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LAKE TO LAND COMPARISON OF WIND, TEMPERATURE 
AND HUMIDITY ON LAKE ONTARIO DURING THE 

INTERNATIONAL FIELD YEAR FOR THE GREAT LAKES ( IFYGL) 

1 I N T R O D U C T I O N 

Defining the magnitude and variability of c l imatological paramet ers 
over the water area of the Great Lakes has interested many s c i entist s dur ing 
the past two decades. A network of climatological stations, often of gr eat 
density in urbanized areas, exists over the land portion of the Great Lakes 
basin. But, the lakes themselves remain virtually devoid of climatological 
sampling. 

Except for some lighthouse stations, located on points of l and and on 
the larger islands, and which operate only during the nav i gation season, no 
i nformation from fixed locations is available on ove r lake air t emp er ature , 
humidity and wind. 

Due to this scarcity of over-lake data, investigators have used i n 
their studies observations taken from commercial vessels operating on the Gr eat 
Lakes, and in a few cases, specially equipped research ships. Ships' obser­
vations have undeniably enriched the over lake data log. However, for obvious 
reasons, ships could not fulfill the need for continuous in situ a cquisit ion 
of data over extended periods. 

The lack of permanently fixed observing platforms on the Great Lakes 
has directed investigators to seek alternate solutions to the problem. Much 
scientific effort and data acquisition have been concentrated on the development 
of techniques for adjusting over land data to synthesize over lake condit ions. 
This procedure involves the comparison of ships' observations with simultaneous 
observations over land. The paired observations yield adjustment factors for 
wind, temperature, and humidity that subsequently can be applied to over land 
data, in order to extrapolate conditions over the lakes. 

During IFYGL, extensive lake data were collected from many diff eren t 
observing platforms, such as buoys, towers, islands, ships, and ~irplanes . 
More significantly, data collection extended over 12 months, giving a fairly 
goo~ seasonal distribution to the sampling rate. Thus, IFYGL provided a unique 
opportunity for re-examination of the methods used in synthesizing an over l ake 
climatology. 

The value of a knowledge of climatological fields over the Great Lakes 
can be easily appreciated by noting the numerous applications which can be made 
of accurate estimates. For example: 

1. Improved est i mates of wi.nd, t emp erature, and res t ric t ion s to 
visibility in marine weather forecasts would benefit bot h 
commercial shipping and small pleasure cr a ft. With the t r end 
towards year-round navigation on the Gr eat Lakes, i t is impor­
tant to have over lake temper ature and wind data for fo r ecasting 
the movement, formation, and decay of i ce . 
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2. Knowledge of over lake conditions would aid in forecasting mesoscale 
weather phenomena, such as lake-effect snowstorms, lake- and land­
breeze circulations, and pollution-trapping inversions. 

3. Specification of over lake wind is crucial in modelling lake currents, 
predicting storm surges, and calculating wind stress, all of which 
are useful in understanding such dynamic processes as shoreline 
erosion, water-level fluctuations, and wave generation . 

4. Knowledge of wind, atmospheric stability, and energy exchange rates 
are important in evaluating the dispersion of discharges of oil and 
other toxic substances, and in monitoring the dissipation of thermal 
pollution from conventional and nuclear power plants and assessing 
the consequences of waste heat on biota. 

2 PREVIOUS STUDIES 

A number of earlier studies approached the problem of data paucity over 
the lakes by averaging land data near the perimeter of the lake, or by computing 
differences between upwind and downwind stations, or island and shoreline stations. 
A more rigorous approach, which has proven to be quite popular, consists of es­
tablishing empirical relationships between observations, collected from research 
vessels on the lake, and simultaneously-observed data from the land. 

2.1 Wind Ratio R (lake wind/land wind) 
w 

Hunt (1958) is credited with being the first to employ the wind ratio to 
compute short-period set-up and seiches on Lake Erie. He established the impor­
tance of air mass stratification in determining over water wind speed and described 
how 1\, varied with the seasons and time of day. Bruc e and Rodgers (1962) compared 
simultaneous meteorological read i ngs observed at Toronto International Airport and 
aboard the CCGS Porte Dauphine on Lake Ontario. The data were combined regardless 
of the type of weather, intervening frontal weather systems, time of day, season, 
wind direction, or ship's location. Their results confirmed on Lake Ontario what 
Hunt had found for Lake Erie . Lemire (1961) combine d new data collected from the 
Porte Dauphine with data from Bruce and Rodgers to evaluate wind ratios for each 
of the months from March through November. Richards (1964) completed the calcu­
lations for the remaining months: December, January, and February . Table 1 is a 
listing of the various monthly and seasonal wind ratios compiled by these authors. 
A later study was undertaken by Richards in co-operation with Dragert and McIntyre, 
(1966) to quantify the effect of atmosphe ric stability and fet ch on winds as they 
move from land to lake. Five years of paired observations were accepted, and wer e 
used to compute average ratios for different groups of: a) stability (defined as 
land air temperature minus water t emperature) , b) over water fetch, and c) land 
wind speed. Because of the limited amount of coincident data available to these 
early researchers, it was not possible t o produce wind ratios in sufficient detail 
to describe the regional variation in the wind field. Moreover, rigorous testing 
of their statistical significance was prec luded. 

2.2 Humidity Difference ~Td (land dew point - lake dew point) 

Several researchers have considered the effect of large lakes on humidity 
when calculating evaporation losses from large bodies of water. Rodgers and 
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TABLE 1 

ESTIMATES OF WIND RATIO 
Rw FOR THE GREAT LAKES 

Author: 

Hunt Lem i re Richards 
(1958) ( 1961) ( 1964) 

l . 96 
l . 94 

1.88 
1 . 81 
1 . 71 

l. 35 1. 38 

1 . 31 
1 . 16 
l. 39 
1. 78 

1 .82 1. 87 

1. 99 
2 . 09 
1 . 98 

1.56 l. 63 1 . 66 

I ---- -
Richards i Phill i ps and Drage r t and lrbe (1977) 
McIntyre 

( 1966) (Thi s St udy) 
-- ---- -

I 1 . 31 i 
' 1 . 57 ' . 

1 . 39 i 

' I 
I j 1 . 30 
i I 

I 1 . 15 
I 
l 
i 
I 

I 
! 

I 1. 20 
I 1 . 27 
' 1. 49 I 

I 1 . 61 
I 
' ' I 
I 
i 1. 93 I 

I 1. 78 I 

I 
l. 56 I 1 .53 

--- -·· - _ .. -· . 
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Anderson (1961) chose climatological differences from opposite shorelines to 
arrive at a mean dew point, representative of conditions over the water. 
Richards and Fortin (1962) computed humidity ratios by pairing lake/land vapour 
pressure for approximately 700 observations over the Great Lakes. Monthly 
values varied from 0.86 in May to 1.33 in January, with a 12-month average of 
1.14. Phillips (1973) used the same number of observations to derive regression 
equations for five stability groups in order to predict over lake dew point, 
when given a corresponding land value, surface water temperature, and over water 
residence time. 

2.3 Air Temperature Difference 6Ta (land air temperature - lake air temperature ) 

Studies of air temperature modification over the Great Lakes have received 
much less attention. Rodgers and Anderson (1961) examined weather observations 
from ships and found that air temperatures at 2 m were much closer to surface water 
temperature than the temperatures measured at land stations. For this reason the 
over lake air temperature for summer conditions was arbitrarily taken as: 

where 0 TAW is air temperature over water ( C) 

. (0 TW is surface water temperature C) 

T · · over land (° C) AL is air temperature 

(1) 

Phillips (1972) used a step-wise regression technique to derive equations 
for five stability classes, with over lake air temperature as the dependent variable . 
The resultant models based on 700 observations explained 80 per cent of the variance 
and had a standard error of approximately 1.5 degrees C. The over lake data were 
obtained entirely from ship observations and were not adjusted to a common observing 
height. 

3 PURPOSE OF STUDY 

The purpose of this study was to re-evaluate earlier studies of differences 
of air temperature and humidity, and wind data observed over-land and over Lake 
Ontario. IFYGL archives of data from buoy s and ships, and meteorological stations 
received from the Atmospheric Environment Service (AES) in Canada and the National 
Weather Service (NWS) in the United State s were the principal sources of data used 
to calculate new values of Rw, 6Ta, and 6Td. 

The results of the study are presented in three different ways, in order 
to accommodate various applications ranging from broad estimates of climatologica l 
means to complex modelling techniques. The data were sorted and analysed to 
provide the following: 

1. simple monthly averages 

2. values of Rw, 6Ta and 6Td grouped for different classes of stabil ity , 
fetch distance, and land wind speed 
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3. regression equations suitable for modelling, with the capability 
to predict variables at specific locations, for all situations, 
and with a known degree of accuracy. 

4 DESCRIPTION OF OVER LAKE DATA 

Reliable meteorological observations from Lake Ontario were obtained 
from Canadian and American IFYGL buoy networks· and from research vessels. A 
detailed description of the systems is given in Data Acquisition Systems, IFYGL 
Technical Plan, Volume 2 (IFYGL Project Office, 1972). 

The Canadian buoys had a sampling interval of ten minutes, the U.S. buoys , 
six minutes. The buoys were instrumented to measure air temperature, dew point 
temperature (or relative humidity), wind speed and direction, and lake surface 
temperature. In addition, some buoys measured atmospheric pressure , total in­
coming radiation, and current speed and direction, but these parameters were no t 
considered in this study. 

All atmospheric parameters were normalized to a common level of 3 m, 
relative to the calm water surface, by logarithmic interpolation. Water tem­
perature, measured within the top 1 m, was assumed to approximate closely the 
surface temperature. Measurements of relative humidity were converted to equiva­
lent dew point temperatures by using the existing air temperatures . 

Observations taken aboard three Canadian scientific vessels operated by 
the Canada Centre for Inland Waters were also incorporated into the study . In 
the case of ships' observations, wind speeds were normalized to the standard 3 m 
height by using the power-law equation: 

where 

U2 :U1[~2-l/7 (2) 
~1_ 

U2 - wind speed at height level two 

U1 - wind speed at height level one 

g2 = height level two 

gl _ height level one 

However, no height corrections were imposed on temperature ot humidity readings. 
It was assumed that even the greatest height difference between ships and land 
stations would require a negligible correction, when compared to possible dis ­
crepancies in readings introduced by variability in exposures. 

