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ABSTRACT 

This report is a contribution to the Energy Balance 

Program of The International Field Year on The Great Lakes. The 

net heat flux across the surface of Lake Ontario from April I972 

until June l§73 is estimated using data from #6 ship cruises and 

measurements of river temperatures and discharges. An effort. 

has been made to compute the degree of uncertainty attached to 

the heat flux values. Results are given in graphical and tabular 

form; the latter are interpolated to standard weekly intervals.



Résuné 

Ce rapport s'insére dans le programme du bilan énergétique intégré 

5 l'Annéé ihterhationaie d'étude des Grands lacs. Le flux thermique 

net de part en part du lac Ontario, d'avriI 1972 5 juin 1973, y est calculé 
d'aprés les refiseignements Fournis par #6 croisiéres et la mesure des 
débits er températures des cours d'eau., On s'est emp1oyé'5 calculer le 

degré d'incértitude inhérent aux valeurs des flux thermiques. Les résultats 
se présentent sous la forme de graphiques et de tableaux. Dans le dernier 

cas, ils Sont interpolés 5 des intervalles hebdomadaires types. 
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Heat Content of Lake Ontario and Estimates of Average Surface 
- v"Heat Fluxes during IFYGL 

F.M. Boyce, W.J. Moody and B.L. Killins 

iNTRopucTioN 

From.April I972 until JuJyal973,-during the International Field‘ 

Year on the Great:Lakes (JFYGLL a large effort was made to evaluate the ~v 

fluxes of thermai energy across.the.surface of Lake Ontario‘ (Elder et-al; 

1974), .Knowledge of these fiuxes is essential to=an understanding of how 

Lake Ontario influences the climate of the adjacent region. Furthermore. 

it may.be possiblerto refine the empirical formulae used to estimate evapev" 

oration and transfer of sensible=heat and to-obtain parameterizations of 

these fluxes in terms of easily measured mean.variables Whlch=are*appi1cabie 

to the other Great Lakes. 

““Uhlike the lahd's surface,—a deep body of.water stores a sub- 

stantial portion of incoming thermal energy during the spring and summer 
- (both surface and subsurface waters are warmed) and releases this energy back 

to the atmosphere during the fall and winter. .The periods of*maximum and:
_ 

minimum heat eontent occur later than the periods of maximum and minimum 

—heat fiux. It is thiszlag effect that helps to moderate the climatetonathe 

*shores of a large lake. 

If the distribution of temperaturesmithin a:lake is known at various 

points in time, the quantity of heat stored:in the Jake; and its changes 

can be éomputed.. The change in heat content between two such points in time, 

less the quantity of heat~added by tributary streams, and thermal effluents* 

is equal to the quantity of heat which has crossed the Jake's upper free ' 

surface. ~The computation of these fluxes is the.purpose ofwthis work.



MEASUREMENTS 

The main body oi data consists ot temperature profiles taken from 

ships at a network of stations (Figure l) during #6 IFYGL Heat content 

surveys. whenever possible, two ships were used in order to reduce the 

survey time. Most cruises were completed within 60 hours. The task was 

divided between U:S. and Canadian vessels (Table l)} Guildline electronic 

bathythermographs i.(EBT's)'werewinstalled aboard allrvessels, and with 

rare-exceptions these instruments were used to obtain all the temperature 

»profiles;’ The Guildline probe is lowered from a stationary vessel and, 

coupled with an XrY recorder, produces a continuous analogue plot of temp- 

erature versus depth (pressure). The plots constitute the-primary data used 

“in this report. The design of the survey and the sampling methods are dis- 

cussed in Appendix 1. 

Additional measurements of lake temperatures were obtained from 

moored selferecording instruments (current meters, fixed temperature pro- 

Filers) (Figure 2).A-These measurements consist of repeated-temperature 

samples (up to l0 samples per hour) at fixed depths.and locations; In the
A 

present work;*these measurements have not been~used in the heat content cal: 

culations but rather they have served to describe the nature of the time 

variability ot the lake's«thermal.struCtUre at time Séales Shbrtef than th5Sé 

of the ship surveys. The surface temperature of the lake was measured at.regu4 

.lar intervals with an airborne infrared thermometer (ART) (Irbe and Mills, I976). 

An effort has.been made.to estimate the quantity of heat carried 

.to‘and from the lake by rivers; streams and discharges of waste heat. 'The’ 

overall effect of these fluxes is small,but some, notably the Niagara River 

inflow and the St,-Lawrence River outflow, have marked local effects. *Data¥ 

on stream flow and temperatures has been obtained from Water Survey of ~



~ ~ 
Ganada,‘U;S. Geological Survey, St. Lawrence Seaway Authority, and Ontario‘ 

Hydro. Local observers-were recruited to measure water temperatures at the 
mouths of the Credit, the Ganaraska, the Trent and the Moira Rivers on the 
‘Canadian shores from April until November 1972. 

Data collected by the consulting engineers, H. G. Acres [H. G. 

Acres Ltd;, 1970] was used to estimate the waste heat réjécted to the 
lake from power generating stations, sewers, and heavy industry. The com- 
putation of the heat advected to and from the lake is described in Appen- 
dix 2.

A 

. 

‘Additional heat flux terms arise from precipitation into the lake 
and from phase changes (melting of snow and formation and melting of ice 
coverit Available data permit_an order of magnitude estimate only of these 
terms (see Appendix 5.) 

A A ‘ 

COMPUTATIONS A§2EtRB0R ANALYSIS 

,Analogue to Digitai4QQnversion of Temperature Depth Plots 

After much experimentation [BOYce, 1971] a simple manual 
method was devised which represents a continuous temperature depth protile 
by a sequence of up to 9 temperature depth pairs. These pairs_define_8;“ 
continuous linear segments which best fit the analogue trace.‘ This informa- 
tion together with the sampling time, station number and position, and depth 
to the bottom can be stored onna single 80 column IBM card (Appendix 3). 
The mean square error of this representation, expressed as heat content 
(squared) contributes about lu% of the total variance which also includes 
internal waves, instrument accuracy, and digitization errors [Boyce, l97l]



.., All of the temperature profiles obtained duringxthe*lFYGL cruises 

were reduced in this fashion to IBM card images, key punched, and edited in 

tLcard,form_and then committed to magnetic tape; .The coded profiles are simply 

manipulated in either card or magnetic tape form.- The chief disadvantage 

of this method is the ease with which errors can be-introduced in the manual 

coding stage. Verifying the data took much longer than we had anticipated. 

‘lComputation of Stored heat 

For computational purposes, the lake was divided horizontally into 

2 km square elements (#.km2). The bathymetry was represented by the average 

of each at the elements (adjusted for lake level).‘ The lake was fur- 

ther subdivided horizontally into lO zones (Figure 3) based on known regional 

fidifferences in the lakels thermal structure and on the distribution of moored 

current meters in the IFYGL network. These zones are arbitrary and do net“ 

affect heat content calculations. Finally, the lake was vertically divided 

into 8 layers defined by the depths 0, l0, 2O;Ahb; 60, 90} I20, and 150 m, 

The algorithm employed to compute stored heat hasisimilaritiesy 

with the Thiessen polygon approach [Thiessen, 1912]. Starting with 

the first layer (0 - lomi, each element of the lake within the layer is 

assigned to the sampling point nearest to it. Thus data from station 1; 

over the vertical interval lb metres is applied to all the elements 

closer to station l than to any other station. This is equivalent to a 

Xlhorizontal linear interpolation of the temperature data between sampling 

points.“ By various simple strategies, the computations are reduced to 

reasonable limits.‘ The procedure is repeated for each layer, with intermede 

iate results being stored by zone and by layer. The choice of layer depth 

Vrepresents a balance between accuracy and computational economy. The Al‘ 

gorithm, known as program Z¢¢P,is the latest of a family of similar routines

A



[Boyce, 1973] and is described in Appendix 4 together with tests on its ac- 
curacy. The latter indicate that less than 25% of the total variance of 
the final heat content value is due to the computational method._ 

Accufgcyvofgthe Final Result 

In outlining the methods used to measure the temperature distribu- 
tion within the lake and to compute the stored heat, we have mentioned sev* 
eral sources of error. We shall summarize them here. 

In 

The errors can be classified into two groups, those whose effects 
‘we can estimate a priori, and those over which we have no such control.fl In 

the first group are uncertainties arising from internal wave activity (mo- 
tions of the thermocline occurring at time scales much shorter than the 
duration of a cruise), instrument errors, digitization errors, and computa. 
tional errors,i In estimating the combined effect of these errors we assume_ 
that the I05 stations, if properly sampled, would adequately define the 
thermal structure of the lake, In this context,_a single EBT profile rep- 
resents one sample of population whose range is established by the level of 
internal wave activity and randdm temperature fluctuations. lfhese are known 

: 
to be ubiguitous phenomena; by assuming them to be random, and by using. 
rough estimates of their amplitudes, we can arrive at an estimate bf their 
contribution to the total error [Boyce,l97l]. "The 'Guildline EBT and the 
associated electronics and recording apparatus have an accuracy of the order 
1 ,05°C in temperatures and about i 0.52 of the depth range used under good 

_,conditjons.- In actual practice, these limits are probably closer to iO;l°C 
. and.¢ l mt To complete this list we must add the errbrs due to the digitiza- 
tion and computation stages briefly discussed aboveL* Since the heat content 
may be viewed as a weighted mean of the vertical integrals of the individual



“profiles. we assume that the error of the mean is approximately N‘i/2 times 

the error of an individual profile where Niis the dumber of stations inomih- 

ally 100).’ The error estimates are summarized in Table 2; the total 

variance (error) is the square root of the sum of the individual variances. 
V 

The second type of error arises from the finite duration of the 

surveys. 'R5thé? than an instantaneous picture of the temperature structure, 

we have a potentially blurred image due to the chahges in structure occurring 

while the cruise is in progress. The changes can be due to heating and cool- 

\ing or due to the internal readjustment of the water masses to changes in 

' meteorological forcing. The latter source of error could be properly termed 

aliasihg error and its effect is impossible to estimate. we suspect that 

it could be large. 

“_Excluding the aliasing term, we propose a_formula for estimating 

‘error of the form’ 

rate of heat flux q. we propose that the form of f is 

E = -r___ + F (q. T) 

Ed is the error due to the sources listed in Table 3, expressed on afper~
( 

station basis; Nyis the number of stations. The function f, indicating_the 

contribution due to finite survey duration_, __must increase moqqtonically 

with T (zero for T = O) and must also depend to some extent on the average 

f(q.t) = occur 

where a is a constant. Clearly if q is constant.during the survey,period 

«and_if.the heat content is evaluated at_the mid-point of the survey, as we 

4 
do in,fact,'then Q would be identically.zero. d.represents then a measure 

of the non-uniformity of the heat flux primarily at diurnal time scales.



~ ~ 
This formula assumes, in effect, that variability of the heat flux as ex- 

pended by f(q,T) increases with the absolute value of the mean flux itself. 

7The choice of a is for the moment subjective. Letting a = l is 

A 
an extreme situation,for it implies that there is no cancellation of errors 
in the averaging process. From various,simple models of the heating and 
cooling processes,l we conelude that a = 0.2 provides a conservative esti. 
mate of error. . M~; 

As can be seen from Table 2[,E°(t).is strongly correlated with 
the stratification of the_lake. We have used the.data of-Figurg A 

and made E0 (tlto be linearly related to the difference between mean lake 
temperature ahd:the.temperature of the.upper§IQ.m,AaEO assumes the-value of 
3000_cai/cm? when this difference is maximym and i500 cal/cm%'when the lake 
is homogeneous, Ih this fashion we have estimated the-eohfidence limits 

of the heat content calculation_fior eath cruise (Table I). 

