.19%8 - 07 1983 | T.62 121969 - 12/1986 1 10,00 :
28 1958 - 6 i 6.76 :
37 61 - 8.1 ; 1
3671964 - 12010 ' |
01,7978 - 121586 . :
{ The Pas To91si9m - 1271948 Loorert - 01918 | 4,37 i
t L1149 - 1271958 1 19,31 32,1916 - 98/1921 | 7.52 ' - #rince Albert (03,1920 - 08/1921)
{ L 0171999 - 1241976 1§75 1 99,1021 - 3871929 ) 4,37 ! |
! | 911977 - 1271588 | 10,06 § 091929 - 071338 ¢ .32 1 - Prince Aibart 106.1938) i
' ! 281938 - 11,149 7.82 | - Prince Aipert (111542 and 07/1049 - 117149 Qmgins 112/1942 - 0171943} i
. : 12,09 - 12,1958 ¢ 'B.0 |
. i 2171959 - 22:1964 1 T8 :
: ! 11364 - 12/1986 1 10,00
¢ Winnioeg SUREIEEN 10,57 91 1911 - 9941933 152 1 - %agina (08/1920 ana 34,1931)
: o1 1938 - 23.47 1041638 - 12.1949 21 i
! 31.1046 - 2154 211590 - 121962 3470
b 311980 - 23.47 I 19AY - 12:1967 ¢ 1C.16 !
: O1 1963 - 21367 0,37 1 01,1968 - 12/1986 ¢ 10,30 |
| I 1968 - i2,1986 © 10.06 1 '

1. Determined during the SNBB studv and utilized

in subsequent upcates by PFRA,

2. Deterwined Oy PFRA QUring Tufrent rmassessment DASed on A visusl examinecion of monthly R1storic wind speed 0lots and cata provided by AES in a reoort for the PPWS entitled “Wind Design
Study, Phase [”. P°WB Raport No, ) dated Decemoer, ' 336.

3. All wind data was 8Qjustsa 'O *hHe 7.52-matre 123-foot) level berors approprists mean manthly retios were caicu.atec. Consequent!y, N8 anemometer NEIQNt COFrespONalng o *Ne astimated
vniue was gesignatec as .62 metres,




1400

1200

“= 1000
£
-
) ——
P
O
}_.

SE 800
O
n.
<C
>
L
wn
wn

O 600
o
@)
1
<C
D
=z
z

< 400

200

0

- 20 -

REGINA

LEGEND

Modified Estimates
-—--— 0ld Estimates (SNBB)

IIl]!ll]|IHI|II]]]IIH]l|H{]I]l]llll]lll]]ll!lﬂll![l]!l]HH]IHHIH{

2 8 2 8 8 % 2 83 8 8 8 2 2 8 3

2 2 2 2 2 2 2 2 2 3 @ 2 2 & B
YEAR

Figure 3. Effect of Corrections to Anemometer Height and Wind

Speed on Annual Gross Evaporation Estimates for Regina
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3.2 Consistent Vapor Pressure Data Base

The indiscriminate wuse of relative humidity and dew point
temperature data without appropriate adjustments in the coefficient of the
Meyer formula had a major impact on the gross evaporation estimates.
Meyer[3] indicated that a coefficient of 11 should be used when the actual
vapor pressure in the air is determined from the mean of the daily maximum
and minimum temperatures and the mean of the morning and evening relative
humidity measured 25 feet above the surface of the water or the ground. If
the mean actual vapor pressure is determined from more frequent, equally-
spaced observations, the coefficient should be decreased to 10. However,
Meyer did not indicate whether four observations per day or twenty-four
observations per day constituted more frequent observations.

Unfortunately, the gross evaporation estimates made by SNBB and sub-
sequently updated by PFRA utilized a mixture of vapor pressure data bases
while the coefficient was held constant at 11. To provide consistency, it
was initially decided that relative humidity (RH2) based on the mean of the
morning (0630 hours) and evening (1830 hours) values would be utilized for
the entire period in conjunction with a coefficient of 11. Consequently, AES
was requested to provide the required relative humidity data (RH2) for all 14
key meteorological stations considered in this study. Gross evaporation was
then recalculated for each station.

The effect of utilizing a consistent vapor pressure data base is
illustrated in Figure 4 for the Regina station. Minor differences occurred
where relative humidity based on four observations per day (RH4) was used
(i.e. 1939-62), while more substantial differences occurred where dew point
based on four observations per day (DP4) was wused (i.e. 1963-86).
(Differences prior to 1939 were the result of data base corrections.)
Although the vapor pressure data base varied somewhat from station to
station, the effect was quite similar at all 14 key stations. The
differences were particularly noticeable in recent years when dew point data
were utilized. Although dew point data were available since the early
1340’s, dew point was not used in determining gross evaporation at most
stations until the early 1960's. However, AES has been publishing dew point
data exclusively since January of 1970. The types of data that had been used
by SNBB to calculate vapor pressure for the period 1911-67 and subsequently
used by PFRA for updating gross evaporation estimates for the period 1968-86
are summarized in Table 2.
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Table 2

Vapor Pressure Data Base for Gross Fvaporation Calculations

SNBBl sz
TYP33 of VAPOR TYPEa OF VAPOR
STATION PERIOD PRESSURE DATA PERIOD PRESSURE DATA COMMENTS
Alberta
Calgary 01/1911 - 12/1938 RH2 01/1911 - 04/1941 RH2 - Some data adjusted for consistency
01/1939 - 12/1962 RH4 05/1941 - 12/1986 DP4 with adjacent stations.
01/1963 - 12/1986 DP4
Edmonton 01/1911 - 12/1938 RH2 01/1911 ~ 04/1941 RH2
01/1939 - 12/1962 RH4 05/1941 - 12/1986 DP4
01/1963 - 12/1986 DP4
Lethbridge 01/1511 - 12/1938 RH2 01/1911 - 12/1938 RH2 ~ Medlcine Hat data utilized.
01/1939 - 12/1959 RH4 01/1939 ~ 04/1941 RH2
01/1960 - 12/1986 DP4 05/1941 - 12/1986 DP4
Medicine Hat 01/1911 - 12/1938 RH2 01/1911 - 04/1941 RH2 — Some data adjusted for consistency
01/1939 - 12/1962 RH4 05/1941 - 12/1986 DP4 with adjacent stations,
01/1963 - 12/1986 DP4
Saskatchewan
Broadview 01/1911 - 12/1938 RH2 01/1911 - 06/1938 RH2 - Regina data utilized.
01/1939 - 12/1962 RHA4 07/1938 - 04/1941 RH2
01/1963 - 12/1986 DP4 05/1941 - 12/1986 DpP4
North Battlefordj 01/1911 - 12/1940 RH2 01/1911 - 04/1941 RH2 ~ Battleford data utilized.
01/1941 - 12/1962 RH4 05/1941 - 02/1842 DP4 - Battleford data utilized.
01/1963 - 12/1986 DP4 03/1942 - 12/1986 DP4
Prince Albert 01/1911 - 12/1338 RH2 01/1911 - 04/1941 RH2
01/1939 - 12/1942 RH3 05/1941 - 12/1942 Pl
01/1943 - 12/1962 RH4 01/1943 - 12/1986 DP4
01/1963 - 12/1986 DP4
Regina 01/1911 - 12/1938 RH2 01/1911 ~ 06/1938 RH2 - Qu*Appelle data utilized.
01/1939 - 12/1962 RH4 07/1938 - 04/1941 RH2
01/1963 - 12/1986 DP4 05/1941 - 12/1986 oPA
Saskatoon 01/1911 - 04/1941 RH2 01/1911 -~ 05/1915 RH2 — Qu'Appelle data utilized.
05/1941 - 12/1962 RHA 06/1915 - 04/1941 RH2
01/1963 - 12/1986 DP4 05/1941 ~ 12/1986 DP4
Swift Current 01/1911 - 12/1938 RH2 01/1911 - 04/1941 RH2 — Some data adjusted for consistency
01/1939 -~ 12/13941 RH4 05/1941 -~ 05/1980 DP4 with adjacent statlons.
01/1942 - 12/1954 DP4 06/1980 - 05/1986 DP3 - Medlicine Hat DP4 data utilized
01/1955 - 12/1962 RH4 06/1986 - 12/1986 Dpd (03/1983 - 08/1983).
01/1963 - 05/1980 DP4
06/1980 - 05/1986 DP3
06/1986 - 12/1986 DP4
Yorkton 01/1911 - 04/1941 RH2 01/1911 - 06/1938 RH2 - Qu'Appelle data utilized.
05/1941 - 12/1941 RH3 07/1938 - 04/1941 RH2 - Regina data utilized.
01/1942 - 12/1962 RH4 05/1941 - 12/1941 DP3
01/1963 - 12/1986 Dp4 01/1942 - 12/1986 DP4
Mani toba
Brandon 01/1911 - 12/1938 RH2 01/1911 - 06/1941 RH2 - Winnipeg data utilized.
01/1939 - 12/1941 RH4 07/1941 - 12/1986 DP4
01/1942 - 12/1986 DP4
The Pas 01/1911 - 04/1%40 RH2 01/1911 - 04/1941 RH2
05/1940 - 08/1942 RH3 05/1941 - 07/1942 oP3
09/1942 ~ 12/1962 RH4 08/1942 - 12/1386 DP4
01/1963 — 12/1986 DP4
Winnipeg 01/1911 - 12/1938 RH2 01/1911 - 04/1941 RH2
01/1939 - 12/1963 RH4 05/1941 - 12/1986 DP4
01/1964 - 12/1986 DP4

1. Determined during the SNBB study and utilized in subsequent updates by PFRA.

2, Determined by PFRA during current reassessment based on a visual examination of monthly data and comparisons to data for
adjacent stations.

3. DP3 -

DP4 -

Dew point based on three observations per day (l.e. similar to DP4 but missing either the first or the last
observation)

Dew point based on four observations per day (i.e. mean of observations at approximately 0000 hours, 0600 hours,
1260 hours and 1800 hours E.S.T.)

Relative humidity based on two observations per day (l.e. mean of observations at approximately 0630 hours and 1830
hours E.S.T.)

Relative humidity based on three observations per day (i.e. mean of cbservations at approximately 0730 hours, 1330
hours and 1930 hours E.S.7.)

Relative humidity based on four observations per day (i.e. mean of observations at approximately 0000 hours, 0600
hours, 1200 hours and 1800 hours E.S.T.)}
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Since dew point data (DP4) are currently readily-available and
relative humidity data (RH2) are not, a sensitivity analysis was conducted to
determine the appropriate coefficient that should be used in conjunction with
DP4 data assuming that a coefficient of 11 is the correct value to be used
with RH2 data. Comparisons between relative humidity based on two
observations per day (RH2) and dew point based on four observations per day
(DP4) were conducted for all 14 stations. The results of the sensitivity
analysis are presented in Appendix A.

The sensitivity analysis presented in Appendix A indicates that if
dew point (DP4) as currently published by AES is used, a coefficient of 10.1
would be appropriate. This finding agrees with the recommendation made by
Buckler(9]. Although he did not specifically indicate the type of vapor
pressure data he had used, presumably his analyses were based on dew point
data which was readily-available at that time and considered by AES to be
more appropriate than relative humidity data.

In revising the vapor pressure data base, the basic data were also
modified as necessary to correct obvious errors in the published data.
Recorded data that appeared unrealistic were adjusted to be more consistent
with data for nearby stations. Numerous adjustments were necessary at
several stations (e.g. Calgary, Medicine Hat and Swift Current) during the
early years of the study period (i.e. prior to 1940). The data base used by
PFRA in the revised methodology is also shown in Table 2. However, the data
base still exhibits a degree of inconsistency because, prior to the early
1960’s, nonstandard times were used for specified relative humidity and dew
point values. This inconsistency was exacerbated by time zone changes.

3.3 Air/Water Temperature Relationships

The determination of an appropriate water temperature is a key ele-
ment in estimating gross evaporation using the Meyer formula. Since water
temperature is not normally available, it must be estimated from a
relationship utilizing an element that is available; namely, air temperature.
The monthly air/water temperature relationships are developed from recorded
data. The validity of such relationships has a significant impact on the
monthly and annual gross evaporation estimates.

As briefly discussed in Sections 2.2.1 and 2.2.3, the air/water
temperature relationships developed by PPWB[4] and subsequently adopted by
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SNBBL7] were based on data for Lake-of-the-Woods near Keewatin, Ontario and

|

|

therefore are not appropriate in a prairie regime. Lake-of-the-Woods is a

| relatively large water body which has a Tlarge inherent heat storage
component. Consequently, the monthly water temperature pattern does not

exhibit the same characteristics as that exhibited by relatively small water

\

i bodies in the prairie region. Unfortunately, sufficient data were not

; obtained until the mid 1970’s to permit development of new air/water

‘ temperature relationships. More appropriate air/water temperature
relationships were proposed in several studies(0,9,10]  but none of the
proposed relationships had been implemented prior to the current study. The
most recent study by PFRALIO] in 1978 provided the most extensive and
pertinent data base, with meteorological, geographical and physical data

being obtained from 13 water bodies over the ten-year period 1963-72.

The air/water temperature relationship developed by PFRAL1I0] 4n
1978 is reiterated as follows:

TW=2.82+0.97TA . . . . . . . . . . . ..o e (same as 28)

where: TW
TA

monthly mean surface water temperature, in 9C, and
monthly mean air temperature, in OC.

Based on data for all months (i.e. May to October), this relationship
provides water temperature estimates that conform to earlier observations
made by Meyer[3] and to a more recent relationship (refer to equation 27)
proposed by Buckler(9]. 1In general, the monthly mean water temperature is
expected to exceed the monthly mean air temperature by 20C to 30C. This

phenomenon is attributed primarily to a radiant energy component.

When considering all of the air/water temperature data for all
months at the 13 monitoring sites, the relationship proposed by PFRALIO] s
statistically very good (i.e. a correlation coefficient of approximately 0.94
having a level of significance well in excess of 0.001%). However, closer
examination of the data revealed that individual monthly relationships would
be substantially different than the relationship that would be obtained by

grouping all of the data. Thus, regression analyses were conducted for
individual monthly data to determine the individual monthly relationships.
In conducting these analyses, it became readily apparent that the monthly
data would require closer scrutiny.

O
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The basic data obtained by PFRALI0] were reviewed, and a few minor
corrections were made. During this review process, the data for three sites
(Blood Indian Reservoir, Morden Reservoir and Sylvan Lake) were viewed with
some suspicion. Although the monthly data for these three sites were within
the general range of the expected observations, it seemed to be somewhat
anomalous. The water temperature data for Sylvan Lake were affected by a
known groundwater component but apparently it had a rather insignificant
effect on the air/water temperature relationship. For some unexplained
reason, the water temperature data for Blood Indian Reservoir seemed
unusually Tow, but the data were still included in the analyses, even though
the data were viewed with some reservation. Fortunately, the water
temperature data for these two sites were relatively limited: 1969 (August)
and 1970 (June and July) for Sylvan Lake and 1970 (June and July), 1971 (June
and July) and 1972 (June to August) for Blood Indian Reservoir. On the other
hand, a substantial amount of water temperature data were obtained at Morden
Reservoir. A1l data obtained for Morden Reservoir were considered in the
development of appropriate monthly air/water temperature relationships, even
though the data for 1970 and 1971 exhibited an unexplainable anomaly in
comparison to other data obtained at the site. Although the data for 1970
and 1971 were within a reasonable band of scatter, this data contrasted
sharply with the water temperature data obtained for other years (i.e. 1963-
69 and 1972) at the site. No cause for this anomaly was readily apparent.

Regression analyses were conducted for individual months to deter-
mine the individual monthly air/water temperature relationships. (Only
months with complete data were considered. Thus, of 176 station-months of
data, a total of 33 station-months of data were ignored because of incomplete
records.) The data are plotted for the months May to October in Figure 5.
The statistics and relationships varied somewhat from month to month because
of differing amounts of data (i.e. less data were available for spring and
fall months). However, the monthly relationships exhibited similar slopes.
Consequently, slight arbitrary adjustments were made to the slopes of the
relationships using the relationships for July and August as a guide so that
the slopes of all the monthly relationships equalled 0.60. The results of
this arbitrary adjustment are graphically illustrated in Figure 5. (The
relationships that are shown in Figure 5 are the final adjusted relationships
that were derived as discussed in the following paragraphs.)
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The monthly air/water temperature relationships that were derived
have the general form:

TW=B+0.60TA . . . ... ... it (29

where: TW monthly mean surface water temperature, in ©C,

TA = monthly mean air temperature, in 9C, and

B = wvalue (intercept) corresponding to  month under
consideration:
January  -3.00C May 7.30C September 7.10C
February -2.80C June 8.80C October 3.00C
March -1.40C July 10.00C November -1.20C
April 2.00C August 9.60C December -2.60C

The monthly mean temperatures for both air and water are based on an average
of the daily mean temperatures calculated from daily maximum and minimum
temperatures.

Since the basic data used to develop the relationships presented in
Figure 5 covered only the months May to October, an approach had to be
devised for developing appropriate relationships for the other months of the
year, particularly the months in the remaining open water season. The
required relationships were determined by plotting the intercepts of the
relationships for the months May to October and extrapolating the resulting
curve as shown in Figure 6. As a result, relationships for the months

November to April were derived having the general form indicated by Equation
29.

In extrapolating the curve shown in Figure 6, the curve was drawn
through the derived intercept values based on recorded data. Since the mean
monthly air temperatures of the recorded data for all months closely
approximated the 30-year (1951-80) mean monthly air temperatures, the 30-year
mean monthly air temperatures were used as a guide in extrapolating the
intercept curve. The shape of the intercept curve during winter months was
subjectively determined by a visual comparison of the 30-year mean monthly
air temperatures and monthly intercepts during the May to October period. Of
course, the 30-year mean monthly air temperatures had a much larger amplitude
than the monthly intercepts. Fortunately, the magnitude of the intercept
values has no impact on the gross evaporation estimates during months (i.e.

primarily winter months) in which the monthly mean air temperature is less
than 00C.
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In the Canadian Prairies, an ice cover generally forms on water
bodies sometime in November, and the ice disappears sometime in April. Some
annual and spatial variations in this pattern occur across the prairies.
SNBBL7] had assumed that for the months November to March, the monthly mean
‘water’ temperature (i.e. water is normally in the form of ice or snow) would
equal the monthly mean air temperature. However, it is very unusual to find
a water body that has a free water surface (i.e. no ice cover) during the
winter months. Any such instances are usually affected by artificial energy
inputs such as turbulence mechanisms (e.g. bubblers) or thermal power plants
(e.g. heat exchangers). Thus, the estimation of gross evaporation during
months 1in which a free water surface could not be maintained under natural
conditions does not adhere to the basic premise of this assessment.

After consultation with AES personnel, it was decided that when the
estimate of monthly mean ‘water’ temperature falls below an arbitrary level
of 00C, gross evaporation would be arbitrarily set to zero. While this
assumption may not provide a realistic estimate of gross evaporation during
the months of ice formation and ice breakup (i.e. a free water surface would
Tikely exist during part of the month), the impact on the annual gross
evaporation would be negligible. The magnitude of the monthly gross
evaporation during these periods is generally relatively small. Furthermore,
the overestimation of monthly gross evaporation during the spring breakup
period due to the persistence of ice, which would suppress water temperatures
as the monthly mean air temperature rises above 09C, would be compensated
by the underestimation of monthly gross evaporation during the fall ice
formation period when evaporation would have occurred from the free water
surface during that portion of the month prior to the formation of an ice
cover. Moreover, the consequences of error in extrapolating the curve in
Figure 6 decreases substantially because the monthly mean air temperature is
normally less than 09C during the winter months. Thus, regardless of the
magnitude of the negative intercept, the air/water temperature relationship
produces an estimated monthly mean ‘water’ temperature which is less than
00cC.

The apparent lack of consideration given to sublimation from snow
and ice during winter months may be identified as an apparent shortcoming in
the estimation of gross evaporation loss. However, while a certain amount of
sublimation will occur during this period, particularly during chinook
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conditions, the total volume of ‘water’ lost over the ice surface of a water
body is relatively smal1ll] and is dependent upon a number of factors which
can vary greatly from one water body to another. Thus, in keeping with the
basic premise that gross evaporation occurs primarily from a free water
surface, the sublimation aspect was ignored and gross evaporation was set to
zero when the estimated monthly mean ‘water’ temperature fell below 00C,
even though a small fraction of the snowpack or ice cover on the body of
water may have disappeared through a sublimation process.

The use of individual monthly relationships, rather than a single
relationship based on all monthly data, as illustrated in Figure 7, provides
more realistic estimates of water temperature. For example, if a single
relationship is used, the water temperature estimate for a given air
temperature would not vary from month to month (i.e. it would be the same for
May, June, July, etc.). However, if individual monthly relationships as
shown in Figure 7 are used, the water temperature estimate for a given air
temperature will vary from month to month by the difference between the
corresponding monthly constants (intercepts) in the general equation. Thus,
for a given monthly mean air temperature, the monthly mean water temperature
will increase with time in the months approcaching July and decrease with time
in the months following July during the open water period. This phenomenon
corresponds to the expected effect of a radiant energy component.

The effect of wusing the new monthly air/water temperature
relationships 1is illustrated for the Regina station 1in Figure 8. As
indicated by Figure 8, the annual gross evaporation estimates were generally
higher but not significantly different than the estimates obtained by using
the SNBBL7] relationships. The annual gross evaporation estimates would
have been somewhat higher if gross evaporation had not been zeroed during
winter months when an ice cover would have existed.

The development of new air/water temperature relationships had a
significant impact on the temporal distribution of monthly gross evaporation
in comparison to the relationships (refer to Equations 13 to 24) that had
been used previously. This impact is illustrated by the arbitrary example
presented in Figure 9. The new air/water temperature relationships provide a
temporal distribution of monthly gross evaporation that more <closely
resembles gross evaporation patterns provided by other more direct methods
such as the water budget and the Class A evaporation pan.
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3.4 Anemometer Height Adjustment

The determination of gross evaporation using the Meyer formula
involves a wind component; namely, wind speed at 7.62 metres (25 feet) above
the ground. Since anemometers have historically been installed at various
heights (refer to Section 3.1), the recorded wind speeds must be adjusted to
the 7.62-metre level. This adjustment can have a significant effect on gross
evaporation estimates, particularly for anemometers located at heights much
different than 7.62 metres.

Wind speed is adjusted by the ratio of anemometer at 7.62 metres to
the actual anemometer height raised to an exponent. Meyer[3] provided
relationships for several types of anemometers to adjust the wind speed data
for variations in height. He also stated that "Since wind velocity has a
substantial effect on evaporation loss through turbulent mixing of the air,
it was necessary not only to have homogeneous records of wind velocity at all
of the stations for which evaporation was to be computed, but the wind
velocity used in the evaporation formula must reasonably represent the wind
movement over lakes and reservoirs in the locality in which the station is
located." These relationships were utilized by pPWBL4] in 1952 to estimate
gross evaporation at 15 key stations for the period 1921-50. 1In 1961, McKay
and Stich]ing[6] simplified the relationships by indicating that an
exponent of 0.5 should be used to adjust wind speed to the 7.62-metre (25-
foot) level. This exponent was later adopted by the SNBBI7] and
subsequently wutilized 1in updates prepared by PFRA. However, in 1969,
Buckler[8] recommended that an exponent of 0.25 should be used to adjust
wind speed in the prairie region. This recommendation was reiterated in a
subsequent report[9] in 1973. An exponent of 0.25 is currently endorsed by
AES as a more appropriate adjustment for wind speed in the prairie region.

The effect of using an exponent of 0.25 rather than 0.5 to adjust
wind speeds to the 7.62-metre level is illustrated in Figure 10 for the
Regina station based on the old (SNBB) data base. As indicated by Figure 10,
the annual gross evaporation estimates varied in accordance with the height
of the anemometer. The estimates of gross evaporation were higher than the
estimates obtained by using the sNBBL7] exponent of 0.5 for anemometer
heights greater than 7.62 metres. If some anemometer heights had been less
than 7.62 metres, the estimated gross evaporation would have been smaller
than the estimates obtained by using an exponent of 0.5.
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3.5 Barometric Pressure Adjustment

Meyer, in his 1942 report[3], indicated that all gross evaporation
estimates should be increased to account for a barometric pressure adjustment
of 1% for every 1000 feet of change in elevation (refer to Equation 3).
Unfortunately, the basis for incorporating such an adjustment is not very
well documented and appears to be based on rather sparse data. However,
according to Dalton’s theory of mass transfer[l]l, it would appear that such
an adjustment is required because of the change of air density with height.
The impact of this adjustment is relatively small and normally much less than
the 1inaccuracy inherent 1in some other components of the formula. The
adjustment would be less than 4%, ranging from about 0.8% at Winnipeg to 3.5%
at Calgary. The Tand surface elevations corresponding to each of the 14 key
stations are presented in Table 3 in both metric and Imperial units so that
it is easy to ascertain the effect of such an adjustment.

Although the adjustment for barometric pressure as proposed by
Meyer[2,3] was subsequently acknowledged or endorsed in most
reports[4:5,6,9] on this subject, it was not incorporated into the
methodology used in the SNBB study. The SNBB study ignored this adjustment
because its effect on gross evaporation estimates was relatively
insignificant and thus the computation could be simplified. This
simplification of the Meyer formula was adhered to by PFRA in the process of
updating the gross evaporation estimates until the time of this reassessment.

