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| NTRODUCTI ON

The net historic nmonthly inflows to Ckanagan Lake as determ ned by
change in | ake storage and outflow corrected for precipitation falling dir-
ectly on the |lake and a relatively m nor amount of consunptive use show
significant negative values following the end of the freshet period. This
is indicative of the heavy evaporation which approaches 50% of the gross
annual infl ow

In order to arrive at the natural flows for water quantity mnodelling
It was necessary early in the study to deternine the historic
evaporation occurring over the standard study period (1921-1970)

The only published infornmation avail abl e upon which the estimted his-
toric evaporation could be made is available in volumes of Monthly Record
Met eor ol ogi cal Observations in Canada and consi sted of:

a) Mont hl y pan evaporation in inches and the equival ent |ake evaporation

at the Federal Departnent of Agriculture Experinental Station at
Summer -1 and for the period 1962 to 1969.

b) Mont hly mean tenperatures in degrees °F at Summerland for the 50 year
study peri od.

From 35 concurrent data of pan evaporation versus estinmated | ake
evaporation and 49 concurrent data of nean tenperature versis pan
evaporation, the followi ng equation was deri ved:

YE-L = 0.17X; - 5.14

where YE-L = Lake evaporation in inches per nonth

X, = Mnthly nean tenperature in °F

The above fornmula was used to derive the nonthly historic evaporation
on Ckanagan Lake for the standard study period 1921 to 1970.

A check of the published | ake evaporation data for the period 1962 to
1969 in (1) was made using the "Nonograph for Conputing Lake Evaporation”
published in "New Met hods for Determ ning Lake Evaporation Loss" by John S.
Stal e and Wnot ham J. Roberts - Journal AWM - June 7, 1967.

Thi s nonograph shown in Figure A 1 required the follow ng infornation
whi ch was avail able for a 17 nonth period at Sunmerl| and:
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Mont hly Mean Tenperature in °F.

Mont hly Mean Sol ar Radi ation in Langley per day.
Mont hly Mean Dew Poi nt Tenperature in °F.
Monthly Mean Wnd in mles per day.

The published | ake evaporation for the 17 nonth period was correl at ed

with the information derived fromthe nonograph with the follow ng results:

A 2

b)

c)

X = 4.75 (Mean of X s)

Y = 3.91 (Mean of Y's)

Sy = +1. 88 (Standard deviation of X)

Sy = +1.66 (Standard deviation of Y)

R = 0.98 (Coefficient of correlation)

Sylx = 0.38 (Standard error of estimate)

Y = 0.86X — 0.17 (Regression equation of Y on X

X = 1.11Y + 0.41 (Regression equation of X on Y)
DI SCUSSI ON

The estimates of nonthly historic evaporation for Ckanagan Lake based on
air tenperature are admttedly crude but subsequent detail ed studies by the
At mospheri ¢ Environnment Service would indicate that they are reasonably good.
Wth a continuation of the newly established climatic stations it is expected
that nore accurate data shoul d becone available in the ensuing years.

Mor eover, even with the corrections for evaporation as conputed by the above
nmet hod there are still sone negative inflows in certain nmonths indicating
these estimates may be too | ow.

The application of the nonograph in checking Ckanagan Lake evaporation
estimates is al so open to question since the nonograph was prepared with
respect to nmuch smaller lakes in the United States.

The basic formula YE-L = 0.17 X, - 5.14 has al so been used in deriving the
historic evaporation over the 50 year study period on Skaha and Osoyoos Lakes
whi ch val ues are shown together wi th Ckanagan and Kal anal ka- Wod Lake in the
t abl es which foll ow.

It will be noted that the Kal anal ka- Wod Lake evaporations were derived
as foll ows:

The daily | ake evaporations for conputed at "Kel owna A' and ."Vernon SM

nmet eorol ogi cal stations for the period May to Septenber 1972 were averaged.
The 153 val ues computed in (1) were multiplied by 30 or 31 dependi ng upon the
particular nmonth to arrive at equival ent nonthly val ues.

The 153 hypot hetical nonthly evaporation val ues were correl ated agai nst

the corresponding daily tenperatures at neteorlogical station "Vernon CR'



d)

and the follow ng regression equation derived:
YE-L = 0.1533 X; - 5.154
where YE-L = Lake evaporation in inches per nonth

X; = Monthly nean tenperature in °F at Vernon CR Station

(Correlation coefficient = 0.68)

The nonthly | ake evaporation from Kal anal ka- Wod Lake were conputed from
"Vernon CR' station nonthly air tenperatures over the 50 year study
period utilizing the regression equation above.