, Letting ql 
i Aql be.;he heat content : confidence limits 

cruise 1 at centra] time ti’ and q2h:_éq2 be the heat cQntent;¢,confidehee' 
limit for cruise 2 at eentral time t2, the mean rate of heat transfer'betweeh 
t and t: is H 2-'1 ' 

Aiif 
q2_- ch ‘'1 + Aqz 
tz é t‘ 

t2 - £1
’ 

‘- -assuming the two-measurements tc be statistically‘ihdependenté"ihisfformula 
has been employed to construct.Figure 5, The reader will be well aware of 
th§ subjectiye nature of this error estimate.‘



R§$ULTSs ;~ i 2 2 u_i i 

: 
~ 

V 

‘ 
- s: 

* Heat content=comDutations=have been made at regular weekly inter- 

vals via “linear interpolation of the cruise data in time; "These computa- 

' tions are presénted‘in‘tabular form‘in”Appendix 6.; The main bedy of these 

results can be summarized in’; few diagrams (Figs.~h; 5, 6). 

The heat storage cycle in the lake can be" represented byfa plot 

of the average temperature of the lake versus time (Figure h).’*ofiring 

IFYGL, the maximum9heat content occurred near Sept. 20, l972 (7.5°C) and the. 

following minimum occurred around March 1, i973 (l}5‘C). The change of 6°C 

is equivalent to a heat transfer of 10.02 x lO1° calories. A curve showing A‘ 

average temperature of the upper l0 m‘of“the‘lake“is p1ar£ea‘oa‘thé*s$he 

diagrams‘ The divergence of the lake mean temperature and the temperature 

of the upper 10 m can be construed-as a measure of the stratification of the 

lake. Maximum shmmer stratification appears to precede maximum heat content 

by a week or sogwhereas maximum winter stratification appears to precede 

'¢minimum heat content by a small amount.': " 

"vThe relevant curves,insofar as energy budgets aie’concerhed;=are 

those of Figures 5 and 6. Figure 5 shows the average rate of heat cdntent 

change between the IFYGL cruises. An estimate of the 95% confidence limits 

of these fluxes is shown on the diagram: The types of errors included in 

this estimate are instrument errors, digitization errors, computational 

.. errors, losses of accuracy due to missingflstations and extended survey periods. 

,£rrors_due to large scale water motions occurring during the surveyé (aliasing) 

Cannot be directly estimated,but the possibility of this additional error 

can be inferred from the wind record and from the changes in the large scale 

thermal structure. The likelihood of such contamination is expressed bn the 

curve of Figure 5.



Finally,Figure 6 shows the average surface heat flux and the flux 
due to advective heat transfer (rivers, power plants, etc.) at weekly intervals. 
The choice of weekly intervals is a computational convenience intended to 

allow a more simple doveetailing-of the different data sets in the energy 
balance computation. As one can see from Figure 5, the error estimates 

=.depend on the time interval between successive cruises; they are'less for 

longer intervals,since the errors for each-heat content evaluation become 

smaller in relation to the change in heat content. In view of'the”large 
' week-to-week variations in rate of heat content changes we should be wary of 
appiying a mean-rate of change taken over two or three weeks; say, to a situa- 

tion where the other components.of the energy balance are evaluated at weekly 
intervals or less. 

It is noteworthy that the period where heat is lost from the lake 

(September to March) exhibits the greatest variability in heat transfer 
rates. ‘Presumably this is due to the greater input of mechanical energy to 
“the lake during the episodic but vigorous fall storms and the decreasing 
stability-of the water column as heat is removed. 

The-curve of weekly averaged heat flux from rivers, power plants, 
and sewers (Fig. 6) shows that this flux is less than lO% of the surface 
flux except at brief periods when the surface flux changes sign? It is; 

moreover, dominated by the Niagaravst. Lawrencerthroughiflow (Appendices 
.22 and_6), The mean absolute value of the surface heat flux is about 300 
cal/cmz/day,whereas that of the ”advective” component is about 5 cal/cmz/day. 

For the sake of completeness, we have tabulated monthly mean values 
of surface heat fluxes, advected heat flux including precipitation, and 
effective heat fluxes due to ice formation and melting (estimate only) 
(Table 4. Appendices 2 and 5). This table emphasizes the importance of the



iceemelt term in the heat budget in March. 

CONQLUSLQNS» » 

It is not the aim of this work to optimize the manner in which the 

surface heat flux data are presented. This can only be done when all the 

terms in the Energy Budget have been gathered together. The purpose of this 

report is to_present the facts in such a way as to make their interpres 

tation as simple and as honest as possible. 

It is clear, nevertheless,that the uncertainties in the individual 

heat content computations are too large to permit useful energy budget.. 

computations at a weekly time interval. The choice of an averaging interval 

(biweekly or longer) must await scrutiny of the other input terms. 

, The successful completion of some.h6 IFYGL cruises is a tribute 

to the_stamina of both the research vessels involved and their crews. «Winter 

cruises on Lake Ontario are uncomfortable, lonely, and often dangerous 

activities,and we acknowledge the high quality of seamanship and cheerful 

devotion to duty which has produced one of the most valuable sets 

’of.data ever collected on the Great Lakes. 

;7,Mr. Robert Gottinger assisted with the programming of the-Z¢flP“ 

algorithm and_Janet Macavella and KarenMileshelped with data reduction and 

verification.
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Apfgunlx 

~A},'¥s9;§ey Desighfiahd-Sampling Methods e. 

The unattainable ideal is the determination of the temperature of 

the lake at every point at a singie instant in time.‘ With the availabie re- 

Tsodr§eé3afV;wp{maj6E shifis.égufp§ed.yith_GpiIdijn§iEBT_pEc§es we mu§t=attéfipt 

to aooroach the joea]_§oai as closely_as.oossihIeI’ Usihg the expression dee 

gveloped in the fiain_body.of the test for the confidenqe limits applying to 

ia:heaf'eohtehtidéte}minatién;wé7gét 

* T+U"<.T' 

hyhere §o(t) is the confidence limit for a single EBT profile, N is the 

number of stations, T is the duration-of the cruise and k\fl5 taken to be 

20% of the mean heat'Fiux.” T is reiated to N by the expressioh' (for 5

S 
T: 

::IQh$}é;Afjs gag ggrkage are; of the lake, Vuis ihg s§eea.of the ship, Ts is 

the time taken to occupy the statiohL‘ This Iast expression is based on the 

oian 5% lake has a sfiaii asoect ratio and that the‘ 

stations are uniformly oistributed over the iake's 

Eiis mihimiied when

12



when two shjps are operated. simultaneously,the effective V and Ts are 

.doubled and halved respectively from the single ship values. 

Taking v = 10 knots,h'rs = 10.3 hr for a single ship,_VEo ,=. _30Q0A-_.cal/cmzp, 

and k_=.5,cal/cm?/hour_(O.2.x.max‘surface heat flux) , (A-=.la35 X l0“ km2). 

the optimum number.of stations using two ships works out to be 92.. The time 

taken to run the pattern is about 50 hours.and E is_550_cal/cmg, These, 

figures constitute_a worst case situation and it is interesting that the 93 

.station IFYGL pattern run with two ships.comes close to_the40ptimum., 

in winter time (no stratification) Eo1becomes.l5O0_ca1/cmz and the 

optimum number of stations using a single ship is ho over a time of 35 hours. 

E is #12 cal/cmz. The enforced single-ship cruises thus did not cost a heavy 

error penalty. 

Sampling Procedure 

The configuration of the Guildline EBT probe used in the Field Year 
requires that the ship be almost fully stopped before lowering the probe to 
the bottom. During the station manoeuvres the ship tends to drift downwind

I 

and the flow pattern around the ship can range from a downwind vertical dis- 

placement of water particles to an upwind internal hydraulic jump [Boyce, 1971]. 

In order to minimize the effects of the disturbance on the tempera- 
ture profile it is necessary to sample on the downwind side of the ship and 
outboard a distance whigh,depends on the draft of the ship. This is usually 
awkward. However, through judicious manoeuvering of the ship and by good 
coordination between bridge and deck, a procedure can be developed to 
eliminate the worst of the ship disturbance problem. Suppose that the EBT 
davit is located on the port side of the ship. The ship approaches the.

13



station with the wind on the starboard bowl Forward'way is reduced until 

there is just Sufficient way to carry the ship past the ione of propeller wash 

disturbance with a slight upwind component. 

-The”EBT cast is made as soon as the ship has slowed sufficiently 

to avoid a large trailing wire angle but before the ship has started‘tod 

drift downwind (higure 7). ‘Only the down trace is'reCorded; In heavy‘ 

weather; such manoeuvres may be impractical,but on the other hand, the more 

homogeneous upper layers which result from increased vertical'mixing reduce 

the severity of the disturbance.
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APPENDIX 2. 

Heat flow to Lake Ontario from Rivers and Streams, 
Power Generating_Stations,_and Industrial and Municipal Wastes 

In addition to thermal energy transferred across the surface of the 

lake, energy is admitted to or lost from the basin by virtue of flows of 

water throuuh the lateral boundaries (inflow and outflows) and by electrical 

Qeneratihg 5tati0nS. and by industries and municipalities which draw water from 
the lake and return it at higher temperatures 

Let Qai be the quantity of heat with respect to a reference temp‘ 

erature,(6o, which flows into the lake from a river or stream (i it tributary) 
during a time interval to §_t §_t1. Qai will be of the form 

t1 
_.Qai =, f pcp q. (t)‘(G-.(t) -9.) dt 

to 

where Cp is the specific heat of water (assumed constant), qi (t) is the 
volumetric flow rate of the tributary, and_6} (t) is the temperature of the 
tributary as it enters or leaves the lake, We can calculate the quantity of 
heat with respect to Oh advected into the basin by summing_over all the N 

tributaries and outflows 

Since, in practice, flow and temperature data are available at a limited 
number of tributaries N‘<N,an estimate of QA may be formed as a weighted 
sum of the measured tributaries

15



QA 2 2 vi. 
Q".H> 

where the Wj.S are all greater than l and represent the contributions of 

adjoining watersheds of presumably similar characteristics. The 9hQiC8 Of 

wJ..S 

say 

‘must meet the requirement for a water balance in the lake, that is to 

2 W. f qj (t) dt = change of mass of water in basin 

due to evaporation precipitation and shifts of mean lake level.‘ This isaa 

necessary but not sufficient criterion for the convect choice of thev' 

wj's. 

The heat rejected to the lake from power generating stations, 

sewers, and industrial effluents could be computed in the same fashion pro: 

vided mean flows through the system'and both intake and outfall temperatures 

‘were knownt" in practice, these contributions may be estimated from simple 

rules of thumb based on knowledge of the industrial processes Tthermali
T 

efficiencies) involved; 

Stream and Rivers 

iDaily temperature records are available for a limited number of 

rivers flowing into Lake Ontario (Table 5) (Figures 8 and 9). On the 

Canadian shore, The Canada Centre for Inland Watersfrecruited local observers 

to measure.water temperatures at the.mouths of the'Credit5 the Humber, the 

Ganaraska, the Moira and the Trent Rivers. .Ryan;Thermographs—(clockwork 

analogue recorder using pressure-sensitive paper and a Bourdon tube for 

temperature element) were used to give a time-continuous record which was

16



augmented by a daily bucket thermometer reading. These records extend from 
i'ApriI'i972 through November 1972. 