The barometric pressure adjustment was incorporated in the revised
methodology for estimating gross evaporation at all stations. The effect of
incorporating this adjustment is illustrated in Figure 11 for the Regina
station based on the old (SNBB) data base. As indicated by Figure 11, the
annual gross evaporation estimates were larger by approximately 1.9%.



Table 3

Land Surface Elevations for the 14 Key Stations

LAND SURFACE ELEVATION*

STATION DATE METRES FEET
Alberta

Calgary 01/1911 - 07/1921 10856 3465

08/1921 - 04/1931 1058 3471

05/1931 - 12/1986 1084 3556

Edmonton 01/1911 - 09/1937 658 2159

10/1937 - 12/1987 671 2201

Lethbridge 01/1911 - 08/1936 903 2963

09/1936 — 12/1986 929 3048

Medicine Hat 01/1911 - 12/1986 717 2352

Saskatchewan

Broadview 01/1911 - 06/1938 597 1959

07/1938 ~ 12/1964 620 2034

01/1965 - 12/1986 601 1972

North Battleford 01/1911 - 02/1942 494 1621

03/1942 - 12/1986 548 1978

Prince Albert 01/1911 - 11/19%42 436 1430

12/1942 - 12/1986 428 1404

Regina 01/1911 - 12/1986 577 1893

Saskatoon 01/1911 - 03/1941 503 1650

04/1941 - 12/1986 500 1640

Swift Current 01/1911 - 04/1938 744 2441

05/1938 - 12/1986 817 2680

Yorkton 01/1911 - 12/1986 4938 1634
Manitoba

Brandon 01/1911 -~ 06/1941 366 1201

07/1941 - 12/1986 409 1342

The Pas 01/1911 - 12/1986 271 889

Winnipeg 01/1911 ~ 12/1937 232 761

01/1938 - 12/1986 239 784

* Information (in metric units) was obtained from the AES Climatological Station Data
Catalogue and converted to Imperial units (rounded to the nearest foot) to facilitate the
quick determination of the effect of the barometric pressure adjustment (i.e. 1% for
every 1000-foot change in elevation). A change in land surface elevation indicates a
gauge relocation.
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3.6 Vapor Pressure Relationship

In the process of calculating gross evaporation, saturated vapor
pressure has normally been determined in previous studies from linear
interpolation of a tabulated vapor pressure table. The accuracy of the
interpolation is primarily a function of the size of the temperature
increments utilized in the published vapor pressure tablellll,

Although a vapor pressure table in temperature increments of 0.10F
was available, SNBB simplified the vapor pressure table by using temperature
increments of 59F to reduce the computer data storage requirements. This
simplification had a relatively minor effect on the estimates of gross
evaporation, but it was identified as another factor which contributed to the
inaccuracy of the estimates. While calculating vapor pressure directly
rather than interpolating a vapor pressure table may have been of some
concern due to a limited computing capacity at the time of the SNBB study,
that is no longer the case. The capacity of present-day computers is such
that the direct solution of a complex vapor pressure relationship can be
handled quite readily.

A~ vapor pressure relationshipllll defined by a complex
mathematical formula (refer to Equation 32) was used in the determination of
gross evaporation. The effect of calculating vapor pressure directly using
this relationship produced a negligible change in the gross evaporation
estimates as illustrated in Figure 12 for the Regina station based on the old
(SNBB) data base. As indicated in Figure 12, the estimated annual gross
evaporation values based on the relationship are consistently higher than the
estimated annual gross evaporation based on an interpolated vapor pressure
table by an imperceptible amount (an average annual value of +0.8%).
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4. CALCULATION OF GROSS EVAPORATION

Values of monthly gross evaporation were estimated for the period 1911-86
for the 14 key meteorological stations using the following metric form of the
Meyer formula (equivalent to Equation 3):

EG = CK(Vy - V5) (1 + 6.2139x10-2W) (1 + 3.28084x10-5A) . . . . . . (30)

monthly gross evaporation, in millimetres, at the key
meteorological station,

C = coefficient of 11 if saturated vapor pressure is based on
two observations of relative humidity per day or coef-
ficient of 10.1 if saturated vapor pressure is based on
four observations of dew point per day (refer to
Appendix A),

where: EG

K = metric conversion factor of 0.750062,

Vi = saturated vapor pressure, in millibars, corresponding
to estimated monthly mean water temperature at the surface
of a hypothetical open body of water at the station site,

V3 = actual monthly mean vapor pressure, in millibars, in
the atmosphere at 7.62 metres above the ground level at the
station,

W = monthly mean wind speed, in kilometres per hour, at 7.62
metres above the ground level at the station, and

A = elevation, in metres above mean sea level, of ground level

at the station.

The value of C varies with the size of the water body and the type of
input data (i.e. relative humidity or dew point) that are used. (Refer to
Appendix A for a sensitivity analysis regarding various input data.) In this
particular study, dew point data based on four observations per day (in a few
cases, three observations per day) were used whenever available with a
corresponding coefficient of 10.1. When dew point data were not available,
relative humidity data based on two observations per day were used with a
corresponding coefficient of 11. No consideration was given to the size of
the water body other than to assume that it was neither very large (e.g. Lake
Diefenbaker, Lake Winnipeg) nor wvery small (e.g. shallow slough).
Appropriate adjustments may be made by the user, if warranted, to correct for
water body size. These adjustments may be made by applying a factor
(calculated as the ratio of an appropriate coefficient to 10) to the
pertinent array of gross evaporation values provided in Appendix B. For
example, the gross evaporation for a very small water body near Swift Current
may be estimated by multiplying the gross evaporation values for the Swift
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Current station (refer to Appendix B) by a factor of 1.2 (i.e. 12/10) based
on the assumption that a coefficient of 12 would be appropriate for such a
water body.

Water temperature was estimated based on the following air/water
temperature relationship:

TW=B+0.60TA . . . . . .. e e e e e e e e e e e e e e e (31)

where: TW monthly mean surface water temperature, in OC,

0o

TA monthly mean air temperature, in ©OC, based on the
average of the daily mean temperatures calculated from
daily minimum and maximum temperatures, and

B = value (intercept) corresponding to month under
consideration:

January  -3.00C May 7.30C September 7.10C
February -2.80C June 8.80C October 3.00C
March -1.490C July  10.00C November -1.20C
April 2.00C August 9.60C December -2.69C

If the estimated monthly mean surface ‘water’ temperature was Tess
than 00C, the gross evaporation for the month under consideration was
arbitrarily set to zero. Otherwise, the estimated water temperature was
utilized in Equation 32.

Saturated vapor pressure, Vy (as required for Equation 30), was
determined by using the Goff-Gratch formulation{11]:

logigVw = - 7.90298(T5/T-1) + 5.0280810g1q(Ts/T)

- 1.3816x10-7(1011.344(1-T/Ts) _1)

+ 8.1328x10-3(10-3-49149(Ts/T-1)-1) + Togipeys . . . (32)
where: Vy = saturated wvapor pressure, in millibars, over a

plane surface of pure ordinary liquid water,

T = absolute monthly mean water temperature, in 0K, where
T=TW + 273.16,

Ts = steam-point temperature, in OK, at one standard
atmosphere (=373.16 °K), and

eyws = Saturated pressure, in millibars, of pure ordinary

Tiquid water at steam-point temperature of one standard
atmosphere (=1013.246 millibars).

The actual monthly mean vapor pressure, Vi (as required for Equation
30), was derived from preliminary values of vapor pressure (Vap) 1.22
metres above the ground level. These values were ultimately adjusted to the
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7.62-metre level using Equation 33 to obtain the vrequired V,; values.
However, Vap values were first obtained by substituting the dew point
temperature values (whenever available) or the monthly mean air temperatures
for TW in the vapor pressure relationship presented as Equation 32 and
solving for Vy. Vgp values were then equated to V, values. Whenever
dew point data were not available, the resultant Vap values were multipled
by the corresponding relative humidity values to obtain a Vap value for
each month. Vapor pressure at the 7.62-metre level was then determined by
using the following relationship, which approximates the graphical
relationship presented by Meyer[3]:

Va = (0.8559 + 0.094T0g10Vapm)Vap « « « « -« -« - o o .. .. (33)

#

where: Vj actual monthly mean vapor pressure, in millibars, in the

atmosphere at 7.62 metres above ground level,

Vap = preliminary values of monthly mean vapor pressure, in
millibars, derived from meteorological observations
assumed to be at the 1.22-metre level, and

Vapm = mean of the April to October values of V,, for the

calendar year. (Thus, Vgpp varies for each calendar
year.)

Equation 33 is applicable only for adjusting vapor pressure values from
the 1.22-metre level to the 7.62-metre level. The resultant adjusted values
are very similar but not identical to those obtained from the graphical
relationship.

Wind speed, W (as required for Equation 30), was determined at the 7.62-
metre level using the following relationship:

W= WV(7.62/WE)0-25 . . L L L (39)

where: W

monthly mean wind speed, in kilometres per hour, at 7.62
metres above ground level,

WV = observed monthly mean wind speed, in kilometres per hour,
at the key meteorological station, and
WE = height above ground, in metres, of the anemometer with

which WV observations were obtained.

The monthly gross evaporation estimates for the period 1911-86 for each
of the 14 key stations are tabulated in Appendix B. Tables of precipitation
(i.e. total water equivalent of all forms of precipitation) and net
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evaporation data (i.e. gross evaporation minus precipitation) for the
corresponding period are presented in Appendix B to facilitate subsequent use
of the data for various purposes.

Comparisons of the new (PFRA) and the old (SNBB) estimates of annual
gross evaporation are provided in Figures 13 to 26 inclusive. These figures
illustrate the combined effect of all adjustments that have been made to the
methodology and the data bases. Generally, the annual estimates in the early
portion of the period have increased dramatically and thus have resulted in a
substantial increase in the long-term mean annual gross evaporation. For
comparative purposes, long-term (1911-86) mean annual gross evaporation
estimates based on the new (PFRA) and old (SNBB) methodologies are summarized
in Table 4.

Table 4

Comparison of Estimated Mean Annual Gross Evaporation
Using New (PFRA) and 01d (SNBB) Methodologies

MEAN ANNUAL GROSS EVAPORATION* (mm)
STATION OLD (SNBB) NEW (PFRA)
Alberta
Calgary 774 853
Edmonton 720 804
Lethbridge 1034 1026
Medicine Hat 937 992
Saskatchewan
Broadview 685 805
North Battleford 767 826
Prince Albert 613 686
Regina 814 930
Saskatoon 785 886
Swift Current 916 1015
Yorkton 717 825
Manitoba
Brandon 682 747
The Pas 588 691
Winnipeg 760 815

* Based on the historic period 1911-86
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Estimates of Annual Gross Evaporation for Broadview
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Figure 20. Comparison of New (PFRA) and 01d (SNBB)
Estimates of Annual Gross Evaporation for Regina




ANNUAL GROSS EVAPORATION (mm)

- 57 -

1400
1200 /
1000
800
600
400
LEGEND
New Estimates (PFRA)
—--—=- 0Old Estimates (SNBB)
200
O T T T T T T T T T T T I T T T T 77T
1o} o un Q '] o w0 Q n Q wn (o] wn o 'y}
- o~ o o] M < < n N [de] [{e] M~ M~ [e0] 0]
2 2 2 2 2 2 2 2 9 2 2 o @ @ O
YEAR
Figure 21. Comparison of New (PFRA) and 01d (SNBB)

Estimates of Annual Gross Evaporation for Saskatoon
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Figure 22. Comparison of New (PFRA) and 01d (SNBB) Estimates
of Annual Gross Evaporation for Swift Current
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Figure 23. Comparison of New (PFRA) and 01d (SNBB)
Estimates of Annual Gross Evaporation for Yorkton
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Figure 24. Comparison of New (PFRA) and 01d (SNBB)
Estimates of Annual Gross Evaporation for Brandon
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Figure 25. Comparison of New (PFRA) and 01d (SNBB)

Estimates of Annual Gross Evaporation for The Pas
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5. CONCLUSIONS

A number of conclusions can be drawn from the results of the analyses.

These conclusions are briefly discussed as follows.

1.

Although most stations still exhibit a slightly increasing
trend of estimated annual gross evaporation, the trend is much
less dramatic than previously indicated. In the past, the
conspicuous increasing trend has been cited by some individuals
as evidence of climate change. While there may be some
validity to this assumption, the effect of climate change, if
that is the major factor, is apparently much less dramatic than
previous estimates had indicated. In fact, a combination of
factors including uncertainty in some of the basic data
components (particularly during the period prior to 1940),
improved data quality, and natural climatic variability may
also be producing the slight increasing trends that are still
evident in the estimates.

The availability of relatively higher-quality data during more
recent periods provides a more appropriate base for estimating
missing wind speed data during early periods. The development
and use of transfer factors based on calculated monthly mean
values for the common period of record vastly improved the data
base and resulted in a more homogeneous data set of both the
basic data and the estimated gross evaporation. Previous
relationships were based on relatively poor and sparse data, an
inappropriate wind speed adjustment exponent, and questionable
anemometer histories.

The use of dew point data rather than relative humidity data
has a significant effect on the gross evaporation estimates.
Although the Meyer formula was based on the utilization of
relative humidity data derived from two observations per day,
this type of data is not readily available at the present time
and is commonly substituted with dew point data derived from
four observations per day. The use of dew point data is
recommended, but a Meyer coefficient of 10.1 must be used
rather than the commonly-accepted coefficient of 11.

The new monthly air/water temperature relationships provide a
more realistic temporal distribution of monthly gross
evaporation but have Tittle impact on the magnitude of the
annual gross evaporation. These relationships are based on
data collected from water bodies of varjable sizes located
throughout the Canadian Prairies which do not exhibit the
significant heat storage component of previously-used air/water
temperature relationships based on data from the relatively
larger Lake-of-the-Woods.
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The gross evaporation estimates that have been determined are
applicable to free water surfaces of small to moderate-sized
water bodies in the Canadian Prairies. Little, if any, gross
evaporation occurs during months when the water surface is
covered by ice. As the Meyer formula was derived for a free
water surface, gross evaporation estimates should be
arbitrarily set to zero during months in which the estimated
monthly mean water temperature (based on new air/water
temperature relationships) is less than 00C. This approach
likely produces small inaccuracies during periods of ice
formation and ice breakup, but any inaccuracies during such
periods are generally compensated for on an annual basis.

The wind speed adjustment using an exponent of 0.25 rather than
0.5 provides more realistic gross evaporation estimates which
are particularly noticeable in the early part of the 1911-86
period before anemometer heights were standardized.
Unfortunately, the effect of the exponent was masked for the
most part by questionable values of wind speeds and anemometer
heights during the early years when such data were not well
documented.

The barometric pressure adjustment component should be included
in the methodology for determining gross evaporation, even
though it has a relatively minor effect on the gross evapora-
tion. Although the basis for adjusting gross evaporation to
account for barometric pressure differences at the various
stations is somewhat subjective, the theory and the results of
the sensitivity analyses support the contention that some
adjustment should be made. In the absence of any specific
current information, the adjustment factor proposed by Meyer
was accepted and utilized for the purposes of this assessment.

The overall combined effect of the numerous corrections and
changes to the basic data and the procedure significantly
increased the long-term mean annual gross evaporation at most
stations considered in this analysis. This observed change
resulted primarily from substantial increases in the gross
evaporation estimates during the early part of the period.
However, annual gross evaporation estimates during the latter
part of the period generally exhibited relatively minor
decreases. The resultant estimates of gross evaporation are
considered to be much more valid than previous estimates, more
indicative of the historic gross evaporation and the best
possible estimates that can be made at the current time.

The results of this analysis can be generally extrapolated to
estimate gross evaporation for water bodies outside the range
of sizes considered in developing the air/water temperature
relationships described herein. Gross evaporation estimates
may be increased or decreased appropriately, depending upon the
size and character of the water body. For instance, a
coefficient of approximately 12 (corresponding to a 20%
increase in gross evaporation) may be used for very small or



- 65 -

shallow bodies of water and a coefficient of 9 (corresponding
to a 10% decrease in gross evaporation) may be used for large,
deep prairie reservoirs similar to Lake Diefenbaker. However,
appropriate air/water temperature relationships which reflect
the heat storage component should be used in conjunction with a
coefficient of 9 when estimating gross evaporation of Tlarge
water bodies in the Canadian Prairies. Further studies are
needed to better define air/water temperature relationships and
the variability of the coefficient as a function of water body
size and character.
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APPENDIX A

SENSITIVITY ANALYSES OF THE COEFFICIENT IN THE MEYER FORMULA
TO RELATIVE HUMIDITY AND DEW POINT DATA
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This appendix documents the analyses that were conducted to ascertain the
effect on the coefficient in the Meyer formula of relative humidity and dew
point data. Four types of data bases were considered:
relative humidity based on two observations per day (RH2),
relative humidity based on four observations per day (RH4),

dew point based on three observations per day (DP3), and
dew point based on four observations per day (DP4).

£ 0PN

However, the major part of the analyses considered only the RH2 and DP4 data.
Minor analyses were conducted to assess the effect of RH4 and DP3 data.

Historically, the data base has varied from station to station (refer to
Table 2 in Section 3.2 of main report). In general, relative humidity was
initially based on two observations per day (RH2) until 1939. Thereafter,
relative humidity was generally based on four observations per day (RH4),
although there were some instances of data based on three observations per
day. Since May of 1941, dew point has been determined and published for all
14 key stations. (Although most of this data was based on four observations
per day (DP4), some initial data was based on three or fewer observations per
day.) However, this data was primarily used only in the gross evaporation
calculations for the period since 1962. Consequently, for the most part,
gross evaporation estimates provided by the SNBB study and subsequently
updated by PFRA were based on RH2 values for the period 1911-38, RH4 values
for the period 1939-62 and DP4 values for the period 1963-86.

Although Meyer originally proposed that a coefficient of 11 be utilized
in conjunction with RH2 values and that the coefficient should vary if the
data was based on more frequent observations, he was not specific as to what
that change should be. Therefore, a sensitivity analysis was conducted to
assess the effect of various types and frequency of data on the coefficient
so as to ascertain the impact that it may have had on the past estimates of
gross evaporation.

Unfortunately, RH2, RH4, DP3 and DP4 data were not available for the
entire period 1911-86. Thus, a common period of 1953-80 (the period for
which RH2 and DP4 data were available on AES computer data banks for all 14
key stations) was selected. The main restriction to a common period was
attributed to dew point data which were not available on AES computer data
banks for years prior to 1953. RH4 data were not a consideration because RH?
data would have preference over RH4 data, and RH2 data could be extracted and
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utilized whenever RH4 data were available. However, for comparative
purposes, an appropriate coefficient was determined as subsequently described
using RH4 data for the Winnipeg station based on the common period 1953-80.
Based on the analysis for this single station, a coefficient of 10.7 would be
appropriate if RH4 data are used. Since the impact of RH4 data was
relatively minor and RH4 data did not have to be utilized at any of the 14
key stations, no further analysis of the effect of RH4 data on the
coefficient was made.

Although RH2 data can be extracted from AES records, DP4 data are more
readily available at the present time and are also considered to be more
appropriate than RH2 data. Consequently, it would be highly desirable to be
able to wuse DP4 data, providing an appropriate coefficient could be
determined. Since it 1is not known whether the coefficient would remain
relatively constant for all stations or would show some spatial variation, a
coefficient was determined for each of the 14 key stations. The coefficient
corresponding to DP4 data was determined for each station by calculating the
gross evaporation for the period 1953-80 using the methodology presented in
Section 4 (based on a coefficient of 11) for both RH2 and DP4 data. The
ratio of the resultant mean annual gross evaporation values (i.e. RH2/DP4)
were then multiplied by the coefficient of 11. The results of the analysis
are presented in Table A-1.

The results of the analysis indicate that there are some minor
fluctuations of the coefficient from station to station and evidence of a
slight spatial variation. There also appears to be a significant correlation
between the coefficient and the magnitude of the mean annual gross
evaporation. The calculated coefficients ranged between 9.90 and 10.27, with
an arithmetic mean of 10.08. In general, the coefficient seems to increase
in a southwest to northeast direction. However, this variation was
considered to be relatively insignificant (i.e. less than 2%), and varying
the coefficient as a function of either location or magnitude of mean annual
gross evaporation was deemed to be unwarranted. Consequently, the calculated
mean value of 10.1 was considered to be an appropriate coefficient for all
regions of the Canadian Prairies when using DP4 data.

Since DP3 data, rather than DP4 data, were available during a few months
at some stations (e.g. Prince Albert, Yorkton and The Pas during most months
of the period 05/1941 - 12/1942 and Swift Current during most months of the
period 06/1980 - 05/1986), an analysis was also conducted using DP3 data to
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ascertain the effect on the coefficient. Furthermore, since DP3 data were
based on either the first three six-hour daily observations (i.e. 0000 hours,
0600 hours and 1200 hours E.S.T.) or the 1last three six-hour daily
observations (i.e. 0600 hours, 1200 hours and 1800 hours E.S.T.), the
analysis considered both cases. An appropriate coefficient was determined
for both cases of DP3 data using the procedure previously described based on
data for the period 1953-80 at the Winnipeg station. The results of the
analysis indicate that DP3 data have an insignificant effect on the
coefficient regardless of which three six-hour daily observations are used.
A coefficient of 9.99 was obtained for DP3 data based on the first three six-
hour daily observations, and a coefficient of 10.12 was obtained for DP3 data
based on the last three six-hour daily observations. These values both
compare favorably with the coefficient of 10.07 that was obtained for the
Winnipeg station based on DP4 data. Consequently, the coefficient of 10.1
that was derived for the general use of DP4 data is also considered to be
appropriate with the use of DP3 data.

Although the adjusted coefficient based on DP4 and DP3 data provided mean
annual gross evaporation values that were essentially equivalent to values
based on RH2 data and a coefficient of 11, the annual and monthly gross
evaporation estimates would not necessarily be similar. Thus, gross evapora-
tion was calculated for three arbitrary stations (Calgary, Regina, Winnipeg)
in the prairies for the period 1953-80 using DP4 data and a coefficient of
10.1. The results of this assessment in the form of annual gross evaporation
are presented graphically in Figures A-1 to A-3. Furthermore, comparisons of
monthly gross evaporation estimates for the three stations are provided in
Figures A-4 and A-5 for two arbitrarily-selected years; 1966 and 1980. For
the most part, only slight differences in monthly and annual gross
evaporation estimates were observed. Thus, since DP4 data are currently more
readily available and more appropriate than RH2 data, DP4 data should be used
(with a corresponding coefficient of 10.1) whenever available (i.e. since the
early 1940’s) in the calculation of gross evaporation. DP3 data may be used
in the absence of DP4 data.