Al'l the above | akes are referred to as nmain valley |akes and are within
an el evation range of 900 to 1,200 feet. Sinilar data has not yet been
derived for the headwater |akes which are for the nost part above el evation
4,000 feet. However, sone tentative relationshi ps have been derived between
el evation and | ake and pan evaporation by the Atnospheric Environment Service
as shown in Figures A 2 and A 3 taken from Techni cal Supplenent Il. Since the
headwat er | akes in total are only about 10,000 acres this high elevation is
not too significant conpared to the nmain valley |akes which in total have
about 10 times the surface area. However, headwater |ake evaporation may be a
i mportant factor with respect to individual tributary flows.

The derived nmonthly historic evaporation for the main valley | akes are
available in the follow ng tables:

Kal amal ka- Whod Lake Table A1
kanagan Lake Table A 2
Skaha Lake Table A 3
Gsoyoos Lake Table A 4

Finally, in Table A5 a further tabulation taken from"Atlas of dimatic
Maps" shows the formul ae used by the Atnospheric Environnent Service, for |ake
evaporation as determ ned from pan evaporation and climatol ogical data in the
preparati on of nean evaporation maps.
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TABLE A. 1

MONTHLY AND ANNUAL EVAPORATI ON I N KI LO ACRE- FEET

KALAVAL KA- WOOD LAKE

PERI OD: CLI MATI C YEAR (APRI L- MARCH) 1921-1970

ANNUAL
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TABLE A. 2

MONTHLY AND ANNUAL EVAPORATION I N KI LO ACRE- FEET
OKANAGAN LAKE

PERI OD: CLI MATI C YEAR (APRI L- MARCH) 1921-1970

CLégiEIC aer. | mav | oune| gury | Aue. | seem| oct.| wov.| oec) ganl res. | mar. | AnnuAL -
1921 | 17.6| 30.7| 40.3| 45.0] 45.0| 28.5] 22.4| s.7{ 0.0{ 0.0 0.0{ 4.5| 240.7
2 | 17.6| 28.3| 43.9| 458.6| 45.0| 35.5| 22.4| 4.5| 0.0| 0.0| o0.0| 9.3| 255.1
3 | 21.2] 29.5| 37.9| 45.6| 46.2| 36.7| 22.4| 10.5| 0.9| 0.0 10.5] 10.5| 274.9
4 | 21,2 37.9| 40.3( 48.6( 45.0{ 37.9) 22.4] 4.5 o.0| 0.0] s.1] 12.8| 278.7
5 | 23.64 35.5| 42.7| 52.2| 43.9| 35.5| 2z0.0| &.1| 6.9 0.0 10.5| 16.4( 295.3
6 | 27.2] 30.7| a2.7| 52.2| 45.0| 22.3| z2.4| 11.6| 0.0| 0.0| o.0| 11.6| 271.7
7 | 20.0) 28.3] 42.7| 28.6| 47.4| 33.1| 22.4| =.7| 0.0| 00| 3.3| 14.0| 285.5
8 | 18.8| 35.5] 40.3| 49.8| 46.2( 37.9( 20.0{ ¢.3| 0.0{ 6.0| 0.0| 14.0) 271.8