I 

dn the U.S. side of the lake, temperature data is available from 

the Niagara, the Genessee, the Black, and the St. Lawrence Rivers.‘ ihis 

data was obtained from u.S; Geoiogicallburvey - Water Resources Data for 

New York.‘ 
I I 

V
i 

The temperature of water Flowing from the Bay of Quinte into Lake 
'dat5}i¢ is estimated from data provided by the Ontario Ministry of the En. 
‘vironment [b.Ai‘hurley, 1974, personal communication] and from the temperatures 
of the Moira and Trent Rivers. 

Daily tlow rates and drainage basin areas on the Canadian side 
were obtained for all significant tributaries trom the Water Survey of Canada. 
Simiiar data was obtained for the Uisi side from U.S. Geological Survey. 

Using a méfi er the drainage basin oi Lake Ontariogthe 
areas flowing into each of the shore zones of the lake were planimetered. 

For each zone, the sum of the gauged drainage areas was computed and the 
ratio of gauged to ungauged portion of the zone calculated; Each gauged 

stream was assigned temperature data from the stream nearest to it where 
temperature measurements were obtained. For each day and each zone the 

Vsums of the temperature discharge products were formed For the gauged areas 
and then the ratio of gauged to ungauged areas was used to extend the 

H; 

estimate to the rest of the drainage area in that zone (Table 6). 
The heat advected to the lake by streams isrsummed over weekly" 

intervals coincident with the weekly water balance measured by the water 
- Balance Board.



Heat from Power Generating Stations, Sewage, and Industry 

Data sources for these computations are-H.G. Acres and Co. Reborts 

(H. G. Acres 1970) and monthly estimates of heat rejected during i972 to Lake 

Ontario for 3 stations in the'Toronto area supplied hy the Generation Projects 

Division of Ontario Hydro. The power plants considered are listed In Table 

7. It will be noted that the plants are grouped in the loronto area and in 

the Rochester-Oswego area. 
I

A 

V 

Using averaged monthly values of heat rejected furnished by Ontario 

Hydro and extrapolating the shape of the demand curve, expressed as a frac-‘ 

tion of total capacity, to the stations on the U.S, side (output 7 capacity x 

monthly fraction), smooth curves were constructed for the outputs of these 

plants over the field yeadi 

The conversion from megawatt hours of power produced to calories of 

heat rejected to the lake was accomplished using formulae based on the 

overall_efficiencies of tossil tdeled and nuclear_power_stations. 

Fossil fueled station l;03 x lo? calories rejected/Mw hour 

Nuclear station; 
I 

l_l.77 k l09 calories rejected)Mw hour 
v‘The nekt stage was to compute the heat rejected to each of the - 

shore zones of the lake over successive weekly intervals. Finally, one must 

consider additional inputs of heat from municipal sewage and manufacturing 

activities (see table I, H.G. Acres Ltd. I970). ylhese are considered to be 

constant throughout the year. These sources are listed in Table 8. 

Heat Advected_by Zones 

vAIt_is.a,simple matter to_compute the net heat transported to the 

whole lake (referred to some arbitrary temperature),but it is generally im= 

possible to compute the net heat advected to each zone,since we have no 

direct information on the advection of heat through the open lake boundaries

18
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of the zone. We have assumed that this heat is transported at the tempera~ 
V 

ture of the outflowing St. Lawrefice river water. Thus the net heat advected 
to the zone by rivers is taken to be the product of the river discharge to 

. the zone and.the temperature difference between the inflowing water and the 
outfiowing St. Lawrence water. This measure produces at best a qualitative 
estimate which is included in the tables of Appendix 6.’



- APPENDIX 3 I
‘ 

’;Nine;Point Digitization of Continuous Analogue.~ 
. hWTre§e§ of Temperature Versus Depth"Wm_f7_ 

:w3~ The rationale behind the choice of this format has been disegssed 

o.lby;Boyce,l97l.¢ Briefly resumed 

l. A digital.representation of the analogue plot of temperature 

versus depth (original format of fieid data) gs required for 

machine computations. 

2. The reconstructed profile drawn from the numerical data must 

conserve the main features of the original profile and also the 

vertical integrals of the original and reconstructed profiles (heat 

content per unit surface area) must be equal within acceptable 

limits. The limits in this case are defined primarily by the 

accuracy of the original trace. 

3. The method must be economical with only the minimum number of 

data points consistent with (2) above being retained. Moreover; 

the digitization procedure must be workable by technical and 

clerical staff whose basic training is not necessarily in the field 

of phygical limnology. 

The procedure employed was to represent the original trace by a 

maximum of 8 continuous straight line segments, the end points of which con: 

stitute 9 temperature depth pairs (surface temperature, the temperature-depth 

pair at maximum penetration of the instrument, and seven interior points to 
T 

be chosen by the person performing the digitization). The interior points 

selected are those where the slope of the temperature depth profile changes 

most rapidly, the so-called "break points" of the curve. The resolution of 

this scheme is sufficient to document the main features of the profile plus

20



some of the more important secondary Featqres such as transient thermoclines, 

sheets and layers,etc. (Figure in), _In take Ontario, temperatures are ree 

corded to the nearest 0.l°C and depths to the nearest metre. 

_The 3 temperatures and 8 depths (sqrface temperature implies zero 

depth) plus time, geographical location, and other identifiers are recorded 
on a simple 80 column IBM card in the format given in Table 9.
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APPENDIX h 

‘Thé_Z¢¢P”ALGdRITHM 

Qescription 
A V 

T if 

The computer program Z¢¢P is designed to compute an approximation 

to the volume integral 

(1) Q(t) = fff C (x,y,z,t) dxdydz
V 

where C(x,y,z,t) is the concentration of heat or dissolved substance (quantityl 

unit volume) defined in a lake basin, The volume of integration is defined 

by the bottom topography of the basin and the mean elevation of the free $ur= 

face. Q(t) is the total quantity of the measured parameter in the basin.‘ In 

practice, an approximation to the continuous concentration field C(x,y,z,t) 

must be constituted from a series of vertical profiles of concentration made 

at time t, and at different points on the surface of the basin*, 

V 

ck (xk’ yk, z, t ) k = l, 2, ... K 

The approximation to the integral (I) can be expressed as a weighted 

sum of the vertical integrals of K concentration profiles 

2 K 
(2) Q (t) = g 

B 2 Ak (z) ck (z,t) dz 

The weighting function Ak(z) may be interpreted as the horizontal 
“areas of 

influence? ascribed to each sampling point on the horizontal 
plane. The lnvg 

* In practice the profiles are made at different times as in the case of a 

ship survey,but they are treated as if they were made at same central time, t . 

The accuracy of the volume integral Q (t ) is affected by this spread in Sampe 
ling time (see appendix 1 of this report). - 

‘

-
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dividual profiles extend vertically to a depth zk limited by the water depth 
.-at that point so that 

(3) I, . Ak (2,) so‘; 2 > zk 

The simplest manner by which the function Ak(z) can be defined is 
via the Thiessen polygon approach.(Thiessen, 1911). If we divide the hori- 
zontal plane into a number, L, of small elements or cells, whose vertical 

.projections extend to z = ;B£ 2-: l; 2,-»-s L,then at §flY 97Ve" leVel Z. the . . 

, _ 

value of the function Ak(z) is equal-to the sum of the areas of all the.eells 
within the lake whose centre points lie closer‘to.the point (xk, yk) than to 
any other gf the h sampling points,and_whose.vertical span encompasses the 
level 2 (23% >2). 

An equivalent stratagem is to assign to each of the cells data 
from'the sampling point nearest to it provided that the cell and the:"i' 
vertical profile both extend through the level zrin question. "This is the 
procedure adopted in the Z¢¢P algorithm. 'Praétical considerations necessi‘ 
tate the division of the lake into a finite number 5% horizontal layers define 
ed‘ by the planes z'= -zm, m = o, 1,"2',’ where 20 

'="o‘ 
Léhd 'zM is‘ equal 

to the depth of the deepest sample profile. within each layer; each cell 
which extends in£g_the layer is assigned data from the sampling point nearest 
to it provided that the sample profile extends fhTOUQh the layer (hig. ll). 
si-nee 2“ is ‘gene‘r"a"lly“ les's'”than 28, *the‘ deepest pofnt 'in".the"l{al<e‘, fit: is

' 

assumed that the concentration value measured at Zh applies to the volume of 
the lakefbetweeh- the’ho’rizon'tal “planes 2i;‘=“‘iM:' ‘é'nd'z = zB'.’_fThe val idity of 
this‘asSumbtion depends on how closely 2M approaches 23 and the vertical 
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structure of the concentration profiles near z'=‘zM; 

The heart of the matter is the effective hori26ntal interpolation 

imposed by this approach. The vertical resolution is at the discretion of 

the operator. The Thiessen polygon approach is approximately equivalent to 

a linear interpolation between adjoining stations; it is rough but honest 

and lends itself well to the computation of lake volume'total. Given the 

; 
time.variability of vertical distribution within a lake, each Profile must 

gbathymetry. 

be viewed as'a single sample of a random variable, and in this context the 

simple area weighting is the most appropriate way to form what is essential- 

ly a lake-wide average.s The principles of the algorithm are more fully dis= 

cussed in an earlier report (Boyce, I973). 

inputs to the program are a digital representation of the bathymegry 

of the lake with reference to a fixed datum, the height of the water level 

above the datum at the time of the survey, the depths of the horizontal planes 

defining the layers of vertical integration, a zone directory which deter: 

mines to which horizontal zone an individual cell belongs, and the vertical 

profiles at the sampling position together with their locations._ ill 

Outputs from the program are the estimates of stored_heat and 

average temperature by zone within each layer plus layer totals,_zone totals, 

and lake totals.
A 

Major advantages of the algorithm are that it adjusts automatically 

to changes in the_number_and horizontal distribution of the station profiles, 

and_all computations are referred to a single representation of the lake‘ 

Included at the end of this appendix.is an annotated-listing of; 

ioop in FORTRAN» Iv language as programmed for a C.D.c._33oo computer,



Sensitivity of Computed Lake Heat Content to Choice of Vertical Layers 
of Integration and to changes in Horizontal Station Distribution 

" (a) Vertical§Layers 
' Two sets of temperature data were used. bSet A comprised the pro- 

files from the June l2-l6, I972 cruise on Lake Ontario;"Set B comprised the 
profiles from the September 5-7;'l972 cruise. The set A data is representa- 
tive of the late thermal bar period when horizontal and vertical temperature 
gradients are pronounced; and represents a worstecase situation-from the point 
of view of complexity of the temperature distribution pattern. ~Set B data is 

representative of complete vertieal'stratification. 

Four different layering schemes were tested. The depths of the 
planes separating-each layer are given in Table l0a. 

.scheme l;'with the largest number ot—layers was considered to be 
the most accurate and served as a-control. Scheme 3 was chosen as the com- 
promise between accuracy and computation effort and was used for the routines 
computations of heat content. schemes, was furthertested by a series or 
computations made with each of the horizontal planes shifted upwards one 

i metre for each computation (Table lOb). 

The computations using the original scheme 3, plus the 9 additional 
variants, 33 to 3;, were averaged and the standard deviation calculated. 
This standard deviation is representative of the error introduced by the’ 
interaction of a fixed set of layers of integration with a presumably random 
éollection of maximum sampling depths. The results of these tests are 
summarized in Table ll. 

It is seen that the accuracy of the integration decreases with 
the number of horizontal layers as expected. The significant figure, however, 
is the standard deviation of the average of computations using schemes 3, 3a,



..3i. This deviation, about 0.03 x l01° cal or l60_cal/cm‘,-is much 

larger than the deviation of the mean from the standard value. Thus the 

expected error of a single computation using layering scheme 3 is 1 I60 cal/cmz 

during stratified conditions. 