The cause of the apparent consistent anomaly as shown in Figure A-2 for
the Regina station during the period 1953-60 is difficult to pinpoint and
explain. In January of 1961, the six-hour observation times were shifted by
one hour. However, based on sensitivity analyses for DP3 data, gross
evaporation estimates based on dew point data did not appear to be
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particularly sensitive to observation times. (In this case, RH2 data for
0630 hours and 1830 hours were consistently used throughout the 1953-80
period.) Thus, the data base which was responsible for the anomaly was not
readily identifiable. Therefore, average annual adjusted vapor pressure
values were calculated for each year of the period 1953-80 for both RH2 data
and DP4 data. The accumulated values were plotted on arithmetic paper to
graphically identify which data base was nonhomogeneous. The results of this
analysis indicated that the RH2 data were perceptibly affected by some
unknown factor (e.g. perhaps a change in methodology for calculating RH2
values) about 1960-61, whereas the DP4 data appeared to be homogeneous. This
observation was substantiated by a statistical test which indicated that the
RHZ2 data from 1953-60 were significantly different than the RH2 data from
1961-80. Consequently, the DP4 data are considered to provide the most
appropriate estimate of gross evaporation during the entire period as
illustrated in Figure A-2.
Table A-1

Adjusted Coefficients for DP4 Data

MEAN ANNUAL GROSS EVAPORATION* (mm)
CORRESPONDING
UTILIZING UTILIZING COEFFICIENT**
STATION RH2 DATA DP4 DATA FOR DP4 DATA
Alberta
Calgary 887 965 10.11
Edmonton 832 911 10.05
Lethbridge 1069 1188 9.90
Medicine Hat 1020 1129 9.94
Saskatchewan
Broadview 821 884 10.22
North Battleford 880 955 10.14
Prince Albert 774 829 10.27
Regina 966 1063 10.00
Saskatoon 913 999 10.05
Swift Current 1040 1151 9.94
Yorkton 862 944 10.04
Manitoba
Brandon 803 863 10.24
The Pas 753 815 10.16
Winnipeg 852 931 10.07

* Based on the period 1953-80 using a coefficient of 11.
** Calculated as the mean annual gross evaporation ratio of RH2/DP4 x 11.
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APPENDIX B

TABLES OF MONTHLY GROSS EVAPORATION,
PRECIPITATION AND NET EVAPORATION
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GROSS EVAPORATION (mm) -- CALGARY

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
1911 0.0 0.0 0.0 41.5 97.7 159.0 178.0 146.5 103.6 52.0 0.0 0.0 778
1912 0.0 0.0 0.0 48.6 145.3 184.6 159.7 137.4 95.0 49.6 0.0 0.0 820
1913 0.0 0.0 0.0 56.8 117.9 128.8 175.8 140.0 93.4 46.1 0.0 0.0 759
1914 0.0 0.0 0.0 3.9 123.9 143.1 174.1 159.5 107.1 45.4 0.0 0.0 797
1915 0.0 0.0 0.0 61.9 99.5 115.8 136.7 151.2 103.9 56.6 0.0 0.0 726
1916 0.0 0.0 0.0 52.0 118.3 147.6 160.5 143.3 98.5 45.5 0.0 0.0 766
1917 0.0 0.0 0.0 32.7 104.7 120.8 196.1 148.9 81.2 40.6 0.0 0.0 725
1918 0.0 0.0 0.0 37.8 95.3 177.1 177.8 152.6 102.4 45.3 0.0 0.0 788
1919 0.0 0.0 0.0 43.9 145.2 153.6 202.7 162.3 m”.7 4.4 0.0 0.0 832
1920 0.0 0.0 0.0 38.7 121.9 143.4 177.4 161.9 116.6 57.8 0.0 0.0 816
1921 0.0 0.0 0.0 45.1 119.90 163.3 184.1 158.6 123.9 56.2 0.0 0.0 850
1922 0.0 0.0 6.0 42.4 97.5 171.1 180.2 180.8 121.3 51.6 0.0 0.0 845
1923 0.0 0.0 0.0 59.1 118.9 134.8 164.3 130.9 110.0 50.7 0.5 0.0 769
1924 0.0 0.0 0.0 31.4 140.8 162.1 184.4 139.1 106.0 39.3 0.0 0.0 783
1925 0.0 0.0 0.0 50.3 142.9 158.9 189.9 172.2 92.4 50.4 0.0 0.0 857
1926 0.0 0.0 0.0 39.5 120.7 138.9 143.3 141.2 100.9 3.3 0.0 0.0 719
1927 0.0 0.0 0.0 46.0 112.5 147.1 161.1 138.7 106.6 36.2 0.0 0.0 748
1928 0.0 0.0 0.0 36.7 128.0 139.1 153.1 161.4 87.6 42.0 0.0 0.0 748
1929 0.9 0.0 0.0 45.3 133.0 170.9 233.2 180.8 103.6 61.8 0.0 0.0 929
1930 0.0 0.0 0.0 21.4 124.5 165.5 173.2 176.0 110.2 40.4 0.0 0.0 811
1931 0.0 0.0 0.0 62.0 141.2 166.6 209.0 192.2 9.9 64.1 0.0 0.0 935
1932 0.0 0.0 0.0 55.5 124.6 134.5 180.8 159.7 114.4 53.3 0.0 0.0 823
1933 0.0 0.0 0.0 52.5 100.0 167.4 192.8 165.1 108.4 52.9 0.0 0.0 839
1934 0.0 0.0 0.0 73.7 147.3 160.2 186.7 175.5 106.9 56.5 0.0 0.0 907
1935 0.0 0.0 0.0 49.3 124.1 147.3 169.8 155.6 121.6 61.7 0.0 0.0 829
1936 0.0 0.0 0.0 53.2 143.6 165.4 223.4 162.3 107.0 66.9 22.4 0.0 944
1937 0.0 0.0 0.0 60.4 146.5 181.9 209.7 182.1 1.3 61.3 0.0 0.0 953
1938 0.0 0.0 0.0 55.6 117.9 130.6 185.2 163.5 113.3 58.5 0.0 0.0 825
1939 0.0 0.0 0.0 54.4 138.2 112.6 189.7 205.4 127.4 60.9 22.8 0.0 911
1940 0.0 0.0 0.0 38.5 137.9 165.2 153.8 189.9 88.1 42.0 0.0 0.0 815
1941 0.0 0.0 0.0 61.0 119.7 132.7 157.2 144.6 91.8 52.9 0.0 0.0 760
1942 0.0 0.0 0.0 56.8 98.9 129.1 134.5 122.8 85.5 54.5 0.0 0.0 682
1943 0.0 0.0 0.0 55.3 108.7 130.0 180.2 159.6 125.7 52.9 27.0 0.0 339
1944 0.0 0.0 0.0 53.8 126.4 145.2 179.5 151.1 116.2 62.6 0.0 0.9 835
1945 0.0 0.0 0.0 41.6 114.2 137.4 165.5 163.0 112.1 46.5 0.0 0.0 780
1946 0.0 0.0 0.0 64.5 119.9 122.5 166.8 160.1 115.2 64.8 0.0 0.0 814
1947 0.0 0.0 0.0 61.5 134.8 128.8 204.6 155.6 120.0 61.1 0.0 0.0 867
1948 0.0 0.0 0.0 36.2 117.9 139.4 190.2 158.6 131.3 78.4 0.0 0.0 852
1949 0.0 0.0 0.0 70.6 146.0 192.3 187.2 188.6 154.3 62.8 36.1 0.0 1038
1950 0.0 0.0 0.0 51.9 141.3 159.4 150.3 131.0 121.6 48.8 0.0 0.0 804
1951 0.0 0.0 0.0 67.0 146.8 140.3 148.5 122.5 92.7 4.1 0.0 0.0 759
1952 0.0 0.0 0.0 58.2 124.3 138.0 154.3 130.0 112.0 54.5 0.0 0.0 7
1953 0.0 0.0 0.0 37.5 112.3 122.90 157.7 143.2 106.5 72.3 0.0 0.0 752
1954 0.0 0.0 0.0 0.0 116.3 156.1 180.6 120.2 99.1 71.5 30.2 0.0 774
1955 0.0 0.0 0.0 28.5 126.1 175.4 153.6 173.5 104.7 69.9 0.0 0.0 832
1956 0.0 0.0 0.0 50.3 150.8 187.3 170.6 153.9 114.4 61.7 0.0 0.0 889
1957 0.0 0.0 0.0 54.3 132.4 138.4 180.7 132.6 118.1 48.0 0.0 0.0 805
1958 0.0 0.0 0.0 50.1 167.7 147.8 164.1 181.4 141.8 81.9 0.0 0.0 935
1959 0.0 0.0 0.9 70.5 133.1 167.7 212.7 154.7 109.7 70.7 0.0 0.0 919
1960 0.0 0.0 0.0 746.7 141.6 173.7 202.4 184.3 134.7 74.7 0.0 0.0 986
1961 0.0 0.0 0.0 60.1 128.3 216.8 183.7 172.1 118.1 68.2 0.0 0.0 7
1962 0.0 0.0 0.0 72.6 115.6 176.8 177.8 189.2 127.2 69.5 0.0 0.0 929
1963 0.0 0.0 0.0 57.4 133.2 159.2 184.2 164.7 126.9 79.0 0.0 0.0 903
1964 0.0 0.0 0.0 69.8 157.0 166.6 209.2 202.2 117.9 30.5 0.0 0.0 1003
1965 0.0 0.0 0.0 52.3 137.7 143.4 164.0 149.8 96.2 81.2 0.0 0.0 830
1966 0.0 0.0 0.0 53.0 166.3 152.3 158.9 154.5 129.2 70.6 0.0 0.0 865
1967 0.0 0.0 0.0 43.6 126.4 145.0 189.7 182.0 150.6 70.3 0.0 0.0 908
1968 0.0 0.0 0.0 67.0 136.9 151.5 177.7 148.3 116.7 66.0 0.0 0.0 864
1969 0.0 0.0 0.0 63.8 133.2 153.6 162.1 181.5 105.1 51.3 0.0 0.0 851
1970 0.0 0.0 0.0 53.5 131.4 173.3 175.1 189.4 131.8 69.3 0.0 0.0 924
19N 0.0 0.0 6.0 58.6 149.0 163.0 183.2 212.6 121.5 66.7 0.0 0.0 955
1972 0.0 0.0 0.0 74.6 135.7 168.1 153.8 153.1 99.1 63.3 0.0 0.0 848
1973 0.0 0.0 0.0 52.3 152.3 176.2 202.3 179.3 110.8 65.1 0.0 0.0 936
1974 0.0 0.0 0.0 59.9 11.3 195.9 203.1 153.5 118.3 80.8 0.0 0.0 923
1975 0.0 0.0 0.0 48.4 123.1 153.0 177.5 165.2 123.8 64.1 0.0 0.0 855
1976 0.0 0.0 0.0 70.9 164.1 145.1 175.7 149.2 107.9 57.3 0.0 0.0 870
1977 0.0 0.0 0.0 89.4 129.1 186.4 193.2 131.2 89.6 73.2 0.0 0.0 892
1978 0.0 0.0 0.0 45.3 130.3 158.2 166.5 160.9 110.7 78.1 0.0 0.9 850
1979 0.0 0.0 0.0 49.1 122.5 175.3 201.5 156.0 134.2 50.1% 0.0 0.0 389
1980 0.0 0.0 0.0 .2 159.7 133.2 177.8 1648.3 125.2 69.1 0.0 0.0 885
1981 0.0 0.0 0.0 85.9 117.7 157.2 159.1 159.2 128.5 60.7 0.0 0.0 868
1982 0.0 0.0 0.0 67.8 133.3 134.5 163.3 159.0 112.3 65.0 0.0 0.0 a35
1983 0.0 0.0 0.0 57.7 148.9 172.9 192.6 190.7 143.4 69.6 0.0 0.0 976
1984 0.0 0.0 0.0 76.1 140.3 175.7 225.7 220.4 112.8 65.9 0.0 0.0 1017
1985 0.0 0.0 0.0 69.9 157.3 177.6 221.1 171.2 110.2 72.6 0.0 0.0 980
1986 0.0 0.0 0.0 746.2 138.2 188.2 167.4 168.2 88.6 66.8 0.0 0.0 892
MIN 0.0 0.0 0.0 0.0 95.3 112.6 134.5 120.2 7.7 34.3 0.0 0.0 682
MAX 0.0 0.0 0.0 39.4 167.7 216.8 233.2 220.4 154.3 81.9 36.1 0.0 1038
MEAN 0.0 0.0 0.0 54.2 129.8 155.3 178.9 161.6 111.8 59.6 1.8 0.0 853
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GROSS EVAPORATION (mm) -- EDMONTON

JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOVv DEC TOTAL
1911 0.0 0.0 0.0 48.8 136.0 128.0 144.8 115.8 85.6 33.8 0.0 0.0 698
1912 0.0 0.0 0.0 40.1 112.8 140.6 124.7 116.9 79.0 42.5 0.0 0.0 657
1913 0.0 8.0 0.0 52.9 115.1 118.9 130.6 110.9 83.3 43.6 0.0 0.0 655
1914 0.0 0.0 0.0 72.1 158.9 113.5 146.4 132.9 8.3 45.3 0.0 0.0 753
1915 0.0 0.0 0.0 63.1 115.9 113.4 114.5 114.9 92.3 57.8 0.0 0.0 672
1916 0.0 0.0 0.0 58.7 108.3 139.1 137.8 120.9 92.2 52.3 0.0 0.0 709
1917 0.0 0.0 0.0 38.7 117.0 140.9 149.8 128.8 92.2 52.6 15.7 0.0 736
1918 0.0 0.0 0.0 67.3 125.2 135.5 143.4 136.3 9.5 51.5 0.0 0.0 754
1919 0.0 0.0 0.0 54.2 139.7 146.4 169.9 156.4 96.1 44.6 0.0 0.0 807
1920 0.0 0.0 0.0 37.0 141.5 136.9 145.1 129.7 87.6 49.5 0.0 0.0 727
1921 0.0 0.0 0.0 57.3 142.9 137.2 168.4 140.6 113.3 62.7 0.0 0.0 822
1922 0.0 0.0 0.0 47.3 146.3 143.5 162.8 140.0 105.8 52.3 0.0 0.0 798
1923 0.0 0.0 0.0 64.2 135.3 137.6 154.7 117.3 93.5 51.3 0.0 0.0 754
1924 0.0 0.0 0.0 51.6 134.9 140.8 172.3 133.4 92.6 6.6 0.0 0.0 72
1925 0.0 0.0 6.0 55.8 136.8 129.8 170.3 133.5 a3.3 66.5 0.0 0.0 756
1926 0.0 0.0 0.0 62.4 120.8 137.4 159.0 127.1 7.9 46.6 0.0 0.0 731
1927 0.0 0.0 0.0 52.4 117.8 144.4 140.6 131.7 99.8 b .4 0.0 0.0 731
1928 0.0 0.0 0.0 46.2 166.0 125.2 127.4 116.2 105.7 49.6 0.0 0.0 716
1929 0.0 0.0 0.0 50.7 144.1 195.6 216.3 165.2 101.2 70.4 8.0 0.0 942
1930 0.0 0.0 6.0 54.0 135.2 154.1 159.2 149.3 9.4 47.9 0.0 0.0 794
1931 0.0 9.0 0.0 84.8 170.5 185.3 170.4 171.2 115.0 60.0 0.0 0.0 957
1932 0.0 0.0 0.0 371 123.7 144.8 176.4 185.9 129.4 54.1 0.0 0.0 851
1933 0.0 0.0 0.0 61.2 127.3 143.4 164.3 151.9 106.7 54.3 0.0 0.0 809
1934 0.0 0.0 0.0 86.1 147.4 136.6 152.3 159.9 116.2 77.2 0.0 0.0 876
1935 0.0 0.0 0.0 39.5 120.9 158.3 183.9 150.3 122.3 65.1 0.0 0.0 840
1936 0.0 0.0 0.0 48.0 157.6 151.7 217.0 179.5 136.1 73.9 0.0 0.0 964
1937 0.0 0.0 0.0 6.7 155.9 173.0 174.6 146.8 126.9 64.3 0.0 0.0 904
1938 0.0 0.0 0.0 71.5 143.5 157.8 167.5 134.3 105.6 50.8 0.0 0.0 a3
1939 0.0 0.0 0.0 71.2 135.0 127.4 188.3 195.8 9.7 49.5 0.0 0.0 860
1940 0.0 0.0 0.0 35.2 137.1 138.7 130.3 146.7 91.8 38.7 0.0 0.0 79
1941 0.0 0.0 0.0 59.7 120.1 136.2 141.0 121.1 76.4 42.9 0.0 0.C 697
1942 0.0 0.0 0.0 53.2 119.5 125.4 129.6 119.0 75.2 56.7 0.0 0.0 679
1943 0.0 0.0 0.0 52.3 107.1 11.3 143.2 118.5 112.8 4.7 0.0 0.0 690
1944 0.0 0.0 0.0 63.4 116.5 119.0 144.0 130.8 92.7 59.1 0.0 0.0 725
1945 0.0 0.0 0.0 45.6 136.6 159.5 178.2 130.8 100.5 52.2 0.0 0.0 803
1946 0.0 0.0 0.0 61.4 128.9 121.0 178.2 139.7 86.6 53.3 0.0 0.0 769
1947 0.0 0.0 0.0 43.3 140.2 129.0 156.1 122.6 93.4 52.6 0.0 0.0 737
1948 0.0 0.0 0.0 32.5 118.1 154.8 169.4 134.7 100.8 67.7 0.0 0.0 778
1949 0.0 0.0 0.0 70.0 137.4 176.4 156.6 133.2 104.6 53.1 16.9 0.0 848
1950 0.0 0.0 0.0 53.0 143.8 160.3 168.7 139.9 17.9 38.2 0.9 0.0 822
1951 0.0 0.0 0.0 48.9 130.7 145.6 133.0 125.4 92.5 40.2 0.0 0.0 716
1952 0.0 0.0 0.0 69.0 126.3 136.1 147.9 130.1 96.2 7.3 0.0 0.0 783
1953 0.0 0.0 0.0 47.5 125.1 133.2 148.3 127.5 102.8 57.9 0.0 0.0 742
1954 0.0 0.0 0.0 48.9 117.0 141.7 164.3 107.3 88.9 62.5 0.0 0.0 731
1955 0.9 0.0 0.0 40.7 130.2 175.9 162.0 149.0 100.4 54.4 0.0 2.0 793
1956 0.0 0.0 0.0 45.5 153.9 154.0 150.8 136.2 92.6 57.0 0.0 0.0 790
1957 0.0 0.9 0.0 49.1 133.1 145.1 179.1 133.7 112.3 50.8 0.0 0.0 803
1958 0.0 0.0 0.0 49.5 153.7 143.4 162.5 154.3 106.5 60.0 0.0 0.0 830
1959 0.0 0.0 0.0 68.6 129.3 138.5 176.5 132.1 102.4 6.7 0.0 0.0 794
1960 0.0 0.0 0.0 63.6 132.5 151.2 161.5 140.0 107.0 54.5 9.0 0.0 810
1961 0.0 0.0 0.0 861.9 131.7 179.9 159.1 159.4 104.2 52.0 0.0 0.0 848
1962 0.0 0.0 0.0 51.7 116.3 143.3 139.5 135.8 102.2 54.7 0.0 0.0 744
1963 0.0 0.0 0.0 53.7 126.2 154.7 169.4 166.2 110.5 65.1 0.0 0.0 826
1964 0.0 0.0 0.0 72.1 139.5 168.2 189.5 163.0 98.2 61.1 0.0 0.0 892
1965 0.0 0.0 0.0 44.2 132.0 147.1 157.8 153.9 90.6 73.4 0.0 0.0 799
1966 0.0 0.0 0.0 53.2 161.6 140.8 161.8 135.7 108.3 61.4 0.0 0.0 823
1967 0.0 0.0 0.0 42.4 147.7 161.9 194.5 187.5 160.6 6.9 0.0 0.0 960
1968 0.0 0.0 0.0 63.9 168.4 167.2 179.4 146.8 105.6 56.2 0.0 0.0 888
1969 0.0 0.0 0.0 54.4 131.7 174.9 172.0 170.3 9.7 45.2 0.0 0.0 848
1970 0.0 0.0 0.0 62.0 157.9 197.6 173.7 181.9 125.5 58.9 0.0 0.0 958
1971 0.0 0.0 0.0 61.1 179.6 149.7 170.6 192.9 128.1 69.2 0.0 0.0 951
1972 0.0 0.0 0.0 65.4 141.3 180.1 168.3 149.4 103.6 74.3 0.0 0.0 883
1973 0.0 0.0 0.0 60.2 183.8 199.4 209.7 167.6 118.7 59.2 0.0 0.0 999
1974 0.0 0.0 0.0 56.4 131.1 192.9 190.3 146.1 102.3 70.4 0.0 0.0 890
1975 0.0 0.0 0.0 48.4 136.7 154.6 170.3 144 .6 102.6 54.0 0.0 0.0 8N
1976 0.0 0.0 0.0 63.4 165.0 145.2 176.6 138.9 96.5 66.1 0.0 0.0 852
1977 0.0 0.0 0.0 86.3 129.5 190.5 173.5 139.5 98.6 8.1 0.0 0.0 902
1978 0.0 0.0 0.0 54.8 122.1 166.3 149.7 136.9 81.0 61.8 0.0 0.0 753
1979 0.0 0.0 0.0 47.7 120.9 136.3 139.6 131.0 102.2 57.0 6.0 0.0 735
1980 0.0 0.0 0.0 70.8 146.4 123.8 150.2 128.4 86.2 55.0 0.0 0.0 761
1981 0.0 0.0 0.0 65.4 127.6 146.7 158.9 173.7 118.5 54.6 0.0 0.0 845
1982 0.0 0.0 0.0 61.4 156.4 157.1 137.9 132.3 106.6 60.4 0.0 0.0 812
1983 0.0 0.0 0.0 57.5 140.1 154.6 155.7 157.2 104.7 55.9 0.0 0.0 826
1984 0.0 0.0 0.0 71.6 125.0 149.5 189.5 177.4 9%.6 58.6 0.0 0.0 866
1985 0.0 0.0 0.0 56.2 147.7 170.9 195.9 151.6 96.1 58.2 0.0 0.0 877
1986 0.0 0.0 0.0 59.9 137.1 161.6 139.0 152.1 8.3 49.4 0.0 0.0 785
MIN 0.0 0.0 0.0 32.5 107.1 11.3 114.5 107.3 7.2 38.2 0.0 0.0 655
MAX 0.0 0.0 0.0 86.3 183.8 199.4 217.0 195.8 160.6 84.1 16.9 0.0 999
MEAN 0.0 0.0 0.0 56.4 136.2 169.1 161.4 143.0 101.2 55.9 0.4 0.0 804