5 PAIRING OF LAND/LAKE OBSERVATIONS 

The over lake observations were paired with over-land observations r ecorded 
at seven first order meteorological stations located around Lake Ontario. The 
land stations used were: Toronto International, Trenton, Kingston, Watertown, 
Syracuse, Rochester, and Niagara Falls (NY), all airports (see Figure 1). Seve r a l 
other land stations were initially considered for inclusion in the study , but these 
were discarded because they did not have a full 24-hour observing schedule. 
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One of the major tasks in this study was to devise a technique t hat would 
ensu r e reliable pairing of land and lake observations. Lake Ontario occupies an 
area approximately 300 by 100 km. Change s i n wind d i r ection, ei ther of geostrophic 
or localized nature , are inevitable over a r egion of this size . Unless the entire 
wind field is known in de tail, the confidence with whic h land/lake observations 
can be paired decreases rapidly with distance . 

Ideally, pairing of simultaneous land and l ake obs er vat ion s r equires 
examination of the general weather situation and streamline analysis . This pro­
cedure, however, is too time-consuming when dealing with a l a rge volume of data , 
as in this study. Therefore, a compromise method was devised in which specific 
limits were established f or determining the upwind land station, fetch, and allow­
able divergence in wind direc tion with r e spect to each buoy location. In the case 
of ships' observations, similar limits were devised for geographical sector s of 
Lake Ontario. 

Fetches were measured upwind to the shore along the wind direc t ion obser ved 
at the buoy or ship. For ships' observations the fetch dis tance had to be meas ured 
in each individual case; for the 20 buoys, distances were pre-determined for 36 
compass points. A 30-degree difference in wind direc tion was allowed between the 
over land and over lake observations in the pairing process. 

Pairing of observations was carried out for each synoptic hour. A quick 
scan of all available wind directions was sufficient in most cases in order t o 
decide whether or not a uniform circulation existed over the lake. If the flow 
was well established, data selection could proceed smoothly with the aid of t he 
limits described above. 

If the winds appeared to be variable over the region, observations were 
paired with more caution, after examination of s ynoptic weather maps. Often l and / 
lake pairs with matching wind directions were r ~jected, due to the na ture of the 
general circulation. In other cases, although the land/lake wind directions 
differed by more than 30 degrees, paired data were accepted if the synoptic 
situation revealed an unmistakable geostrophic flow pattern over the basin. 

This method of data selection functioned reliably for the majority of 
paired observations. However, certain shortcomings and difficulties remained 
in this quasi-systematic approach. Two situations, in particular, arose fr equen tly , 
causing uncertainties in matching of land/lake observations: 

1. Due to the orientation of Lake Ontario, dif ficulties were 
experienced in s e l ecting land stations under westerly and 
easterly wind regimes. Frequently, any one of two .or three 
possible upwind stations and appropriate fe t ches could be 
chosen. 

2. Under light winds, wind direc tions at near-sho r e buoys often 
diverged considerably from direc tions over land, probably due 
to shoreline and local eddying effects; whi l e w~nds at buoys 
located further in the lake conformed to the general direction 
of flow. 

In these instances it was diff icult to ascertain which over lake 
observations, if any, could be paired with land station data. 
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screening of data was performe d. Computer computati.ons we r e prepare d of the 
difference in air temperature and d ew point temperature , and the wind ratio fo r 
each of the paired observations. The r esults of these calculations were grouped 
and printed chronologically. A check was then made to identify erratic values 
that departed significantly from the range of the group. For these suspected 
values, synoptic weathe r maps and, in some cas e s, wind plot s , were then consulted 
to verify whether the paired data were still acceptable. 

That all of the remaining pairs a re valid mat ches is not guaranteed. 
It is hoped, however, that a statistical analysis of a large sample of obser­
vations will tend to minimize the effec t s of a few incongruous values and yield 
reasonably stable results. 

6 RESULTS AND INTERPRETATION 

6.1 Presentation of Re sults 

More than 11,000 hourly observations were i nitia lly considered for pairing. 
Of the tota l, 3800 were r ejec t e d because wind speed was calm, lake/land wind 
direc tions d i d not agree within 30 degrees, or no station was located within 
the upwind sector. An additional 300 observations were discarded after the final 
screening process. In all, 6 926 observations were deemed usable, having met all 
the n ecessary requirements. Table 2 is the summary of the number of paired ob­
servations by month, stabil ity , synoptic hour, and by ship number and buoy number . 

The Canadia n buoys accounte d for 82% of the selected data, evenly divided 
among the 11 buoys . The r e was also a tenden cy fo r most of the ships' paired 
observations t o come from the Can a dian side of Lake Ontario. For the most part, 
there was no d e finit e bias to a n y synoptic hour, although usable records from 
12Z were more common, constituting 28% of the t o tal. Unfortunately, there was 
a serious shortage of winter-time obs e rvations, with only 8% of the total fal lin g 
within the Decembe r to March period. 

Monthly averages of Rw and results obtain e d by previous investigators 
are liste d in Table 1. Considering that the estimates wer e based on data from 
different periods of time, for various l engths of r ecord, a nd were arrived at by 
different t echniques , the results a r e i n good agr eement. 

Th e three paramete rs govern ing the magnitude of Rw, 6Ta and 6Td a r e : 
atmospheric stabil i t y (defined as air temp e rature on l and, minus surface wate r 
t empe rature ), wind speed over l and, a nd over l ake fetch. In order to assess the 
relative effects of each of these paramet e r s, the Rw, 6 Ta , and 6Td values obtained 
in this s tudy we r e sorte d accordi n g t o five cat egories of atmospheric stability . 
four classes of land wind speed, and fo ur fe t c h g roups. The results of these 
analyses are shown in de t ail in Ta bles 3 to 5 a nd i n Figures 2 to 5. 

While the results obtained in past investigations appear theoretically 
sound and have been shown to b e useful for e stimating wind speed and air tempera­
ture over the lake, it was decided to unde rtake a rigorous statistical analysis 
to detec t the associat ion b e tween over wa t e r and ove r land data. A stepwise 
multiple linear regression program was us e d to formulate the best predictive 
model of ove r lake wind speed, air temperature, and dew point temperature . In­
cluded in the list of meteorological pa rame t e rs, both measured and derived, were: 
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TABLE 2 

TOTAL NUMBER OF OBSERVATIONS BY MONTH 

J 

90 

F 

25 

M 

84 

A 

444 

M 

388 

J 

902 

TOTAL OBSERVATIONS BY HOUR 

002 

1721 

062 

1842 

J 

871 

122 

1944 

OBSERVATIONS BY BUOY/SHIP NUNIBER 

BUOY (CANADIAN) SHIP 

1 570 12 283 
2 592 13 360 
3 538 14 145 
4 556 
5 468 TOTAL 788 
6 422 
7 529 
8 510 
9 441 

10 481 
1 1 558 

TOTAL 5665 

OBSERVATIONS BY STABILITY 

A 

849 

s 
1033 

0 N 

1033 927 

182 

1419 

D YEAR 

280 6926 

TOTAL 

6926 

BUOY (AMERICAN) 

15 15 
16 31 
17 17 
18 171 
19 29 
20 16 
21 49 
22 91 
23 54 

TOTAL 473 

TEMPERATURE 

STABILITY CLASS DIFFERENCE °C 
VERY STABLE 478 (AIR-WATER) 

STABLE 1685 VERY STABLE ~10.5 
NEUTRAL 2695 STABLE 3.5to 10.4 
UNSTABLE 1687 NEUTRAL - 3.4to +3.4 
VERY UNSTABLE 381 UNSTABLE - 10.4 to -3.5 

TOTAL 6926 VERY UNSTABLE ~ - 10.5 
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wind, air temperature, humidity, atmospheric pressure, surface water temperature , 
over-water fetch, residence time, ai r/water stability and air mass modification. 

Only those variables which contributed a significant percentage of the 
explained variance were included in the final equations. Table 6 shows the equa­
tions, together with results of statistical tests that describe their effectiveness 
in predicting over lake conditions. 

6.2 Diurnal and Seasonal Variations 

The data were sorted into four synoptic hours for each stability class and 
plotted for each month to give an indication of the daily and seasonal variation 
(see Table 7 and Figures 6 a nd 7). It is evident that there is a substantial 
variation in Rw over the period of a day within each stability group. There is 
also a large variation from stability to stability, a lthough less variation o ccurs 
at 18Z than at any other synoptic hour. 

The highest value of Rw occurs n ear midnight and the lowest shortly afte r 
noon. The existence of this diurnal change can be attributed to the unequal 
heating a nd cooling rates of the land a nd lake surface s. Winds display a marked 
r esponse to diurnal temp e rature c hanges of land s urfaces . This effect is greatly 
reduced over water surfaces, whe r e diurna l temperature variations are relatively 
small . For all synoptic hours, identical land winds produce, in unstable condi­
tions, over water winds that are 80 to 100 per cent stronger than in stable 
situa tions. 

Monthly e stimates of Rw r a n ge from a peak in November (1.9) to a low in 
May (1.2) . The controlling factor h e r e is also stability : the more stable t he 
air, the lower the wind spee d over the l a ke . Rw i n creases slowly during the spring 
months. The trend c hanges a bruptly in July , whe n Rw b egins to inc rease very r apidly 
to the November peak. Dur i ng the winte r months Rw remains high. In March the 
ratio starts a decr eas e to the May low . Th e low value of Rw in January is due to 
above normal wind spee d i n January , 1973 (Phillips, 1974). Given strong prevailing 
land winds, Rw can be expect e d to b e lowe r. The average Rw of 1.28 in spring and 
1.81 in the fal l agree well with Hunt's seasonal ratios of 1.35 and 1.82 respec­
tively (Figure 7). 