The above calculations were performed using the full set of sta- 

‘tions (IOS). A test of the sensitivity of the scheme to changes in sample 

patterns was made by running the program with half the stations only. The 

division of the data into two parts was done in 3 ways (Table 1Z).- Layer- 

ing scheme 3 was employed and the differences are expressed with respect to 

the value obtained for the full complement of stations. 

This test reveals one of-the problems inherent with the interpola- 

tion scheme. On the basis of past data and theories of lake motions, the 

variations of thermal structure are more rapid offshore. than.along shore. 

.Hence one_would expect that sampling ought to be more dense in directions 

perpendicular to the shoreline in order to produce the best accuracy for the 

least number of stations. This notion suggests that of the three methods of 

splitting the data in two, the first,alternate north-south.line, would best 

preserve the main features of the thermal structure. The horizontal inter- 

polation scheme,however, makes no distinction between the distances in off= 

shore and alongshore directions and thus operates most successfully with a 

uniform spacing of stations. 

The above results indicate that the error incurred by loss of 

stations up to 502 of the original pattern is of the order of-lOl cal/cmz 

per station. 

To summarize, the horizontal layering scheme introduces an un* 

certainty of 1 .03 x I013 cal (1 I60 cal/cmz) into the computed heat content 

figure, while the sensitivity of this figure to lost stations in the
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original pattern is about i 10 cal/cmz per station dropped. In view of the 

additional sources of error (see main text) the present scheme of integra- 

tion was judged to be adequate. 
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9 R DAG R A M 2 o o p 

A GDNPUTER ROUTINE FOR GALDULATING PARTIAL AND TOTAL LAKE voLuns CONTENTS or A DISSOLVEO SUBSTANCE FROM ARDITRARY DISTRIBUTION OF 
CONCENTRATION PROFILES; 

THIS Is A NDDIFIED TERSIDN or_PRoGRAN,sRLDTcM. ALL SUBRDUTINES 
USED IN THIS DECK ARE THE SAME As THOSE OF SPLDTDH; EXCEPT FOR 
SUBRDUTINE sPLoT. NNIGH HAS OMITTED. THE MAxINUM NUMBER or 
STATIONS HAS BEEN INCREASED To 125 

DESCRIPTION UP INPUTS, OUTPUTS, AND CONTROL PARAMETERS 

INAx,JMAx MAXIMUM DIMENSIONS OF SPATIAL ARRAYS 
(154.57) 

KMN MAXIMUM NUMBER OF STATIONS T125)‘ 
z(KP).KP=1.KDM LEVELS DEFINING LAYER OEPTHS (HETRES) 

KOM.LE.1G . 

KDMN MAXIMUM NUMBER OF LAYERS EXTENDING FROH 
SURFACE T0 DEEPEST RDINT 
LAYER KOHN‘EXTENDS FRDN ZCKDM-2) To 
DEEPEST POINT 

DLAT GRID LENGTH (KM) 
DA CELL AREA (M*¥2)

> 

AA(L).Ba(L).L=1.s COEFFICIENTS DEFINING TRANSFORMATION 
‘ BETWEEN GEOGRAPHICAL COORDINATES 

(LAT.LoNG) AND GRID COORDINATES (1,4) 

PMIN,GM LAT AND LDNG of GRID DRIGIN (DEGREES) 
IN,JN DIMENSION or GRID (SPATIAL ARRAYS) 

IM.LE.IMAXv JN.L£.JMAx 
I=1.IN. J=;.JN CONTAINS ZONE NUNBER AND 
DEPTH or EACH GRID CELL 
INT(zao(I.J)/1noo.L;zoNE NUMBER 
AMoD(zBo(I,a).1oDD.)=DEPTH (H) 

zao¢I§J) 

INPUT CONTROL FOR DIGITAL BATHYHETRY 
sRANcM:o. 239 INPUT FROM cARDs 

- BRANGH:1, Z80 INPUT FROM DISK _'
A 

12 STARTING ZONE FOR PARTIAL VOLUME CONTENT 
INCREASING IN STEPS-OF 1 TO IZHAX 

HD HEIGHT OF WATER LEVEL ABOVE CHART DATUM 
(HETRESI 

BRANCH 

IOIR ZONE DIRECTORY OONTROL W _ 

IDIRoNE.9 CAUSES OUTPUT OF ZONE HAP 
NSTAT(K)oK=1oKH STATION NUMBER (1 TO 999}

h
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p.stAtIqMs¢AR: NUMBERED HITHIN THE PROGRAM 
~,.VIAiTHE INDEX K. K=1.KM - 

A 

§STAT(K.1g1) . LATITUDE op KIH sTAt1oN. 
PSTAT(Ky1.2) DEGREES AND MINUTES 
pStAt«k.2¢1) A 

: 

Loncttuoe op KTH stAtIoM. 
pstAt<K.2.2) DEGREES AND MINUTES 
cxx.RL».zM«R.RL: ”coNce~tRAt:oN—ospTM PAIRS 

ODOOOOO‘O900000000DOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOODC7‘ 

(DEPTHS LN flETRES) MAX KL=9 

SCAFC A 
- COEFFICIENT useo To CONVERT output to 

. , 
A ‘QESIREB UNITS.’ output UNITS poR VOLUME» 

CONTENTS ARE (CONCENTRATION UNIT)*(VOLUME 
-UNIT=M**3)‘SCAFC \ 

ZSTAT(K) MAXIMUM SAMPLING DEPTH AT KTH STATION 
OUTPUTS

_ 

ZSFC(NC.KD) AREA or LOWER SURFACE OF K0-TH LAYER 
CONTAINED IN NCvTH ZONE (M**2) 

zvoL(Nc.Ko) VOLUME op KO-TH LAYER CONTAINED IN NC-TH ZONE (H**3) «:-- ;p .

_ zToTtNc.K0) VOLUME CONTENT OF KD:TH LAYER .CONTAINED 
v - IN NGsTH zone ‘ 

_"f.." ,.;.g 
zcoN¢Mc.KD) A- A.AvgRAGE;coMcENTRAtIoM,oF K0-TH LAYER 

.-- CONiAiNED”IN=NCvTH ZDNE- .. _-.. 
stoLtxo) AREA op LOMER SURFACE op KO-TH LAYER 

- 
A THMOLE LAKE)-MM*§2) ,, - 

, 
. A_ 

voLTLtKo) VOLUME or Ruetfi LAYER (HHOLE_LAK€)(M**3l CONTOL(KD) . - VOLUME CONTENT-OF KDeTH LAYER - 

_ (wMoLs LAKEt - A_ -~ 
- _ 

A 
..; 

AVLAY(KD) AVERAGE CONCENTRATION IN.KD-TH\LAYER 
(HHOLE LAKET;-;A .A A 

~- ~= 
TVOL(NC) -voLuME op NC-TH zoug (M**3). 
CONTO(NC) -_ —~« VOLUHE.QONT§NT‘OF_NC-TH zone.» . 

AZON(NC) AVERAGE CONCENTRATION op NCsTH ZONE 
vtoL 4 TOTAL VOLUME OF LAKE (M¥¥3) . 

HTOL _ TOTAL-VOLUME content OFILAKEL 
ALAK _ AVERAGE CONCENTRATION OF LAKE 

INPUT DECK 
CARD No. VARIABLES poRMAT 
1 TI(L)oL=1o20 

. 

- 
» .20Ak 

TITLE CARD FOR DIGITAL MAp 
2 BRANCH I1 
3 IDIR -I5

_ A Iz.IzMAx.HD - -ZI5.F1D.2;;
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0O0OOOOOoOooooooooooo 

5 Kon.z;Kpp.KP:1.KDn I391flF7.2 
5 oLAr;9u1M,cn.In.JM F4.o.2r1o.s.213 
7 AAQI) 1:135 1 v«5E1k.6 
3 33111 1:1.s 5514.6 
9 scare. TI(L) 

I 

£1;.5.ax.15Aa 
‘SCALE rncron AND OUTPUT UNITS 

10+ 23011.4: 1=1.In, J=1.Jn -19rs.e 

CONCENTRATION DEPTH DATA 

1 TI(L| L=1.2n ' znna 
TITLE CARD FOR CONCENTRATION DATA 

2+ NSTAT(K).((PSTAT(KoL9H).L=1.2).H:1.Z). 
C(K.1).(C(K.N).ZM(KoN)oN52o9) 

- ronnnr zzu 
BLANK CARD AT END OF STATION DATA 

INTEG€R RAN 
‘INTEGER TI(2G)o8RANCH 
LOGICAL STOR,PLOT J 
DIHENSION ZSFC(20o10)oSTOL(10)oHHYP(1Z5) DIMENSION‘ZVQL(15q;Ol9ZG0N(15g1D)52T0T(15s10)oAZ0N(15l 
DIMENSION CONTOL(i8I{VOLTL(19),AVLAY(1D) 
DIMENSION 1sEL1125! 
DIMENSION coNTo(1s).rvoL(15: 
DIMENSION Z(1u);PgoT(1o) 
DIMENSION NHYP(125)yCONSTA(125)oVOL(12S) 
DiHENSION PsTAr(125.2.2) 
COHHON/RAND/RAN 
COMMON/ZEST/ZSTAT(125) 
CDMHON/cogFF/AA(s),B915) - 

DDMHDN/VARS/1sTA1(125),JsTAT(12S).sToR(125) 
common/VNAM/NsrAt(125) 
COHfl0N/VCON/fMoJH§KM,SCAFC 
cannon/FACT/Gn,PHiH,sLAT.sLoNG 
GOHHONI /NO(15#o5?)92BO(15bo2)aLB 
COMMON/UTA/C(125o9)sZH(125c9) 
EDUIVALENCE (Nox1).PsTAr(1)) 
DATA IHAx.JMAx.KnM/1su.57.125/ 
CALL FORMS(1) 
RAN=1 

READ IN CONTROL DATA 

REAO(59200I TI 

REAox§.zo3) QRANCH 
R£Ao¢s.2ou» IDIR

W



GOO 

COO 

(1000 

GOOD

0 

000 

191 
192 
100 

IV 

~ ~ 
READ(5c219) IZ9IZMAX9HD 
READ(5v5DD) KDH9(Z(KP)yKP#1§KDH) 
READ(59201) DLAT9PHIH9G"IIMlJH 
DA=(DLAT*1DDUo)‘*2 
READ(595D1) AAOBB 
_wRITE(6.199) 
uR1Te(6.607) TI 
HRITE(55606) PHIHyGH 
HRITE(6.610)HD 
HRITE(6o605) AA98B 
READ(5.611)scAFc.(TI(L),L=1.15) 
JRIfE¢6.612)(7I(L).L=1,15a 

TEST FOR ADEQUATE PROGRAM DIHENSION 
IF((I”oLEoIHAx,pANDo(JHQLEoJHAx))GO TO 1 
dRITE(5oZ92)IMgJHgIHAXgJHAX 
STOP 00001 
CONTINUE 

READ IN MEAN DEPTHS OF GRID CELLS 

CALL READ(HD9BRANCH) 
READ IN STATION DATA. 