B-7

GROSS EVAPORATION (mm) -- LETHBRIDGE

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCcT NOV DEC TOTAL
9N 0.0 0.0 12.1 58.5 140.7 155.4 202.1 128.1 92.6 44.5 0.0 0.0 834
1912 0.0 0.0 0.0 43.8 130.3 174.0 153.9 142.9 93.1 57.3 0.0 0.0 795
1913 0.0 0.0 0.0 71.2 119.8 168.6 221.4 203.9 115.7 60.7 0.0 0.0 961
1914 0.0 0.0 0.0 55.1 147.3 169.1 209.7 165.3 121.8 48.3 7.9 0.0 925
1915 0.0 0.0 0.0 67.6 121.4 155.1 147.9 154.1 95.1 70.3 0.0 0.0 811
1916 0.0 0.0 0.0 60.3 119.9 164.9 202.7 182.8 100.9 53.1 0.0 0.0 885
1917 0.0 0.0 0.0 34.2 97.5 162.3 241.5 167 .4 87.0 50.8 0.0 0.0 841
1918 0.0 0.0 0.0 52.3 128.1 197.7 197.5 166.2 101.1 37.8 0.0 0.0 881
1919 0.0 0.0 0.0 65.2 170.2 228.3 231.0 199.1 89.0 47.9 0.0 0.0 1031
1920 0.0 0.0 0.0 49.8 126.3 167.4 206.4 186.0 143.8 81.2 0.0 0.0 961
1921 0.0 0.0 0.0 63.9 142.7 234.8 270.9 222.0 186.9 122.0 0.0 0.0 1243
1922 0.0 0.0 0.0 47.2 155.3 182.2 186.0 210.0 158.5 63.2 0.0 0.0 1002
1923 0.0 0.0 0.0 69.6 154.6 158.6 148.2 138.0 112.0 56.4 22.2 0.0 860
1924 0.0 0.0 0.0 71.0 141.1 152.2 204.2 174.9 128.3 59.5 0.0 0.0 931
1925 0.0 0.0 0.0 57.2 167.7 163.1 189.1 208.5 95.7 46.7 0.0 0.0 928
1926 0.0 0.0 0.0 76.2 189.6 180.5 222.1 169.7 89.7 70.1 0.0 0.0 998
1927 0.0 0.0 0.0 59.1 135.9 168.6 164.8 161.1 110.3 66.7 0.0 0.0 867
1928 0.0 0.0 0.0 52.1 184.0 133.1 159.1 157.8 17.7 564.9 0.0 0.0 859
1929 0.0 0.0 0.0 54.8 134.8 183.5 261.9 243.0 103.5 71.8 0.0 0.0 1033
1930 0.0 0.0 0.0 52.6 150.4 169.8 182.5 173.9 120.5 61.9 0.0 0.0 912
1931 0.0 0.0 0.0 94.0 170.8 185.5 209.3 177.5 110.9 86.9 0.0 0.0 1035
1932 0.0 0.0 0.0 75.0 148.4 169.5 231.3 219.7 127.6 69.8 0.0 0.0 1041
1933 0.0 0.0 0.0 64.6 150.9 233.7 251.2 164.5 127.0 56.3 45.9 0.0 1094
1934 0.0 0.0 0.0 101.0 209.9 178.6 268.7 215.4 113.5 85.7 246.7 0.0 177
1935 0.0 0.0 0.0 62.4 146.9 209.0 249.7 231.6 164.0 88.0 0.0 0.0 1152
1936 0.0 0.0 0.0 61.2 190.9 196.0 273.2 193.6 137.4 84.6 36.2 0.0 "n
1937 Q.0 0.0 0.0 97.2 219.9 220.2 221.9 220.3 125.8 71.2 0.0 0.0 n“rn
1938 0.0 0.0 0.0 59.7 126.5 157.8 199.3 180.1 130.6 59.9 0.0 0.0 914
1939 0.0 0.0 0.0 83.4 185.2 131.2 239.5 228.1 141.0 73.4 33.1 0.0 1115
1940 0.0 0.0 0.0 44.7 148.6 175.8 194.5 226.8 103.6 61.5 0.0 0.0 956
1941 0.0 0.0 0.0 66.2 160.4 172.7 218.3 165.8 13.7 74.2 31.5 0.0 1003
1942 0.0 0.0 0.0 70.2 116.1 147.2 180.0 147.9 106.9 84.1 0.0 0.0 852
1943 0.0 0.0 0.0 77.2 143.0 170.9 258.3 220.5 172.1 65.7 29.6 0.0 1137
1944 0.0 0.0 0.0 67.8 129.4 210.5 203.2 137.7 149.0 82.7 0.0 0.0 980
1945 0.0 0.0 0.0 51.2 120.1 138.1 204.7 199.9 116.8 75.5 0.0 0.0 906
1946 0.0 0.0 33.1 86.6 125.9 147.1 213.7 195.7 127.7 61.0 0.0 0.0 991
1947 0.0 0.0 0.0 61.2 138.7 121.6 264.2 165.2 120.4 65.6 0.0 0.0 937
1948 0.0 9.0 0.0 41.8 120.9 122.0 177.3 200.6 158.6 89.9 0.0 0.0 M
1949 0.0 0.0 0.0 97.9 137.6 151.5 2111 195.6 160.0 57.2 36.9 0.0 1048
1950 0.0 0.0 0.0 57.0 149.8 115.5 185.0 173.8 153.2 61.0 0.0 0.0 895
1951 0.0 0.0 0.0 65.1 146.0 136.3 166.8 125.8 95.1 37.9 0.0 0.0 3
1952 0.0 0.0 0.0 81.5 133.2 175.2 185.4 166.7 134.2 7.1 0.0 0.0 950
1953 0.0 0.0 0.0 41.2 143.0 153.0 184.4 201.9 144.5 100.6 38.8 0.0 1007
1954 0.0 0.0 0.0 63.0 150.4 192.9 266.6 153.9 110.2 84.3 42.9 0.0 1044
1955 0.0 0.0 0.0 2.4 145.4 201.0 133.5 235.1 145.9 95.4 0.0 0.0 1079
1956 0.0 0.0 0.0 68.6 138.2 227.9 173.6 171.9 135.7 87.5 38.4 0.0 1042
1957 0.0 0.0 0.0 58.0 136.3 167.6 270.4 178.5 138.6 51.5 0.0 0.0 1001
1958 0.0 0.0 0.0 56.1 171.7 152.6 180.2 233.6 166.2 100.3 0.0 0.8 1061
1959 0.0 0.0 0.0 7.3 139.1 207.8 2466.9 233.2 128.0 76.7 0.0 0.0 1109
1960 0.0 0.0 0.0 87.7 170.8 227.8 279.5 229.8 180.2 105.0 0.0 0.0 1281
1961 0.0 0.0 0.0 7.2 137.1 252.0 223.2 253.8 146.3 89.3 0.0 0.0 "7
1962 0.0 0.0 0.0 104.2 137.5 206.9 220.7 265.6 154.4 95.4 36.1 9.0 1221
1963 0.0 0.0 0.0 73.0 160.1 209.5 220.7 186.4 148.9 105.6 0.0 0.0 1104
1964 0.0 0.0 0.0 79.0 180.9 187.5 276.5 251.8 132.7 102.8 0.0 0.0 1211
1965 0.0 0.0 0.0 57.4 183.3 1m.7 205.2 199.4 106.7 126.0 0.0 0.0 1050
1966 0.0 0.0 0.0 70.1 179.5 177.9 209.0 202.2 154.0 91.4 0.0 0.0 1084
1967 0.0 0.0 0.0 46.4 139.6 149.7 259.5 206.3 200.4 102.4 0.0 0.0 1104
1968 0.0 0.0 39.0 74.3 139.8 188.2 199.5 162.0 132.0 81.8 0.0 0.0 1017
1969 0.0 0.0 0.0 69.3 150.3 141.0 186.1 256.9 150.8 60.7 54.5 0.0 1070
1970 0.0 0.0 0.0 66.9 157.6 217.4 245.6 228.2 160.3 79.4 0.0 0.0 1155
197 0.9 0.0 0.0 68.5 152.4 204.7 235.9 256.4 141.8 73.2 0.0 0.0 1133
1972 0.0 0.0 0.0 78.5 137.3 219.7 173.7 186.2 132.5 76.5 0.0 0.0 1004
1973 0.0 0.0 37.3 58.5 190.0 235.1 250.9 228.6 129.0 82.1 0.0 0.0 1212
1974 0.0 0.0 0.0 62.4 133.3 236.4 239.5 164.3 140.0 98.3 0.0 0.0 1074
1975 0.0 0.0 0.0 38.6 138.8 181.8 190.9 169.8 118.6 66.7 0.0 0.0 905
1976 0.0 0.0 0.0 68.2 187.2 177.6 219.7 197.6 151.5 76.5 0.6 0.0 1078
w977 0.0 0.0 0.0 95.2 174.0 214.5 239.4 152.5 106.9 91.4 0.0 0.0 1074
1978 0.0 0.0 0.0 39.5 143.9 197.4 180.5 196.1 138.3 92.8 0.0 0.0 989
1979 0.0 0.0 0.0 48.6 143.7 226.1 262.3 183.3 167.2 82.3 0.0 0.0 1092
1980 0.0 0.0 0.0 88.4 168.6 177.2 246.1 185.2 163.0 84.3 49.5 0.0 1162
1981 0.0 0.0 32.7 104.1 125.2 196.0 178.3 159.8 155.6 2.1 40.3 0.0 1064
1982 0.0 0.0 0.0 79.3 164.6 149.3 227.1 217.7 151.8 84.1 0.0 0.0 1074
1983 0.0 0.0 0.0 66.8 170.1 205.9 253.8 256.0 177.3 96.3 0.0 0.0 1224
1984 0.0 0.0 0.0 78.1 193.2 196.9 247.3 243.6 116.7 68.5 0.0 0.0 1144
1985 0.0 0.0 0.0 86.5 173.7 221.3 259.4 193.7 117.0 94.7 0.0 0.0 1146
1986 0.0 0.0 38.6 87.5 188.1 180.8 201.1 185.8 88.3 69.0 0.0 0.0 1039
KIN 0.0 0.0 0.0 34.2 97.5 115.5 147.9 125.8 87.0 37.8 0.0 0.0 73
MAX 0.0 0.0 39.0 104.2 219.9 252.0 279.5 265.6 200.4 126.0 54.5 0.0 1281
MEAN 0.0 0.0 2.5 67.3 151.6 181.4 215.3 193.9 131.4 75.4 7.5 0.0 1026




B-8

GROSS EVAPORATION (mm) -- MEDICINE HAT

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
1911 9.0 0.0 6.2 55.5 150.9 164.0 227.7 148.2 76.2 38.6 0.0 0.0 867
1912 0.0 0.0 0.0 39.3 126.7 175.3 162.6 149.4 94.5 54.1 9.2 0.0 am
1913 0.0 0.0 e.0 64.8 113.5 159.8 252.8 205.9 119.3 45.6 8.8 0.0 128
1914 0.0 0.0 0.0 53.2 156.5 176.5 223.8 190.4 140.1 32.7 3.7 0.0 977
1915 0.0 0.0 0.0 67.2 144.9 166.2 171.4 166.7 8.3 62.7 0.0 0.0 863
1916 0.0 0.0 0.0 55.1 122.9 137.7 200.1 181.8 107.3 45.6 0.0 0.0 851
1917 0.0 0.0 0.0 37.7 129.2 180.3 235.9 175.9 101.1 56.6 0.0 6.0 917
1918 0.0 0.0 0.0 51.5 142.0 176.1 199.2 196.6 110.8 42.2 0.0 0.0 918
1919 0.0 0.0 0.0 39.8 147.9 191.6 289.3 229.4 122.0 49.4 0.0 0.0 1069
1920 0.0 0.0 0.0 38.8 138.3 185.1 205.4 248.9 161.6 60.2 0.0 0.0 1038
1921 0.0 0.0 0.0 51.8 133.8 190.0 315.6 274.4 149.8 73.6 0.0 0.0 1189
1922 0.0 0.0 0.0 40.9 141.8 175.0 193.5 220.8 164.5 57.3 0.0 0.0 974
1923 0.0 0.0 0.0 48.9 157.1 154.1 177.0 168.3 133.7 51.2 12.4 0.0 903
1924 0.0 0.0 0.0 73.2 160.1 170.5 264 .2 191.2 105.1 51.1 0.0 0.0 1016
1925 0.0 0.0 0.9 52.8 156.0 131.0 238.0 208.2 104.6 44.9 0.0 0.0 985
1926 0.0 0.0 4.4 42.6 167.7 191.9 195.5 184.6 121.5 62.7 0.0 0.0 971
1927 0.0 0.0 0.0 48.6 134.5 170.9 185.7 154.6 131.19 6.6 0.0 0.0 872
1928 0.0 0.0 0.0 42.2 157.4 134.2 167.9 187.0 127.7 54.4 1.4 0.0 872
1929 0.0 0.0 0.0 37.6 112.1 180.3 290.6 216.6 113.0 65.0 0.0 0.0 1015
1930 0.0 0.0 0.0 36.7 181.4 216.9 249.5 260.1 164.6 61.7 0.0 0.0 1151
1931 0.0 0.0 0.0 88.8 181.6 194.9 230.5 168.1 123.1 76.2 0.0 0.0 1063
1932 0.0 0.0 0.0 64.6 136.1 162.2 241.0 196.7 17.6 57.2 0.0 0.0 975
1933 0.0 0.0 0.0 59.1 127.4 206.9 264 .1 197.3 138.8 55.3 0.0 0.0 1049
1934 0.0 0.0 0.0 90.2 204.8 171.0 239.7 220.4 119.6 67.0 0.0 0.0 1113
1935 0.0 0.0 0.0 50.2 137.3 195.9 2463.6 220.5 162.2 68.4 0.0 0.0 1078
1936 0.0 0.0 0.0 47.5 167.7 184.5 277.6 213.3 130.6 68.1 0.0 0.0 1089
1937 0.0 0.0 0.0 69.1 172.4 224.4 240.1 217.8 146.1 58.1 0.0 0.0 1128
1938 0.0 0.0 0.0 59.5 127.6 149.3 198.4 186.3 121.9 56.0 0.0 0.0 899
1939 0.0 0.0 0.0 7.3 163.4 128.7 261.2 226.8 145.7 64.3 21.1 0.0 1061
1940 0.0 0.0 0.0 36.8 1647.4 178.3 179.2 217.2 107.9 42.6 0.0 0.0 909
1941 0.0 0.0 0.0 62.8 141.4 147.8 176.5 165.8 92.3 60.3 0.0 0.0 847
1942 0.0 0.0 0.0 49.4 123.7 137.4 175.1 144.0 101.3 61.2 0.0 0.0 792
1943 0.0 0.0 0.0 77.4 130.0 166.0 256.1 212.7 147.8 71.0 0.0 0.0 1061
1944 0.0 0.0 0.0 75.0 155.4 155.1 221.9 1\77.7 124.3 68.1 0.0 0.0 978
1945 0.0 0.0 0.0 50.3 128.7 154.0 220.7 191.8 107.6 48.9 0.0 0.0 902
1946 0.0 0.0 23.8 85.6 18.4 154.5 227.0 166.9 103.3 47.6 0.0 0.0 927
1947 0.0 0.0 0.0 4o b 124.1 115.5 228.2 154.7 101.2 60.1 0.0 0.0 828
1948 0.0 0.0 0.0 37.7 121.1 135.9 197.4 197.4 130.2 72.4 0.0 0.0 892
1949 0.0 0.0 0.0 74.5 1641.3 178.5 216.9 211.7 138.6 52.8 25.3 0.0 1040
1950 0.0 0.0 0.0 56.0 142.7 164.6 201.0 152.9 126.0 53.2 0.0 0.0 896
1951 0.0 0.0 0.0 50.7 115.8 122.6 165.3 150.6 97.5 39.4 0.0 0.0 742
1952 0.0 0.0 0.0 65.6 128.7 160.1 171.4 169.5 125.5 5.7 0.0 0.0 896
1953 0.0 0.0 0.0 42.5 139.0 147.7 207.4 214.7 146.8 93.3 38.0 0.0 1029
1954 0.0 0.0 0.0 49.6 146.0 169.8 217.4 160.6 107.9 80.9 34.0 0.0 966
1955 0.0 0.0 0.0 61.6 135.1 171.4 163.8 212.9 128.8 82.4 0.0 0.0 956
1956 0.0 0.0 0.0 58.7 128.2 194.8 172.2 170.8 130.7 77.9 0.0 0.0 933
1957 0.0 0.0 0.0 S4.4 166.1 153.5 244.9 164.7 132.7 6.7 0.0 0.0 943
1958 0.0 0.0 0.0 62.1 172.1 167.2 192.4 221.4 147.9 81.5 0.0 0.0 1044
1959 0.0 0.0 0.0 84.1 135.2 194.7 234.5 201.9 133.0 58.9 0.0 0.0 1042
1960 0.0 0.0 0.0 2.5 155.3 187.0 254.4 206.0 151.7 89.9 0.0 0.9 1127
1961 0.0 0.0 27.5 56.1 134.8 257.1 222.8 226.6 139.3 72.6 0.0 0.0 1137
1962 0.0 0.0 0.0 90.2 129.7 184.6 187.8 213.4 132.6 n.7 31.9 0.0 1048
1963 0.0 0.0 38.0 74.1 159.7 172.5 202.4 182.3 148.2 95.3 0.0 0.9 1072
1964 0.0 0.0 0.0 63.1 177.3 177.0 235.6 229.7 122.1 77.2 0.0 0.0 1082
1965 0.0 0.0 0.0 49.3 159.6 164.5 175.6 182.1 96.2 .7 0.0 0.0 907
1966 0.0 0.0 g.0 58.3 167.8 153.0 206.6 197.8 141.8 72.1 0.0 0.0 997
1967 0.0 0.0 0.0 41.6 129.6 144.5 232.1 204.0 176.6 70.2 0.0 0.0 999
1968 0.0 0.0 34.8 69.2 143.0 154.3 174.6 179.2 128.1 76.2 0.0 0.0 959
1969 0.0 0.0 0.0 60.8 139.9 155.5 191.6 239.8 133.7 49.0 0.0 0.0 970
1970 0.0 0.0 0.0 55.7 160.9 186.2 194.9 224.0 145.9 72.1 0.0 0.0 1020
1971 0.0 0.0 0.0 69.0 164.8 181.4 232.3 259.6 141.0 70.3 0.0 0.0 1118
1972 0.0 0.0 0.0 92.1 151.4 214.6 198.5 205.1 127.6 7.5 0.0 0.0 1061
1973 0.0 0.0 40.6 59.3 171.0 203.5 249.3 236.5 130.4 85.2 0.0 0.0 1176
1974 0.0 0.0 0.0 62.4 125.2 221.7 255.6 174.6 138.¢ 96.7 0.0 0.0 1072
1975 0.0 0.0 0.0 37.2 126.7 161.3 199.9 174.7 125.6 70.0 0.0 0.0 896
1976 0.0 0.0 0.0 76.1 195.3 182.9 219.2 234.2 163.9 78.7 0.0 0.0 1150
1977 0.0 0.0 0.0 110.7 175.5 243.5 255.9 193.5 113.5 86.9 0.0 0.0 1180
1978 0.0 0.0 0.0 51.0 149.0 182.7 209.7 202.0 143.3 80.9 0.0 0.0 1019
1979 9.0 0.0 0.0 49.1 141.1 195.4 223.8 210.5 163.4 79.6 6.0 0.0 1063
1980 0.0 0.0 0.0 101.5 183.9 161.9 211.0 181.3 137.5 82.5 27.6 0.0 1067
1981 0.0 0.0 26.1 88.6 130.9 167.0 199.1 210.0 159.4 62.8 28.9 0.0 1073
1982 0.0 0.0 0.0 7.4 149.0 144.5 171.0 187.9 122.5 56.7 0.0 0.0 903
1983 0.0 0.0 0.9 56.2 140.7 169.9 180.8 217.8 136.5 75.2 0.0 0.0 b4
1984 0.0 0.0 0.0 76.0 158.0 169.1 234.2 239.5 110.8 61.4 0.0 0.0 1049
1985 0.0 0.0 0.0 65.6 148.9 200.7 248.0 180.3 104.2 3.7 0.0 0.0 1022
1986 0.0 0.0 22.0 69.1 129.4 180.2 173.3 197.5 80.4 51.8 0.0 0.0 904
MIN 0.0 0.0 0.0 36.7 112.1 115.5 162.6 144.0 76.2 32.7 0.0 0.0 742
MAX 0.0 0.0 40.6 110.7 204.8 257.1 315.6 274 .4 176.6 95.3 38.0 0.0 1189
MEAN 0.0 0.0 2.9 60.4 145.9 173.4 216.2 198.1 126.9 64.4 3.2 0.0 992




B-9

GROSS EVAPORATION (mm) -- BROADVIEW

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
911 0.0 0.0 0.0 53.5 122.7 118.2 140.2 124.9 95.9 32.1 0.9 0.0 688
1912 0.0 0.0 0.0 51.2 128.1 168.8 123.4 110.4 86.4 49.9 0.0 0.0 718
1913 0.0 0.0 0.0 56.0 122.2 133.9 155.8 122.1 104.8 45.6 0.0 0.0 740
1914 0.0 0.0 0.0 47.1 132.4 139.0 166.5 132.4 116.3 37.8 0.0 0.0 772
1915 0.0 0.0 6.0 57.2 138.5 137.2 140.3 153.7 72.4 53.6 0.0 0.0 753
1916 0.0 0.0 0.0 40.4 116.2 141.8 156.5 137.3 97.4 41.4 0.0 0.0 731
1917 0.0 0.0 0.0 37.4 137.8 148.7 188.7 153.8 96.2 54.0 0.0 0.0 817
1918 0.0 0.0 0.0 47.4 120.3 166.4 151.2 133.2 105.9 54.7 0.0 0.0 e
1919 0.0 0.0 0.0 41.5 139.6 167.6 185.7 183.0 108.9 47.0 0.0 0.0 873
1920 0.0 0.0 0.0 41.5 146.1 156.0 195.7 172.9 107.1 47.5 0.0 0.0 867
1921 0.0 0.0 0.0 44 .4 128.0 127.8 158.1 153.8 102.0 43.8 0.0 0.0 763
1922 0.0 0.0 0.0 35.3 122.0 143.9 156.7 142.7 115.2 45.5 0.0 0.0 761
1923 0.0 0.0 0.0 43.5 137.0 128.7 120.5 129.2 111.4 54.0 0.0 0.0 724
1924 0.0 0.0 0.0 49.4 136.7 146.0 171.0 139.0 115.0 59.1 0.0 0.0 814
1925 0.0 0.0 0.0 49.0 162.6 138.2 170.5 157.0 100.8 6.7 0.0 0.0 805
1926 0.0 0.0 0.0 60.3 139.0 155.6 168.0 142.8 85.1 46.9 0.0 0.0 798
1927 0.0 0.0 0.0 45.4 121.8 155.4 136.5 131.9 98.0 39.6 0.0 0.0 728
1928 0.0 0.0 0.0 35.3 138.2 121.8 130.6 117.0 97.1 48.1 0.0 0.0 688
1929 0.0 0.0 0.0 35.6 101.0 141.8 213.4 193.4 97.2 38.6 0.0 0.0 a21
1930 0.0 0.0 0.0 38.5 125.1 134.6 157.0 146.9 9.9 35.8 0.0 0.0 733
1931 0.0 0.0 0.0 68.8 155.4 208.4 218.6 169.4 100.1 54.0 0.0 0.0 975
1932 0.0 0.0 0.0 45.3 133.3 125.0 176.8 165.5 115.1 66.9 0.0 0.0 808
1933 0.0 0.0 0.0 50.6 132.9 156.4 180.9 152.7 121.5 59.7 0.0 0.0 8s5
1934 0.0 0.0 0.0 72.9 173.3 157.9 194.6 201.2 109.7 65.6 0.0 0.0 975
1935 0.0 0.0 0.0 58.4 130.9 160.6 159.4 157.7 122.2 60.4 0.0 0.0 830
1936 0.0 0.0 0.0 55.6 168.3 153.2 176.3 172.0 117.4 68.0 0.0 0.0 M1
1937 0.0 0.0 0.0 53.5 166.6 217.8 219.4 218.1 122.4 53.5 0.0 0.0 1051
1938 0.0 0.0 0.0 42.6 138.9 149.2 161.8 175.1 120.3 61.0 0.0 0.0 849
1939 0.0 0.0 0.0 58.8 151.2 138.3 198.1 221.8 121.6 65.2 0.0 0.0 955
1940 0.0 0.0 0.0 50.4 143.1 172.1 173.8 200.1 106.2 46.2 0.0 0.0 892
1941 0.0 0.0 0.0 35.0 120.4 124.9 150.2 139.0 106.3 50.7 0.0 0.0 726
1942 0.0 0.0 0.0 38.4 101.0 118.6 131.8 128.9 90.3 55.6 0.0 0.0 665
1943 0.0 0.0 0.0 58.7 121.2 120.8 145.1 133.4 108.6 40.5 0.0 0.0 728
1944 0.0 0.0 0.0 46.5 119.9 109.3 150.1 144.2 91.8 62.7 0.0 0.0 725
1945 0.0 0.0 0.0 41.5 120.4 129.9 163.1 159.8 112.4 61.9 0.0 0.0 789
1946 0.0 0.0 0.0 64.0 115.9 136.7 155.5 155.9 96.6 45.4 0.0 0.0 770
1947 0.0 0.0 0.0 39.3 116.3 119.5 150.9 126.1 97.1 53.1 0.0 0.0 702
1948 0.0 0.0 0.0 32.4 110.9 120.8 162.0 125.7 110.9 56.7 0.0 0.0 719
1949 0.0 0.0 0.0 50.5 119.8 138.7 135.6 142.8 107.2 7.7 0.0 0.0 742
1950 0.0 0.0 0.0 39.2 120.7 163.3 130.8 135.5 96.3 51.8 0.0 0.0 716
1951 0.0 0.0 0.0 38.5 138.7 127.0 161.5 138.1 87.5 39.2 0.0 0.0 731
1952 0.0 0.0 0.0 51.6 123.2 14641 158.7 151.0 100.2 64.6 0.0 0.0 793
1953 0.0 0.0 0.0 36.9 9.6 111.8 143.8 129.8 117.8 59.2 0.0 0.0 699
1954 0.0 0.0 0.0 45.1 115.1 132.1 139.5 124.8 88.7 54.6 0.0 0.0 700
1955 0.0 0.0 0.0 43.1 103.9 126.6 140.8 166.4 118.1 59.4 0.0 0.0 758
1956 0.0 0.0 0.0 39.9 1111 161.2 126.3 138.6 107.1 55.2 0.0 0.0 740
1957 0.0 0.0 0.0 40.2 133.6 121.8 183.9 131.3 106.2 47.2 0.0 0.0 764
1958 0.0 0.0 0.0 62.5 158.3 163.4 171.2 174.0 125.5 59.9 0.0 0.0 915
1959 0.0 0.0 0.0 71.9 143.4 160.0 195.8 199.3 11,4 46.3 0.0 0.0 928
1960 0.0 0.0 0.0 55.2 138.3 161.9 189.2 177.9 140.7 67.7 0.0 0.0 931
1961 0.0 0.0 0.0 59.5 142.4 211.4 217.3 236.9 120.7 59.6 0.0 0.0 1048
1962 0.0 0.0 0.0 49.5 120.9 143.2 166.3 164.5 120.8 54.0 0.0 0.0 819
1963 0.0 0.0 0.0 43.3 110.2 133.0 146.9 1641 117.4 72.5 0.0 0.0 767
1964 0.0 0.0 0.0 57.0 153.5 164.6 180.6 168.8 119.5 63.0 0.0 0.0 887
1965 0.0 0.0 0.0 40.9 137.9 163.7 154.2 162.8 9.2 65.3 0.0 0.0 819
1966 0.0 0.0 0.0 42.0 136.8 130.8 162.2 138.2 110.1 63.0 0.0 0.0 783
1967 0.0 0.0 0.0 42.6 133.6 165.7 197.2 188.0 141.4 53.4 0.0 0.0 922
1968 0.0 0.0 0.0 64.0 143.7 157.6 189.2 136.0 107.8 4.1 0.0 0.0 842
1969 0.0 0.0 0.0 52.1 131.9 138.3 150.5 165.1 110.6 41.5 0.0 0.0 790
1970 0.0 0.9 0.0 41.2 13.7 164.4 162.8 174.0 101.7 47.6 0.0 0.0 805
197 0.0 0.0 0.0 51.2 164.3 126.2 161.2 160.7 113.1 56.8 0.0 0.0 811
1972 0.0 0.0 0.0 50.8 104.4 164.2 139.3 151.2 112.0 58.9 0.0 0.0 781
1973 0.0 0.0 0.0 52.6 119.0 155.2 170.5 170.3 104.7 58.7 0.0 0.0 a31
1974 0.0 0.0 0.0 37.2 103.0 158.7 176.7 133.3 99.0 58.3 0.0 0.0 766
1975 0.0 0.0 0.0 33.3 110.5 114.5 167.6 134.7 95.3 47.8 0.0 0.0 704
1976 0.0 0.0 0.0 43.4 143.2 121.0 161.8 158.5 125.0 60.0 0.0 0.0 813
1977 0.0 0.0 0.0 70.0 126.3 136.1 143.9 130.7 76.1 61.1 0.0 0.0 T4
1978 0.0 0.0 0.0 47.8 116.3 1463.7 125.9 147.3 108.9 53.5 0.0 0.0 743
1979 0.0 0.0 0.0 37.8 108.2 160.2 175.5 155.0 100.4 45.1 0.0 0.0 782
1980 0.0 0.0 0.0 67.2 157.6 157.1 158.0 126.6 102.5 57.0 0.0 0.0 826
1981 0.0 0.0 0.0 61.6 124.0 141.4 172.3 142.9 127.7 45.8 0.0 0.0 816
1982 0.0 0.0 0.0 52.1 112.7 150.5 164.6 146.7 112.3 54.7 0.0 9.0 794
1983 0.0 0.0 0.0 40.6 127.9 178.3 180.4 211.5 134.9 55.3 0.0 0.0 929
1984 0.0 0.0 0.0 66.8 147.1 157.5 221.9 216.2 107.2 55.1 0.0 0.0 972
1985 0.0 0.0 0.0 64.1 137.9 162.7 171.2 138.5 92.5 65.7 0.0 0.0 813
1986 0.0 0.0 0.0 55.2 156.5 166.6 148.8 169.4 105.3 61.2 0.0 0.0 843
MIN 0.0 0.0 0.0 32.4 99.6 109.3 120.5 110.4 72.4 32.1 0.0 0.0 665
MAX 0.0 0.0 0.0 72.9 173.3 217.8 221.9 236.9 141.4 7.5 0.0 0.0 1051
MEAN 0.0 0.0 0.0 49.0 130.0 145.6 164.5 155.3 107.2 53.2 0.0 0.0 805