Temperature dif f e r e nces b e tween air over the lake and air over the land 
( 6Ta) are greatest a t midday (3 degrees Cat 18Z), and least from 03Z to 12Z, when 
over l a ke air t emperatures b egin t o exceed thos e over the land. Land-lake air 
temperature differe nces a r e the greatest in February and May, -5 d egrees C and 
+5 de grees C, respec tively. From Sep t embe r through March 6Ta is n egative . 6 Td 
r emains n egative throughout the day with little diurnal variation, although 
humidity diff e rences are slightly l ess n ear midday. Dew point t emperatures over 
land exceed those over the lake only in May a nd June. Richards and Fortin (1962) 
also found that lake/land vapour pressure ratios were less than unity during 
these two spring months. 

6 . 3 

6 . 3 .1 

Effects of Land Wind Speed, Stability, a nd Fetch on Rw, 6Ta and DTd. 

Wind Ratio Rw 

As s t a t ed b e fore, d a t a were sorte d into several classes of stability , 
f e tch, and l a nd wind s peed, i n order to assess the r e lative i nfluen ce of each 
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of these parameters on the modification of air, as i t moves from l and out t o t he 
lake . The class ranges were made to correspond closely to those used by Richards 
et al (1966). 

Generally, the results obtained are similar to Richards'. Rw values wer e 
less erratic and their standard deviations were significantly less in this s tudy , 
compared to the earlier work. However, with 3½ times as many observa tions t han in 
Richards' study, these results are to be expected. In addition, the observations 
were taken primarily from meteorological buoys with narrow error windows. 

Several conclusions can be reached with respect to Rw by inspecting Tab l e 
3 and Figures 2 and 3. 

1. The average value of Rw for all data is 1.53. This compares well 
with the Rw of 1.56 obtained by Hunt (1958) and Richards et al (1966) . 

2. Rw increases as stability decreases, being 1.15 for very stable 
situations and 2.38 for very unstable ones. 

3. For stability groups neutral through very unstable, Rw increases 
with fetch. An exception to this situation occurs in the v ery unstable 
case with a fetch of 25 to 40 nautical miles. For this stability/fe t ch 
class Rw is 2.1, whereas for shorter and longer fetches Rw is 2.6. 
Richards et al (1966) reported a similar decrease in Rw for the same 
stability/fetch class. No physical explanation is readily available 
for this apparent anomaly. The 89 paired observations, falling within 
the very unstable/fetch of 25-40 n mi groups, were examined for a pos­
sible sampling bias. There is a preponderance of observation pairs 
from Kingston A/Buoy #11 and Toronto International A/Buoy #4 in this 
group, constituting roughly 1/3 of the sample. The above bias has a 
logical explanation. Most very unstable situations (water temperatur e 
exceeding air temperature by 10.5 degrees C, or more) occur with strong 
northerly winds. Due to the configurations of Lake Ontario and the 
network of buoys, and with northerly winds, pairing for this fetch of 
25-40 n mi was often restricted to the above-named land stations and 
buoys. 

Upon further investigation it was found that, in a northerly flow, winds 
at Kingston A are approximately 1 ms-1 stronger than at other stations 
along the north shore of Lake Ontario. Exposure of the land station 
could be a factor here. Similarly, the location of Buoy #4 near the 
western shore of the lake could have influenced the results. The prox­
imity of the Niagara escarpment could induce local turbulence h er e , thus 
disrupting a northerly wind flow. 

If the observation pairs in question are removed from the group, the Rw 
value calculated from the remaining pairs becomes 2.83. This v a lue 
conforms better with others in the very unstable class. However, the 
possibility that there is a physical reason for the low Rw in this 
stability/fetch class cannot be excluded on the basis of the above 
speculations. This problem bears further investigation, preferably 
on another of the Great Lakes and in a more favourable exposure setti ng . 
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TABLE 3a 

EFFECT OF FETCH ON Rw 
(OVER LAKE/OVER LAND WIND SPEED) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

STABILITY 

Very Stable 

Stable 

Neutral 

Unstable 

Very Unstable 

All Ranges 

Mean 
Number of Observat ions 
Standard Deviation 

0-6 

1.07 
29 

0.65 

1.06 
95 

0.50 

1.27 
225 

0.73 

1.65 
125 

0.98 

2.12 
36 

1.23 

1.37 
510 

7-14 

1.01 
86 

0.94 

1.04 
369 

0.55 

1.33 
619 

0.75 

1.83 
470 

0.89 

2.35 
89 

1.04 

1.45 
1633 

FETCH (n mi) 

15-24 25-40 ~ 41 

1.10 0.97 1.54 
113 134 116 

0.65 0.60 1.18 

1.04 1.14 1.21 
458 368 395 

0.52 0.59 0.56 

1.39 1.60 1.67 
704 603 544 

0.77 0.93 0.94 

1.96 2.07 2.15 
448 378 266 

0.97 1.12 1.09 

2.62 2.12 2.57 
108 89 59 

1.96 0.99 2.29 

1.49 1.58 1.66 
1831 1572 1380 

.. 

All 
Fetches 

1.15 
478 

1.10 
1685 

1.47 
2695 

1.96 
1687 

2.38 
381 

1.53 
6926 
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TABLE 3b 

EFFECT OF WIND SPEED ON Rw 
(OVER LAKE/OVER LAND WIND SPEED) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

STABILITY < 2.1 

2.69 
Very Stable 54 

1.57 

1.84 
Stable 170 

0.68 

2.37 
Neutral I 464 

1.36 

3.03 
Unstable 378 

1.42 

3.55 
Very Unstable 129 

2.25 

All Ranges 
2.64 

.1195 

Mean 
Number of Observations 
Standard Deviation 

WIND SPEED CLASSES (ms·1) 

2.1 -4 .0 4.1-6.0 6.1-8.0 

1.35 0.98 0.66 
117 140 125 

0.57 0.37 0.22 

1.30 1.00 0.82 
436 517 415 

0.55 0.42 0.31 

1.47 1.22 1.10 
827 885 368 

0.61 0.48 0.40 

1.88 1.62 1.47 
452 531 209 

0.65 0 .50 0.38 

2.11 1.63 1.46 
107 83 48 

0.61 0.51 0.32 

1.56 1.27 1.03 
1939 2156 1165 

8 .1-1 0.0 ;?;1 0.1 

0.68 0.65 
33 9 

0.26 0.12 

0.79 0.89 
123 244 
0.33 0.24 

1.17 0.96 
89 62 

0.36 0.33 

1.29 1.01 
72 45 

0.36 0.12 

1.47 .91 
1 1 3 

0.33 0.28 

1.01 .96 
328 143 

All 
Speeds 

1.15 
478 

1.10 
1685 

1.47 
2695 

1.96 
1687 

2.38 
381 

1.53 
6926 
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TABLE 3c 

EFFECT OF FETCH AND WIND SPEED ON Rw 
(OVER LAKE/OVER LAND WIND SPEED) 

TABULATED BY FETCH, WIND SPEED, AND ATMOSPHERIC STABILITY 

WIND SPEED CLASSES (ms- 1 ) 

STABILITY < 2 .1 2.1-4 .0 . 4.1-6.0 6.1-8.0 8 .1-10.0 ~10.1 

FETCH: 0-6 n mi 

1.10 1.85 0.88 0.61 0.76 
Very Stable 1 7 15 5 1 0 

0.89 0.26 0.25 

1.31 1.12 1.08 0.87 1.05 0.67 
Stable 10 24 29 22 8 2 

0.80 0.52 0.45 0.33 0.22 0.06 

1.95 1.22 1.09 0.96 1.26 1.06 
Neutral 40 71 80 22 5 7 

1.29 0.43 0.38 0.34 0.24 0.24 

3.03 1.54 1.24 1.22 0.89 0.83 
Unstable 24 38 43 13 4 3 

1.32 0.53 0.37 0.24 0.03 0.11 

3.41 2.03 1.30 1.04 0.63 
Very Unstable 12 8 1 1 4 0 1 

1.25 0.52 0.30 0.22 

2.37 1.36 1.12 0.96 1.06 0.91 
All Ranges 87 148 178 66 18 13 

1.44 0.57 0.40 0.35 0.24 0.25 

FETCH: 7-14 n mi 

2.49 1.28 0.90 0.68 0.67 0.66 
Very Stable 6 19 29 26 4 2 

2.73 0.40 0.24 0.22 0.15 

1.91 1.28 0.87 0.79 0.87 0.90 
Stable 33 91 1 1 1 96 32 6 

0 .72 0.58 0.31 0.26 0.27 0.21 

2.13 1.27 1.13 1.09 1.17 0.85 
Neutral 106 171 213 90 20 19 

1.21 0.51 0.44 0.34 0.30 0.34 

2.75 1.76 1.56 1.44 1.22 0.98 
Unstable 103 133 134 68 17 15 

1.27 0.59 0.42 0.29 0.28 0.15 

I 

All 
Speeds 

-

1.07 
29 

0.65 

1.06 
95 

0.50 

1.27 
225 
0.73 

1.65 
125 

0.98 

2.12 
36 

1.23 

1.37 
510 

1.01 
86 

0.94 

1.04 
369 

0.55 

1.33 
619 

0.75 

1.83 
470 

0.89 
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TABLE 3c (CONT'D) 

WIND SPEED CLASSES (ms- 1) 

STABILITY < 2.1 2.1-4.0 4.1 -6.0 6.1-8.0 8 .1-1 0.0 ~ 10.1 
All 

Speeds 

FETCH: 7-14 n mi (cont'd) 