READ(592DDlTI 
HRITE(6§5U7)TI 
DD 100 K:19KHH 
READ(5aZ2#) NSTAT(K)9((P3TAT(K9I9J)9I=192)9J¥19Zl 

C)9ZM(K1KLAaKLF299) 
IF(NSTAT(KAoLEoD)GDTO 2 
ZM(K11)=DoD 
D0 191 II;1g9 
IJ;10-II” 
IF(ZH(K9IJ)oNEoDo)GO TO 192 
CONTINUE 
ZSTAT(K)=ZN(KpIJ) 
CONTINUE 

FLAG. PROGRAM SPACE FILLED BY STATION DATA 
HRITE(59205)NSTAT(KHH) 
K=KHM+1 
KH=K-1 

gO(Kg1)g(C(K9KL 

CHECK DN SAMPLING AND INTEGRATION DEPTHS. IF Z(KDH) IS GREATER THAN MAX ZSTAT(K)oZ(KDM) IS CHANGED TO HAX ZSTAT(K)
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C7OC5O 

DC10 

OCSOC7 

C30(70(3O 

500 

862 
803 

581 

502 

563 

165 

10k 

~. ENDFILE as .~-A 

ZSM=1q0 
DO 503 K=1,K« V

- 

IF(ZSTAT(K)oLE-ZSM)G0 T0 500 
ZSM=ZSTAT(K) 
KSH=K 
CONTINUE 
uoao2Lé1.9 
LL=10-L 
I?(ZH(KSMqLL).GT.D.!GOT08D3 
CONTINUE 
T8=G(KSMoLL) 
no 501-KD=1.KDM 
IF(Z(KQl.GT,ZSH) GO TO 502 
CONTINUE 
GO TO 503 
KDH=KD 
Z(KD)2ZsM 
CONTINUE 
wRIT£(5.77) KDM,(z(M).M=1.KDH) 

CALCULATION OF INDIGES ISTAT(K)oJ 
STATION NSTAT(K) ‘ 

-
~ 

00 10% K=19KM 
CALL SE€D(KoI09J09DLATI 

1G0 TO 105 
IF(1:Io.s5.1:.A~o.¢Io.LE.IM:).ANo.(¢Jo.¢é.1).A&a;(Jo.L§.JM))» 

FLAG AND STOP. ERRONEOUS STATION DATA 

HRITE(6o2fl6)NSTAT(K) 
STOP.0000ZN . 

. 

A .' 

ISTAT(K)=I0 
JSTAT(K)=J0 
CONTINUE 

MAIN BODY OF PROGRAM STARTS HERE 

KDMM=KDH-1 

STORE CONCENTRATION-DEPTH DATA 

REHIND 25 
HRITE(25) c(c(I.J).zu(I.a:.u=1.9).I=1.Kn) V 

Azofié nap IS PAINTED our IN THIS Ldop 

32 
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IF(IDIRoEGo0) GO TO 3U8_ 

HRIt§(6.34o» 
GALLIFLOHR(1) 
no 393 J=1§JN 
CALLIFLOHRCZ) 
no 302 I=19IM 
JBQ 2 ZBO(IoLB)/1000. 
XBO=AHoog2Bo(I;L3o,1ooo.3 
IF(xao.Gt.u.o).Go to 305 
No¢I.J):a1o 
so to 332 

305 No£I.J12J3o 
362_QoNtINuE 
303 CONTINUE . 

GALL1FLOHR(3) 
00 301 L21,1su 
ueits (51,300) (N0(L9NloN=1s57) 

301 CONTINUE 
308 wRItE(5.19a) 

wRItE(6.199) 
INITIALIZE ZONE AND LAYER TOTAt$‘t CO0 

00 123 Nc:19;5 
GONTO(NC)=0. 
TVOL(NC)£O. 
Q0 1123 KU21910 
ZVOL(NG9KD);0o 
ZGON(NcvKD’=91o0 
ZTOW‘NC9KD)=Go 

1123 CONTINUE ' 

123 CONTINUE 

v9Lun£ CONTENT or EACH LAYER IS COMPUTED IN tars LOOP (ENDS-ON STATEMENT 101) 
_

- 00000 

no 181 KD=1.KDMN 
ZU=Z(KD) 
ZL=Z(KD+1) 
VOLfL(KD):0. 
4C9NTOL(KD)=0. 

K stoL(Kn)=o. 
INITIALIZE ARRAY NO(IoJ) GOO 

CALLiFLOHR(1) 
no 103 J=1.JM 
CALLIFLOHR(2) 
no 102 1;1.In
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(5.'.‘)">O 

000 

0000000 

50 
182 
103 

54 

.53 
120 

109 

XBO=AHOO(ZBO(IoLB)91OB0.) 
IF(XBO.GToZ(KO)) GO TO 50 
NO(IvJ)=-100 
GO TO 102 
NO(I1J)=O 
CONTINUE 
CONTINUE 
CALLIFLOHR(3) 

CHOOSE STATIONS WHOSE PROFILES PASS THROUGH KORTH 
AND ASSIGN CENTRE CELLS IN ARRAY NO(I§J) 

DO 120 K=19KH 
KKK=K I 

IF(ZSTAT(K).LT.Z(KO+1)) GO TO 53 
STOR(KKK)fi.TRUE. 
I=ISTAT(KKK) 
J=JSTAT(KKK) 
IF(NO(IoJ)oGE.0) GO TO Sh 

FLAG AND stop. ERRONEOUS STATION DATA 

GO TO 53 
NO(I9J)=K 
GO TO 120 
STOR(K)=oFALSEo 
CONTINUE 

ASSIGN N0(I9J) CELLS TO INDIVIDUAL STATIONS 

CALL FILL 

LAYER 

A 

THIS SEGMENT(TO STAT£MENT 116) DISTRIBUTES VOLUHE CONTENT BY 
ZONE WITHIN EACH LAYER AND SUNS TOTALS FOR EACH LAYER 

zLL=a.o 
no 116 Ncc=Iz.IzMAx 
NC=NCO 
no 109 K=1.KM 
NHYP(K)=0 
CONSTA(K)=0. 
HHYP(Kl=0 
VOL(K)=0. 
CALLIFLONR(1) 
no 111 Jiiodfl 
CALLIFLONR(2) 
no 110 1=1.In 
K=N0(IoJ)
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O¢3C3C)O(7C)O¢5 

115 

126 
110 
111 

#15 

15 

116 
101 

JBO?INT(ZBO(I9L3)/10005) 
ZH-'-1\HOD(ZBO (I 91-3.) 940 000) 
IF(K.GToU.AND.JBO.EQ.Nc) Go To 115 
GO TO 110 
iF(Zfl.GE.ZL)GOT0126 
MHYP(K)=HHYP(K)f1 
VoL(Kl=VOL(K)f1ZwvZU) 
CALL LAYIN(K.ZUoZH,CONC) 
coNsfA(K)=coNsTA(Kr+coNc 
Go To 110 
NHYP(K):NHYP(K)+1 
QONTINUE 
cONfINUE

, cALLIFLoNR(3) 
GONLAY=Ga 
VOLAY=0. 
SRZ=0o 
GONc:1. 
no 15 KDUMé1.KH 
K=kDUM 
HYK=FL0AT(NHYP(K)) 
SRz;SRZ+HYK+FLOAT(MHYP(K)) 
IF(HYK.LEa0.) so To 415 
CALL LAYIN !KyZUyZLqCONC) 
VOLAY=VOLAY+VOL(K)+HYK*(Z;-ZU)

_ cONLAY=CONLAY+cONSTA(K)+HYK*cONC 
'coNTiNu£ 
IF(v0LAY9EQ.O.) so To 116 
AVCON=GONLAYi(VOLAY¥SGAFC) 
CONLAY=CONLAY*DA 
GONTOKNC)iCONTO(NG)+c0NLAY 
TvoL(Nc)=Tvog(Nc2+VOLAY¥oA 
coNToLtKo;=cONToL(KD)+coNLAv 
voLTLtKD:2voLTL(Kn)+v0LAY*oA 
ST0L(KD)2STOL(KD)+sRZ*OA 
2VOL(NGoKD)=v0LAY*DA 
ZCON(NCoKD)iAVCON 
zToT(NCaKD)=coNgAv 
ZSFC(NG.KD);SRZ*DA 
courxuus

_ §vLAv(Ko);coNToL(Kn)/(voLTL(Ko)*scAFcI 
conrrnug 

STATION LOOP ENDS HERE 
zsrrnnrg or voLunE CONTENT or poxnrtzznx 
gpggpesr coNcg~tggTIoN¢ra)»voLun£ aELou LEVEL 223)» 1 THIS GOMPLEMENT rs ADDED to THE TOTALS FOR IN: LIVER KDHH 

LAKE asgdu DEEPEST SAMPLING 

CALLIFLOHR(1)
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OC5C)O 

C>Oc 

800 

933 

950 

953 

955 

DOBGOJ=19JH 
CALLIFLOHRIZ) 
D0800I=1,IM 
JBO=Z30(I9LB)/1000c 
ZZM§AMOU(ZBO(I9LB)91U00o3 
IF(ZZHoLEoZSH)GOTO8OO 
ZAM=(ZZH'ZSH)*DA 
TAH=TB‘ZAM‘SCAFC 
CONTO(J30)§GQNTO(J8OI+TAM 
TVOL(J803=TVOL(JBO)+ZAH 
ZV0L(JBOgKDNM)=ZV0L(J8O9KDHM)+ZAM 
ZT0T(JBOyKDMH)=ZT0T(JB09KOMM)+TAH 
CONTINUE 
CALLIFLOHR(3) 

COMPUTATION OF LAKEHIOE TOTALS fiND AVERAGE CONCENTRATIONS 
FOR EACH ZONE 

HTOL=eo 
VTOL=Oo 
D0 933 NC=IZ9IZMAX 
HTOL=HTOL+CONTO(NC) 
VTOL=VTOL+TVOL(NC) 
AZON(NC3=CUNTO(NC)/(TVOL(NC)‘SCAFCI 
CONTINUE- 1 

TOTAL LAKE CONTENTS 
WRITECGG935) 
ALAK=HTOL/(VTOL‘SCAFC) 
HRITE(6v931)VT0L9HT0L9ALAK 
D0 950 NC=IZ9IZNAX 
IF(ZV0L(NC9KDNN)oEQo0o’ GO TO 959 
ZCON(NCoKDMM)=ZTOT(NCoKDHM)/(ZVOL(NC;KDNN)*SCAFO) 
CONTINUE 

PRINTED OUTPUTS 

WRITE(6o9S1) 
NRITE(69697)TI 
HRITE(6o988) 
HRITE(691O01l 
HRITE(6y989I(Z(J)sJ=Z9KDMM) 
HRITE(6,1001) 
HRIWE(6v1002) 
O0 953 NC=IZqIZMAX ;' 

HRITE(6s95klNGp(ZVOL(NCoJ)oJ=1aKDMH)sTVOL(NO) 
WRITE(691001) ‘7 '.~ ‘ 

CONTINUE 
VU;0 
JKDHMX1;KDHNé1- 
D0 955 J=1.KOMHX1 
VU;VU+VOLTL(J) 
CONTINUE
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G00 

1953 

958 

960 

vuu=vu+vOLrL(KoMM) 
VKM5VT0L-VUU 
VKDHH=VTOL-VU 
wa;IE(6.1oo2) 
HRITE(6o1B01) 
HRITE(699S6)(V0kTL(J)¢J=1oKDHHX1)vVKDHH¢VT0L 
HRITE(5v951) 
wRIrE(6.5a7)TI 
HRIT§(6o1088) 
uRIrE(6.1aoi) 
NRITE(6o989)(ZlJ)oJ=29KDMH) 
HRITE(691DD;) 
AHRITE(691802) 
no 1953 Nc2I2.IzMAx 
NRITE(6.195#)NC,(ZSFC(NCoJ)gJ=1;KDHM)gSTOL(NG) 
wRITE¢6.10u1» 
CONTINUE 
w?ITE(691956)(ST0L(J)9J=1oKDHM) 
wRITE(6o951) 
NRITE(6o6DTITI 
wRIIE«6»957) 
uRiT§(6.10o1) 
uRIT£(6.989)(z(q).J:2 
NR1T§(6:1DO1) 
NRITE(6s1DO2) 
no 938 Nc=Iz.IzMAx 
HRITE(6s990)NC3(ZT0T(NC9J).J=1.KDHM).G0NTO(NC) 
wR1T£(6.1uo1) - 