GROSS EVAPORATION (mm) -- NORTH BATTLEFORD

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocY NOV DEC TOTAL
1911 0.0 0.0 0.0 39.0 136.0 155.0 141.9 110.7 71.9 28.1 0.0 0.0 683
1912 0.0 0.0 0.0 1.7 96.7 161.3 121.0 125.7 78.2 32.0 0.0 0.0 637
1913 0.0 0.0 0.0 23.5 119.7 164.1 173.2 157.1 101.0 28.2 0.0 0.0 767
1914 0.0 0.0 0.0 45.1 116.6 144 .1 202.6 174.5 138.3 33.0 0.0 0.0 854
1915 0.0 0.0 0.0 36.4 11.9 155.2 147.8 195.5 28.9 40.5 0.0 0.0 776
1916 0.0 0.0 0.0 43.3 115.2 150.0 172.9 131.7 91.8 45.8 0.0 0.0 751
1917 0.0 0.0 0.0 26.1 152.3 176.3 225.7 146.4 99.5 48.4 3.2 0.0 878
1918 0.0 0.0 0.0 51.6 140.6 194.1 203.2 192.5 118.8 51.1 0.0 0.0 952
1919 0.0 0.0 0.0 34.7 178.7 196.2 190.7 175.6 111.8 32.6 0.0 0.0 920
1920 0.0 0.0 0.0 25.1 158.3 165.3 167.6 131.1 95.2 0.4 0.0 0.0 783
1921 0.0 0.0 0.0 16.5 140.3 153.5 177.2 166.7 108.9 58.6 0.0 6.0 822
1922 0.0 0.0 0.0 17.0 122.4 187.6 210.3 135.8 89.8 35.7 0.0 0.0 799
1923 0.0 0.0 0.0 48.7 126.7 132.9 151.5 140.1 115.3 48.9 0.0 0.0 764
1924 0.0 0.0 0.0 24.7 127.5 152.7 186.3 141.3 110.7 41.1 0.0 0.0 784
1925 0.0 0.0 9.0 42.3 127.0 122.4 166.4 146.0 80.0 35.7 0.0 0.0 720
1926 0.0 0.0 0.0 26.3 110.5 151.6 164.9 90.4 59.2 26.0 0.0 0.0 629
1927 0.0 0.0 0.0 35.0 97.6 149.7 165.3 129.5 91.0 33.2 0.0 0.0 681
1928 0.0 0.0 0.0 30.3 157.0 115.9 165.3 132.4 98.0 40.1 0.0 0.0 79
1929 0.0 0.0 0.0 25.7 98.9 161.0 214.5 197.3 96.0 41.2 0.0 0.0 a33
1930 0.0 0.0 0.0 54.4 167.4 158.3 148.0 159.7 106.8 37.1 0.0 0.0 812
1931 0.0 0.0 0.0 48.6 a8.9 128.3 132.1 130.8 78.9 39.1 0.0 0.0 647
1932 0.0 0.0 0.0 31.6 123.1 105.7 150.0 146.4 118.6 45.1 0.0 0.0 71
1933 0.0 0.0 0.0 41.3 131.3 161.4 219.0 187.9 105.3 42.8 0.0 0.0 889
1934 0.0 0.0 0.0 66.3 115.3 134.3 185.3 166.5 81.0 35.3 0.0 0.0 784
1935 0.0 0.0 0.0 47.9 127.8 134.6 176.0 163.5 107.8 43.5 0.0 0.0 801
1936 0.0 0.0 0.0 38.4 147.8 153.9 215.2 172.8 103.0 57.1 0.0 0.0 888
1937 0.0 0.0 0.0 60.3 147.6 243.6 206.9 165.0 99.6 40.7 0.0 0.0 964
1938 0.0 0.0 0.0 49.3 116.4 155.3 181.0 154.6 102.9 32.5 0.0 0.0 792
1939 0.0 0.0 0.0 62.1 121.7 119.1 202.8 149.8 17.4 57.5 0.0 0.0 830
1940 0.0 0.0 0.0 49.4 134.9 142.8 147.1 197.6 97.8 40.8 0.0 0.0 810
1941 0.0 0.0 0.0 48.6 104.2 133.4 164.9 138.0 83.4 37.5 0.0 0.0 710
1942 0.0 0.0 0.0 46.0 127.2 144 .1 161.3 129.3 84.0 57.9 0.0 0.0 730
1943 0.0 0.0 0.0 57.2 122.7 128.0 158.6 171.0 115.8 44.5 0.0 0.0 798
1944 0.6 0.0 0.0 53.1 130.5 162.4 149.2 149.9 102.8 53.6 0.0 0.0 782
1945 0.0 0.0 0.0 49.6 131.3 162.2 186.1 161.0 102.2 47.9 0.0 0.0 820
1946 0.0 0.0 0.0 52.1 118.4 144.0 190.3 160.3 105.9 43.4 0.0 0.0 814
1947 0.0 0.0 0.0 42.9 1311 154.2 212.6 150.3 103.3 55.5 0.0 0.0 850
1948 0.0 0.0 0.0 0.0 144.9 174.3 200.7 183.8 143.9 70.4 0.0 0.0 918
1949 0.0 0.0 0.0 63.8 148.7 159.7 169.0 175.2 123.9 56.8 0.0 0.0 897
1950 0.0 0.0 0.0 4.7 126.3 138.3 138.3 134.3 102.7 38.2 0.0 0.0 721
1951 0.0 0.0 0.0 40.6 116.8 141.4 129.9 131.1 92.1 37.9 0.0 0.0 690
1952 0.0 0.0 0.0 34.7 122.4 151.2 146.1 143.9 38.9 64.8 0.0 6.0 752
1953 0.0 0.0 0.0 38.4 116.6 138.2 171.2 167.8 17.4 70.9 0.0 0.0 a21
1954 0.0 0.0 0.0 0.0 136.6 131.8 163.4 113.2 89.7 55.9 0.0 0.0 691
1955 0.0 0.0 0.0 41.5 145.8 162.2 146.3 175.7 123.5 61.8 0.0 6.0 857
1956 0.0 0.0 0.0 44.1 143.0 179.1 150.4 159.2 118.1 65.5 0.0 0.0 859
1957 0.0 0.0 0.0 55.7 148.9 143.1 197.5 152.3 116.0 52.2 0.0 6.0 866
1958 0.0 0.0 0.0 54.4 155.7 161.5 171.2 188.8 139.7 65.6 0.0 0.0 937
1959 0.0 0.0 0.0 3.9 146.8 179.2 235.3 162.1 119.8 43.5 0.0 0.0 961
1960 0.0 0.0 0.0 62.8 138.5 167.8 180.4 165.3 121.3 60.0 0.0 0.0 896
1961 0.0 0.0 0.0 51.2 153.5 201.3 187.6 207.3 120.8 55.8 0.0 0.0 978
1962 0.0 0.0 0.0 46.6 129.8 165.2 162.8 148.9 112.5 59.5 0.0 0.0 825
1963 0.0 6.0 0.0 49.6 118.8 146.9 155.3 128.1 102.0 67.2 0.0 0.0 768
1964 0.0 0.0 0.0 52.3 154.6 168.9 193.0 182.6 91.0 50.7 0.0 0.0 893
1965 0.0 0.0 0.0 42.5 149.6 154.4 168.5 164.5 &7.7 71.0 0.0 0.0 338
1966 0.0 0.0 0.0 53.2 168.6 136.9 151.2 157.9 133.8 67.7 0.0 0.0 869
1967 0.0 0.0 0.0 35.7 154.4 172.5 200.5 180.9 165.8 55.3 0.0 0.0 965
1968 0.0 0.0 0.0 68.4 157.5 193.7 184.3 144.1 97.7 50.8 0.0 0.0 897
1969 0.0 0.0 0.0 50.7 134.6 169.4 168.9 214.7 112.7 43.5 0.0 0.0 895
1970 0.0 0.0 0.0 45.4 145.3 179.6 160.8 193.3 124.0 54.5 0.0 0.0 903
1971 0.0 0.0 0.0 51.2 169.5 155.6 166.2 199.7 116.6 61.0 0.0 0.0 920
1972 0.0 0.0 0.0 58.2 135.7 203.9 161.2 165.5 106.0 62.0 0.0 0.0 892
1973 0.0 0.0 0.0 6.4 141.4 167.2 191.3 1761 116.6 58.3 0.0 0.0 895
1974 0.0 0.0 0.0 41.1 113.7 159.9 173.3 152.2 103.8 67.5 0.0 0.0 an
1975 0.0 0.0 0.0 43.7 138.5 148.1 167.0 149.3 122.5 51.3 0.0 0.0 820
1976 0.0 0.0 0.0 59.6 177.2 140.3 150.7 175.1 126.2 57.4 0.0 0.0 387
1977 0.0 0.0 0.0 74.2 148.2 181.4 181.0 152.2 38.3 7.5 0.0 0.0 897
1978 0.0 0.0 0.0 61.9 156.6 184.1 202.1 179.6 116.8 79.0 0.0 0.0 980
1979 0.0 0.0 0.0 39.2 133.1 143.4 169.0 171.6 132.0 54.1 0.0 0.0 842
1980 0.0 0.0 0.0 78.7 173.1 161.4 168.6 135.8 98.5 61.7 0.0 0.0 878
1981 0.0 0.0 0.0 82.8 162.1 156.1 170.1 178.8 124.0 56.4 0.0 0.0 912
1982 0.0 0.0 0.0 56.5 138.1 151.0 155.8 138.8 107.9 49.9 0.0 0.0 798
1983 0.0 0.0 0.0 52.9 132.9 167.0 155.5 164.5 106.1 53.5 0.0 0.0 a32
1984 0.0 0.0 0.0 73.0 146.0 154.1 189.7 180.1 91.7 51.7 0.0 0.0 886
1985 0.0 0.0 0.0 57.5 139.6 163.1 170.7 153.9 99.7 63.6 0.0 0.0 848
1986 0.0 0.0 0.0 65.1 141.1 157.6 143.5 162.0 95.8 50.8 0.0 0.0 816
MIN 0.0 0.0 0.0 0.0 88.9 105.7 121.0 90.4 59.2 26.0 0.0 0.0 629
MAX 0.0 0.0 0.0 78.7 178.7 243.6 235.3 214.7 165.8 79.0 3.2 0.0 980
MEAN 0.0 0.0 0.0 45.8 135.6 156.9 172.7 159.0 106.0 50.3 0.0 0.0 826
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PRINCE ALBERT

GROSS EVAPORATION (mm)

TOTAL

fEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN
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GROSS EVAPORATION (mm) -- REGINA

JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCcT NOV DEC TOTAL
1911 0.0 0.0 0.9 58.9 133.9 161.1 151.0 138.0 104.0 36.9 0.0 0.0 764
1912 0.0 0.0 0.0 55.6 140.5 182.4 145.6 132.5 93.3 53.8 0.0 6.0 804
1913 0.0 6.0 0.0 62.1 138.3 153.5 179.9 147.3 113.8 49.0 0.0 0.0 844
1914 0.0 0.0 0.0 51.1 144.8 150.0 178.3 143.1 125.4 42.3 0.0 0.0 835
1915 0.0 0.0 0.0 68.2 150.5 148.8 150.0 171.6 38.0 58.0 0.0 0.0 835
1916 0.0 0.0 0.0 44.0 126.8 160.3 180.1 176.7 127.4 44,6 0.0 0.0 860
1917 0.0 0.0 0.0 41.2 148.7 177.2 221.0 166.8 105.8 59.0 0.0 0.0 920
1918 0.0 0.0 0.0 51.7 132.0 184.4 161.9 164 .4 114.4 59.5 0.0 0.0 868
1919 0.0 0.0 0.0 45.0 170.3 181.4 201.0 200.6 117.8 49.9 0.0 0.0 966
1920 0.0 0.0 0.0 45.0 163.1 169.8 211.0 187.6 115.6 52.9 0.0 0.0 9465
1921 0.0 0.0 0.0 49.2 139.6 139.9 169.8 167.3 112.5 53.6 0.0 0.0 832
1922 0.0 0.0 0.0 38.9 134.0 159.9 204.1 171.2 125.6 48.1 0.0 0.0 382
1923 0.0 0.0 0.0 49.1 149.6 138.2 140.4 153.1 120.9 57.5 0.0 0.0 809
1924 0.0 0.0 0.0 53.3 149.4 159.1 184.9 173.9 126.9 62.3 0.0 0.0 908
1925 0.0 0.0 0.0 52.4 157.0 149.6 205.5 211.3 108.9 50.0 0.0 0.0 935
1926 0.0 0.0 0.0 65.9 152.8 169.4 179.9 154.8 91.2 49.2 0.0 0.0 863
1927 0.0 0.0 0.0 48.8 133.8 167.4 145.1 141.8 122.3 62.1 0.0 0.0 801
1928 0.0 0.0 0.0 34.1 164.0 122.2 147.6 138.2 112.3 52.5 0.0 8.0 7
1929 0.0 0.0 0.0 35.9 109.6 151.9 234.3 213.3 104.6 39.9 0.0 0.0 890
1930 0.0 0.0 0.0 38.5 137.7 144 .2 167.1 158.4 101.4 37.7 0.0 0.0 785
1931 0.0 0.0 0.0 75.5 175.4 226.9 236.7 185.1 107.5 58.1 0.0 6.0 1065
1932 0.0 0.0 0.0 48.4 144.4 133.2 190.4 180.6 1264.9 50.7 0.0 6.0 873
1933 0.0 0.0 0.0 55.0 145.9 168.5 193.8 164.9 132.5 64.3 0.0 0.0 925
1934 0.0 0.0 0.0 80.8 193.3 169.4 210.9 219.5 133.8 70.4 0.0 0.0 1078
1935 0.0 0.0 0.0 64.2 143.1 163.2 178.5 185.5 156.0 67.0 0.0 0.0 958
1936 0.0 0.0 0.0 60.9 188.0 165.8 214.6 195.2 142.3 74.0 0.0 0.0 1041
1937 0.0 0.0 0.0 59.0 177.9 245.0 252.4 261.5 152.2 58.3 0.0 6.0 1186
1938 0.0 0.0 0.0 47.4 149.5 167.0 184.0 184.9 138.3 54.9 0.0 6.0 926
1939 0.0 0.0 0.0 61.5 166.8 142.8 209.7 218.4 136.0 63.4 0.0 0.0 998
1940 0.0 0.0 0.0 52.0 158.7 177.6 208.5 236.4 127.8 54.3 0.0 6.0 1015
1941 0.0 0.0 0.0 38.4 133.6 168.0 178.4 145.3 118.0 57.4 0.0 0.0 839
19462 9.0 0.0 0.0 4.6 121.9 145.5 125.5 134.4 93.2 55.3 0.0 0.0 721
1943 0.0 0.0 0.0 63.2 138.9 146.2 166.5 183.3 137.0 57.0 0.0 0.0 892
1944 0.0 0.0 9.0 54.9 140.1 118.4 177.3 179.6 116.6 69.2 0.0 0.0 854
1945 0.0 0.0 0.0 44.0 136.2 144.6 159.9 168.0 107.7 54.3 0.0 0.0 815
1966 0.0 0.0 0.0 76.6 121.9 149.2 174.9 179.0 110.4 49.9 0.0 0.0 862
1947 0.0 0.0 0.0 43.9 130.5 118.2 188.2 146.8 112.0 62.1 0.0 0.0 802
1948 0.0 0.0 0.0 32.4 149.2 146.8 175.0 174.2 135.4 65.6 0.0 0.0 879
1949 0.0 0.0 0.0 70.1 152.4 158.9 186.7 200.8 125.7 54.0 0.0 0.0 949
1950 0.0 0.0 0.0 63.1 135.1 166.2 158.9 160.8 115.5 55.6 0.0 0.0 ass
1951 0.0 0.0 0.0 39.8 150.4 146.5 181.5 149.6 95.5 38.8 0.0 0.0 802
1952 0.0 0.0 0.0 57.5 132.6 166.4 170.5 163.5 97.4 64.4 0.0 0.0 852
1953 0.0 0.0 0.0 47.5 111.2 134.6 173.8 180.9 137.9 65.8 0.0 0.0 852
1954 0.0 0.0 0.0 51.8 134.2 141.0 180.5 144.5 104.2 64.7 0.0 0.0 8
1955 0.0 0.0 0.0 4h.4 114.3 153.3 155.4 177.0 122.0 64.7 0.0 0.0 831
1956 0.0 0.0 0.0 43.1 119.8 188.8 143.9 163.6 124.4 61.2 0.0 0.0 845
1957 0.0 0.0 0.0 48.4 163.8 152.5 216.0 163.8 133.5 49.5 0.0 0.0 927
1958 0.0 0.0 0.0 65.1 187.9 175.3 200.7 225.9 145.7 71.4 0.0 6.0 1072
1959 0.0 0.0 0.0 74.8 153.1 186.5 220.9 211.0 128.9 41.8 0.0 0.0 1017
1960 0.0 0.0 0.0 55.0 154.6 183.6 185.7 187.4 135.6 77.9 0.0 0.0 980
1961 0.0 0.0 0.0 68.9 173.2 238.2 255.8 283.0 154.2 69.3 0.0 0.0 1243
1962 0.0 0.0 0.0 58.5 132.3 164.6 198.9 194.7 146.1 65.4 0.0 0.0 960
1963 0.0 0.0 0.0 52.1 121.7 139.0 176.5 171.0 126.4 63.0 0.0 0.0 850
1964 0.0 0.0 0.0 61.3 175.1 169.8 203.9 215.4 140.1 76.4 0.0 0.0 1042
1965 0.0 0.0 0.0 46.6 157.1 172.9 160.2 194.0 100.1 81.2 0.0 0.0 912
1966 0.0 0.0 0.0 54.0 175.2 160.3 181.3 170.4 135.1 64.2 0.0 0.0 940
1967 0.0 0.0 0.0 44.9 164.0 186.8 266.6 225.5 161.5 54.8 0.0 0.0 1084
1968 0.0 0.0 0.0 72.0 168.9 178.8 218.4 146.9 102.0 s2.7 0.0 0.0 940
1969 0.0 0.0 0.0 50.6 142.8 160.1 160.5 193.4 131.8 46.4 0.0 0.0 886
1970 0.0 0.0 0.0 50.2 121.7 180.8 200.8 233.9 127.2 6.3 0.0 0.0 79
197 0.0 0.0 0.0 55.8 178.3 169.0 191.0 267.9 158.8 74.6 0.0 0.0 1075
1972 0.0 0.0 0.0 5.7 145.1 220.8 197.0 208.6 151.1 7.7 0.0 0.0 1071
1973 0.0 0.0 0.0 59.0 137.4 192.2 215.4 211.7 128.4 70.7 0.0 0.0 1015
1974 0.0 0.0 0.0 41.3 116.5 195.2 222.2 162.3 112.5 68.6 0.0 0.0 918
1975 0.0 0.0 0.0 41.3 135.8 147.7 199.9 179.8 126.1 61.8 0.0 0.0 892
1976 0.0 0.0 0.0 62.0 191.2 150.3 203.0 225.7 159.9 81.2 0.0 0.0 1073
977 0.0 0.0 0.0 93.9 166.1 168.4 185.1 159.9 93.7 74.5 0.0 0.0 922
1978 0.0 0.0 0.0 81.9 147 .4 174.4 196.5 200.4 144.5 68.3 0.0 0.0 993
1979 0.0 0.0 0.0 41.8 133.4 214.1 219.2 208.7 163.2 70.6 0.0 0.0 1051
1980 0.0 0.0 9.0 91.0 218.8 220.7 216.4 177.0 135.4 74.8 0.0 0.0 1134
1981 0.0 0.0 0.0 83.6 188.1 192.1 223.1 186.9 157.5 58.3 0.0 0.0 1090
1982 0.0 0.0 0.0 59.8 135.9 179.9 176.1 182.8 135.5 52.4 0.0 0.0 922
1983 0.0 0.0 0.0 57.6 137.6 195.0 170.9 209.2 133.4 59.1 0.0 0.0 963
1984 0.0 0.0 0.0 81.8 171.6 184.6 249.7 251.0 128.6 63.2 0.0 0.0 1130
1985 0.0 0.0 0.0 4.9 152.5 166.4 213.7 170.2 107.2 68.5 0.0 0.0 944
1986 0.0 0.0 0.0 65.1 170.3 206.5 188.0 207.4 112.8 63.7 0.0 0.0 1014
MIN 0.0 6.0 0.9 32.4 109.6 118.2 125.5 132.5 88.0 36.9 0.0 0.0 721
MAX 0.0 0.0 0.0 93.9 218.8 245.0 255.8 283.0 163.2 81.2 0.0 0.0 1243
MEAN 0.0 0.0 0.0 55.6 149.2 167.5 189.8 184.0 124.3 59.4 0.0 0.0 930