3.07 2.18 1.61 1.28 1.19 2.35 
Very Unstable 39 21 20 7 2 0 89 

1.06 0.57 0.38 0.20 0.11 1.04 

2.46 1.47 1.19 1.04 1.03 0.90 1.45 
All Ranges 287 435 507 287 75 42 1633 

1.31 0.62 0.48 0.40 0.33 0.21 

FETCH: 15-24 n mi 

2.36 1.37 0.95 0.67 0.75 0.73 1.10 
Very Stable 12 30 24 33 1 1 3 113 

0.83 0.44 0.27 0.19 0.31 0.18 0.65 

1.79 1.20 0.96 0.79 0.76 0.87 1.04 
Stable 43 112 142 122 33 6 458 

0.53 0.55 0.42 I 0.26 0.31 0.22 0.52 

2.23 1.37 1.18 1.06 1.12 0.90 1.39 
Neutral 116 211 243 94 21 19 704 

1.23 0.54 0.46 0.39 0.37 0.31 0.77 

3.02 1.95 1.61 1.43 1.18 1.00 1.96 
Unstable 100 120 143 59 14 12 448 

1.26 0.64 0.50 0.39 0.34 0.16 0.97 

3.70 2.14 1.54 1.63 1.93 0.63 2.62 
Very Unstable 46 27 21 10 3 1 108 

2.55 0.56 0.50 0.24 0.06 1.96 

2.64 1.51 1.24 1.00 0.96 0.92 1.50 
All Ranges 317 500 573 318 82 41 1831 

1.58 0.65 0.52 0.43 0.43 0.30 

FETCH : 25-40 n mi 

2.06 1.31 0.86 0.65 0.75 0.55 0.97 
Very Stable 8 36 38 42 6 4 134 

1.05 0.58 0.33 0.23 0.26 0.05 0.60 

1.85 1.30 1.05 0.78 0.67 0.72 1.1 4 
Stable 47 103 113 80 21 4 368 

0.66 0.51 0.44 0.34 0.29 0.29 0.59 

2.62 1.63 1.28 0.99 . - 1.02 1.1 4 1.60 
Neutral 108 211 186 70 19 9 603 

1.40 0.64 0.49 0.35 0.32 0.24 0.93 
-
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TABLE 3c (CONT'D) 

WIND SPEED CLASSES (ms- 1 ) 

STABILITY < 2.1 2.1 -4.0 

FETCH: 25-40 n mi (cont'd) 

3.24 
Unstable 91 

1.52 

3.32 
Very Unstable 20 

1.12 

2.73 
All Ranges 274 

1.43 

FETCH: ~ 41 n mi 

3.12 
Very Stable 27 

1.35 

1.94 
Stable 37 

0.62 

2.71 
Neutral 94 

1.46 

3.21 
Unstable 60 

1.61 

5.06 
Very Unstable 12 

4.00 

2.89 
All Ranges 230 

1.80 

Mean 

Number of Observations 
Standard Deviation 

2.04 
94 

0.63 

2.04 
34 

0.65 

1.64 
478 

0.67 

1.29 
25 

0.53 

1.48 
106 

0.50 

1.69 
163 

0.65 

2.00 
67 

0.70 

2.18 
17 

0.58 

1.68 
378 

0.66 

4.1-6.0 6.1-8.0 

1.61 1.48 
130 33 

0.47 0.41 

1.68 1.36 
14 15 

0.49 0.26 

1.29 0.95 
481 240 

0.53 0.44 

1.26 0.67 
34 19 

0.43 0.18 

1.10 0.90 
122 95 

0.41 0.35 

1.36 1.27 
163 92 

0.53 0.45 

1.92 1.67 
81 36 

0.51 0.40 

1.95 1.67 
17 12 

0.57 0.25 

1.41 1.16 
417 254 
0.58 0.50 

8.1-1 0.0 ~10.1 
All 

Speeds 

1.35 1.08 2.07 
20 10 378 

0.34 0.18 1.12 

1.41 1.48 2.12 
5 1 89 

0.20 0.99 

1.01 0.99 1.58 
71 28 1572 

0.42 0.30 

0.58 1.54 
1 1 0 116 

0.18 1.18 

0.76 1.07 1.21 
29 6 395 

0.39 0.14 0.56 

1.31 1.04 1.67 
24 8 544 

0.36 0.24 0.94 

1.45 1.07 2.15 
17 5 266 

0.36 0.55 1.09 

0.96 2.57 
1 0 59 

2.29 

1.04 1.05 1.66 
82 19 1380 

0.49 0.34 
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4. Stronger over lake winds with i ncreasin g fetch are l ess marked as 
atmospheric conditions bec ome mor e stable . Another unexpec t ed value of 
Rw is the 1.54 for very stable situations and d i stances greater than 40 
nautical miles. By ignoring light winds below 2 ms-1, this r a t io was 
reduced to a value of 1.05. 

5. Under all atmospheric conditions, Rw decr eases with increasing l and 
wind speed. For strong speeds above 10 ms-1, Rw remains b e tween 0. 8 and 
1.2, depending upon the stability . For light wind speeds over l and, l ake 
winds are 2 to 3 times as strong. 

6. For strong winds and neutral stability Rw is approximately 1.0. 

7. Strong winds are least affected by changes in atmospheric stability. 
In very unstable air the average value of Rw is 1.46 for strong winds, 
compared to 3.55 for light winds. In other words, strong winds are in­
creased by only 46% with passage over the lake of unstable air, c ompared 
to a 255% increase for light winds . . Under very stable conditions, the 
average value of Rw is 0.66 for all winds in excess of 6 ms-1. 

Air Temperature 6Ta 

A similar sorting by stability, fetch, and wind speed over land was ordered 
for 6Ta, defined as air temperature over land minus air temperature over the l ake . 
The results of this analysis are shown in Table 4 and Figure 4. Some of the mor e 
noteworthy points are listed below: 

1. The average 6Ta value for all data was 0.48 i.e., for the period of 
study, the average air temperature over land was 0.5 degrees C greater 
than air temperature over the lake. 

2. The absolute 6Ta magnitude increases as stability deviates more from 
0 0 

neutral, reaching +8.8 Cat very stable and -5.3 C for very unstable con-
ditions. 

3. Increases in fetch produce larger absolute 6Ta values for a ll s tability 
classes. This is more marked on the stable side of neutral ( +ve 6Ta ) than 
on the unstable side (-ve 6Ta). 

4. In neutral conditions average 6Ta is only -0.17°c and it remains within 
the range of -1 to +1 degree regardless .of wind speed. 

5. Under stable and very stable conditions, increasing the wind speed has 
little effect on 6Ta. In very unstable cases, however, variations in wind 
speed have a pronounced effect on 6Ta. Under light winds, the air t empera­
ture over land averages 5.6 degrees C b e low the air t emperature over the 
water, but during brisk winds exceeding 10 ms-1, this difference is reduce d 
by about 50%. Obviously, the longer residence time of the air mass over 
the lake under light winds allows air temperatures to moderate c loser to 
the surface water temperature, thus increasing the over land to over l ake 
air temperature difference. 
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TABLE 4a 

EFFECT OF FETCH ON 6Ta 
(LAND-LAKE AIR TEMPERATURE °C) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

STABILITY 0-6 

5.77 
Very Stable 29 

3.16 

1.75 
Stable 95 

1.74 

- 0.47 
Neutral 225 

1.38 

- 2.41 
Unstable 125 

1. 71 

- 4.06 
Very Unstable 36 

2.10 

All Ranges 
0.43 
510 

Mean 
Number of Observat ions 
Standard Deviation 

7-14 

7.68 
86 

2.68 

3.00 
369 
1.77 

- 0.36 
619 
1.41 

- 2.69 
470 
1.77 

- 4.33 
89 

2.05 

0.06 
1633 

FETCH (n mi) 

15-24 25-40 ~ 41 

8.47 9.42 9.90 
113 134 116 

2.70 2.58 2.38 

3.51 4.37 4.58 
458 368 395 
1.80 1.91 1.91 

-0.23 -0.10 0.17 
704 603 544 
1.58 1.67 1.78 

- 2.70 - 2.96 - 3.18 
448 378 266 
1.79 1.75 1.88 

- 4.83 - 6.02 ' - 7.05 
108 89 59 

1.87 2.04 2.42 

0.37 0.74 1.30 
1831 1572 1380 

All 
Fetches 

8.78 
478 

3.74 
1685 

-0.17 
2695 

- 2.81 
1687 

- 5.26 
381 

0.48 
6926 
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TABLE 4b 

EFFECT OF WIND SPEED ON 6 Ta 
(LAND-LAKE AIR TEMPERATURE °C) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

WIND SPEED CLASSES (ms-1) 

< 2 .1 2.1 -4.0 4.1-6.0 6.1-8.0 8.1 -10.0 ~ 10.1 

8.88 8.90 8.32 9.04 8.93 9.49 
54 117 140 125 33 9 

3.15 2.50 3.16 2.71 2.33 1.97 

3.76 3.96 3.59 3.68 3.97 2.34 
170 436 517 415 123 24 

1.94 2.02 1.98 1.97 2.06 1.61 

-0.66 -0.12 -0.13 0.33 - 0.12 - 0.59 
464 827 885 368 89 62 
1.76 1.63 1.53 1.46 1.31 1.11 

-3.83 - 3.09 - 2.30 - 2.03 -2.09 -2.20 
378 452 531 209 72 45 
1.88 1.90 1.53 1.33 1.09 1.20 

-5.67 -5.91 - 4.87 -4.05 - 3.11 - 2.56 
129 107 83 48 1 1 3 
2.11 2.14 2.49 1.98 1.62 1.75 

-1.14 0.33 0.59 1.85 1.79 0.02 
1195 1939 2156 1165 328 143 

Number of Observations 
Standard Deviation 

All 

Speeds 
-

8.78 
478 

3.74 
1685 

- 0.17 
2695 

- 2.81 
1687 

- 5.25 
381 

0.48 
6926 
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TABLE 4c 

EFFECT OF FETCH AND WIND SPEED ON ~Ta 
(LAND-LAKE AIR TEMPERATURE °C) 

TABULATED BY FETCH, WIND SPEED, AND ATMOSPHERIC STABILITY 

WIND SPEED CLASSES (ms-1) 

STABILITY < 2.1 2.1-4.0 4.1-6.0 6 .1-8 .0 8 .1-10.0 ~ 10.1 

FETCH: 0-6 n mi I I 
0.34 6.72 4.59 7.73 12.31 

Very Stable 1 7 15 5 1 0 
2.76 2.51 1.89 

2.21 1.93 1.48 1.77 1.55 1.76 
Stable 10 24 29 22 8 2 

1.79 1.79 1. 71 1.65 1.04 1.10 

- 1.03 - 0.35 - 0.43 0.11 - 0.48 - 0.85 
Neutral 40 71 80 22 5 7 

I 

1.37 1.35 1.37 I 1.15 0.78 0.78 

- 2.84 - 3.08 - 1.73 - 1.94 - 1.51 - 3.22 
Unstable 24 38 43 13 I 4 3 

1.55 1.96 1.32 1.43 I 0.24 1.22 

4.81 5.32 - 3.10 - 2.66 - 1.11 
Very Unstable 12 8 1 1 4 I 0 1 

1.65 1.17 2.11 2.01 

- 1.66 - 0.61 - 0.17 0.67 0.91 - 1.01 
All Ranges 87 148 178 66 18 13 

2.42 3.01 2.46 I 2.95 3.14 1.42 
! 