. 'V 
CONTINUE 
wRi?£¢5.1oo2) 
wRITE(6.1op;) 
GKH;TB*VKH*SCAFC 
COgTQLiKDMMr=coNToL(KDMM)+cKM.».~ 
uRrT£r5.991)4coNtoL(JJ.J=1;KDMM),HToL 
HRITE(6o95;) 
HRITE(69607)TI 
HRiT£¢5,959i‘ 
wRITE(5.1oo1) 
WRITEl6¢989!(Z(J)iJ52sKDMM) 
HRITE(5;1ao1a.‘ 

b

- 

HRIT£(6.1uo2» 
no 950 Nc=Iz.IzMAx 
H§iTE¢6,961INc.(zcoN 
H§iTE(6y10D1)--. . 

courxuus 
HRITEL6q1fl02)’ 

9KdHHi 

¢Nc.J).J=1.Konno.A2oN(Nc: 

’HRITE(6s10D1I ’
' 

TBB:CoNToL(KnMM)/(vKDMH¥scAFcr 
HRITE(6g962)(AVLAY(J)9J=1iKDHMX1)9T3B5ALAK 

N0 PUNCHED output IF ISENswcH(1).GE.1
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IF(ISENSHCH(1)) a21.s21.e22 
HRITE(62s200)TI 
HRITE(62o98U) 
no 981 L=Iz.IznAx 
NG=L. ‘. 

wR1rs¢52.9e2)Nc,tzvoLxNc.Ko).Ko;1.Konn».TvoL(~c). 
courruus 
uRI1s(52.9a3$(voLrL(xo).Ko=1.KonM:.vroL 
HRITE(62o200)TI 
uRITe¢a2.9au) 
no 985 L=iz.IzHAx 
NC=L V 

._ . 

HRITE(62o982)NG9(ZT0T(NC9KD)oKD=1oKDMH)sCONT0(NC)— 
courxuus .

- 

HRITE(62o983)(GONTOL(KD)sK0=1aKDMM)iHTOL 
wRIre(a2.2oo)rI 
HRITE(62o986) 
no 937 L=Iz.IznAx 
NC=L 
wR1rEre2,9a2n~c.(zcoNc~c.Ko).Kn=1.KonM».AzoN(Nc» 
courxuue 
wRIts(s2,9a3)(AvLAv(Ko),Ko=1,xoMn» ALAK 
STOP 7777? ' V 

821 

981 

985 

987 

822 

FORMATS «, 

77 
198 
199 
200 
201 
202 

FoRMAT(1ux.I1o.9F1o.1) 
FORMAT(1HR) 
FORflAT(1H1) 
FoRMAt(2oAu» 
FoRnAT(F4.o.2F1o.5.213) 4— 

FORMAT(BX,5SHPROGRAM-DIMENSION~INSUFFICIENT-TOFRECEIVE.DIGiTAL 
IMAP,/y5X,3HIM=.Ih95X.3HJM=9I#9SX.SHIMAX=.Iho§X15HJflAx:4I#) 

203 FORHAT(I1) .. 

204 FORMATlI5) 
SPACE FILLED av srnrxou oArA../. 

12sHLAsr STAIION NUflBER=gI#) V

; 

205 FORMAI(5x,7HsTATIoN.Ia.2x.z3HL1gs 0UTSIDE—?HE.REGION) 
>207 FORMAT(1H0g21X,32HVOLUME CONTENT FOR LAYER 8EtWEEN9F6o1q1X, 

11DHMETRES ANu.Fs;1.1x,1uunarREs IN zoNs.I3) .~ 

FORHAT(/o6X.28HNO SOLUTION FOR Y AT STATIONqI4) 
FORMAT (2Is.s1o.2)v . 

_ 

V

. 

FORMAT ¢5x.57I2: : 

FoRMAr(sox.32HAvERAGE coucemranrxon or LAKE IS91RS1S.6()V 
FORMAT(l//50Xo32H TOTAL vouuns CONTENT or LAKE 1s.nx.1Ps15.6/I 
FORHAT(//60X;10H*****¥****//) . 

-~-= ~- 
. 

.-~ 
FORMAT(///20X.i9HDEFINITION or ZONES/I) 
FoRnAt¢I3.1or7.2o - 

FORMAT(5E1k.6) 
FORHAT(1HDo32H 

ace 
210 
22a 
300 
320 
330 
335 
sua 
sou 
601 
so; TRANs#¢§fi§T1oN co£FEIcI£Nfs-x- .5(1Ps1s.u)/xx."
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:1 

\ 

32H - .. » -v— .5E15.4) ans FoRMAT(1Ho.29H MAP ORIGIN (IN DEGREES) IS (.F5.2.1H..F5.2.1H).) 607 FoRnAT(1Ho,//1ax.2oA4o 
V 

_

_ 610 FoRMAT(/5x.15HuATER LEVEL Is .Fe.2.2x;24HMETREs ABOVE CHART DATUH 1/)-» A 

« 

- 
A .' A 

611 FORMAT(E12.5q8Xo15Ak) 
612 FORMATL/.5x.x5Au/)

A 761 FORMAT(1H0///50X,33H ToTAL voLunE CONTENT or LA ER ISshXo1PE15¢6/) 762 FoRMAT(5ox.33HAvERAGE CONCENTRATION or LAYER Is.hx,1PE15.5/3 763 FORMAT!//sx,asHvoLuH€ or LAKE BELOW DEEPEST SAMPLING DEPTH = , 11PE;2.5.§H M**3//5X,22HflEEPEST OBSERVATION AT.1x.uPF5.z. 
2 21HM. occuas AT STATION. I4.11H-'.VALUE.: ,F5.1.SHDEG.c.//sx. 
3 3#HCUNTRIBUTION To voLunE CONTENTS = .1PE12.5.29H. ADJUSTED ToTAL 
‘O 3 9E12o5) 

. .- 

A
' 

931 FoRHAT(10x.3E2o.11) 
935 FORMAT(/////.SX925HVALUES FOR THE WHOLE LAKE.//) 951 FORMAT(1H1) 
954 FORHAT(5X.12g2X.1H*.16!-10P;F;Z.5)) 
955 FORHAT(3X,7HTOTAL *,10(*10P1F12.5))

T 957 FoRMAT(///.11x,3eHToTAL CONTENTS (1u**1s KILOGALORIEST,/) 939 FORMAT!///911X933HAVERAGE TEMPERATURES (DEGREES c.)./1 961 FORMAT(5X.I2,2x.1H*.1a(3x.F§.2.3X)) 
962 FORMAT(3Xo7HTOTAL *,1o(3x.Fe.2;3x)) 
950 FoRMAT(5x.25HvoLUMEs av ZONE AND LAYER) 982 FORMAT(I3r7E11ok§/,3X.7E11o#) ‘ ,; 

‘ 

~. 
983 FORMAT(3x.7E11.a./,3x.7E1;.4) « 

954 FORNAT(SXa31HHEAT CONTENTS av ZONE AND LAYER 986 FoRMAT(5x.2oHAyERAsE TEMPERATURES) 983 FORMAT(///g11X¢?1HVOLUHES'(1U*‘l0 M*¥3)./)
. 989 FoRnAT(3x.6uHzoNE * LAYER DEPTHS (BOTTOM) (M) LAST COLUMN IS TOT 1AL Fog ZONE,/,3X,1H*,/g9Xo2H* ,1o(3x.F5a1,3x)) A

- 

990 FoRMAT(5x.I2.2X.1H¥.1o(e15P1F12.5)) . 

991 FoRMAT(3x,7HT6TAL *.1a(a15P1Fx2.5)) 1001 FORHAT(9Xs1H¥) -

. 

1002 FogMAT¢3x,13u(1H4)) « 

. 

"
. 

1088 EoRMAT(///.1;x.37HsuRFAcE AREAS AT TOP or LAYER (KM*‘2)47)- 1959 F0RMAT(5XaIZ92X,1H*,18(-6P1F19.1i2X)) A 

1995 FoRMAT(3x.?HToTAL *.1u(-ePiP1o.1.2x)) 
END
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10 

20 

30 
99' 
50 

58 
70 
80 

90 

100 

110 

120 

130 
1H0 

SUBROUTINE READ (HDoBRANCH) 

THIS suaaourmug-R£A0s AND oncguizts bebru IuFogfiA1I0N' 
NHICfl Is STORED IN THE ARRAY z3o(I.J), rug CORREOTION_ 
to neprus FOR MEAN WATER LEVEL Is HADE HERE. THE ARRAY; 
ZBO IS STORED ON DISC FILE ACCESSED THROUGH UNIT 20' 

INTEGER.BRANCH 
connou IVGONI IM.JM.KM 
COMMON // N0(15a.57)sZ3o(15u»2) 
IMH2 = IM-2- 

‘ ’ 

Do 10 L=1.2 
00 10 I=1.15u 

z8o(I.L) = 0. 
REHIND 20 
IF (BRANcH.E0.1) REHIND 30 
BRANCH = BRANCH+1 
1_='1 .

’ 

00 100 J=15JM ~ 
.

. 

so To (20.30). BRANCH . 

READ (5.130) (zBo(I.L).I=1,IMM2) 
GO TO 60 i 

READ (30) (zBo(I.L).I=1.IMM2) 
IF (HD) 50.03.50 
00 70 I=1.IM ~ 

ZIL = z3o(I.L) 
IF (ZIL) 60.70.60 

‘ zBo¢I;L) = zIL+Hn 
CONTINUE ' 

IF (J.£u.1) so To 90 
IF (IFuNIT(2a)) 1zoo90.120 

I
’ 

BUFFER out (20.1) (zBo(1.L).z3o(154.L)) 
L = 3—L

- 

CONTINUE = .0 

IF (IFUNIT(2B)) 120.110.120 
END FILE 20

I 

RETURN 
WRITE (6.140) 
STOP 10001 
FORMAT (19Fu.0) Z

, 

FORMAT (1H0.35H£RRoR ENCOUNTERED DURING BUFFER OUT) 
END

ho



(T) 

C‘) 

('3 

I77 

(7) 

£73 

£73 

t‘) 

C’) 

(37 

C‘) 

C‘) 

C‘) 

(7) 

(‘I 

(T) 

SUBROUTINE SEED (K9IOoJ0oDLAT) 

";IHIS¢SU8ROUT1NEtc0NVERTSfiFROM‘GEOGRAPHIcAt“CO0RDL8ATES 
v~7.IQ,GRID:C0ORDINATES.jINPUTS ARE LATIIUDE AND LQNGITUDE 

10 

20 
30 

99 
so 
so 

79 

60 
93 

;~ (RSTAT(KiZx2lt AND QUTPQISjkREgLflDIQES:IQsJOa OF JHE 
-.jGR1Q:CELbgIN$Q uuxcu-rue POINIzFAkkS¢eTHExTRflNSFORflATION . 

Is EXPRESSED AS THO secono ORDER PDLYNOHIALS1IN:LAT. 
AND LONG.

. 

REAL LATQLONG 
A(5).B(5) ,:_, 

cannon IFACTI GH.PHIM.LAT§LONG 
COHHQN IVNAMI NsrAT(125) 
Cannon // PsTAT(125.2.2) 
LAT = PSTAT (Kv191)+PSTAT (KA92o.1’../53,00 
LONG = PSTAT(Kv192)+PSTAT(Ki2o2)/63.D 
G ' GMeLONG 
P LAT-PHIM » ,y~;~ 
x c*A(;)+P*Agz)+9%c¥At3)+(5¥42)*A(a)+(P#¥z)*A(5)v:_gv.¢; 
Y G“B(1)f?*3(2)+P*G*B(3)+(G‘*Zl*B(#)+(P*‘g)§B(5)1z ‘ 

to = (X/DLAT)+1. . 

