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1. I NTRODUC TION 1

1.1. One approach used to determine the amount of evaporation
from a large body of water is the mass transfer method based on; Daltonis '
equation,

where E = evaporation
.';'

es = vapour pressure at the evaporating surfa~e,

i.e. saturation water vapour ~ressure at ,surface wat,'er '
tempe,rayure.,

eae =vapour pressure of air over the lake.

f (u) = function of horizontal wind speed.

1.2. This study is concerned with a method of estimating a value
for sa from a consideration of the vapour pressure at the 'land stations
surro~ding the lakes. For this purpose, a humidity ratio H has been
defined by Richards and Fortin (1962) and will be used again in this studyo

Vapour pressure over lake
H = § eae

Vapour pressure ov~r, land ead

2. PROCEDURE

2. 1. The method" fdr,'investig~'ting the humidity ratioH is identi cal
to that used by Richards and"Fortin (1962). The po:sition' of the ship at

... This study was undertaken while the autl].or was employed as a student
assistantciuring the summ~r of 1962 assigned"to the' Lakes Investigation
Sub-section of the Hydrometeorology Section~ Mr,. Jacks9n is a Honours'
Mathematics and Physics undergraduate at the University of, Toronto.
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any given synoptic hour was taken as within a triangle with verti~es ~t three
land stations as shown in Figure' 1." Knowing the dew points at these stations~

an interpolated dew point can be found for the ship's: position. This is con­
sidered to be the dew point which would occur at that point if no lake were
present., The corresponding va~6ur pressure is taken as ead. Knowing the dew
point as measured at'the ship for that synoptic hour~ a land-lake vapour
pressure ratio can be found. By averaging the values of eadand ea values of
H for each month and for each synoptic hour can be determined. Ric~ardsand
Fortin (1962), derived values of H for the Great Lakes as a whole for each
month and for each of the four major synoptic hours using observations from
the research ship Porte Dauphine from 1959 to early 19610 This study is
aimed at deriving a monthly value of H for Lakes Ontario~ E~ie and Huron
individually and the value of H 'for each of the eight synoptic hours over the
three lakes taken together.', The previous work of Richards and -Fortin ~s
taken as a base and supplemented by Porte Dauphine data to mid-19620 Altogether
2014 observations were available» of which it was possible to match 1728.

2.2. Table 1 shows the percentage breakdown of the observations by
individual lakes and seasons of the year. The seasons are defined as fo11ows~

"

Winter

Spring

Summer

Fall

January~ FebruarY9 March;

July~ August~ September; and

October~Novemoer~ Decembero

'TABLE 1

PERCENTAGE BREAKDOWN OF

"PORTE DAUPHINE" OBSERVATIONS

" USED IN STUDY

Lake

Season Ontario Erie Huron Total

Winter' 8~7 0 05 000 902 .

Spring 0.8, . ,,904, +8.0 28.2

~_er 6.~
. 16 05 1500 38.0

..
Fall 3.4 1003 1009 2406

Total 1904 3607 43.9 1QO~0%

.. ,
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3.1 0 The results"or'. this: study'"ars 'shown in Tables 2 ... 4 and
Figures 2 - 40 Figure 2, plotted froniTab1e 3, shows the variation in the

.' _.. • '. ;1. •... .

monthly values of Hus~ng the' comb~ned observat~ons on t he three lakes"
Figure 3, also plotted from Table, 3, shows the same variation of H for each
lake. Dashes in Table 3 indicate that corr'esp'onding ~o'rte Dauphine obser­
vations were not made and values ma~ked by an asterisk indicate that very,
few corresponding ob servations'were available,. The curves on Figur.e 3 are'
brokenat these points .. ' Figure 4: {plotted from' Table 4): shows the diurnal
variation in theratio'H for Fall and Winter and for Spripg and Summero

, TABLE 2

MONTHLY VALUES OF THERATIO H FOR EACH' SYNOPTIC HOUR FOR
LAKES ONTARIO,: ERIE AND HURON T¥EN TOGETHER

GMT 00 , 03 06' 09 12 15 18 21.
EST 7 PM 10 PM :LAM 4 AM' 7AM 10 AM 1 PM 4PM

January 1 025 1030 , '1038 1019 1014 1026 1023 1024

~ebruary 1021 1044 1034 1.47 1040 1014 1014 1015

March 1029 1027 1.39 1010 1.34 L~3 1021, lo~4
" ~ '.. ../ " ,

, April 1001 0 099 1003 1 009 ", L12 0 098 1 009 1006
• I .# ~

May 0085 0 0 93 Q096 0 0'94 '0,087 ,0,.85 0086 ' 0 089

June 0091 0 097 ' 0 095 0095 0 095 0092 '9.. 93 " 0 094

July 1013 ' 1009 1006 ,1015 1007 1007 1008 1013

, August 1~07 1012 1019 1016 L12 ,1004 1006 1006

September 1009 1017 1012 1.13 '1012 1004 1005 1006

October 1016 1018 1020 1021 1018 L06 1004' 1010

November 1012 ,1013 1020 '1020 1 010 1002 1012 1021
, ,

..