GROSS EVAPORATION (mm) -- SASKATOON

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
1911 0.0 0.0 0.0 44.0 134.2 154.1 171.0 166.7 9.0 47.6 0.0 0.0 808
1912 0.0 0.0 0.0 55.2 162.1 181.3 130.8 138.2 92.3 49.2 0.0 0.0 809
1913 0.0 0.0 0.0 53.8 128.4 159.6 201.2 154.6 120.6 42.0 0.0 0.0 860
1914 0.0 0.0 0.0 41.7 114.5 150.5 216.4 182.9 116.7 42.6 0.0 0.0 865
1915 0.0 0.0 0.0 47.5 121.9 151.2 151.9 171.7 8.4 57.2 0.0 0.0 784
1916 0.0 0.0 0.0 29.9 116.2 159.7 159.3 138.0 100.5 43.8 0.0 0.0 747
197 0.0 0.0 0.0 35.0 121.9 153.3 215.8 163.9 106.4 54.4 5.1 0.0 856
1918 0.0 0.0 0.0 51.4 132.1 192.9 176.2 155.8 109.3 57.9 0.0 0.0 876
1919 0.0 0.0 0.0 44.3 142.7 220.3 216.2 181.7 112.9 47.2 0.0 0.0 965
1920 0.0 0.0 0.0 0.0 160.3 166.8 217.5 187.9 112.1 53.1 0.0 0.0 898
1921 0.0 0.0 0.0 47.0 126.3 143.9 170.7 163.2 93.4 38.4 0.0 0.0 781
1922 0.0 0.0 0.0 37.2 11,1 143.9 194.8 152.2 118.4 41.5 0.0 0.0 7
1923 0.0 0.0 0.0 48.6 146.9 119.6 134.1 125.9 9.4 55.0 0.0 0.0 730
1924 0.0 0.0 0.0 50.9 136.0 157.7 213.3 150.1 110.8 46.1 0.0 0.0 865
1925 0.0 0.0 0.0 51.1 148.7 125.0 164.6 170.2 98.8 42.1 0.0 0.0 801
1926 0.0 0.0 0.0 64.6 119.8 165.7 174.4 156.9 85.2 47.7 0.0 0.0 814
1927 0.0 0.0 0.0 45.7 126.5 141.7 148.4 131.8 101.6 42.1 0.0 0.0 736
1928 0.0 0.0 0.0 56.2 166.0 131.8 146.4 159.5 117.8 32.5 0.0 0.0 810
1929 0.0 0.0 0.0 32.5 97.3 158.4 187.7 173.7 85.3 46.2 0.0 0.0 781
1930 0.0 0.0 0.0 30.4 126.0 127.6 149.6 163.1 81.8 39.8 0.0 0.0 698
1931 0.0 0.0 0.0 61.7 132.7 162.2 163.7 137.7 72.7 39.4 0.0 0.0 770
1932 0.0 0.0 0.0 43.0 132.2 132.1 159.2 145.3 96.4 37.4 0.0 0.0 746
1933 0.0 0.0 9.0 52.4 134.5 185.0 221.0 191.6 102.5 49.4 0.0 0.0 936
1934 0.0 0.0 0.0 73.3 188.4 136.3 201.1 180.8 100.4 55.0 0.0 0.0 935
1935 0.0 9.0 0.0 59.1 154.6 176.3 226.4 201.1 135.3 64.2 0.0 6.0 1017
1936 0.0 0.0 0.0 58.9 217.9 188.8 277 .4 229.3 135.3 65.7 0.0 0.0 173
1937 0.0 0.0 0.0 71.2 193.7 267.3 290.8 229.2 138.3 55.5 0.0 0.0 1266
1938 0.0 0.0 0.0 54.0 156.5 184.7 212.0 182.9 131.5 50.3 0.0 0.0 972
1939 0.0 0.0 0.0 70.5 157.9 148.3 234.8 236.5 127.2 63.6 0.0 0.0 1039
1940 0.0 0.0 0.0 60.6 178.0 185.0 189.2 242.9 114.8 60.5 0.0 0.0 1031
1941 0.0 0.0 0.0 56.7 104.7 151.9 146.5 141.5 9.4 43.4 0.0 0.0 739
1942 0.0 0.0 0.0 48.8 121.7 140.7 131.9 132.6 83.1 54.4 0.0 6.0 713
1943 0.0 0.0 0.0 55.2 11.7 138.6 169.1 164.0 112.1 40.2 9.0 0.0 91
1944 0.0 0.0 0.0 39.1 97.8 120.5 163.3 166.1 106.5 52.7 0.0 0.0 726
1945 0.0 0.0 0.0 38.4 122.2 143.3 173.3 157.2 110.1 54.9 0.0 0.0 799
1946 0.0 0.0 0.0 72.0 129.1 166.5 204.3 172.9 103.5 44.9 0.0 0.0 893
1947 0.0 0.0 0.0 45.3 134.9 162.1 2462.5 172.2 108.4 62.7 0.0 0.0 928
1948 0.0 0.0 0.0 33.2 141.8 148.1 196.7 186.8 146.1 73.7 0.0 0.0 926
1949 0.0 0.0 0.0 70.8 155.1 174.8 174.6 170.9 130.9 55.1 0.0 0.0 932
1950 0.0 0.0 0.0 446.7 131.5 172.6 156.0 145.8 119.0 47.4 0.0 0.0 817
1951 0.0 0.0 0.0 43.1 135.8 153.3 161.8 152.0 96.8 39.1 0.0 0.0 782
1952 0.0 0.0 0.0 67.2 132.8 153.3 175.9 177.1 107.4 63.5 0.0 0.0 877
1953 0.0 0.0 0.0 47.8 116.4 157.8 184.6 175.4 123.2 71.2 0.0 0.0 877
1954 0.0 0.0 0.0 43.5 130.5 141.8 165.4 116.8 95.5 61.1 0.0 0.0 754
1955 0.0 0.0 0.0 39.6 136.7 175.5 171.0 180.7 120.7 57.0 0.0 6.0 881
1956 0.0 0.0 0.0 37.4 133.0 179.3 148.4 164.8 11.5 56.6 0.0 0.0 11
1957 0.0 0.0 0.0 6.7 161.1 133.1 201.3 140.2 106.8 47.9 0.0 0.0 817
1958 0.0 0.0 0.0 50.8 147.0 170.9 177.4 187.1 122.3 59.7 0.0 0.0 915
1959 0.0 0.0 0.0 66.8 147.8 171.6 210.6 165.6 110.1 42.5 0.0 0.0 915
1960 0.0 0.0 0.0 53.4 138.0 166.2 190.9 181.3 142.9 64 .4 0.0 0.0 937
1961 0.0 9.0 0.0 53.6 148.0 202.8 211.0 222.9 121.1 57.0 0.0 0.0 1016
1962 0.0 0.0 0.0 50.2 129.3 176.3 179.0 167.2 111.8 56.6 0.0 0.0 a70
1963 0.0 0.0 0.0 bbb 112.5 131.7 147.3 137.1 9.7 59.5 0.0 0.0 732
1964 0.0 0.0 0.0 53.0 141.0 162.0 188.4 181.8 88.7 46.5 0.0 0.0 862
1965 0.0 0.0 0.0 43.2 173.3 174.8 177.9 194.0 101.4 76.1 0.0 0.0 961
1966 0.0 0.0 0.0 51.1 178.9 149.6 168.8 169.2 134.7 65.1 9.0 0.0 917
1967 0.0 0.0 0.0 43.1 161.9 182.0 268.6 235.5 198.4 47.3 0.0 0.0 1137
1968 0.0 0.0 0.0 65.4 157.9 187.2 180.6 162.9 95.1 46.9 0.0 0.0 876
1969 9.0 0.0 0.0 51.7 143.4 169.4 168.8 204.8 119.5 42.9 0.0 0.0 901
1970 0.0 0.0 0.0 44.3 135.0 165.8 165.9 201.9 126.5 62.5 0.0 0.0 902
1971 0.0 0.0 0.0 56.4 178.0 151.5 183.8 200.2 132.3 74.5 0.0 0.0 977
1972 0.0 0.0 0.0 7.9 137.9 210.4 164.3 189.4 130.3 Th.b 0.0 0.0 985
1973 0.0 0.0 0.0 60.3 147 .4 170.8 210.2 213.4 132.2 7.6 0.0 0.0 1006
1974 0.0 0.0 0.0 47.9 129.8 189.1 215.6 171.1 121.5 72.4 0.0 0.0 947
1975 0.0 0.0 0.0 45.4 129.5 152.9 194.6 172.3 132.6 59.6 0.0 0.0 886
1976 0.0 0.0 0.0 62.6 186.9 147.3 184.5 201.8 137.6 66.8 0.0 0.0 987
1977 0.0 0.0 0.0 85.4 163.8 194.5 204.5 156.3 90.5 73.0 0.0 0.0 968
1978 0.0 0.0 0.0 65.4 145.0 176.7 183.1 171.0 106.0 64.6 0.0 0.0 912
1979 0.0 0.0 0.0 43.4 134.8 167.0 203.4 204.9 160.6 62.2 0.0 0.0 976
1980 0.0 0.0 0.0 80.5 172.3 193.4 210.2 163.8 118.1 67.1 0.0 0.0 1005
1981 0.0 0.0 0.0 61.4 164.5 161.9 179.3 185.3 1640.1 55.9 0.0 0.0 948
1982 0.0 0.0 0.0 59.2 134.9 151.2 180.7 159.3 127.9 58.4 0.0 0.0 872
1983 0.0 0.0 0.0 51.8 125.3 176.8 173.3 193.3 126.4 60.3 0.0 0.0 907
1984 0.0 0.0 0.0 74.9 160.9 177.0 266.7 223.5 107.4 57.1 0.0 0.0 1048
1985 0.0 0.0 0.0 57.4 134.3 167.0 197.6 174.7 111.0 68.6 0.0 0.0 M
1986 0.0 0.0 0.0 65.7 149.8 168.5 170.7 178.3 99.3 51.2 0.0 0.0 884
MIN 0.0 0.0 3.0 0.0 97.3 119.6 130.8 116.8 72.7 32.5 0.0 0.0 698
MAX 0.0 0.0 0.0 85.4 217.9 267.3 290.8 262.9 198.4 76.1 5.1 0.0 1246
MEAN 0.0 0.0 0.0 52.2 141.4 163.8 186.8 173.6 113.3 54.7 0.1 0.0 886




GROSS EVAPORATION (mm) -- SWIFT CURRENT

JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT Nov DEC TOTAL
1911 0.0 0.0 0.0 50.0 152.6 166.6 190.7 138.3 103.3 39.0 0.0 0.0 840
1912 0.0 0.0 0.0 45.1 132.3 178.3 160.8 153.5 100.8 55.3 0.0 0.0 826
1913 0.0 0.0 0.0 55.7 103.0 146.2 179.1 183.1 146.0 45.1 0.0 0.0 858
1914 0.0 0.0 0.0 56.9 162.0 164.6 228.2 185.8 136.8 31.9 0.0 0.0 966
1915 0.0 0.0 0.0 2.1 160.5 158.5 144.1 156.2 79.0 47.0 0.0 0.0 818
1916 0.0 0.0 0.0 64.3 135.4 159.0 161.6 147.7 110.4 43.5 0.0 0.0 822
1917 0.0 0.0 0.0 38.2 148.3 169.1 212.8 158.4 97.6 55.0 0.0 0.0 879
1918 0.0 0.0 0.0 29.1 132.5 192.9 204.6 189.4 123.4 48.9 0.0 0.0 921
1919 0.0 0.0 0.0 40.2 144.6 180.9 266.1 208.9 127.0 52.1 0.0 0.0 1000
1920 0.0 0.0 0.0 55.1 182.2 179.3 183.5 202.5 136.9 61.7 0.0 0.0 1001
1921 0.0 0.0 0.0 52.3 151.1 189.9 225.9 204.0 129.6 63.7 0.0 0.0 1017
1922 0.0 0.0 0.0 53.3 158.1 202.7 189.2 202.5 174.4 70.9 0.0 0.0 1051
1923 0.0 0.0 0.0 46.8 166.5 179.8 173.7 154.0 153.6 90.8 0.0 0.0 965
1924 0.0 0.0 0.0 69.4 178.38 181.8 288.2 184.7 128.6 65.0 0.0 0.0 1097
1925 0.0 0.0 0.0 49.7 146.5 179.2 212.8 196.5 102.0 52.3 0.0 0.0 939
1926 0.0 0.0 0.0 57.8 167.4 201.1 218.6 188.6 106.8 63.5 0.0 0.0 1004
1927 0.0 0.0 0.0 50.2 164.6 168.8 178.8 169.2 121.7 44.2 0.0 0.0 898
1928 0.0 0.0 0.0 77.2 169.8 191.9 195.2 207.9 115.6 50.7 0.0 0.0 1008
1929 0.0 0.0 0.0 65.8 170.3 239.6 279.3 257.5 108.4 56.7 0.0 0.0 1178
1930 0.0 0.0 0.0 a3.0 191.6 235.6 222.2 208.4 125.3 48.9 0.0 0.0 1115
1931 0.0 6.0 0.0 72.3 180.3 158.2 249.5 195.0 124.6 7.9 0.0 0.0 1060
1932 0.0 0.0 0.0 53.3 164.0 199.0 207.6 191.5 104.2 49.0 0.0 0.0 949
1933 0.0 0.0 0.0 61.0 140.1 189.3 267.2 223.9 126.9 64.2 0.0 0.0 1073
1934 0.0 0.0 0.0 69.8 192.8 166.6 219.7 197.0 126.6 52.8 0.0 0.0 1025
1935 0.0 0.0 0.0 61.5 137.1 170.8 201.0 200.8 161.3 78.0 9.0 0.0 1011
1936 0.0 0.0 0.0 59.3 179.6 192.0 274.9 227.2 153.2 8.8 0.0 0.0 173
1937 0.0 0.0 0.0 75.1 182.7 237.6 265.1 255.7 158.7 82.5 0.0 0.0 1237
1938 0.0 0.0 0.0 60.5 163.5 183.5 211.8 206.1 158.2 57.7 0.0 0.0 1041
1939 0.0 0.0 0.0 68.8 148.4 142.2 210.7 225.9 145.9 66.0 28.7 0.0 1037
1940 0.0 0.0 0.0 39.8 157.6 173.3 188.1 255.3 132.9 59.8 0.0 0.0 1007
1941 0.0 0.0 0.9 55.3 158.7 203.4 203.3 184.4 108.6 69.8 0.0 0.0 984
1942 0.0 0.0 0.0 65.8 126.5 154.5 163.7 152.3 109.7 66.7 0.0 0.0 339
1943 0.0 0.0 0.0 82.4 127.6 139.2 263.1 235.7 155.3 72.2 0.0 0.0 1055
1944 0.0 0.0 0.0 51.1 145.2 129.2 197.8 173.5 125.9 87.9 0.0 0.0 911
1945 0.0 0.0 0.0 47.4 129.2 159.2 261.8 215.0 121.4 69.9 0.0 0.0 984
1946 0.0 0.0 0.0 7.6 135.2 164.1 203.9 183.7 116.4 51.3 0.0 0.0 926
1947 0.0 0.0 0.0 43.6 138.4 136.6 254.5 187.8 130.0 58.7 g.0 0.0 950
1948 0.0 0.0 9.0 37.8 131.6 139.8 186.7 185.0 152.8 8.3 0.0 0.0 918
1949 0.0 0.0 0.0 78.1 139.5 163.4 196.7 224.0 158.2 62.5 28.9 0.0 1051
1950 0.0 0.0 0.0 46.0 144.6 164.2 179.9 145.9 127.3 55.6 0.0 0.0 864
1951 0.0 0.0 0.0 47.6 154.7 148.2 189.2 170.2 112.8 43.5 0.0 0.0 866
1952 0.0 0.0 0.0 68.2 143.8 178.8 190.6 203.1 130.0 87.7 0.0 0.0 1002
1953 0.0 0.0 0.0 49.4 132.4 144.9 208.8 225.7 154.5 91.5 0.0 0.0 1007
1954 0.0 0.0 0.0 52.9 139.3 166.1 214.5 156.3 109.7 73.0 25.2 0.0 937
1955 0.0 0.0 0.0 48.9 137.5 178.6 166.5 220.1 139.6 86.1 0.0 0.0 977
1956 0.0 0.0 0.0 56.7 151.3 205.3 177.8 183.5 132.6 7.3 0.0 0.0 982
1957 0.9 0.0 0.0 53.4 154.1 154.7 210.3 175.5 161.3 55.1 0.0 0.0 9464
1958 0.0 0.0 0.0 52.0 167.1 176.4 203.2 2344 147.2 75.6 0.0 0.0 1056
1959 0.0 0.0 0.0 75.9 144.8 206.2 218.0 221.9 150.56 53.0 0.0 0.0 1070
1960 0.0 0.0 0.0 9.5 156.4 195.4 229.7 202.0 178.5 83.1 0.0 0.0 115
1961 0.0 0.0 0.0 62.2 148.0 240.0 238.7 259.5 149.3 72.5 0.0 0.0 1170
1962 0.0 0.0 0.0 79.8 144 .0 190.0 213.3 213.9 165.9 5.1 0.0 0.0 1082
1963 0.0 0.0 0.0 59.3 147.6 168.3 221.3 207.3 157.6 114.4 0.0 0.0 1076
1944 0.0 0.0 0.0 72.3 184.9 176.8 270.5 243.1 136.8 108.5 0.0 0.0 1193
1965 0.0 0.0 0.0 .8 167.9 162.9 191.3 195.1 106.2 96.0 0.0 0.0 964
1966 0.0 0.0 0.0 60.2 190.8 181.1 218.6 213.9 161.2 86.8 0.0 0.0 1113
1967 0.0 0.0 0.0 48.4 162.2 199.7 285.4 243.3 197.0 73.5 0.0 0.0 1209
1963 0.0 0.0 0.0 87.4 181.4 196.5 267.7 192.8 129.3 75.8 0.0 0.0 ARRA
1969 0.0 0.0 0.0 58.7 156.4 197.6 196.1 270.1 151.2 50.6 0.0 0.0 1081
1970 0.0 0.0 0.0 52.0 138.4 206.1 191.7 237.0 150.8 73.1 8.0 0.0 1049
1974 0.0 0.0 0.0 682.9 198.2 177.2 221.3 290.3 160.4 30.5 0.0 0.0 191
1972 0.0 0.0 0.0 84.6 141.3 193.8 179.3 213.0 125.8 70.7 0.0 0.0 1008
1973 0.0 0.0 0.0 46.8 151.3 209.2 245.9 251.6 138.4 86.1 0.0 0.0 1129
1974 0.0 0.0 0.0 50.2 128.6 218.0 232.1 164.6 130.3 93.6 0.0 0.0 1017
1975 0.0 0.0 0.0 38.1 123.0 163.4 218.0 162.6 130.7 4.3 0.0 0.0 900
1976 0.0 0.0 0.0 66.0 195.2 157.7 204.8 221.4 166.0 73.3 0.0 0.0 1084
1977 0.0 0.0 0.0 96.0 146.7 197.7 209.3 178.0 107.2 87.2 0.0 0.0 1022
1978 0.0 0.0 0.0 54.9 142.2 177.9 205.1 214.7 150.7 84.7 0.0 0.0 1030
1979 0.0 0.0 0.0 43.2 134.6 193.5 205.1 191.4 160.2 82.6 0.0 0.0 1011
1980 0.0 0.0 0.0 103.1 188.9 177.8 200.2 181.4 144.9 73.5 0.0 0.0 1070
1981 0.0 0.0 0.0 89.7 160.8 162.1 195.6 202.2 169.2 58.3 0.0 0.0 1038
1982 0.0 0.0 0.0 69.7 129.7 159.1 173.4 190.0 135.1 66.8 0.0 0.0 924
1983 0.0 0.0 0.0 60.9 135.8 204.7 212.9 255.9 155.0 76.2 0.0 0.0 1101
1984 0.0 0.0 0.0 92.9 173.9 186.8 263.9 278.6 114.9 69.8 0.0 0.0 1181
1985 0.0 0.0 0.0 72.7 178.1 200.3 261.5 212.3 121.1 79.9 0.0 9.0 1126
1986 0.0 0.0 0.0 69.5 148.0 195.1 199.5 210.4 109.7 69.0 0.0 0.0 1001
MIN 0.0 0.0 0.0 29.1 103.0 129.2 144.1 1338.3 79.0 3.9 0.0 0.0 818
MAX 0.0 0.0 0.0 103.1 198.2 240.0 288.2 290.3 197.0 114.4 28.9 0.0 1237
MEAN 0.0 0.0 0.0 60.7 153.9 180.0 212.5 203.3 134.8 68.5 1.1 0.0 1015




GROSS EVAPORATION (mm) -- YORKTON

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOv DEC TOTAL
911 0.0 0.0 0.0 50.5 130.4 137.2 149.7 137.5 100.7 38.7 0.9 0.0 745
1912 6.0 0.0 0.0 50.2 154.5 178.2 135.2 19.7 93.1 51.7 0.0 0.0 783
1913 0.0 0.0 0.0 52.8 130.2 153.5 171.2 131.9 109.6 43.4 0.0 0.0 798
1914 0.0 0.0 0.0 45.9 139.6 126.8 139.0 139.3 115.3 41.4 0.0 0.0 747
1915 0.0 0.0 0.0 51.1 143.6 151.5 169.0 156.8 80.4 55.9 0.0 0.0 788
1916 0.0 0.0 0.0 47.4 122.9 158.2 1711 144.9 97.9 47.6 0.0 0.0 790
1917 0.0 0.0 0.0 37.8 140.5 154.7 186.4 1468.9 93.3 52.3 0.0 0.0 814
1918 0.0 0.0 0.0 40.3 120.0 172.3 148.5 127.3 101.1 52.8 0.0 0.0 762
1919 0.0 0.0 0.0 37.4 141.9 174.9 188.5 176.8 105.9 45.2 0.0 0.0 28]
1920 0.0 0.0 0.0 0.0 155.1 161.0 199.0 167.8 101.0 45.4 0.0 0.0 829
1921 0.0 0.0 0.0 40.3 11.5 135.6 157.3 150.3 99.8 47.7 0.0 0.0 742
1922 0.0 0.0 0.0 33.0 121.8 146.8 153.6 139.6 110.9 50.4 0.0 0.0 756
1923 0.0 0.0 0.0 62.7 141.7 136.5 131.5 126.6 84.9 50.2 0.0 0.0 712
1924 0.0 0.0 0.0 43.7 124.8 150.2 170.4 129.6 108.9 54.4 0.0 0.0 782
1925 0.0 0.0 0.0 41.9 147.5 144.6 167.6 153.4 96.9 45.0 0.0 0.0 ™7
1926 0.0 0.0 0.0 52.9 142.6 160.6 164.8 137.1 80.6 44.7 0.0 0.0 783
1927 0.0 0.0 0.0 52.3 122.90 161.7 129.2 147.2 9.1 41.4 0.0 0.0 748
1928 0.0 0.0 0.0 31.9 98.4 132.1 145.0 17.2 95.9 41.3 0.0 0.0 662
1929 0.0 0.0 0.0 32.4 98.2 148.9 218.7 187.7 92.9 34.5 0.0 0.0 813
1930 0.0 0.0 0.0 33.9 125.3 138.4 154.7 140.1 80.4 33.8 0.0 0.0 707
1931 0.0 0.0 0.0 57.0 162.7 219.4 225.1 164.0 94.6 48.5 0.0 0.0 97
1932 0.0 0.0 0.0 40.6 140.1 129.3 173.1 160.4 108.3 44.5 0.0 0.0 796
1933 0.0 0.0 0.0 44.4 136.8 162.7 180.1 145.0 114.5 56.5 0.0 0.0 840
1934 0.0 0.0 0.0 63.0 168.8 162.7 225.8 197.4 105.9 59.2 0.0 0.0 983
1935 0.0 0.0 0.0 52.8 139.8 154.7 184.0 169.5 124.5 59.3 0.0 6.0 885
1936 0.0 0.0 0.0 52.0 174.3 165.2 218.9 188.6 118.9 62.9 0.0 0.0 981
1937 0.0 0.0 0.0 55.9 166.2 234.9 262.6 211.3 123.5 53.4 0.0 0.0 1088
1938 0.0 0.0 0.0 58.0 145.4 172.4 166.7 159.7 119.2 47.8 0.0 0.0 869
1939 0.0 0.0 0.0 54.7 145.2 132.6 190.2 194.9 120.3 52.8 0.0 0.0 891
1940 0.0 0.0 0.0 47.4 140.9 157.1 183.0 207.8 11.7 50.4 0.0 6.0 898
1941 0.0 0.0 0.0 40.6 125.5 167.0 184.2 138.9 107.6 55.6 0.0 0.0 819
1942 0.0 0.0 0.0 38.7 125.6 142.3 150.3 120.6 89.7 55.2 0.0 6.0 722
1943 0.0 0.0 0.0 50.7 114.7 138.2 162.1 147.6 107.7 49.4 0.0 8.0 770
1944 0.0 0.0 0.0 44.9 123.2 131.9 164.7 153.8 106.3 52.5 0.0 6.0 m
1945 0.0 0.0 0.0 35.6 119.2 125.6 146.4 142.9 92.4 52.9 0.0 0.0 715
1946 0.0 0.0 0.0 53.0 108.5 137.5 154.3 144.9 85.9 42.8 0.0 0.0 727
1947 0.0 0.0 0.0 30.4 105.6 107.1 150.4 131.8 94.8 55.2 0.0 0.0 675
1948 0.0 0.0 0.0 0.0 1171 128.9 146.8 141.8 105.1 57.4 0.0 0.0 697
1949 0.0 0.0 0.0 57.2 120.5 142.3 161.5 151.4 100.1 48.9 0.0 6.0 782
1950 0.0 0.0 0.0 37.3 125.4 155.4 140.9 134.9 96.6 8.6 0.0 0.0 739
1951 0.0 0.0 0.0 39.6 119.4 136.0 160.0 131.0 86.6 38.8 0.0 0.0 m
1952 0.0 0.0 0.0 17.7 123.6 157.7 166.4 149.2 90.9 60.3 0.0 0.0 766
1953 0.0 0.0 0.0 38.0 96.8 122.5 144.1 137.0 107.2 52.1 0.0 6.0 698
1954 0.0 0.0 0.0 2.7 116.8 146.6 150.6 136.8 97.1 57.0 0.0 0.0 747
1955 0.0 0.0 0.0 45.3 139.0 155.8 152.6 177.8 117.9 66.8 0.0 9.0 855
1956 0.0 0.0 0.0 42.9 128.6 166.6 150.6 160.3 117.8 61.6 0.0 0.0 828
1957 0.0 0.0 0.0 40.3 159.7 147.7 202.4 138.7 116.0 53.9 0.0 0.0 359
1958 0.0 0.0 0.0 59.6 164.0 167.5 188.1 190.4 112.0 52.1 0.0 0.0 934
1959 0.0 9.0 0.0 S7.4 152.8 172.6 192.7 170.1 105.1 43.4 0.9 0.0 894
1960 0.0 0.0 0.0 4.2 131.9 161.4 189.1 172.4 127.6 58.9 0.0 0.0 886
1961 0.0 0.0 0.0 60.0 161.0 208.2 211.6 241.8 137.5 62.9 0.0 0.0 1063
1962 0.0 0.0 0.0 45.4 123.4 155.2 189.6 176.3 117.0 58.0 0.0 0.0 865
1963 0.0 0.0 0.0 51.0 119.6 149.2 160.0 152.0 115.6 67.0 0.0 0.0 814
1964 0.0 0.0 0.0 47.3 148.1 172.1 177.9 160.8 116.7 62.2 6.0 0.0 885
1965 0.0 0.0 0.0 42.7 144.6 173.0 169.8 159.8 95.3 74.0 0.0 0.0 859
1966 0.0 0.0 0.0 44.8 160.5 161.6 187.4 153.9 132.4 66.8 0.0 0.0 907
1967 0.0 0.0 0.0 39.4 152.7 207.0 232.0 216.3 160.7 54.4 0.0 0.0 1062
1968 0.0 0.0 0.0 60.9 154.2 182.8 190.5 148.5 115.4 51.9 0.0 0.0 904
1969 0.0 0.0 0.0 55.1 150.5 179.5 187.5 180.5 113.9 43.2 0.0 6.0 910
1970 0.0 0.0 0.0 47.8 116.8 159.5 150.4 186.6 111.2 52.3 0.0 0.0 825
1971 0.0 0.0 9.0 48.7 154.7 135.1 159.8 160.5 119.7 61.9 0.0 0.0 840
1972 0.0 0.0 0.0 53.5 119.8 189.3 150.8 150.7 107.8 60.8 0.0 0.0 833
1973 0.0 0.0 0.0 51.5 116.3 138.3 158.6 157.9 106.0 55.9 0.0 0.0 784
1974 0.0 0.0 0.9 38.1 104.1 171.8 180.2 136.8 103.8 61.5 0.0 0.0 796
1975 0.0 0.0 0.0 3.3 114.3 128.4 185.3 146.8 102.2 53.3 0.0 0.0 765
1976 0.0 0.0 0.0 49.4 159.9 132.9 183.5 165.8 136.6 7.4 0.0 0.5 900
1977 0.0 0.0 0.0 82.6 153.8 173.4 170.6 152.8 8.6 68.8 0.0 0.0 887
1978 0.0 0.0 0.0 49.1 167.1 170.5 163.2 169.0 112.9 59.8 0.0 0.0 872
1979 0.0 0.0 0.0 41.2 122.2 184.7 209.4 166.0 114.3 56.6 0.0 0.0 894
1980 0.0 0.0 0.0 73.1 185.6 174.3 171.3 133.4 105.7 57.1 0.0 0.0 900
1981 0.0 0.0 0.0 69.4 137.5 163.0 175.1 164.2 121.0 44.9 0.0 0.0 855
1982 0.0 0.0 0.0 58.6 121.2 139.3 142.4 128.2 99.9 43.6 0.0 0.0 733
1983 0.0 0.0 0.0 37.3 108.4 153.1 148.0 175.1 116.7 49.3 0.0 0.0 788
1984 0.0 0.0 0.0 61.6 133.6 154.0 185.3 191.5 101.5 53.4 0.0 0.0 881
1985 0.0 0.0 0.0 59.9 129.0 143.2 157.5 137.3 97.8 67.1 0.0 0.0 792
1986 0.0 0.0 0.0 51.2 161.0 160.8 163.6 166.9 %94 .1 56.2 0.0 0.0 854
MIN 0.0 0.0 0.0 0.0 96.8 107.1 129.2 17.2 80.4 33.8 0.0 0.0 662
MAX 0.0 0.0 0.0 82.6 185.6 234.9 242.6 241.8 160.7 74.0 0.0 0.0 1088
MEAN 0.0 0.0 0.0 46.2 134.6 156.4 171.6 156.7 106.4 53.1 0.0 0.0 825