JO = (Y/DLAT)+1. 
RETURN 
END 

II 

‘II 

II 

THIS SUBROUTINE TRANS?ERS DEPTH AND ZONE INFQRHATIONyON AND OFF iNIERHEnIAT£ DISC STORAGE (UNIT 20).}: 

cannon // N0(i5#;57I;ZBOl1Shg2I§L~;Ufi.-- 
so TO (;o.2o.uo», N ' 

REHIND 20 
BUFFER in 
L = 2 
RETURN 
IF lIFUNIT(zO))_eo.3fls7a 
BUFFER IN (20.1: (ZBO(1oL)oZ8o(15#oL)) 
L = 3-L ,_ ; R§TURN 
IF xxrunxrxzoox 50.50.50 
RETURN 
WRITE (s.an» 
stofi zaonx ,5. N- 
HRITE (5.9s) ‘ ->fifiWff 
STOP zoooz _ 

. 

‘ "V 
, _,~, FORHA? (1Ho.4;HpARIIv ERROR ENCOUNTERED ounINc'au££Eh:IN1 .; roannr a1Ha.u3HuNExpEc?€o'EoF gucouutsneoioyRING,au¢F£R£1N» “ 

(2091) (ZBO(191)oZB0(15#o1)) 

END

#1



OC)O(30f1OC3O 

OC7OC30€7 

10 

10 
28 

30 

#0 

SUBROUTINE SLUFF (I9J9H0VE) 

+:goqg rd srurrs~aR1o assocurxong A“STATi0N war as ASSIGNED 
~*’Io;N.cEtk or DEPTH gsss THANQTHE naxznun SAMPLfNG DEPTH. 
Af‘SLU§F~CHECKS5iDJd¥NiNG?CEELS7T6*$EE=1F‘ONE&oF=THEH IS 
?fDEEP~ENUUQHVTO?CDNTfliN§TH£§STATION£jIF}NOT;7TH§3PR0GRAH 
=5fiRINIS¢A¢FElG3lND‘STDPS.-"'» u w~~ .x 2‘. 4;_» ‘% 

LOGICAL MOVE 
DIMENSION II(8)9 JJ(8) 
COHHON ll NO(154a57)9ZB0(154) 
DATA II/0.1q1yi;Og-1§-1g-1/ ' 

DATQ JJ/19L909'19‘19‘19091/ 
MOVE = .TRUEo 
D0 15 K3198 
IO = I+IIlK) 
J0 = J+JJ(K) 
IF (NO(IvJ).EQ-0) RETURN 

CONTINUE ~I’ 

" 
F 

r- 
. 

’ ~* 
« 

‘ 

-
- 

HOVE .= .FT'A*I:SET‘.~* ~ ~ 
RETURN ' 

END 
SUBROUTINE FILL

~ 

ALGORITHM ASSIGNING CELLS IN LAYER T0 NEAkEST $TATION_. 
WITH PROFILE EXTENDING THROUGH THE LAYERS “ T" P” ""’ 

'I~f€t€R*éfiW“ ‘77T* 3f7f'T3f7w7'.L7:3Ei:.”:ffi 
LOGICAL STOR 
cannon IRANDI RAN , N_ cannon IVARSI ISTAT(125l.JSTAT(125),STOR(125)&__ 
GOHHONlVGONlIM+JHoKH-ScAFc*" r=T** '~* f**;:.‘T’ 
cannon 1/ Not15u.s7r 
no no x:1.in 
no no =1.an 
IF (~o¢I.a).Ne.u» 
HINDSQ : 1000000 
no so K=1oKM N RAN = -RAN 

_ H 

* ‘~ 

IF (.NOT.STOR(K)) so To 30 
IHIS = I-ISTAT(K) ,__HV.,,#. 
Jaas = J-JSTAT(K) “ "”‘“*’ “"“ 
KDISSQ = IMIS¥IfiIS+JHJS*JMJS 
IE (KDISSQ-HINDSQ) 20.10.30 
IF (RAN) 20920530 T 

MINDSQ = Kuxssa 
,KNEAR.? K -.-.p 
jGUNIINUE‘§MtL;I*¥.f_“*; ~ N0(I3J¥ = «wean ’* 

conrxuue ‘ 

RETURN 
END 

GO TO #0

~

~
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ononannb 

10 

20 

30 

#0 

so 

60 

102

~ 
SUBROUTINE LAYIN (KoZU9ZL9Q0NLAP) 

-.;nggsqgnsgyefiixdnt}ifitééeéiifififioflk§yHfFéoE1LEga$tus£fi»:L]; 
OUTPUT. IF PROFILE noes NOT ‘ zu AND zL. GONLAP = “M EXTEND To zu on 2L. FLAG IS pnxnrso AND paoeann , STOPSI hwy 

DIHENSION CH(1U)v ZWKIU) 
COMMON IVNAHI NSTATCIZE) 
CQHHON/VCON/IXqJX9KHgSCAFC 
COMMON/DTA/C(125993gZH(12599) 
$IG(A1fi19B9B1vZ| = A+((A1'A)/(B1‘B))‘(Z'B) 
JH =‘9 
D0 10 J=19JH 
IF fZM(KqJ)oGToZU) GO TO 20 ' 

CONTINUE
, WRITE (5930) NSTAT(K)

I WRITE (5y9UI (C(K9J)9ZM(K1J)gJ:1oJH) 
CONLAP 3 0.8 
STOP 30001 A 

((J,‘1’oG.To0) 
JJ = J91 

1 
_

_ CWC1) = $IG(C(K9J)9C(K9JJ)9ZH(K9J)9ZH(K9JJ)9ZU) 
GO TO #0 
JJ = J91 
QH(1) ~ 
ZN(1) = 
I" ? 1 
D0 50 JH=J9JH 
TH 3 IHf1 
IF (ZH(K9JW)oGEoZL’ GO TO 60 
GHIIHD = CIKQJH) 
ZN!IW3'= 2H(K9UH) 

CONTINUE 
"RITE (691003 NSTATKK) 
"RITE (5990) (C(K9J7uZH(K9J)9J=19JM) 
STQF 33002 
JJ =,JH'1 
CNCIH) = 
ZH(IH) ; 
IHH = IH 
CGNLQP = 000 
D0 102 IH = 29IWH 
ZWL = ZWCIN) 
ZHU = ZHCIH-1) 
IF(ZHUoEQoZflL) GO TO 102 
AI = (CH(IH)-CH(IW‘1))/(ZHL'ZHU) 
A0 5 CH(IN‘1) ‘ AI‘ZHU 
CONLRP = CONLAP + AO*(ZHL'ZWU)*Uo5*AI’(ZWL‘ZHL-ZWU$2WU) CONTINUE ' 

GO TO 30 

SIG(C(K9JJ)9C(K9J)aZH(K9JJ)9ZM(K9J)vZU) 
ZU . 

SIG(C(K9JJ)bC(KyJH)9ZH(K9JJ)9ZH(KoJH)92L) 
ZL -

#3



CONLAP 
80 FORMAT 
90 FORMAT 

$‘fH Si’ A‘.f,I‘Q‘N4 .1; 4.) RETURN 
END 

2 C0.NLAP*SCAFC ‘4

. 

uHo.3e.HPRo.s.1LE om-:s NOT EXTEND To TOP LAYER/8flSTA.1'-ION .17:-n 
. (_1_.X-;5’(3Xo1ZNC:=_.F‘5p2o3X§3H‘ZH=V.F’5‘. 2pH1AH_/)_)_ M _ V 

100,. FO‘Rf§A}1‘= p_'oI3S4‘No'I« _E%x-rs.‘No1%§ro ;§"o‘Tro‘n‘ _o_F« LAYER! » 

1 "‘.'<‘

NH



AP,PEN.DI),.( 5. 

4Estimates_of Heat flutes to and from Lake Ontario doe 
, to R919; $now,.andgthe_Formation.and Melting of-lce:' 

heat fluk across £6; sorface of the lake is produced by rain 

and snow falling into the 13k; or by the formation and melting of an ice 

cover. ‘We assome that these floxes are small in comparison with the major 

sorface fluxes, at least in the average, but an order of magnitude estimate 

jseems appropriate if only to decide whether a more exact analysis is warranted. 

that rain ;n¢;r;“ga; lake at the local met-holh 

temperature, iwtso that the amount of heat entering the a rain- 

fall of Picm is p;Cp P fw’&a1§}ieé/:55 with ee§péc£’£b7£Eé reference tempera‘ 

ture of 0°C. If the precipitation enters the lake as snow, the largest por- 

tion of the attendant heat floXTWill be due E5 the latent heat of the melting. 
Thus after a snowfall of'S cm, the amount of heat which has entered the lake 
IS 

» 

laelpg 
SLm.calories/cm’

b 

where §;ii§ the densitfi of snow Etahen 5; l/l2 that of water at 04¢) and 
‘LA is the latent heafi of melting (tahen as 8d calories/grami: wlhe mien; sign 
anaagsfésn that "heat ag*u¢stfreg;m‘i£§.i.;‘i’:;»;e is 

éssfiméé that the snow enters the lake ;;‘¢;m;;;agg};; close to 0°C and hence 
that axes.;;;smehit.;a;‘tr;.;;f¢;“f+;,.;; the s-new with the 
laten;t"hAea»tfeffecittii 

” h 
t i " 
in time is episodic, a Since the distribution of precipitation 

precise estimate of the heat flux would reqnire knowledge of the metebulh 
temperature dfiring the major precipitation events." This information is avail- 
able in the meteorological records,bot the labour of compiling it is cot of

H5
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enpresses the relationship among the meteorological variables. ew is the 

proportion to the present goal of providing an order of magnitude estimate. 

lFor this purpose,the mean monthly values of air temperature _T,accumulated

~ V_; .gpre§§ur¢§e, and mean precipitatién§Ktéini9hfi}§n§w9 PT %;E;;tgS.@mWan¥y§p9wi 

atmospheric pressure p provided by the Canadian Atmospheric Environment 

Service [Phillips and Mctulloughi l§ih] have Been considered adequate. A ‘ 

rapid perusal of this data shows that the.amounts of rain and snow vary
_

I -,.J‘i~ ‘H. 

”;§nsiaerasuy from one end oi the basin to the otherl“ To reflect this vari- 

eations on the shore oi the lake; namely ioronto Qgd Trentonfion the t;$§dsan 

shore; aha éoefiesfér and Watertown on the 0.5? side lé{gur§ l2).: ‘H 
' 

tHéItilner§ is-4+» endow. um i

l 

gem o,;e2hL;i* 

saturation vapour pressure on water and is a function of Tw, the wetebulb 

temperature. Le is the latent heat of evaporation, Cpd is the_specifie 

heat at céfisiéfii pressure oiidrv air (QZQO cal/gm/;Cl and‘ p is the mean 

atmospheric pressuref “Solving the ahove expression for iw; and than using 

ReYnolds a§¢E§§i5§ underfithe assumption that t# is égaéfanig indicate Ehat 
lithe expression should appiv to a good approximation to mean values: Mine 

L$oHtQi§ mégg gang; ¢%”Tw°so ohtained ill» at ;im;s’a}£fggj§gb;g;5;;§;{Yi 

from the value obtained during periods of rainfall, and this analvsis mould 

» be"ifiv;i}Jif§E g5; pJép¢;e other than an ¢;d;; of i;g5&;ua¢ estimate; in 

we waveletused «aecermr»ei.. 
xflvalues oi eP(Twllheing taken from the Smithsonian Meteorological Tahlee 

15 
tLas:;19u9 l.