FETCH: 7-14 n mi 

6.43 7.72 7.76 7.89 7.58 7.30 
I 

Very Stable 6 19 29 26 ' 4 2 
4.12 2.08 2.57 2.51 1.93 

2.96 I 3.01 2.77 3.30 3.07 3.42 
Stable 33 ' 91 1 1 1 96 32 6 I 

' 
1.78 1.51 1.78 1.78 1.77 2.31 

- 0.85 - 0.20 - 0.35 - 0.02 - 0.65 - 0.43 
Neutral 106 171 213 90 20 19 

1.60 1.42 1.35 1.22 0.64 1.07 

- 3.80 - 3.14 - 2.13 - 1.75 - 1.69 - 1.64 
Unstable 103 133 134 68 17 15 

1.86 1.76 1.43 1.11 1.19 1.23 
I 

- - -· 

Al! 

Speeds 
·-

5.77 
29 

3.16 

1.75 
95 

1.74 

- 0.47 
225 
1.38 

- 2.41 
125 

1. 71 

- 4.06 
36 

2.10 

- 0.43 
510 

7.68 
86 

2.68 

3.00 
369 
1.77 

- 0.36 
619 
1.41 

- 2.69 
470 
1.77 
-- - - · 



STABIL ITY < 2.·1 

FETCH 7-14 n mi (cont'd) 

-5.05 
Very Unstable 39 

2.09 

- 1.89 
All Ranges 287 

3.27 

FETCH: 15-2.4 n mi 

8.41 
Very Stable 12 

2.54 

3.42 
Stable 43 

1.72 

-0.90 
Neutral 116 

1.78 

-3.84 
Unstable 100 

l .79 

-5.27 
Very Unstable 46 

1.67 

-1 .52 
A ll Ranges 317 

3.75 

FETCH: 25-40 n mi 

8.87 
V ery Stable 8 

2.52 

4.16 
Stable 47 

1.68 

-0.46 
Neutral 108 

1 .77 
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TABLE 4c {CONT'D) 

WIND SPEED CLASSES (ms- 1 } 

2 .1-4.0 I 4.1-6.0 I 6.1-8.0 I 
-4.45 -3.65 - 2.71 

21 20 7 
1.82 1.72 0.70 

-o.2a 0.20 1.33 
l 

435 507 287 
3.32 3.06 3.27 

9.05 8.12 8.1 0 
30 24 33 

2.79 3.05 2.16 

3.68 3.39 3.43 
112 142 122 

1.95 1' .66 1.72 

-0.1 6 - 0.11 0.33 
211 243 94 
1.65 1.44 1.26 

-2.93 -2.28 -1.64 
120 143 59 
l .83 1.48 1.32 

-5.42 -4.47 - 2.59 
27 21 I 10 

1.78 
I 

1.69 1.05 
I 

0.30 0.40 1 .. 87 
500 573 318 

3 .86 3 .1. 8 3.31 

8.99 9.36 10.1 9 
36 38 42 

1.66 2.95 2.64 

4.60 4.1 7 4.28 
103 11 3 80 

1.94 1.85 1.86 

-0.37 0.10 0.47 
2 11 186 70 
1.66 1.61 1.35 

--- -, i-
8 .1-10.0 ~10.1 

- 1.37 
2 0 

0.25 
' 

1.12 I - 0.13 

' 
75 42 

2.91 2.53 

8.2 1 10.66 
1 1 3 

2.37 1.59 

4.06 1.93 
33 6 

1.67 1.12 

-0.40 - 0.88 
21 19 

1.09 1.0fi 

- 1.87 -1 .95 
14 12 

0.81 1.02 

- 2.89 -4.61 
3 1 

0.28 I 
l 2.21 -0.03 

82 41 
3.72 I 3.59 

--, 

7.55 9.72 
6 4 

1.1 5 2 .44 

5.22 3.80 
21 4 

2.1 6 1.15 
: 

0.68 - 0.08 
- 19 9 

1.55 1.03 I 

A lf 
Speeds 

- 4.33 
89 

2 .05 

- 0.06 
16-33 

8.47 
11:3 

2.70 

3.51 
458 
1.80 

- 0.23 
704 

1.58 

-2.70 
448 
1.79 

-4.83 
108 

1.87 

0.37 
1831 

9.42 
134 

2.58 

4.37 
368 
1.91 

-0.10 
603 

1.67 
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TABLE 4c (CONT'D) 

WIND SPEED CLASSES (ms-1) 

STABILITY < 2 .1 2 .1-4 .0 

FETCH: 25-40n mi (cont'd) 

- 3.84 
Unstable 91 

1.91 

- 7_55 
Very Unstable 20 

1.40 

1.04 
All Ranges 274 

5.09 

FETCH: ~ 41 n mi 

9.96 
Very Stable 27 

2.27 

4.79 
Stable 37 

1.85 

- 0.24 
Neutral 94 

1.86 

-4.18 
Unstable 60 

1.88 

- 6.99 
Very Unstable 12 

2.44 

- o .39 
All Ranges 230 

5.09 

Mean 
Number of Observations 
Standard Deviation 

- 2.93 
94 

1.77 

-6.36 
34 

1.78 

0.47 
478 

4.52 

10.08 
25 

2.33 

4.90 
106 

1.74 

0.41 
163 

1.70 

- 3.49 
67 

2.19 

- 7.87 
17 

2.08 

1.24 
378 

4.52 

4.1-6.0 6 .1-8 .0 

-2.28 - 1.64 
130 33 

1.59 1.14 

- 5.10 - 5.03 
14 15 

1.84 1.63 

0.93 2.66 
481 240 
4.32 4.06 

9.43 10.01 
34 19 

2.47 2.43 

4.52 4.35 
122 95 
1.88 1.98 

- 0.01 0.62 
163 92 
1.70 1.83 

- 2.55 -2.61 
81 36 

1.57 1.20 

- 7.74 - 5.29 
17 12 

2.24 1.87 

1.27 1.98 
417 254 

4.32 4.06 

8.1 -10.0 ~ 10.1 
All 

Speeds 

- 1.87 -1.98 - 2.70 
20 10 378 

0.99 1.05 1.75 

- 3.97 - 1.97 - 6.02 
5 1 89 

1.91 2.04 

1.45 0.90 0.80 
71 28 1572 

4.46 1.84 

10.59 9.90 
1 1 0 116 

1.44 2.38 

4.63 2.16 4.58 
29 6 395 

1.69 0.67 1.91 

- 0.01 - 0.70 0.17 
24 8 544 

1.34 0.91 1.78 

- 2.62 - 2.98 - 3.18 
17 5 ' 266 

1.10 0.28 1.88 

- 2.99 i - 7.05 
1 0 I 59 

I 

2.42 I 

2.48 - 0.42 1.30 
82 19 1380 

4.46 1.84 
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6.3.3 Dew Point 6Td 

Analysis of dew point observations produced results which were similar to 
those for 6 Ta, except that the variability of 6 Td was less marked. 

In stable, neutral, and unstable cases there is no apparent association 
between 6Td and wind speed. In very stable conditions, an increase in wind speed 
increases the humidity differences between land and lake. 

Insufficient data for winds in excess of 8 ms-1 precludes definitive 
statements about the effects of very strong winds on the behaviour of humidity . 
The information obtained on 6 Td in this study can be found in Table 5 and Figure 5. 

6.4 Prediction of Over Lake Parameters 

For each data pair, a total of 22 observed elements and derived variables 
were compiled. Table 8 is a one-by- one correlation matrix of these variables for 
the 6926 sets. 

A stepwise multiple linear program was used to formulate the predictive 
models for wind, temperature, a nd humidity over the lake. This subroutine selected 
independent variables in the order of their importance . The criterion for selection 
is based on the reduction of sums of squares and the independent variable which is 
most important in this reduct ion in a given step is entered in the regression. A 
limit can be chosen so that wh en the proportion of the sum of squares reduced by an 
entering variable is l ess than this limit the variable will not be entered. In our 
analysis, this limit was set at 0.01. The subroutine prints the mean, the standard 
deviation, a nd a correlation coeff i cient matrix for all variables. For each step 
of the r egr ession, it gives the s um of squares reduced, proportion reduced, multi­
ple corre lation coefficient, F-value for analysis of variance, standard error of 
estimate, r egression coefficients, standard errors of regression coefficients, and 
computed t-values. A table of r esiduals is also available . 

More specific comments can b e made on the results of regression analysis 
with respect to wind, air temperature, a nd dew point temp e rature: 

6 .4.1 Wind 

For all stability c lasses , the first indepe nd ent variable selected was 
over-land wind speed, which accounted for up to 60 per cent of the variance . 
Residence time, i . e ., over water fetch divided by land wind speed, was also 
important in explaining a significant portion of the variance. The stability 
term was found to be significant in the r egression equation for neutral cases. 
Over land air temperature was statistically significant. However, its inclusion 
increased the multiple correlation c oefficient only by 0.2 and reduced the stan­
dard error by less than 0 . 2 ms-1. 