GROSS EVAPORATION (mm) -- BRANDON

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
1911 0.0 0.0 0.9 29.4 116.6 108.3 135.5 102.4 78.7 26.8 8.0 0.0 598
1912 0.0 0.0 0.0 39.8 127.3 167.8 138.9 116.0 81.6 43.2 0.0 0.0 714
1913 0.0 0.0 0.0 44.2 125.1 176.3 156.1 114.7 69.5 34.6 0.0 0.0 721
1914 0.0 0.0 0.0 43.0 161.2 175.4 165.1 142.6 93.4 26.4 0.0 0.0 787
1915 0.0 0.0 0.0 43.2 138.6 143.0 162.1 152.2 76.3 42.0 0.0 0.0 757
1916 0.0 0.0 0.0 40.3 114.2 116.5 128.6 118.5 99.5 41.5 0.0 0.0 659
197 0.0 0.0 0.0 48.5 153.6 167.4 153.3 147.6 69.8 40.7 0.0 0.0 781
1918 0.0 0.0 0.0 50.6 121.1 152.4 149.0 131.3 87.4 42.9 0.0 9.0 735
1919 0.0 0.0 0.0 24.9 99.1 96.8 142.6 103.8 89.0 43.2 0.0 0.0 599
1920 0.0 0.0 0.0 39.2 116.8 125.0 161.0 132.8 82.1 49.6 0.0 0.0 707
1921 0.0 0.0 0.0 35.9 122.4 136.1 147.5 131.3 62.4 21.9 0.0 0.0 657
1922 0.0 0.0 0.0 34.5 125.6 140.5 149.9 119.5 58.1 26.2 0.0 0.0 654
1923 0.0 0.0 0.0 39.5 115.4 168.6 148.3 114.5 7.5 38.2 0.0 0.0 676
1924 0.0 0.0 0.0 40.3 128.4 152.4 173.1 144.8 9.1 48.6 0.0 0.0 787
1925 0.0 0.0 0.0 45.2 126.2 125.3 171.7 150.7 81.7 41.9 0.0 8.0 743
1926 0.0 0.0 0.0 42.2 123.3 154.7 167.4 138.7 97.4 44.1 0.0 0.0 768
1927 0.0 0.0 0.0 54.6 120.8 147.4 141.9 152.1 94.6 41.5 0.0 0.0 753
1928 0.0 0.0 6.0 38.0 125.8 122.5 118.1 121.8 93.4 46.1 0.0 0.0 666
1929 0.0 0.0 0.0 45.3 133.0 153.0 173.0 172.0 101.4 39.6 0.0 6.0 817
1930 0.0 0.0 0.0 35.4 115.6 128.2 139.1 124.1 99.4 40.4 0.0 0.0 682
1931 0.0 0.0 0.0 49.8 118.6 151.1 153.7 149.6 82.8 40.0 0.0 0.0 746
1932 0.0 0.0 0.0 36.4 149.6 128.2 152.1 142.3 11.7 46.8 0.0 0.0 765
1933 0.0 0.0 0.0 49.5 141.2 134.9 153.0 192.1 107.6 48.0 0.0 0.0 826
1934 0.0 0.0 0.0 64.8 161.7 151.8 186.8 159.7 101.0 43.7 0.0 0.0 869
1935 0.0 0.0 0.0 39.2 132.8 151.1 143.8 152.0 99.0 54.8 0.0 0.0 UES
1936 0.0 0.0 0.0 47.9 95.1 155.8 175.6 157.1 103.4 56.6 0.0 0.0 792
1937 0.0 0.0 0.0 38.7 137.7 159.8 171.0 160.1 98.9 49.6 0.0 0.0 816
1938 0.0 0.0 0.0 52.4 129.0 172.1 150.2 17.4 97.1 44.7 0.0 0.0 763
1939 0.0 0.0 0.0 45.4 116.1 110.2 151.9 155.0 87.8 1.1 0.0 0.0 707
1940 0.0 0.0 0.0 45.4 107.7 129.8 140.0 140.4 76.3 34.8 0.0 6.0 674
1941 0.0 0.0 0.0 26.4 100.7 114.0 118.4 108.9 73.3 32.0 0.0 9.0 574
1942 0.0 0.0 0.0 32.4 92.8 108.9 112.2 99.6 67.6 41.8 0.0 0.0 555
1943 0.0 0.0 0.0 4.2 88.9 100.7 118.3 122.4 97.7 49.0 0.0 0.0 621
1944 0.0 0.0 0.0 39.6 95.7 93.1 110.2 112.4 72.5 37.7 0.0 0.0 561
1945 0.0 0.0 0.0 36.2 83.8 112.9 106.4 117.2 93.0 43.9 0.0 0.0 593
1946 0.0 0.0 0.0 47.5 101.7 122.1 134.8 133.3 88.8 40.0 0.0 0.0 668
1967 0.0 0.0 0.0 36.9 98.3 116.8 124.6 116.7 90.7 50.5 0.0 0.0 635
1948 0.0 0.0 0.0 31.7 98.2 108.3 135.3 109.9 105.5 47.0 0.0 0.0 636
1949 0.0 0.0 0.0 43.3 109.0 126.3 135.9 131.9 112.8 53.1 0.0 0.0 712
1950 0.0 0.0 0.0 47.0 115.8 141.1 127.9 133.1 99.5 53.2 0.0 0.0 718
1951 0.0 0.0 0.0 41.1 141.1 146.4 171.6 127.1 86.7 38.8 0.0 0.0 753
1952 0.0 0.0 0.6 52.1 124.3 146.7 167.9 152.4 107.0 63.7 0.0 0.0 814
1953 0.0 0.0 9.0 49.5 109.6 119.0 131.9 147.5 100.5 50.4 0.0 0.0 708
1954 0.0 0.0 0.0 47.1 116.1 132.4 156.0 142.5 100.2 55.1 0.0 0.0 749
1955 0.0 0.0 0.0 41.7 137.3 138.4 148.4 157.2 112.4 S54.4 0.0 0.0 790
1956 0.0 0.0 0.0 35.5 114.5 143.9 135.3 164.9 102.1 52.4 0.0 0.0 728
1957 0.0 0.0 0.0 46.5 148.5 130.8 168.5 140.1 101.6 41.9 0.0 0.0 778
1958 0.9 0.0 0.0 61.3 138.7 138.9 152.9 167.7 122.0 53.9 0.0 0.0 835
1959 0.0 0.0 0.0 61.9 134.7 142.9 179.9 173.9 1111 3.4 0.0 0.0 848
1960 0.0 0.0 0.0 50.8 124.2 158.4 171.1 157.3 113.4 61.1 0.0 0.0 836
1961 0.0 0.0 0.0 57.1 123.8 200.2 177.4 214.2 108.5 55.8 0.0 0.0 937
1962 0.9 0.0 0.0 42.0 115.0 137.0 154.3 14%2.7 110.3 4.6 0.0 0.0 746
1963 0.0 0.0 0.0 k2.6 116.2 128.6 138.7 129.0 97.0 51.3 8.0 0.0 703
1964 0.0 0.0 0.0 40.5 123.0 138.5 130.3 132.3 88.7 56.7 6.0 0.0 710
1965 0.0 0.0 0.0 29.9 118.0 159.2 128.8 129.1 78.6 58.7 0.0 0.0 702
1966 0.0 0.0 0.0 bt.4 121.5 140.3 158.4 141.9 105.3 57.7 0.0 0.0 767
1967 0.0 0.0 0.0 39.1 139.1 157.8 175.2 164.9 129.2 46.1 9.0 9.0 851
1968 0.0 0.0 0.0 47.7 17.5 152.7 156.8 123.9 85.3 40.2 0.0 0.0 725
1969 0.0 0.0 0.0 39.3 123.4 1641.6 126.3 130.5 90.2 42.7 0.0 0.0 694
1970 0.0 0.0 0.0 43.6 127.4 165.6 166.8 171.2 108.6 57.7 0.0 0.0 841
1971 0.0 0.0 0.0 59.2 148.0 123.0 168.9 165.8 109.9 53.1 0.0 0.0 828
1972 0.0 0.0 0.0 47.9 123.9 165.3 154.3 157.0 17.9 62.8 0.0 0.0 829
1973 0.0 0.0 0.0 7.7 159.2 178.0 179.0 154.8 109.8 55.2 0.0 0.0 908
1974 0.0 0.0 0.0 40.2 1mM.1 180.2 168.4 142.2 106.4 67.7 0.0 0.0 816
1975 0.0 0.0 0.0 41.8 1246.6 134.7 168.3 135.5 96.7 51.8 0.0 0.0 753
1976 0.0 0.0 0.0 51.4 158.0 127.0 157.7 157.7 128.9 67.7 0.0 0.0 848
1977 0.0 0.0 9.0 8.7 147.7 138.3 162.7 142.5 B4.0 66.6 0.0 0.0 805
1978 0.0 0.0 0.0 58.1 163.9 154.6 136.7 160.6 121.6 56.4 6.0 0.0 832
1979 0.0 0.0 0.p 36.9 118.1 163.2 160.9 148.8 104.1 6.7 0.0 0.0 T
1980 0.0 0.0 0.0 73.7 171.4 169.9 166.2 123.2 93.0 48.4 0.0 0.0 846
1981 0.0 0.0 0.0 56.8 125.3 128.0 153.4 137.1 111.9 49.8 0.0 0.0 762
1982 0.0 0.0 0.0 54.1 120.3 143.0 141.3 140.7 120.3 46.5 0.0 0.0 766
1983 0.0 0.0 0.0 44.6 121.7 146.6 128.5 160.0 124.3 45.4 0.0 0.0 m
1984 0.0 0.0 0.0 4.9 145.5 151.4 177.1 192.8 103.3 47.0 0.0 0.0 882
1985 0.0 0.0 0.0 65.8 143.6 148.0 158.6 135.0 91.5 57.7 0.0 0.0 800
1986 0.0 0.0 0.0 47.8 149.9 138.9 131.3 143.9 94.8 46.2 0.0 0.0 753
MIN 0.0 0.0 0.0 2.9 83.8 93.1 106.4 99.6 58.1 21.9 0.0 0.0 555
MAX 0.0 0.0 0.0 a.7 171.4 200.2 186.8 214.2 129.2 67.7 0.0 0.0 937
MEAN 0.0 0.0 0.0 45.7 124.9 141.3 150.2 141.2 96.5 47.1 0.0 0.0 747



GROSS EVAPORATION (mm) -- THE PAS

JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocY NOV DEC TOTAL
91 0.0 0.0 0.0 29.2 96.3 101.0 144.5 110.3 70.2 23.2 0.0 0.0 575
1912 0.0 0.0 0.0 19.2 88.6 127.4 120.9 108.8 72.7 31 0.0 0.0 569
1913 0.0 0.0 0.0 30.5 97.5 121.8 157.8 131.7 as.2 32.3 6.0 0.0 655
1914 0.0 0.0 0.0 31.2 96.8 118.0 162.0 144.1 87.6 29.5 0.0 0.0 669
1915 0.0 0.0 0.0 27.1 98.7 95.2 150.5 137.4 62.0 3t.6 0.0 0.0 602
1916 0.0 0.0 0.0 32.4 97.2 131.2 159.6 153.8 89.1 41.8 0.0 0.0 705
1917 9.0 0.0 0.0 26.5 116.5 149.3 177.0 125.8 69.4 46.0 0.0 0.0 711
1918 0.0 0.0 0.0 42.7 108.9 138.5 151.7 11.9 77.8 37.9 6.0 0.0 669
1919 0.0 0.0 0.0 37.8 110.9 19.7 97.7 88.0 64.4 34.4 0.0 0.0 553
1920 c.0 0.0 0.0 0.0 112.9 135.0 137.7 112.1 104.2 48.9 0.0 0.0 651
1921 0.0 0.0 0.0 38.0 118.5 114.8 128.1 130.5 101.6 37.0 0.0 0.0 668
1922 0.0 0.9 0.0 44.3 126.4 123.5 100.7 7.7 3.1 26.2 0.0 0.0 540
1923 0.0 0.0 0.0 0.0 125.5 120.2 125.0 124.3 98.8 40.1 0.0 0.0 634
1924 0.0 0.0 0.0 26.2 106.5 133.2 106.7 114.8 7.8 24.2 0.0 0.0 581
1925 0.0 0.0 0.0 21.6 115.8 84.0 121.8 102.7 72.3 36.1 0.0 0.0 554
1926 0.0 0.0 0.0 30.5 91.3 122.0 162.0 130.0 91.7 3.0 0.0 0.0 661
1927 0.0 0.0 0.0 23.4 80.1 114.4 111.2 96.1 63.2 22.8 0.0 0.0 N
1928 0.0 0.0 0.0 30.2 95.2 135.3 145.4 105.3 95.3 47.8 0.0 0.0 654
1929 0.0 0.0 0.0 211 89.1 116.4 131.9 121.7 70.3 13.8 0.0 0.0 564
1930 0.0 0.0 0.0 2.1 98.0 86.6 109.7 108.0 75.2 40.6 0.0 0.0 540
1931 0.0 0.0 0.0 35.9 104.4 146.3 139.7 1.9 71.5 354.8 0.0 0.0 645
1932 0.0 6.0 0.0 28.2 111.3 54.9 139.7 118.0 88.6 40.7 6.0 0.0 581
1933 0.0 0.0 0.0 30.9 105.9 123.2 132.4 98.5 114.5 3.7 6.0 0.0 640
1934 0.0 0.0 0.0 55.1 13.8 125.3 162.1 150.4 78.8 30.7 6.0 0.0 716
1935 0.0 0.0 0.0 6.7 110.8 107.3 155.5 129.2 76.3 36.3 0.0 0.0 657
1936 0.0 0.0 0.0 43.1 119.6 116.2 129.4 117.1 73.6 50.0 0.0 0.0 649
1937 0.0 0.0 0.0 25.7 125.8 138.3 160.0 123.6 7%.7 34.7 0.0 0.0 683
1938 0.0 0.0 0.0 42.1 89.3 93.0 122.6 110.9 73.1 40.0 0.0 0.0 571
1939 0.0 0.0 0.0 34.4 111.2 116.6 140.8 134.8 80.7 42.7 0.0 0.0 661
1940 0.0 0.0 0.0 42.5 120.6 126.3 144.4 138.0 75.2 31.2 0.0 0.0 678
1941 0.0 0.0 0.9 34.1 118.0 125.3 147.7 135.5 83.1 35.7 0.0 0.0 679
1942 0.0 0.0 0.0 34.7 115.7 156.0 133.3 137.0 77.4 41.2 0.0 0.0 695
1963 0.0 0.0 0.0 39.8 106.1 122.6 134.1 129.5 97.1 40.8 0.0 0.0 670
1944 0.0 6.0 0.0 42.5 110.1 133.6 137.5 132.6 80.8 43.7 0.0 0.0 681
1945 0.0 0.0 0.0 0.0 118.7 148.3 164.2 144 .2 91.2 44.3 0.0 0.0 [4R]
1946 0.0 0.0 0.0 46.3 101.8 135.8 134.4 120.1 85.7 38.0 0.0 0.0 662
1947 0.0 0.0 0.0 42.0 106.6 126.3 147.1 128.0 106.8 41.5 0.0 0.0 696
1948 0.0 0.0 0.0 0.0 118.5 125.3 146.8 139.8 90.7 48.2 6.0 0.0 669
1949 0.0 0.0 0.0 47.2 119.7 151.0 143.7 129.4 a3.7 45.8 0.0 0.0 721
1950 0.0 0.0 0.0 4.7 117.9 130.8 143.6 125.2 82.0 36.9 0.0 0.0 681
1951 0.0 0.0 0.0 44.2 119.1 114.1 140.5 125.3 81.3 34.5 0.0 0.0 659
1952 0.0 0.0 0.0 52.2 104.7 126.3 152.0 139.9 77.8 46.1 0.0 6.0 699
1953 0.0 6.0 0.0 40.2 109.2 121.5 142.1 113.5 93.8 39.8 0.0 0.0 660
1954 0.0 0.0 0.0 0.0 106.7 127.1 150.8 113.5 87.3 48.1 0.0 0.0 633
1955 0.0 0.0 0.0 43.3 125.3 130.3 160.7 151.8 102.2 48.1 0.0 0.0 762
1956 0.0 0.0 0.0 45.4 119.4 166.1 162.6 168.3 108.2 47.6 0.0 0.0 797
1957 0.0 0.0 0.0 4.1 118.1 132.7 159.1 131.5 95.7 44.3 0.0 0.0 725
1958 0.0 0.0 0.0 39.6 117.9 125.0 140.4 132.6 77.8' 35.3 0.0 0.0 669
1959 0.0 0.0 0.0 45.0 111.6 129.8 152.6 131.2 85.1 42.8 0.0 0.0 698
1960 0.0 0.0 0.0 39.3 120.6 136.3 165.8 142.1 113.6 48.1 0.0 0.0 766
1961 0.0 0.0 0.0 52.6 135.4 171.5 174.9 170.9 113.5 49.0 0.0 0.0 863
1962 0.0 0.0 9.0 46.0 128.0 155.8 191.1 162.2 116.1 48.7 0.0 0.0 848
1963 0.0 0.0 0.0 52.4 120.8 145.9 167.4 138.6 100.4 46.1 0.0 0.0 77
1964 0.0 0.0 0.0 50.7 146.7 182.2 175.6 145.4 100.1 48.3 0.0 0.0 849
1965 0.0 0.0 0.0 46.1 121.0 157.1 152.8 130.0 98.3 57.3 0.0 0.0 763
1966 0.0 0.0 0.0 43.3 123.1 127.0 131.6 136.7 96.7 54.4 0.0 0.0 713
1967 0.0 0.0 0.0 0.0 129.6 176.5 207.7 171.2 116.0 45.7 0.0 0.0 847
1968 0.0 0.0 0.0 47.7 118.3 154.7 180.5 138.5 87.5 40.0 0.0 0.0 767
1969 0.0 0.0 0.0 52.6 116.7 161.6 163.8 154.9 93.4 45.3 0.0 G.0 738
1970 0.0 0.0 0.0 39.3 108.2 128.4 153.2 164.3 98.7 47.3 0.0 0.0 739
197N 0.0 0.0 0.0 42.3 105.5 128.2 156.1 146.7 95.0 48.4 0.0 0.0 722
1972 0.0 0.0 0.0 S4.8 110.4 146.5 145.5 136.3 94.9 58.6 0.0 0.0 747
1973 0.0 0.0 0.0 66.7 120.4 132.8 157.7 150.2 107.4 40.3 0.0 0.0 756
1974 0.0 0.0 0.0 50.6 107.3 137.0 168.8 145.0 102.8 58.4 0.0 0.9 770
1975 0.0 0.0 0.0 54.1 92.5 121.6 154.4 132.1 91.9 48.5 0.0 0.0 695
1976 0.0 0.0 0.0 60.4 150.1 119.7 148.6 140.0 112.1 54.1 0.0 0.0 785
1977 0.0 0.0 0.0 60.9 120.8 135.6 140.8 125.4 73.4 51.2 0.0 0.0 708
1978 0.0 0.0 0.0 42.3 114.5 116.6 150.4 134.5 83.8 36.3 0.0 0.0 678
1979 0.0 0.0 0.0 41.3 9.7 133.2 164.5 123.5 81.6 39.9 0.0 0.0 659
1980 0.0 0.0 0.0 2.1 126.3 142.7 157.4 132.3 98.6 45.9 0.0 0.0 s
1981 0.0 0.0 0.0 43.6 117.5 129.6 149.1 108.6 90.4 45.2 0.0 0.0 684
1982 0.0 0.0 0.0 52.1 100.4 126.5 158.4 156.5 111.5 38.4 0.0 0.0 T44
1983 0.0 0.0 0.0 46.8 95.2 143.8 137.9 142.3 92.3 47.9 0.0 0.0 706
1984 0.0 0.0 0.0 53.4 113.9 145.9 183.6 188.9 96.5 53.1 0.0 0.0 835
1985 0.0 6.0 0.0 59.5 122.0 135.3 175.2 151.7 109.6 56.5 0.0 0.0 810
1986 0.0 0.0 0.0 50.3 133.7 151.8 152.4 159.8 91.7 57.3 0.0 0.0 97
MIN 0.0 0.0 9.0 0.0 80.1 54.9 97.7 77.7 43.1 13.8 0.0 0.0 511
MAX 0.0 0.0 0.0 72.1 150.1 182.2 207.7 188.9 116.1 58.6 0.0 0.0 368
MEAN 0.0 0.0 0.0 38.1 112.4 130.3 148.0 131.9 88.5 41.7 0.0 0.0 691