December 1035 1 025 '1020 1032 1~22 1033 1031 1024

,
1.159Mean 10120 10153 10168 1 0136 10070, 10093 10:)..02
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TABLE 3

.' MONTIiLY VARIATION. OF RA TIO,.H FOR

LAKES ERIE, ONTARIO, 'AND HURON

, -
•• • >.~

~E
- .

-.

Ontario, Erie Huron Combined Richards
and Fortin.

Jano 1033 1.08* 1.25 1.33

Feb o 1~24 . --. i024.:' '. 10.30

March 1.22 1022 1.21

April -- 0 094 1.14 1004 1014 ': "

May 0072* 0093 0.$8 0.;89 0086

June 1.04* 1.02 0.88 0.94 0.94

July' 1013 1'.12 1.04 1.10 1.09

1.10
.

August 10 l,.l 1007 1010 1009

Sept~ 1.18 1013 1006 1~09 loll

Octo' 'r;17 '. 1013 1014' 1015

Nov~ 1010 1.14 1.29 1013 1015

Deco 1.23 1.40 1.23 1.28 1.31

Mean 1 012 1 014

TABLE 4

DAILY VARIATION OF RATIOH FOR THE SEASONS FROM
COMBINED OBSERVATIONS ONLAKES'ONTARIO,

ERI E AND HURON (FROMTAB-LE 2)

GMT 00 03 06 09 12 15 18 21
EST 7 PM 10·PM 1 AM 4AM 7AM 10 AM, 1 PM 4 PM

Winter
..

10250 10337 10370 1.25~ 10293. .1.177. 1.193 1.176

Spring 0.923 00963 00980 00987 00980 00917 00960 00963

Summer 1.097 1.127 10123 10147 10103 1.050 100Ej3 10083

Fall 1 0 210 10187 10200 10243 1.167 10137 10157 10183

Mean 10120 . 10154 10168 10158 1 0 136 1.070 1 0094 1.101
,--
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4-01. Figure 2 is similar to the corresponding graph of Ri.chards and
Fortin (1961). Winter values of H are slightly lower and the April v~lue is
considerably lowero The likely reason for the latter change is the exclusion
in this study of Lake Superior on which most of the. "Porte DauphinE9's"
April observations up to 1961 were obtained o From Figures 2 and 3R certain
seasonal effects on the value of Hare noticoableo One is the great decrease
of the value of H in spring. This is the time of year that land dew points R

on the average R exceed lake temperatures- and~ ther..e:is .. a period of !).et conden­
sationo As the spring turns into summer, the lak.es become warmer. and. the
over lake vapour pressure increases; raising the value of H past unityo

4.2. The low spring value of H occurs in each lake but is displaced
about one month earlier in Lake Erie than in Lake Huron. The reason for this
is two-fold o Firstly, Lake Erie is further south in latitude than Lake Huron,
thus receiving a slightly earlier spring and, secondly, Lake Huron is a
larger and deeper lake. than Lake Erie, requiring more time to warm up in
summer 0 A similar, althoughoppcisite 'effect can be seen in the fall.

4.30 Figure 4, showing 'the diurnal variation of the ratio h, points
up a minimum before noon with a secondary minimum towards eveningo Assuming
very little diurnal variation in vapour pressure over water, the curves then
represent the inverse variation of the over~land vapour pressureso In effect
then the curves show (i) over-land vapour pressures rising during the morning
as increased heating leads to evaporation, (ii) a decrease in vapour pressure
about noon as a result of atmospheric mixing in .the, lower levels due to air­
mass instability, and (iii) a secondary ris,e towardl'! sundown with the deve­
lopment of a stable layero The wider separation of the minima in the curve
for Spring and Summer' represents the longer hours of heating at this time of
year.

5. LIMI Tl\T IONS

5.1. More observations will have to be made on the lakes before
more consistent values for the ratio H can be determined for all months of
the year, for each lake, and for eac~ synoptic houro The value of the pres­
ently available observations is also limited by the nature of their
collection. For example, all the March data come from Lake Ontario in 1961
whereas all the April data come from Lakes Erie and Huron in 19620 Obviously
a correlation between March and April data will be hampered by the differenoes
between the two lakes and the two years. However, as Porte Dauphine data
oontinue to aocumulate, a better statistical sample~ covering all lakes for
every month over a period of years, will be obtainedo

APPLICATIONS

6.1. The values of the humidity ratio found in this stUdy should
be useful in several fields:
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The forecaster can use the ratio to obtain an approximation of
the water vapour content over the lake from a knowledge of the water vapour con­
tent over lando

The ratio can also be used to obtain meaningful evaporation
estimates for each lake using the mass-transfer method as outlined in the
introductiono

Finally, the ratio should enable the researcher to better under- .
stand the diurnal and annual variations of the over land and over lake
vapour pressures, thus leading to a better understanding of the air~ater and
land-lake transitional zoneso

APPROVED,
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