6 .4. 2 Air Temperature 

All stability groups had correlation coefficients above +0.9 and standard 
errors below 2 degrees C. Best results were obtained in the neutral stability 
class, with r = .99 and a standard error of 1.2 degrees. Over land air temperature 
is an important parameter in explaining the variance in all stability classes. 
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TABLE 5a 

EFFECT OF FETCH ON 6T d 
(LAND-LAKE DEW POINT TEMPERATURE °C) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

STABILITY 0-6 

3.06 
Very Stable 29 

3.28 

0.20 
Stable 95 

2.07 

-1.05 
Neutral 225 

1.58 

- 1 .16 
Unstable 125 

1.80 

-2.85 
Very Unstable 36 

2.82 

All Ranges 
-0.74 

510 

-

Mean 

Number of Observations 
Standard Deviation 

7-14 

4.06 
86 

2.77 

0.42 
369 

2.31 

-1.01 
619 
1.79 

-1.28 
470 
1.54 

-2.07 
89 

2.31 

-0.56 
1633 

FETCH (n mi) 

15-24 25-40 ~41 

4.59 4.28 4.88 
113 134 116 

3.02 3.79 3.15 

0.41 0.82 0.45 
458 368 395 

2.73 2.60 2.71 

- 1 .18 -0.99 - 1 .15 
704 603 544 
1.82 1.80 2.03 

-1.55 -1.69 -2.49 
448 378 266 
1.66 1.98 2.06 

-2.40 -3.41 -5.51 
108 89 59 

2.02 2.88 4.28 

-0.59 -0.42 -0.63 
1831 1572 1380 

All 
Fetches 

4.38 
478 

0.50 
1685 

-1.08 
2695 

-1.63 
1687 

- 3.08 
381 

- 0 .56 
6926 
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TABLE 5b 

EFFECT ON WIND SPEED ON 6T d 
(LAND-LAKE DEW POINT TEMPERATURE °C) 

TABULATED ACCORDING TO ATMOSPHERIC STABILITY 

STABILITY < 2.1 

5.60 
Very Stable 54 

3.68 

1.35 
Stable 170 

2.30 

- 1.04 
Neutral 464 

1.84 

- 1.74 
Unstable 378 

1.84 

- 2.44 
Very Unstable 129 

2.55 

All Ranges 
- 0.77 
1195 

Mean 
Number of Observations 
Standard Deviation 

WIND SPEED CLASSES (ms- 1) 

2.1-4.0 4.1 -6.0 6 .1-8.0 

5.37 4.12 3.48 
117 140 125 

3.28 3.26 3.07 

0.87 0.61 - 0.18 
436 517 415 
2.75 2.59 2.37 

-0.91 - 1.14 -1.22 
827 885 368 
1.88 1.83 1.77 

- 1.66 -1 .41 - 1.63 
452 531 209 
1.93 1.76 1.64 

- 2.82 - 3.87 - 4.02 
107 83 48 

2.28 4.11 3.37 

- 0.41 - o.55 - o.53 
1939 2156 1165 

8.1-10.0 ~ 10.1 

4.38 0.95 
33 9 

1.75 1.79 

-0.30 1.12 
123 24 

2.47 2.00 

- 1.21 -1.74 
89 62 

1.65 1.58 

- 2.06 - 2.12 
72 45 

1.69 1.85 

- 3.27 -2.86 
1 1 4 

1.67 0.80 

- 0.56 -1.25 
328 143 

All 
Speeds 

4.38 
478 

0.50 
1685 

-1.07 
2695 

- 1.62 
1687 

-3.18 
382 

-0.56 
6926 
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TABLE 5c 

EFFECT OF FETCH AND WIND SPEED ON 6T d 
(LAND-LAKE DEW POINT TEMPERATURE °C) 

TABULATED BY FETCH, WIND SPEED, AND ATMOSPHERIC STABILITY 

WIND SPEED CLASSES (ms-1) 

STABILITY < 2.1 2.1-4 .0 4.1-6.0 6.1-8.0 8.1 -10.0 ~ 10.1 

FETCH 0-6 n mi 

3.28 4.86 1.99 4.26 7.06 
Very Stable 1 7 15 5 1 0 

3.29 2.95 1.37 

1.05 0.30 0.12 - 0.37 0.34 1.75 
Stable 10 24 29 22 8 2 

1.59 2.05 2.48 1.41 1.17 0.18 

-1.27 -0.74 -1 .17 -1 .53 -0.47 -0.62 
Neutral 40 71 80 22 5 7 

1.32 1.61 1.56 1.85 0 .49 0.66 

-0.85 -1 .42 -0.72 -2.64 -0.44 -1.40 
Unstable 24 38 43 13 4 3 

1.54 1.54 1.42 2.73 0.64 3.15 

-3.39 -3.75 -2.03 -1.92 - 1.76 
Very Unstable 12 8 1 1 4 0 1 

2.78 3.13 2.69 1.46 

-1.20 -0.64 -0.64 -0.95 0.31 -0.57 
All Ranges 87 148 178 66 18 13 

2.03 2.42 2.19 2.55 1.88 1.72 

FETCH: 7-14 n mi 

4 .44 4.71 4.42 3.38 3.03 2.49 
Very Stable 6 19 29 26 4 2 

3.54 2.89 2.35 2.51 2.24 

1.28 0.67 0.23 0 .09 0.11 2.25 
Stable 33 91 1 1 1 96 32 5 

2.09 2.55 2.44 . 1.82 1.97 2.09 

All 
Speeds 

3.06 
29 

3.28 

0.20 
95 

2.07 

- 1.05 
225 
1.58 

- 1.16 
125 

1.80 

-2.85 
36 

2.82 

- 0.74 
510 

4.06 
86 

2.77 

0.42 
369 

2.31 
-0.94 - 0.74 - 1.20 -1 .13 - 0.56 -1.55 - 1.01 

Neutral 106 171 213 90 20 19 619 
1. 71 1.63 1.90 1.98 0.78 1.00 1. 79 

· -1.46 -1.48 -1.06 - 1.00 - 1.76 -0.90 - 1.28 
Unstable 103 133 134 68 17 15 470 

1.65 1.55 1.52 1.18 -1 .24 1.54 1.54 
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TABLE 5c (CONT'D} 

WIND SPEED CLASSES (ms- 1) 

STABILITY < 2.1 2.1-4.0 4.1-6.0 6.1-.80 8.1-10.0 ~ 10.1 
All 

Speeds 

FETCH: 7-14n mi (cont'd) 

- 2.11 -2.36 - 1.84 -1 .52 -2.42 - 2.07 
Very Unstable 39 21 20 7 2 0 89 

2.11 1.67 3.22 1.88 0.40 2.31 

- 0.92 -0.51 - 0.55 - 0.29 - 0.40 -0.58 - 0.56 
All Ranges 287 435 507 287 75 42 1633 

2.23 2.39 2.46 2.25 1.94 2.14 

FETCH: 15-24nmi 

6.38 5.52 4.67 3.46 4.28 0.96 4.59 
Very Stable 12 30 24 33 1 1 3 113 

2.28 3.18 2.55 3.01 1.13 0.53 3.02 

1.58 0.89 0.66 - 0.44 - 0.70 0.48 0.41 
Stable 43 112 142 122 33 6 458 

2.52 2.90 2.56 2.42 2.66 1.98 2.73 

- 1.15 - 1.00 - 1.15 - 1 35 - 0.85 - 2.44 - 1.18 
Neut ral 116 211 243 94 21 19 704 

1.83 1.96 1.72 1.67 0.88 1.86 1.82 

- 1 .77 1.43 - 1 .41 - 1 .56 - 1 .72 -2 .23 - 1 .55 
Unstable 100 120 143 59 14 12 448 

1.68 1.69 1.67 1.33 1.25 1.58 1.66 

- 2.04 - 2.26 - 3.24 - 2.36 - 3.28 - 3.36 - 2.40 
Very Unstable 46 27 21 10 3 1 108 

2.06 1.32 2.44 1.98 0.48 - 2.02 

- 0.82 - 0.39 - 0.60 - 0.57 - 0.34 - 1.72 - 0.60 
All Ranges 317 500 573 318 82 41 1831 

2.67 2.85 2.49 2.61 2.65 2.19 

FETCH : 25-40 n mi 

4.11 5.80 3.97 3.83 3.17 0.18 4.28 
Very Stab le 8 36 38 42 6 4 134 

4.77 3.43 3.88 3.28 1.47 2.21 3.79 

1.09 0.87 1.30 0.01 0.18 1.75 0.82 
Stable 47 103 113 80 21 4 368 

2.23 2.86 2.32 2.60 2.16 0.74 2.60 

- 0.74 - 1.11 - 0.95 - 1.00 - 1.20 -1 .24 - 0.99 
Neutral 108 211 186 70 19 9 603 

1.68 1.78 1.81 1.70 2.26 1.09 1.80 
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TABLE Sc (CONT'D) 

WIND SPEED CLASSES (ms-1) 

STABILITY < 2.1 2.1 -4.0 

FETCH: 25-40 n mi (cont'd) 

-1.76 
Unstable 91 

1.90 

-3.00 
Very Unstable 20 

2.78 

-0.79 
All Ranges 274 

2.54 

FETCH ~41 n mi 

6.28 
Very Stable 27 

3.05 

1.53 
Stable 37 

2.18 
• 

-1.28 
Neutral 94 

2.18 

-2.47 
Unstable 60 

2.00 

- 3.13 
Very Unstable 12 

3.74 

-o.35 
All Ranges 230 

3.63 

Mean 
Number of Observations 
Standard Deviation 

-1.42 
94 

1.90 

-2.81 
34 

2.54 

-0.34 
478 

3.05 

5.23 
25 

2.85 

1.16 
106 

2.61 

-0.70 
163 

2.09 

-2.93 
67 

2.56 

-3.87 
17 

2.43 

-o.32 
378 

3.22 

4.1-6.0 6.1-8.0 

-1 .57 -2.27 
130 33 

2.09 1.43 

- 3.28 -5.25 
14 15 

2.74 3.23 

-0.27 -0.26 
481 240 

2.84 3.35 

4.59 2.63 
34 19 

3.05 2.92 

0.38 -0.25 
122 95 

2.74 2.47 

-1.25 - 1.26 
163 92 

1.98 1.51 

-2.11 -1.98 
81 36 

1.49 1.81 

-8.74 -6.02 
17 12 

4.35 3.51 

-0.11 -0.92 
417 254 

3.41 3.76 

-

8.1-10.0 ~10.1 
All 

Speeds 

-1.76 -3.10 - 1.69 
20 10 378 

1.53 1.86 1.98 

-4.09 -3.16 - 3.41 
5 1 89 

1.91 2.88 

-0.78 -1.36 -0.42 
71 28 1572 

2.59 1.74 

5.41 4.88 
1 1 0 116 

1.19 3.15 

-0.81 -0.00 0 .45 
29 6 395 

2.76 0.31 2.71 

-2.23 -2.01 -1 .15 
24 8 544 

1.67 1.16 2.03 

-3.39 - 3.83 - 2.49 
17 5 266 

1.86 0.63 2.06 

- 0.85 - 5.51 
1 0 59 

4.28 

-0.92 -1 .85 - 0.63 
82 19 1380 

3.37 1.76 



-w 
...J -
~ 

. 
z -
I 
(.) 
~ 
w 
LL 

45• • l + I (i) )( I I • I 
A Very Unstable 
+ Unstable 
0 Neutral 
X Stable 

40 • Very Stable 

35 

0 X • 

30 

25 

20~ \ A t 0 1 ~ I· 

15 

• X 
10 

5 

- 5 - 4 - 3 - 2 - 1 0 1 2 3 4 5 

DEW POINT TEMPERATURE DIFFERENCE (6 Td) ° C 

FIGURE 5 - Dew point difference (0 c) by fetch distance and stability class 

I I 
w 
N 
I 



2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

.. 
' 
-~ 
a: .. .. 
0 
I­
<( 
a: 
0 
z 
~ 

~----

WIND RATIO ''Rw" 

ov / 
n..'v / 

~-0''/ 
f.v~?-- / 

~<v~j/ 
~ \ ~ _,,,,,,. / ,, . 