o | yeal 331l 3001l 4772l ag' 6l 3473 2a°8l 23] oiol osol szl 1008 27004
1930 | 26.0] 29,5 36.7| A7.4| 47.4] 35.5 23.6] 5.7] 0.0 3.3 3.3] 14.0] 272.4
1 | 2z 4! 328.3! 301 s8. 6] 46.2) 33.1] 21.2| 3.3l ool ool ool 81| 285.3
2 | 22.4| 31.9| 22.7| a2.7| 46.2| 3a.3| 22.4[ 11.6{ 0.0( 0.0 @.0{ @.3| 263.5
3 | 21.2| 27.2| 37.9| 45.2| 48.6| 30.7| 21.2| 11.6| 2.1 3.3| 2.5| 14.0| 268.5
4 | 29.5| 34.3| 22.7| 4s.0| 46.2| 31.9| 23.6| 12.8| 0.0| 0.0| 3.3| 6.0| 276.2
6 | 16.4( 30.7| 37.9| 43.9| 41.5{ 36.7] 1a3.8| 3.3| 2.1) 0.0| ©0.0| 6.9| 2238.2
6 | 23.6|35.5| 20.3| 47.4| 47.4| 33.1| 26.0| 4.5| 0.0| 0.0| 0.0( 10.5| 265.3
7 | 20,0 30.7| 41.5| 47.4| 41.5| 39.1| 24.8| @8.1| 2.1| 0.0| o0.0| 11.6| 265.8
g | 23.6) 32.3) 45.0| 51.0| 42.7]| 40.3| 23.6| 5.7| 0.0 2.3| o.0| 10.5| 280.0
9 26,0) 33.11 35.5| 472. 41 48,61 35,71 22.4{ 11.6] 2.3| £.8 4.5] 16.4 291.5
940 | 26.0) 34.3| 46.0] 29.8| 46.2| 41.5| 27.2| 2.1| 4.5] 2.1| 5.7 18.8| 303.2
1 | 27.2| 31.9| 40.3| 51.0| 46.2| 30.7| 22.4| 11.6| 3.3| 0.0] 4.5|11.6| 280.7
2 | 23.6]30.7|37.5] ¢a.6) a7.4) 37.9| 23.6| 5.7| 0.0] 0.0| 3.3| 6.9| 265.6
3 | 23.6| 28.3| 37.0| 45.6| 45.0| 36.7( 22.4( 10.5( 6.0{ 0.c| ©.3| &.1] zs2.0
s | 22.4| 31.8| 42.7| 48,6 42.7| 37.9| 23.6| 9.3| 0.0| 0.0| 3.3|10.4| 272.8
5 | 1s.al31.90| 37.0| 47.4| 47.4| 31.0| 22.4| 4.5| 0.9 0.a| 2.1] 12.8]| 2520
6 | 21.2( 35.5( 35.5| 46.2| 45.0/ 35.5) 17.6) ©0.9] 0.0] 0.0| 2.1|12.8| 252.3
7 | 24.8| 35.5| 37.09| as5.0| 42.7| 34.3| 22.4| ®.1| 3.3 0.0| o.af 8.1 262.1
g8 | 18.8| 295.5]| 25.0| 42.7| ¢0.3| 33.1| 18.8| a.1| o.0| o.0| o.0f 8.1| 224.8
9 | 24.8| 35.5] 37.9| a5.0 43.9| 35.5| 17.6| 11.6| 0.0l 0.0] o.a| 8.1] 259.9
TS50 | 8.8 29.5] 41.5( 47.4 | 45.0 37.8| 20.0| 5.7| 4.5] 0.0] 0.0] 3.3 | 253.6
1 | 21,2 33.1| 40.3| 48.6| ¢5.0| 36.7] 20.0| 6.a| 00| 0.0] 2.1 10.5( 234.4
2 | 23.6| 31,9 36.7| 46.2 | 46.2| 39.1| 27.2| 6.9| a.5| 4.5{ 6.9| 14.0| 287.7
3 | 20,0 30.7) 35.5) 46.2| 42.9| 32.3| 23.6| 12.8| 5.7| 0.0| 6.8| 6.9 285.5
2 | 17.6| 30.7|34.3| 42,7 41.5{ 24.3( 18.8( 16.4{ 2.1} 0.0] 0.0] 2.3| 2:20.5
5 | 16.4| 24.8| 37.9| 43.9| a3.9| 24.3| 20.0| o0.0| 0.0| c.0! c.o| 6.9| 2z8.1
6 | 23.6| 34.3| 36.7| 48.6| 27.4| 36.7| 21.2| 4.5| o.0| 0.0| o0.0] 9.3| z62.3
7 | 2z.4{ 36.7] 20,3} 42.7) 40.3) 39.1] 17.6| a.1| s5.7| 4.5| 9.3|11.6| 276.3
8 | 21.2| 20.3| 46.2| 53.4| 52.2| 34.3] 22.4| 4.5| 2.1{c.0! 0.0 1.6 235.2