GROSS EVAPORATION (mm) —-- WINNIPEG

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC TOTAL
1911 0.0 0.0 6.0 32.7 121.3 AR} 142.6 105.0 82.8 27.8 0.0 0.0 624
1912 0.0 0.0 0.0 62.5 132.9 175.7 145.6 122.7 83.2 44,1 6.0 0.0 767
1913 0.0 0.0 0.0 45.3 130.5 184.7 164.7 119.4 69.9 34.6 0.0 0.0 749
1914 0.0 0.0 0.0 45.3 150.9 188.3 172.9 150.8 96.8 20.2 0.0 6.0 825
1915 0.0 0.0 0.0 45.3 144.2 149.4 172.3 161.0 77.0 4h.2 0.0 0.0 793
1916 0.0 0.0 0.0 41.8 118.5 120.8 132.7 123.5 104.9 44.2 0.0 0.0 687
1917 0.0 0.0 0.0 50.9 162.6 178.8 162.9 157.0 71.6 3.8 0.0 0.0 328
1918 0.0 0.0 0.0 54.3 127.5 159.4 158.0 138.2 92.7 45.9 0.0 0.0 776
1919 0.0 0.0 0.0 24.4 102.4 97.2 149.3 109.3 93.2 45.7 0.0 0.0 622
1920 0.0 0.0 0.0 41.1 121.2 128.3 168.7 138.0 80.3 49.1 0.0 0.0 727
1921 0.0 0.0 0.0 38.3 129.0 141.7 152.4 127.7 56.6 19.7 0.0 0.0 665
1922 0.0 0.0 0.0 38.3 116.9 159.0 161.0 110.5 69.1 36.2 0.0 0.0 691
1923 0.0 0.0 0.0 45.4 143.9 159.4 150.0 159.7 119.4 54.9 0.0 0.0 833
1924 0.0 0.0 0.0 1.3 136.0 162.6 180.3 157.6 101.4 49.8 0.0 8.0 829
1925 0.0 0.0 0.0 47.8 136.5 129.0 180.4 149.9 81.8 43.6 0.0 0.0 769
1926 0.0 0.0 0.0 45.1 153.2 168.4 173.7 147.0 100.1 63.7 0.0 0.0 a31
1927 0.0 0.0 0.0 59.9 127.2 153.0 145.8 162.0 97.3 41.2 0.0 0.0 786
1928 0.0 0.0 0.0 38.5 130.6 127.8 119.0 125.5 96.0 48.2 0.0 0.0 686
1929 0.0 0.0 0.0 47.6 140.3 164.9 181.0 186.2 104.5 61.2 0.0 0.0 866
1930 0.0 0.0 0.0 38.7 119.3 134.6 142.4 131.0 101.6 40.5 0.0 0.0 708
1931 0.0 0.0 0.0 54.4 126.3 160.6 172.9 161.6 80.3 37.9 0.0 0.0 79
1932 0.0 0.0 0.0 39.3 159.6 133.2 158.2 157.8 118.3 47.3 0.0 0.0 314
1933 0.0 0.0 0.0 52.2 144.9 184.5 184.7 191.0 110.6 50.7 6.0 0.0 919
1934 0.0 0.0 0.0 58.4 170.2 159.5 193.8 175.2 105.1 48.1 0.0 0.0 910
1935 0.0 0.0 0.0 43.1 140.7 157.9 151.8 159.8 104.2 59.6 0.0 0.0 817
1936 0.0 0.0 9.0 51.8 151.3 165.0 185.8 168.4 109.6 62.1 0.9 0.0 894
1937 0.0 0.0 0.0 42.9 144.2 168.5 175.0 169.4 103.2 53.6 0.0 0.0 857
1938 0.0 0.0 0.0 56.9 1341 172.4 153.2 193.1 133.3 61.6 0.0 0.0 905
1939 0.0 0.0 0.0 52.8 135.6 139.1 202.5 157.2 100.1 49.5 0.0 0.0 a37
1940 0.0 0.0 0.0 49.4 132.3 153.9 168.8 165.8 103.6 47.3 0.0 0.0 821
1941 0.0 0.0 0.0 33.3 122.8 123.1 141.3 141.6 93.5 46.1 0.0 0.0 702
1942 0.0 0.0 0.0 41.5 121.9 141.8 157.3 141.4 104.9 55.4 0.0 0.0 764
1943 0.0 0.0 0.0 60.7 125.5 126.4 158.2 153.9 118.6 64.0 0.0 0.0 807
1944 0.0 0.0 0.0 53.9 118.0 17.1 165.7 155.8 78.6 46.8 0.0 0.0 736
1945 0.0 0.0 0.0 41.3 114.4 143.8 149.8 159.6 102.2 50.8 0.0 0.0 762
1946 0.0 9.0 0.0 63.1 135.0 155.5 173.3 170.4 114.3 50.6 0.0 0.0 862
1947 0.0 0.0 0.0 44,1 124.8 166.3 159.8 135.3 110.2 54.4 0.0 0.0 s
1948 0.0 0.0 0.0 38.3 136.7 145.3 150.8 144.2 132.8 65.7 0.0 0.0 814
1949 0.0 0.0 0.0 7.7 130.0 156.0 172.9 157.7 109.0 51.5 0.0 0.0 825
1950 0.0 0.0 0.0 41.1 99.1 152.2 139.5 140.2 96.4 48.2 0.0 0.0 IaX4
1951 0.9 0.0 0.0 48.9 152.3 151.7 176.0 138.9 89.2 45.0 0.0 0.0 802
1952 0.0 0.0 0.0 74.8 139.7 159.6 160.4 163.1 122.3 62.8 0.0 0.0 883
1953 9.0 0.0 0.0 53.3 121.8 131.5 161.7 153.2 98.5 49.3 0.9 0.0 769
1954 0.0 0.0 0.0 46.8 128.1 141.0 142.3 131.7 9.6 53.3 0.0 0.0 738
1955 0.0 0.0 0.9 50.9 143.6 140.1 163.4 186.0 119.8 57.0 0.0 0.0 861
1956 0.0 6.0 0.0 4.3 123.6 170.5 139.8 1466.2 102.2 57.5 0.0 0.0 784
1957 0.0 0.0 0.0 45.4 160.0 138.5 167.4 151.6 98.2 49.8 0.0 0.0 811
1958 0.0 0.0 0.0 69.9 168.5 1750 160.0 166.3 119.8 52.9 0.0 0.0 N3
1959 0.0 0.0 0.0 56.4 137.3 154.8 178.4 172.0 101.7 43.2 0.0 0.0 844
1960 0.0 0.0 0.0 46.0 148.5 162.2 2121 170.2 119.5 65.4 0.0 0.0 924
1961 0.0 0.0 0.0 50.9 155.7 220.9 178.0 212.1 105.8 62.2 0.0 0.0 986
1962 0.0 0.0 0.0 41.7 116.2 147.7 156.3 167.4 116.3 48.0 0.0 0.0 73
1963 0.0 0.0 0.0 53.3 140.0 158.2 187.2 168.5 128.7 77.5 0.0 0.0 913
1964 0.0 0.0 0.0 54.5 155.3 152.7 161.0 190.6 129.0 70.6 0.0 0.0 914
1965 0.0 0.0 0.0 47.7 146.9 196.5 163.6 156.4 %8.9 63.7 0.0 0.0 874
1966 0.0 0.0 0.0 49.6 132.8 163.1 157.7 154.0 120.2 52.9 0.0 0.0 830
1967 0.0 0.0 0.0 46.8 139.5 170.7 175.4 130.9 157.6 49.5 0.0 0.0 920
1968 0.0 0.0 0.0 59.1 135.8 171.8 169.6 139.6 103.6 51.0 0.0 0.0 830
1969 0.0 0.0 0.0 56.7 131.5 148.2 146.3 163.0 96.7 b b 6.0 0.0 787
1970 0.0 0.0 6.0 43.7 126.5 153.2 180.5 187.5 103.5 57.5 6.0 0.0 850
1971 0.0 0.0 0.0 50.2 147.9 128.8 157.0 166.9 114.4 43.9 0.0 0.0 809
1972 0.0 0.9 0.0 43.5 136.7 169.3 151.7 150.8 1741 55.8 0.0 0.0 825
1973 0.0 0.0 0.0 62.5 146.0 147.4 161.9 144 .6 1M1.9 44.7 0.0 0.0 819
1974 0.0 0.0 0.0 39.4 112.9 185.7 208.0 163.7 105.4 63.6 0.0 0.0 879
1975 0.0 0.0 0.0 49.9 131.7 132.9 173.0 137.3 108.3 54.9 0.0 0.0 788
1976 0.0 6.0 0.0 56.1 166.9 155.9 197.5 179.0 144 .0 67.7 0.0 0.0 947
1977 0.0 6.0 0.0 93.0 167.5 144.6 170.8 163.6 91.2 65.0 0.0 0.0 876
1978 0.0 0.0 0.0 62.1 166.8 153.8 154.6 163.5 1r.7 56.1 0.0 0.0 874
1979 0.0 0.0 0.0 42.5 118.0 171.4 179.3 150.7 114.5 57.0 0.0 0.0 a33
1980 0.0 0.0 0.0 81.4 192.2 194.3 202.8 135.2 107.0 54.6 0.0 0.0 967
1981 0.0 0.0 0.0 4.9 156.9 151.3 171.8 148.1 112.4 58.3 0.0 0.0 864
1982 0.0 0.0 0.0 63.3 148.3 164 .4 162.7 163.9 124.2 43.3 0.9 9.0 870
1983 0.0 0.0 0.0 54.9 143.6 149.8 169.6 174.6 118.4 46.7 0.0 0.0 858
1984 0.0 0.0 0.0 70.1 148.3 134.1 155.4 175.4 104.1 46.3 0.0 0.0 834
1985 0.0 0.0 0.0 55.5 131.1 143.2 154.4 127.8 9.3 56.2 0.0 6.0 762
1986 0.0 0.0 0.0 51.9 126.5 150.4 140.5 153.2 90.8 50.2 0.0 c.0 763
MIN 0.0 0.0 0.0 24.4 9.1 97.2 119.0 105.0 56.6 19.7 0.0 0.0 622
MAX 0.0 0.0 0.0 93.0 192.2 220.9 212.1 212.1 157.6 7.5 0.0 0.0 986
MEAN 0.0 0.0 0.0 50.2 137.3 153.7 164.7 154.5 104.1 50.6 0.0 0.0 815
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CALGARY
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TOTAL
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B-22

EDMONTON

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN
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B-23

LETHBRIDGE

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLY AUG SEPT ocT NOV DEC

JAN
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MEDICINE HAT

PRECIPITATION (mm)

TOTAL

DEC

FEB MAR APR MAY JUNE JULY AUG SEPT ocY

JAN

218
354
260
335
296
292
436
302
302
459
282
317
302
431
289
278
289
537
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BROADVIEW

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLY AUG SEPT oCcT NOV DEC

JAN
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532
417
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486
659
563
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272
465
488
296
585
396
308
523
333
447
528
643
442
501
662
422
512
352
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NORTH BATTLEFORD

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JULY AUG SEPT oCcT Nov DEC

JAN
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PRINCE ALBERT

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN
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340
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269
341
390
418
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372
347
390
376
469
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377
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434
382
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306
370
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REGINA

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN
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SASKATOON

TOTAL

AUG SEPT ocT NOV DEC

JULY

PRECIPITATION (mm)
FEB MAR APR HAY JUNE

JAN
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SWIFT CURRENT

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC

JAN
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B-31
PRECIPITATION (mm)
MAR APR MAY JUNE JULY

FEB

JAN
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-- BRANDON

PRECIPITATION (mm)

TOTAL
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FEB MAR APR MAY JUNE JULY AUG SEPT oct
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THE PAS

PRECIPITATION (mm)

TOTAL

FE8 MAR APR MAY JUNE JuLy AUG SEPT ocT NQV DEC

JAN
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WINNIPEG

PRECIPITATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN
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NET EVAPORATION

Alberta
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Saskatchewan
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The Pas . . . . . . . . . . . . .. e e e e : : .
Winnipeg . . . . . . . L . oL 000 oo

[volvsNvsRooRuviov o)
1

B T i i ]

~NOYOT AW




B-36




B-37

CALGARY

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC

JAN
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EDMONTON

-

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT Nov DEC
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LETHBRIDGE

NET EVAPORATION (mm)
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FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC
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MEDICINE HAT

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOv DEC

JAN
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NORTH BATTLEFORD

NET EVAPORATION (mm)
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PRINCE ALBERT

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JUuLY AUG SEPT ocT NOV DEC

JAN
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-~ REGINA

NET EVAPCRATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLY AUG SEPT ocT NOv DEC

JAN
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854
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626
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NET EVAPORATION (mm) -- SWIFT CURRENT

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT oCcT NOV DEC TOTAL
191 -14.2 6.6 -7.6 28.4 110.0 99.0 125.7 7.9 . 78.9 26.8 -21.3 -20.3 W77
1912 -9.1 -10.7 -2.5 34.4 63.7 125.4 101.8 90.6 73.8 36.5 -5.6 -9.6 489
1913 -12.2 -7.9 -34.8 39.4 67.2 58.4 125.8 134.1 133.9 36.3 -0.8 -1.0 538
1914 -15.5 -9.6 -20.1 46.7 157.6 105.9 208.9 172.8 81.7 -31.4 -23.4 -24.6 649
1915 -12.2 -4.1 -2.5 7.9 51.5 89.4 33.9 136.9 46.8 29.0 -2.5 -33.3 455
1916 -68.6 -25.9 <47.8 48.6 95.0 56.2 27.2 a3.1 73.4 15.4 -15.8 -27.9 213
1917 -28.7 -25.6 -35.3 10.2 147.3 117.8 195.0 126.4 60.5 32.9 -0.3 -22.1 578
1918 -24.4 -23.4 -24.4 2.2 121.9 150.7 173.6 157.4 105.6 14.4 -17.5 -25.6 610
1919 -12.7 <40.6 -23.4 -13.1 123.2 166.6 229.3 127.2 100.1 38.6 -3.8 -4.8 687
1920 -14.0 -7.6 -8.1 43.5 128.1 124.7 128.7 176.6 111.8 34.3 -5.6 4.6 708
1921 -3.3 -2.0 -14.2 35.3 97.0 138.1 163.4 173.0 21.9 43.9 -10.9 4.8 637
1922 -20.6 -8.1 <41 36.1 75.0 82.0 162.5 155.0 167.5 64.8 -11.2 -10.4 689
1923 -10.2 -10.2 -14.0 33.9 145.1 6.6 66.3 120.7 153.4 81.9 -19.8 4.6 549
1924 -10.7 -12.9 -10.9 67.4 108.5 118.3 231.8 121.7 112.1 -5.1 -24.9 -23.6 672
1925 -22.1 -5.6 -23.1 -10.8 1264.9 139.6 167.3 151.1 34.0 29.5 -3.8 -5.8 575
1926 -27.9 -11.4 -7.9 54.5 100.1 141.9 155.3 98.6 79.1 47.8 -19.6 -10.2 600
1927 -12.2 -27.9 -36.1 20.7 -2.5° 140.6 90.6 7.1 79.3 1.5 -34.3 -16.8 310
1928 -8.4 <4.3 -16.0 61.5 158.6 70.0 124.5 197.7 112.0 36.0 -0.3 -16.8 715
1929 -46.0 -13.7 -14.0 50.0 113.7 161.7 243.2 245.3 73.6 47.6 -24.9 -36.3 800
1930 9.9 -3.6 -4.8 37.5 177.6 132.8 207.7 169.6 57.4 21.4 -8.4 6.4 m
1931 -2.5 -1.8 -16.8 66.2 163.6 96.0 219.5 140.1 64.9 75.9 -13.7 -33.0 758
1932 -22.4 -8.6 -14.7 18.0 122.9 132.4 55.2 96.3 95.9 30.7 -22.9 -17.8 465
1933 -15.0 -21.8 -8.1 34.6 84.2 116.7 250.5 106.3 79.9 41 -11.4 -38.4 618
1934 -17.5 4.1 -12.9 67.0 182.9 42.9 183.4 185.1 78.6 45.9 4.3 -12.7 734
1935 +61.9 -8.4 -35.8 22.7 108.1 78.3 114.7 153.0 160.6 56.4 -26.4 -13.2 570
1936 -34.8 -15.8 -24.9 46.6 148.8 124.9 258.6 187.5 134.4 71.5 -6.1 -17.8 873
1937 -30.5 ‘9.6 -5.1 70.2 159.1 225.2 220.2 234.6 136.1 62.7 -16.5 -20.1 1026
1938 -23.4 +45.5 -30.7 48.1 111.6 124.8 184.4 168.0 116.5 36.1 -10.9 -11.7 665
1939 -16.3 -13.7 <16.3 52.0 66.1 5.0 155.6 218.5 137.5 42.4 27.5 -16.5 642
1940 -8.4 <19.6 -12.9 5.0 135.5 93.5 146.2 249.5 92.0 42.0 -15.5 7.1 700
1941 -10.7 4.1 -12.9 9.7 134.4 148.0 158.3 105.4 86.0 69.0 -22.6 -15.8 685
1942 -14.5 -20.3 9.9 3.6 107.5 -12.1 117.0 7.9 62.0 28.4 ~22.4 -13.7 303
1943 -25.1 -13.2 -15.0 80.1 50.4 96.5 216.2 207.8 126.6 16.5 -5.1 -4.3 31
1944 -6.6 +17.3 -e7.7 50.0 32.7 75.6 111.0 1311 111.2 70.1 -35.3 -10.7 484
1945 -31.5 -24.1 -7.6 -3.1 17.3 125.1 228.6 160.4 52.1 60.5 -26.9 -20.6 632
1946 -13.7 6.4 -3 63.0 116.4 101.6 143.5 107.5 80.0 21.8 -53.6 -35.6 522
1947 -35.1 -20.6 -18.8 4.4 110.9 55.8 232.7 139.6 82.2 41.7 -35.1 -21.8 546
1948 -20.1 -40.4 -16.3 14.1 113.4 93.3 109.0 162.9 152.5 83.2 -20.6 -26.4 577
1949 -18.0 -8.4 -12.2 73.0 107.7 124.5 143.1 194.0 141.9 27.2 23.9 -29.2 768
1950 -30.0 -22.4 -21.6 23.1 123.5 78.9 45.8 87.5 107.2 31.5 -14.2 -14.7 395
1951 -18.3 -31.5 -47.8 28.6 138.7 40.0 154.1 90.7 54.9 10.5 -10.2 -23.14 387
1952 -23.6 -16.0 -28.4 67.2 88.9 82.8 140.5 143.2 98.0 82.6 -19.6 0.0 616
1953 -31.2 -16.5 41.4 7.2 66.2 39.5 193.8 213.0 88.7 85.4 -0.5 -17.3 587
1954 -33.3 -8.6 31.2 20.4 60.8 61.7 127.2 7.1 23.9 55.2 13.0 -6.6 361
1955 -17.3 -16.0 -30.2 -5.7 68.7 124.0 45.6 214.0 110.1 74.7 -26.6 -26.7 517
1956 -18.0 1.7 -7.1 47.6 118.6 112.3 134.4 152.0 109.5 62.0 6.9 -25.1 648
1957 -17.3 -3.6 -14.5 17.3 148.2 103.7 142.7 121.9 132.4 28.4 -21.3 -14.5 624
1958 -5.1 -27.2 -16.8 29.7 151.1 149.3 148.1 170.1 122.6 68.5 -36.3 -15.0 739
1959 -10.7 -5.3 -6.9 47.2 121.6 59.1 180.4 197.8 117.4 23.5 -30.2 -12.9 681
1960 -25.9 -10.7 -5.1 29.9 129.7 116.9 186.7 122.5 177.2 76.3 -25.1 -22.9 750
1961 -13.5 -26.9 -3.6 29.5 117.3 200.8 203.4 251.1 140.9 47.8 -19.6 -40.6 837
1962 -24.6 -22.4 -12.9 .7 107.6 127.8 114.2 178.4 143.6 42.6 -2.3 -8.6 716
1963 -23.1 -26.2 -10.2 48.4 108.0 35.5 198.2 169.8 138.3 110.4 -2.3 -19.3 727
1964 -23.9 -20.3 -10.9 54.3 148.8 123.2 253.0 200.4 55.5 105.9 -7.9 -45.0 833
1965 -26.4 -23.6 -24.4 30.9 107.7 58.0 1644.8 96.0 23.7 94.2 -32.0 -18.0 433
1966 -21.3 -11.4 -5.1 20.1 170.5 50.5 184.0 149.7 156.4 76.6 -27.4 -8.9 732
1967 64,7 22.6 -63.3 7.3 134.2 181.9 280.0 219.7 134.2 45.0 -33.8 -20.3 818
1968 -11.9 6.6 -3.6 81.6 152.2 170.6 218.8 136.2 75.2 61.8 -5.6 -14.2 854
1969 -37.3 -11.7 -23.9 7.2 130.5 168.6 100.3 267.8 129.8 -12.9 -2.8 -14.5 701
1970 -33.0 -23.9 -14.0 11.3 114.0 9.5 150.3 227.6 119.1 43.2 -16.5 -23.1 545
1971 -23.9 -9.9 -8.4 48.2 186.0 104.9 179.9 284.8 145.1 68.5 +13.2 -13.7 948
1972 -27.9 -32.8 -8.6 70.3 85.7 127.3 145.5 199.1 65.1 59.7 1.4 -10.9 661
1973 -3.1 -11.9 -12.9 -34.5 146.5 178.2 229.2 219.9 132.3 80.0 -33.8 -39.1 851
1974 -33.3 -32.8 -34.0 20.0 28.5 198.0 187.1 34.3 112.0 88.0 -11.2 -1.2 545
1975 -10.7 -12.4 -45.7 -11.4 74.3 102.5 179.1 85.4 94.4 30.8 -10.9 -20.6 455
1976 -19.1 -25.4 -53.3 55.1 167.5 3.7 156.5 179.4 161.7 72.0 -5.3 -20.6 698
1977 -18.3 -3.8 -17.3 911 29.2 176.4 130.3 150.4 86.4 81.2 -14.3 -48.6 643
1978 -10.6 -11.2 -2.7 1.6 90.4 118.5 190.3 196.7 91.9 73.5 -23.4 -13.01 702
1979 -6.7 -23.0 -9.0 11.2 89.9 141.7 167.1 191.4 135.6 57.6 -6.0 -12.1 740
1980 -22.9 -10.3 -10.5 92.7 175.4 97.4 132.5 148.0 119.0 32.5 7.9 -29.1 717
1981 -14.7 6.9 -12.7 71.2 138.7 49.4 106.2 184.1 155.5 311 -18.9 -10.6 672
1982 -27.7 -10.7 -28.1 58.5 41.7 117.3 66.1 143.8 98.0 45.2 -3.2 -19.3 482
1983 -13.2 6.9 -31.6 32.5 75.8 171.6 121.9 236.1 140.8 69.9 -20.7 -10.8 765
1984 -15.3 4.8 -14.4 81.4 155.5 121 241.4 258.8 57.7 45.4 -10.2 -22.5 885
1985 -14.7 <10.2 -25.9 59.3 145.4 179.9 243.3 182.9 69.6 52.2 -18.0 -29.0 835
1986 -7.5 -14.8 13.6 53.2 19.6 143.5 148.2 193.0 12.4 41.5 9.5 -12.0 554
MIN -68.6 45.5 -63.3 -34.5 -2.5 -12.1 27.2 346.3 12.4 -31.4 53.6 -48.6 213
MAX -2.5 -1.8 -2.5 92.7 186.0 225.2 280.0 284.8 177.2 110.4 27.5 0.0 1026
MEAN -20.1 15.2 -18.5 371 111.8 107.9 160.9 160.7 101.1 48.1 14.4 -18.3 641
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YORKTON

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JULY AUG SEPT ocT Nov DEC

JAN
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395
336
512
405
496
478

78
317
339
412
439
436
156
390
496
303
604
315
275
649
405
642
755
376
526
429
418
144
373
419
240
316
174
320
333
329
244
457
-36
262
336
298
572
606
370
&30

531
249
292
295
504
429
432
596
458
261
275
282
386
336
405

517

3

517

g3883737%

302

3

4665542062577705382773061211.34.5130037 914‘258.\66 678”53467458129897871726349
e e .12.21..11.21.114211114212.1112 e TN AN N AN eSS NN e - - . d
....

6968/4003/4147172‘564514733107566‘8639‘6052687582‘88956367‘391&9176“369/“22‘368

Nowoo awno o . o © M on CONMOOCENOCMNEIOrONGTQ®
AENS® 4%%%%161%N6 1“% SWM%wmuwwu. Bnmw%BW1w5“ M 1”&22 ¢ 821m...121ﬁ..%62.

’ . v . L R e e »

26537325028518695650263852‘97514668’57497sa0389159208058‘65332580“‘6686993‘

S PR T R e L LR E R B LR LR AL S P EFE RS E P RIS P S NP S S

720109‘6958958715‘3‘3580159200/.29287‘088675158571905904837‘74084565581633123

8LNGRE &sw Bw BRLEIELEN m&mawunnﬁ9nnwﬁnn 83 74M&mnawm wwunwwunwsw“474mu

1.1-1-

o TR E-L nnﬁ%QBMWanmmnuwmumwmw&$95%nﬂunwnwusa 5%ﬂ 588 nw%muwuuﬂoﬁwmﬁnzswwﬂwn

- - - P g R - - - - - - -
MECER - C O V0NV VO ITNVIN -~ IMONINOR LT~ INE 0L ONC 9.1~9~<.1_t.¢o-d TONYMIVCONTINONNINONONOOOY e
SREC-HRRIRRINRIISCVIRIIRE mwﬂwawm9muﬁmwa@9%zm“% n3XRGZI2 %5%Mﬁww9wwwwwn%wsks m
- - - - - LRz - - - -

R S S AL IR S R S R Rt B e R L E P L P N S L

- ——

MWBNéR}&%WHWMm %aﬁﬁnéwwwﬂHMH 0&&7nwwumxmommWwﬂmumvmnwmmau 3&m6mu4 %6&n3n&8

qlqlulcl - — - - -

9.9 20N T OMMOBON L OO MGy O N O QW O 4.7.9.7 7 3wy O 1ICNANNA NG~ OO SN 7 0“9 o 7. S pmN o9 9~6
5 n
N e M)— 1lﬂlh.n/h 2322522‘33 3‘21.‘ wy — 1132322‘23‘123 N - M NN
:

62768092920026‘28‘4849696‘5‘65885601‘95276‘691‘01175‘676779‘7‘11775005578238
...... v ]
.312. .22.1331’221211322 2241221 Mmooy .12112.5.‘541.2242212 e N NN NN M e N e
. . oo s

B LR AR

, VT e TN e e e e N A e e PN TSN T SN e e e e
f e Voo [ o . e

N MIN s N clclz. . . .112232 2212‘1111.21. .232 3. . .215.51243 113.‘21.112.21.12

CFNM TN ONOOO—AIM N ONMNQ O~ NNM [Ta) ~ [ X =R ls N.s] wy ~ D= NMFNOMN OO - [72) ~ o - ~r 0 - vy
AT S PRI R R e o e e F R F R R R I P IS I R T R
N R S e R P I T P SIS S RS S 2 8

-36
800
394

58.7
-2.0
-15.4

-0.8

-56.1
-20.4

MIN
MAX
MEAN




B-48

-—- BRANDON

NET EVAPORATION (mm)

TOTAL

DEC

FEB MAR APR MAY JUNE Juty AUG SEPT oCcT
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THE PAS

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN

95
151
289
288
384
251
395
216
167
253
359
206
312
239
104
323
155
417
274

61
151
176
194
179
241
139
200
241
248
313
336

94

6
253
166
108

91
277
232
194
173
255
152
147
237
423
305
276
229
321
466
357
173
260
169
264
402
329
434
209
312
N
234
295
239
347
184
253
234
397
156
425
126
352
342
288
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WINNIPEG

NET EVAPORATION (mm)

TOTAL

FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC

JAN

30
166
348
267
364

72
476
287
-13
286
106
162
434
358
362
317
242
155
500
135
364
318
379
401
228
502
353
503
413
386

78
202
304
118
185
&7
217
410
242
147
398
S20

51

77
282
180
286
430
191
528
665

50
43
454
348
n
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239
249
285
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194
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384

386

378

227

216

292
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Martin, F.R.J.

Determination of gross evaporation
for small to moderate-sized water
bodies in the Canadian prairies
using the Meyer formula.
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