NOON 
EST 

/ 
/ 

/' 
/ ' 

' ' ' ' 
' ',' 

', 
'' 

' ' 

--i 
m 
~ 
"'tJ 
m 
::0 
)> 
--i 
C 
::0 
m 
0 ,, ,, 
m 
::0 
m 
2 
(") 
m 

0 

(") _,,,...,,,... -- DEW POINT ~- --- ----~-- --- ', 
' 

_ 
1
!!:!_P_~A IU RE O c 

----- . ' -----------

4 

3 

2 

1 

0 

- 1 

- 2 

- 3 

0.2 06~------;;0~9------:-: .. ,..~-----1.:----L--~~,..:------J.._ ____ ....L, ____ ---1. ____ _J 
1 £ 15 18 21 00 03 06 

TIME (GMT) 

. FIGURE 6 - Di urnal variation of wind ratio "Rw", air temperature diffe rence and dew point temperature di ffe rence 

I 
w 
w 
I 



-34-

2.4 
Seasonal Rw 

2.2 - - -- - Hunt 

This Study 
2.0 

~ 

s 
a: 1.8 ' ' 
0 
r 1.6 <( 
a: 
0 

1.4 Spring z -s 
1.2 

1.0 

0.8 
JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. 

MONTH 

I 

91 25 85 447 390 908 836 854 
Number of Observations 

u 
0 -

7 

6 

5 

4 

·3 
UJ 
u 
z 2 POINT ,,,>.. 
UJ ~1--- ~ 
~ ~ \~ 
~ 1 / \~ 

Fall 

SEP. OCT. NOV. DEC. JAN. 

1040 1036 936 282 91 

o / \~1:, C 
~ o.-------+-----------~,~----~---------------, 
~ - 1 / ,f:2_,-0') ° C ----a: / , __ __ 
UJ / 

~ - 2 / 
~ I 
r -3 \ / 

\ I 
- 4 

- 5 

-6 

\ I 
\ I 
\ I 
\ I 
\ I 
\I 

- 71,,_ _ __......._ _ ___. __ __., __ .....&, __ ......_ __ ..., __ _._ __ _._ __ ...&,.. __ _,_ __ ~-~ 

JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. 

FIGURE 7 - Seasonal variation of wind ratio "Rw", air temperature difference and dew 
point temperature difference 



- 5-

TABLE 6 

WIND SPEED 

Number Mu ltiple Adjusted Stability of Regression Equation Correlation 
F 

Standard Class Observations Coefficient 
Value 

Error 

Very Stable 478 Ww =3.28 +0.32 WL + 0 .00001 Time - 0.02 0.36 8 .1 1.7 
TAL 

Stable 1685 Ww= 2 .65 + 0.49 WL + 0.00001 Time - 0.02 0.47 20.2 2.0 
TAL 

Neutral 2695 Ww = - 3 .55 + 0.92 WL - 0.28 ST AB + 1.29 0.67 43.3 2.0 
log T 

Unstable 1687 Ww = - 2.50+ 1.01 WL + 1.331ogT 0.70 38.0 2.1 

Very 
381 Ww =- 2.79 + 1.05 WL + 1.46 log T 0.72 19.1 2 .1 Unstable 

All Classes 6926 Ww = - 1.90 + 0 .81 WL - 0 .17 STAB+ 1.03 0.67 61 .7 2.1 
log T 

AIR TEMPERATURE 

Very Stable 478 TAw = 12.83 + 0.56 Tw - 2.77 log T + 0 .90 15.1 1.9 
0.30 TAL 

Stable 1685 TAw = 7.93 + 0 .65 Tw - 1.63 log T + 0.98 37.6 1.3 
0.29 TAL 

Neutral 2695 TAw=0.29+0.52Tw +0.47TAL 0.99 40.3 1.2 

Unstable 1687 TA W = - 4. 78 + 0.67 TA L + 0.42 T w + 0.98 35.3 1.5 
1.12 log T 

Very 
381 TAw = - 9.77 + 0 .60 TAL + 0.54 Tw + 0.98 17.3 1.6 Unstable 

2.08 log T 

All Classes 6926 TA W = - 0 .11 + 0.48 TA L + 0.55 T W - 0 .16 0.98 160.5 1.6 
log T 

Ww = over-water wind speed (ms- 1) ; WL = over-land wind speed (ms- 1) ; Time = duration of air over water (seconds) ; 
log T = log of duration of air over water (seconds) ; T AL= over-land air temperature (°C); STAB = stability of air 
(TA L - T w ); T w = surface water temperature; TA w = over-water air temperature (°C) ; Tow = over-water dew-point 
temperature (°C); TD L = over-land dew-point temperature (°C); Fetch = distance over-water (n mi). 
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TABLE 6 (CQNT'D) 

DEW POINT TEMPERATURE 

Stability 
Number Multiple 

F 
Adjusted 

of Regression Equation Correlation Standard 
Class Value 

Observations Coefficient Error 

Very Stable 478 Tow= 8.07 + 0.43 To L +0.53 Tw - 2.04 .91 20.9 1.9 
log T 

Stable 1685 Tow= - 0.16 + 0 .55 Tw + 0.44 ToL .98 57.1 1.4 

Neutral 2695 Tow= - 0.35 + 0.72 To L + 0.31 Tw .98 77 .8 1.5 

Unstable 1687 Tow= 0.03 + 0.94 To L + 0.02 Fetch+ .97 5"9.8 1.7 
0.11 Tw 

Very 381 Tow= - 5.64 + 0 .56 To L + 0.05 Fetch+ 0.95 14.2 1.9 
Unstable 0 .46 Tw 

All Classes 6926 Tow= - 1.31 + 0.70 To L + 0.35 Tw 0.97 192.6 1.9 

Ww = over-water wind speed (ms-1 ; WL = over-land wind speed (ms- 1); Time= duration of air over-water (seconds) ; 

log T = log of duration of air over water (seconds); TA L = over-land air temperature (°C) ; ST AB =stability of air 

(TA L - T w) ; T w = surface water temperature; TA w = over-water air temperature (°C); Tow = over-water dew-point 

temperature (°C) ; T O L = over-land dew-point temperature (°C); Fetch = distance over-water (n mi) . 
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TABLE 7 

DIURNAL VARIATION OF Rw, 6Ta, and 6Td 
TABULATED BY ATMOSPHERIC STABILITY 

DOZ 06Z 12Z 

1.24 1.30 l .25 
1.18 1.23 1.13 
1.47 1.58 1.51 
1.98 2.02 2.18 
2.43 2.32 2.62 

1.53 1.70 1.66 

8.8 7.7 8.4 
3.3 2.9 3.6 

-0.1 -0.8 -0.2 
-2.9 -3.6 -3.0 
-5.0 -5.7 -5.5 

0.7 - 1.1 -0.0 

4.6 5.3 5.4 
-0.1 1 . 1 1.6 
-1 .6 -1.2 - 0.7 
-1.4 -2.1 - 1.6 
-3.4 -3.0 -3.2 

-0.7 -1 .0 -0.3 

18Z 

0.97 
0.92 
1.17 
1.45 
1.47 

1.12 

9.4 
4.7 

0.9 
-0.9 
-2.7 

2.9 

3.3 
-0.1 
-0.8 
- 1.0 
-2.4 

-0.1 



TABLE 8 

ONE-BY-ONE CORRELATION MATRIX OF THE VARI ABLES CONSIDERED FOR THE REGRESSION ANALYSIS, 

1 2 3 4 5 6 7 8 9 10 11 12 ' 13 14 15 16 17 18 19 20 21 22 

1 1.00 - 0 .06 - 0 .28 - 0 .31 - 0 .14 0 .11 0 .11 -0.43 0 .00 0 .51 - 0 .33 - 0 .34 0 .25 0 .19 - 0 .31 0.04 0 .00 - 0.25 -0.22 0 .29 - 0 .13 - 0.16 

2 1.00 - 0 .16 - 0 .12 - 0 .24 0 .06 0 .05 0 .08 0 .01 0 .01 - 0 .09 - 0 .11 - 0 .10 - 0 .30 0 .10 - 0 .02 - 0 .01 0 .05 0 .09 - 0 .05 0 .05 0 .04 

3 1.00 0 .96 0 .87 - 0 .01 0 .02 0 .16 0 .00 - 0.07 0 .91 0.90 - 0 .23 - 0 .32 0 .41 - 0 .03 0 .02 0.09 - 0 .09 - 0 .15 0 .01 0 .05 

4 1.00 0 .80 0 .03 0 .06 0 .21 0 .08 - 0 .09 0.91 0 .95 - 0 .31 - 0 .35 0.48 - 0 .03 0 .01 0.11 - 0 .14 - 0.17 0 .04 0 .09 

5 1.00 - 0 .29 0 .00 0 .08 - 0 .06 - 0 .13 0.67 0 .69 0 .08 - 0.16 - 0 .03 - 0 .26 0 .03 0 .06 - 0 .01 0.00 0 .02 0 .07 