o | 21:2] 27.2| 37.9] e7.2! a3.50.21:9] z0i0l 2:1| 3.3lo.0l 3.3l 11.6] z37. |
1960 | 22.6| 26.3 | 40,5 53.4 | 43,0 33.1] 23.6| 8.1] 0.0] €.5| .3 12.8| 273.1
1 | 21.2( 39,7 45.0! 4.6 57.0} 31.9) 18.8) 3.3) o.0) c.o| 2.1| 5.7 2383
2 | 24,8 25.3| 37,0 45.0| a1.5| 34.3| 21.2| 1\1.6| s.7| e.c| &.9{14.0] z7i.2
3 | 20.0] 31.9| 40.3| a2.7 | 46.2| 20.3} 26.0| 9.3] 0.0l z.1| 3.3| 10.58| 272.6
4 | 20.0) 29.5) 39.1| 6.2 | 40.3| 30.7| 22.4| 9.3| 0.0l cC.o| a.5| s5.7| 247.7
s | z2.4| 30.7|41.5( 49.e{ a7.4( 30.7{ 27.2{ t0.5| 0.9} 6.0| 5.7] 12.8] 275.6
6 | 21.2| 31.9| 36.7| 43.9| 43.¢| 37.9| z2.4| 10.5| 5.7 3.8] e.3| 9.3| 2z717.2
7 | 17.6| 2975 42.5| 47.4 | s3.4| 42.7| z3.6| 9.3| o.0| Cc.o| 4.5|14.0| 285.3
g { 20.0{20.5]37.9) ¢¢.6) 41.5) 34.3} z0.0| 9.3| o.o{ n.al o0.0| 10.5] 2%1.6
| 8 | 22,81 34.3)47.4! 45.0¢1 63.9] 34 3| 1r.8( 10.5} 2.1( G.8] 5.¥4 11.8 £.0
1970 18,81 30.7 | 45.0] 49.8 ¢ 4%.44 1 30.7]1 18.8 3.3 0,01 6.0 3.3 6.9 5o I |




TABLE A 3

MONTHLY AND ANNUAL EVAPORATI ON I N KI LO ACRE- FEET

SKAHA LAKE
PERI OD: CLI MATI C YEAR (APRI L- MARCH) 1921-1970

ANNUAL
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TABLE. A 4

MONTHLY AND ANNUAL EVAPORATI ON I N KI LO ACRE- FEET
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TABLE A. 5

VEAN EVAPORATI ON MAPS

(From Atlas of Climatic Maps - Atnospheric Environnment Service)

- The mean mp: of [0 evaporationrepresent averngss
of evsporstion Fom small, netural openawater bodies having
negisTe Tieat sterazs. The analyse: are based an S-year Class
A ! vaparation Pan dita frem 22 stations sunplemented by
mites from slimzinlegical d2iy at 100 siations for the 10-
yans preind 195741

Estimates af evaporstion from pra data were based
on 1ha equatian snpeested by Kohler, Nordenson and fox
(1o85):

B =070 [, + 0005 P, (037 - 0.0041 Up)

X 1T, = T,)0:88]
where  Ep = dolly lake evaporation ininchics
E, = daily meazured pan evaporation in fnches
P = the station pressure i inches of mercury

fp = the factien of enzipy sévested dato the pan
that tawszd incvapocation

‘JF = the daily wind movement sbove tho pan,
the 2 Lo level, In miles

Te = the meun gaily waler aulace temperatuie In
L
e
Ty = the mean duily pic tempeesture

fontlly velees wero obtetnod by summiag. Finally, monthly

means ::.“ wicre derived.

Estimates of evaporation from climatological data
w=ze based on the Christiansenn formula (Christiansen, 1266):
E; = D323 R CpCy Cy C5 Cp Oy
whese  E; = micn dally lake evoporation for the month in
Inehes
R = extra terrestrial radigtion in cvaporation units
_ Cp = 0.1532+0:00574T + 0.0000546T2
. Cuy = 0794+ 0.0037W = 0.0C000333W3
Cj; = 1.202 - 0.00353H — 0.0000381112
: €5 = 0.40240.0198 — 0.500285 +0.600001783

Cp = 0.9654 + 0.0362E - Qup16E2
Cy = 2 menthly coefficient
T = mean month!y teniperature (°F)

W= zmn wird velosity at pan level in miles per
¥y

H = niean daytime relative humidity for the morith
in prrcent

8 = percentage of pessible bright sunshine for thie
month

L = dation clevation in units of 1000's of fest

Mean monthly values I, were abtained and these estimates
were then adjusted for =il stations baned on the ratio of pan
estimates to Christiangza estimates reprasentative of the repion
and month considered,

A eomplete deseriptionvof the method is provided by
Fergusnn, O'Neill znd Cork (1970).

It Is important to note that these maps are not meant
10- indieate evaporation from larger, deepey lukes, such os the
Creat Lakes.
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