6 1.00 0 .87 0 .71 0 .04 0 .01 0 .04 0 .02 - 0 .13 - 0 .02 0.09 - 0.01 - 0 .00 0 .36 0 .06 0.09 0 .66 0 .73 

7 1.00 0 .8 2 0 .04 0.01 0 .08 0 .06 - 0 .14 - 0.03 . 0.10 - 0.02 - 0 .01 0 .33 0.07 0 .09 0 .57 0 .84 

8 1.00 0 .04 - 0 .24 0 .24 0 .22 - 0 .26 - 0 .13 0 .25 - 0 .03 --0.00 0.53 0 .16 - 0.11 0 .57 0 .82 

9 1.00 0 .02 0 .07 0 .12 - 0 .·15 - 0 .11 0 .15 0 .02 - 0 .01 0 .02 0 .04 - 0 .06 - 0 .02 0.01 

10 1.00 0 .02 - 0 .08 - 0 .18 0 .06 0 .15 0 .03 0 .00 - 0 .09 - 0 .35 --0.46 -0.39 - 0.50 

11 1.00 0 .94 - 0 .62 - 0 .46 0.72 - 0 .03 0 .01 0 .13 - 0 .09 - 0 .27 0 .01 0.04 

12 1.00 - 0.48 - 0 .50 0 .62 - 0 .04 O.Ol 0.11 -0.14 - 0 .19 0 .04 0.08 

13 1.00 0 .44 - 0 .90 0 .01 0 .02 -0.13 0 .04 0 .36 0.01 - 0 .01 

14 1 .00 - 0.46 0 .02 - 0 .02 - 0 .07 --0 .05 0 .10 - 0.05 - 0.06 

15 1.00 -0 .01 - 0.02 0.02 - 0 .11 -0.37 -0.01 - 0.01 

16 1.00 - 0 .00 -0.02 - 0 .02 - 0 .01 -0.04 -0.03 

17 1 .00 0.00 0.00 - 0 .00 - 0 .00 -0.00 w 
(X) 

18 1.00 0.07 - 0 .12 0 .32 0.33 I 

19 1.00 0 .16 0 .17 0 .23 

20 1.00 0.46 0.40 

21 1.00 0 .75 

22 1.00 

Variable Number Variable Name 
1 wind speed over water 
2 atmospheric pressure over water 
3 air temperature over water 
4 dew point temperature over water 
5 surface water temperature 
6 fetch distance 
7 log of fetch distance 16 (%) actual/potential air temperature 

8 log of residence time from lake wind . modification; variable 13/variable 15 
9 cloud cover over land 17 (%) actual/potent ial dew p·oint temperature 

10 wind speed over land modification; variable 14/variable 15 
11 air temperature over land 18 residence time over water from lake wind 
12 dew point temperature over land 19 atmospheric pressure over land 
13 air temperature difference (lake-land) 20 ratio of lake/land wind speed 
14 dew point temperature difference (lake-land) 21 residence time over water from land wind 
15 stability (land air temperature - surface 22 log of residence time over water from land 

water temperature) wind 
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However, its order of significance varies, being first in unstable cases and t hird 
i n s table ones . Water t emperature was included as an independent variable i n all 
s tabi lity classes; there was an increase in over lake air t emperature with i ncr eas­
i ng surface water temperature. Residence time was also included in the f ina l 
equation. Under stable conditions, the longer residence time s decrease over l ake 
air t emperatures, bringing them closer to the surface water t emperature . In un­
s table conditions a revers e e f f ect is produced. It was found that expres sing 
r esidence time in logarithmic form gave a better fit in the regression equation 
for air temperature, as well as for wind and dew point temperature. 

6 .4.3 Dew Point Tempera ture 

Again, statistical results for estimating over lake dew point ar e simi l a r 
to those for estimating air temperature. The multiple correlation coeffi ci ent r 
is 0.97 and the average standard error is 1.9 degrees C. The statistical r esults 
are bette r than those obtained by Phillips (1973) for the same stability classes. 
The improvement in this study is likely due to the larger sample size. Residen ce 
time was not considered for the stable and neutral stability classes in the fina l 
analyses, since this term did not explain additional variance. Moreover, its in­
clusion resulted in a small increase in standard error. 

6.4.4 Summary of Regression Analyses 

Figures 8, 9, and 10 are a collection of scatter diagrams which depic t 
estimated versus measured wind speed, air temperature, and dew point temperature 
over Lake Ontario during IFYGL. The graphs show a one-to-one correlation l ine and 
the least-squares regression line resulting from the plotted points. 

Figure 8 shows that for land wind speeds between 3 and 8 ms-1 the e stima t ed 
over-water speeds agree well with the obs erved. For winds below and above these 
limits, estimated speeds tend to diverge from observed at progressively increasing 
rates, underestimating the low speeds and overestimating the high ones. Over 75% 
of the data occurred within the rather narrow land wind speed group of 3 to 8 ms-1. 
Graphical presentation of the existing relationships became difficult with so many 
data points clustered in a narrow range. A clearer picture of the land/lake wind 
r elationship was obtained by sorting the data into one metre per second land wind 
speed classes, averaging the observed lake wind speeds in each class, and plotting 
the results, as in Figure 11. It can be - s een that the relationship between the 
variables is curvilinear. The correlation coe fficient of the grouped and averaged 
data is 0.93. This figure compares with a coefficient of 0~53 when all data point s 
are considered individually. The regression equations for the grouped and ungrouped 
data are almost identical. 

7 APPLICATION AND VERIFICATION OF THE REGRESSION MODELS 

Since data from only synoptic hours were used to dev elop the climatological 
relationships, there were ample observations for independent v erification . Con­
sidering the number of data sets which wer e us ed to formulat e the equations, it 
was not surprising that almost identical coefficients were computed when the analysis 
was performed on only half the data. 

Another means of verification was sought, which would demonstrate the 
application of the regression models. The mass transfe r method of computing 
evaporation has been adapted successfully where meteorological data are readily 
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available. However, its application to the Great Lakes is difficult because the 
lakes are virtually devoid of any climatological sampling. Consequently, compu­
tations are usually based on observations from stations at the periphery of the 
lake, a procedure which usually does not reflect conditions over the water. This 
disadvantage was, in part, overcome during IFYGL by the availability of over lake 
meteorological data obtaine d from a number of towers and buoys. Quinn and his 
coll eagues at the Great Lakes Environmental Research Laboratory in Ann Arbor 
(GLERL) used measurements of over lake wind, humidity, and temperature averaged 
for each 24-hour day ending at 12 GMT, from April 7 to November 27, 1972, to 
compute daily evaporation from Lake Ontario. Of course, IFYGL data acquisition 
systems are not in operation today , so that most of the data required to calculate 
evaporation by the mass transf e r method are not available. In order to test the 
regression technique, lake-averaged estimates of wind speed, air, d ew point, and 
surface water temperatures wer e obtained from regression for 224 days during IFYGL 
and plotted against the same variables averaged by Quinn from buoy and tower 
measurements. Figure 12 presents the scatter diagrams which are based on these 
data, with a one-to- one correlation line plo tted through the origin. A best-fit 
line through the ave rage points was also plotted t o show that linear relationships 
can be obtained. Statistical analyses were also undertaken to obtain monthly cor­
relation coeffi c ients, standard errors, and a difference of means tests between 
the es timated data and the measured data. Table 9 lists these statistics, which 
are significant at the 0.01 level. In summary, it is not possible to reject the 
assumption that the two sets of data a r e not significantly different, and therefore 
the estimated data can be used to calculate evaporation in the absence of atmos­
pheric measurements over the lake . 

8 SUMMARY AND FURTHER RESEARCH 

A large sample of data collec t e d over Lake Ontario during IFYGL permitt e d 
the re-examination of the r elation ships between meteorological parameters meas ure d 
over the land and over the l ake . An addi tional r esult of this study was the de­
velopment of a reasonably d ependable t echnique for pairing simultaneous weathe r 
observations. 

Ratios of wind speed (Rw), and differences in air t emperature ( 6 Ta) and 
dew point temperature ( 6 Td) between l ake a nd land are p resented in three modes. 
Calculations were carried out to obtain : monthly averages; statistically-sorted 
values for different classes of s tability, fetch, and over-land wind speed; and 
regression equations for designated stabilities. 

Generally, t he results of this study are similar to those obtaine d by 
previous investigators, although the n ew values are less erratic and their standard 
deviations are smaller, compared to earlier works. The wind ratio (Rw), with an 
average value of 1.53 for all data , was found to have a strong d ependence on 
stability, fet c h distance and land wind speed. 

Average 6Ta and 6 Td were 0.48 and -0.56 d egr ees C, respectively . Final 
multiple regression equations formulated from a potential list of 20 independent 
variables explained as mu ch as 98% of the variance . Independent testing of the 
r egression equations was done on a sample of data collected from buoys and towe rs 
during IFYGL. 

It is doubtful whether additional pairing of meteorological observations 
obtained on Lake Ontario during IFYGL, more rigorous statistical analyses will 
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TABLE 9 

COMPARISON OF SPATIALLY-AVERAGED MEANS 
FROM OBSERVATIONS OVER LAKE ONTARIO DURING 

IFYGL AND ESTIMATES FROM REGRESSION 

K-S Two Sample 

statistic (D) 
Correlation Standard ( Reject Ho if D exceeds 
Coefficient Error the critical value 

of .415 signif icant 

at 0 .01 level} 

Air Temperature 9 C 0.985 1.058 .189 

Dew Point Temperature °C 0.982 1.262 .220 

Surface Water Temperature °C 0.981 1.185 .273 

Wind Speed ms-1 0.826 0.794 .218 

Evaporation mm d-1 0.925 0.766 .211 
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produce results that are different from those obtained in this study. However, 
testing of the findings on other Great Lakes, especially on Lake Superior (the 
largest) appears to be warranted. The technology of limited-capability buoys 
has advanced to the point where year-round deployment of meteorological and lim­
nological buoys is feasible. 

The authors plan to continue working with the IFYGL data archive of 
paired weather observations in order to develop relationships for other para­
meters, such as solar radiation, atmospheric pressure, and cloud cover. In 
addition, analyses have already begun of c limatological relationships between 
lake and land under light-wind situations. 
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