#6



~ 
The results of these computations are given in tabular form (Table 

3, column 3) for the whole Lake, _».. 

1n the wgsgern half of Lake Ontario, significant ice cover is a 

rare and ephemeral; event and its influence on a weekly heat budget can be 

safely neglected. A seasonal ice cover does develop at the eastern end 

of the lake,in~the9Kingston basin and pack ice afieumulates in the Eastern 

_ Basing, Based on data from ship cruises, the,seasonal;ice Cover in the King‘ 

,jston¢3asin.was in place by gangary_i5, l9Z3;.and had melted,hy March 26, l973. 

~T.h.e_a_,rs_=.;a-V.9f .the,,Kin9s;9n-§asi,n,is .appro';<.i.mat_ely .159Q....k.m_?. ah'.d.,a.-.tY‘Pi¢a.‘ ice 

thicknsés in midés¢as9n.is 50 9m-. Asssmins that the ice.cover f9rme¢.at a 

uniform rate during the first 35 days (January 15 to February l9) and melted 

at a uniform rate during the next 35 days (Feb. l9 to March 26) and without 

accounting for what must be a sizeable transport of ice down the St, Lawrence 

river (of the order of l0km2/day), the local surface fluxes of heat during- 

the formation and melting of this ice are‘: ilk cal/cmz/day or i 9 cal/cmz/day 

on a whole lake basis. These are the effective fluxes to a lake full of water 

only (specific heat of 1 cal/gm/°C). Significant quantities of pack ice were 

observed on the i2*l4 February cruise (3000 kmz) and on the February 26-28 

cruise (H500 kmz). This ice had melted by 12-15 March 1973. This ice was 

present for about 35 days. Assuming as before constant rates of growth and 
an average thickness of 10 cm, and assuming that the maximum area of the ice 

pack was 5000 kmz, the heat flux on a whole lake basis is + 13 cal/cmz/day 
between FebruarY 5 and February 22 and - l3 cal/cmz/day between Feb. 23 and 
March 13. Thus the estimate of effective heat fluxes due to ice formation 
on a whole lake basis are: 

14.7



+_ '9'Cal/cmz/day ""“ "JafiuéEy‘T5rto‘Februafy”5~”H 

22 cal/cmz/day Februafy 6 tb ?ebFUéry 2034+ 

”22‘ééi/£52/Jay ’1 Fébfuafy zI*c§“MaEch 13=
“ 

9'63]/énr7daY ' 
A* March lhafd Mafich 26: 

'1 

"“**“' '“"0née again these are to be con§ffued*és*order”of'magfiiEudé~es% 

*‘§fimétes. ‘when éfipliefl t6 the whole lake,tEe effective héat fldx due tbfiice 

roématioh and melting is 6f minbk impoftéhéé,bUf érfiéé the iée as Eohfified 

”’to the Easterh regiofi§ of the Téké;“fHe;iocaI‘éffe¢fis“éFe”§igfiifiéént and sug- 

§ésf’th$t m6fé*wbEk §hbu1d”be7d6he‘ofi this aépéct bf Ehe éheFgy‘Bddgef§5
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APPEND IX 6 

Resulfs in Tabular Form



Jul ian Date Jul fan . Date ian 
, 

Date I. 
95,, . Day 3- 

- Dav - 

‘ 
‘ 103 ' 12 April 1972 27! 27 September 1:32 

' ‘ 

7 March ‘"110 19 April 't_ V’ 
V 

' 

#39 1h March ’fll7-_ 26 April '3 
278 

5 

4 Octéber '_ ‘§#6 
“" 

21 March H " ‘ 

_‘ 285 
‘ 

I] October‘ 'fi53 28 March, A 

124 
i. 3 May V 292 

_ ,:_]8.0QtOber, 
_ 

V 

y__V ‘ 

13] 10 May 299 2§ October 460 h April 138 l73N3Y 
- 457 11 April lh5 2h May 306 1 November H7# 18 April 152 31 May 303 8 Ndvember A81 25 April 

320 15 November V . 
J w~ 

6 
'7 

I59 7 June 327 22 November _k88,_ 2 Mayyxm 166 M June 334 
A 29 November 

' 

7 495 f 9 May‘ I73 2‘! Ju.ne ;_ j 502, ,_,1_‘6. may
" 

13° I23 ~‘“"° 3'” 5 D¢.¢¢mbe.r 
. "5.Q9fy._ .' 

H 
23"'4aY 

.. 

, 

' 

31:8 13 De'¢e'mb_er‘ 
‘ 

2 

516 - ,.30.M.ay.. I37 5 JU‘Y 355 20;De§ember.w,,,_._: 5_. _y,‘, 194 12 JUIY 362 27 December ' 

523 6 June 201 19 JUIY 530 13 June 203 25 JUIY 369 3 January 1973 537 20 June ' 

376 10 January 544 27 June 215 2 August 383 I7 Janaury 222 A 9 August 390 2h Janaury 229 16 August 397 31 January 236 23 August 
243' 30 August 40k 7 February 

4 
MI 119 February 250 5 5¢Pt- hi8 21 February 257 13 5¢PE- 425 28 February 264 20 Sept. .»;.- : 

-.u 

Note£- The uates indicated on tne tabfes are Julian Days eeunted from day I _on January I, l972.r The correspondences with regular calendar dates are given above. 

51"
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500 
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L 
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1.77 
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‘ 
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_ 
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_ 
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1.52 1.52 V 
. 

9 
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1.57 
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_ 
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fswsalwwn 
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sw, 1.5, 27/2/73K 

7,ua9 
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; (e.3u3) 

5.36h 

3 u.733 
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1 
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7 
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(320) 
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«Table 1.- (Cont.) 

I 

I 
. 

2 3 no 5 . 

* )5 ?§ 7 vs. 
Cruise Central Ships Stations Peak Winds iHeat%ContentVj Errors ‘ Remarks 

lNo mime 
E 

Sampled Stress 5 

‘ 

F013 camories§ 
Duration; * w.r.t. 0°C 

44 S 

; 

J/5/73.%‘89 VPD_ ii“ :60) 1 SW. 2. 2/5/73 5.557 T; 2 Thermal bar 
. 

' 

R =(5n)j __i jf, it ~ 

_ 
,j 

* f-‘ 
_ i 

' 

_(333) 

95 ‘’5/6/73. 523¥1L I 
‘”"‘:6l. 8.099 I," ‘2- 

_ 

(57) 
f (h5h 

~ 95 27/6/73, 545' L 62 9.839 I, 2 full stratification ' 

t 

(51+) p (A79) 
r 

S ~ a 

Column 1; Sequential cruise-number.‘ . Column 6: Heat content of lake in 1018 calories with 
i 

_ 
respect to 0°C. ‘ 

Column 2: Central date of cruise: day/month/year,
_ 

' JuLian_Day commencing January I, l972§' 
_ 

‘Column 7: ycode denoting quality of synoptic picture 
Duration of cruise in hours (bracketed figure). ' ~of lake thermal structure and associate. 

A 

- 

y H _e 
- - 

_ 

A icomputations;A"- ’ ' 

7 
“ A“ 

Column 3:’ Ships taking part-in the cruise ' :,V 
. 

' ' * i 

_ S
A 

i L C.$.S- Limnos jl. Residual errors (instrument, random 
PD C.C.G.S} Porte Dauphine interval waves) only.

‘ 

MK M.V. Martin Karlsen 2. Possibility of error due to faulty 
R N.O.A,A. Ship Researcher distribution of samples (omitted 
A Cape Fear Technical Institute ship stations). _ 3 Advance ll ,3. Possibility of errors due to prolonged 

: cruise duration. 
V 

_ 

. . 

Column 4: Number-of stations sampled; H. Possibilities of errors due to ongoing 
, 

large-scale readjustment of lake thermal 
Column 5; »Peak wind Stress.(Dynes/cm? computed with structure; Lv 

"constant drag coefficient of 0.003) in ten‘ 
day interval prior to the cruise“ Letters 

.. refers to octant to whi‘ch=_the stress- is
4 

directed. Centrad figure of group is peak 
stress (daily.average) in dynes/cmz, date 
refers to day on which peak wind stmess 
occurred (day,:month, year). 

Figure in‘brackets: Standard deviation 
‘(error) in cad/cm? based on number of 
stations sampled, duration of cruise-and 
rate of'heat transfer. 

Column 8: Remarks



Table 2. i. Data defining 10 zones of Lake Onfiariof 
_by-shoreline and straight lines drgwn ¢h‘a poiyconic

3

i

3 

Each zone is defined 

pro;ection begween the points lgbeiled in Figure 3. 

' 

(a) sxreas of zones (Km?) and list of points defining zone boundaries 

—.Zone.; 3 
- *Area.km2 Boundary Points; 

1 ‘I568 A D 
A 

2 A 
828y_ HA BEF . 

j 3 .1188 BCFG 
, 

A. V hon: 
_ 

CDGH = 

' 

5 f M1732 ,EFJNMi 
6}" 3lHO FJNOKG 

’ 

7 - 572-V “GKOPH ‘ 

8;, - 374W , 

MNOTU 
9’ "3h36_§ NOTSRO 

-~10 1872 . 

‘ ORSTUP 

(b) Positions of boundary points (see Figure 3)‘ 

Boundary %ati 
Point 

tude 
Degrees Nor 

' 

Longitude 
(Degrees west) 

h3°A 
_B_ h3° 
cf u3° 

yE A30 
VEFI 43° 

H u3° 

J~ b3° 
axis I-13° 

n' .‘ ;4u° 
‘ 

"N; y 53° 
’ ,0? «-k3° 

_P.. 43, 
‘ 43° 

R s 43° 
.5? 53° 

T 
‘ 

h3° 
ux #3° 

37.n- 
31' 
19' 
1319? 
51-3‘ 
#4‘ 
26“ 1 
2o;A' 

u9{5' 
27' 

oJ;3f 
50! 
27v , 

2o;1! 

87'
i 

25? 
32% 

hi‘ 
hi‘ 

.799. ]']_9'. . __ it 

s 

78° ?~2:s'_ . *— 

..77.° -39..5' . 

- 26° h9g5‘. 
F,7§° 571. o . 

_§' 
76° 38'

5 

79° 21;8' 
79° 197;

‘ 

79° IA‘ 

78° 51.2' 
78° 99'. 
78° AA‘ 

78° o2.5'i 
78° oo' = 

77?” In '. 

779 Ah] 
77° 

I

‘ 

76° 26' 
76° 12' 

sziff



Tabie:3.‘" of random crror appearing in heat content computations. 
' 

Figure? qupted are 9rrbrS.9f.th¢.me?" Y3i9e’°f}‘°° 5amPi?$
. 

(stations) drawn from the same population. 
V V“ ‘ WMVMNN 

Source of arror 
: 

= .t . 

5ta"@afdt°¢Viai‘°PrK¢3i/§¢2)i m 
' " "”""' Summer 

I 

" at ‘ 

; i_Winter- 
Fuli,Stratification _Negligibie Stratification 

Internal waves a I32 f 

up 
‘ i 50 

i 

Instrument errors ;.200 
A 

_ ¢ 100 

i 
Digitization ‘ii 50 

‘H 

V 

‘:'25 

‘Computation : 

:t 160 ijloo 
~(z¢¢P) - 

. 

-~’ 

Tota1(root sum of sqUares)i ,.:i290 cal/cmz 1 v£I$0 cal/cmz
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Table 4. Monthly mean values of surface heat flux, advected flux; heat 
‘ flux due tg precipitation , and effective heat flux.due to ice 

;H~‘formation and mglt fgf the period Aprff 1372 to June 1973.‘ 

Mfionth ’ 

.~SUrfacé Hf ~RfVeFS Rain 8 '7lce A" 
](2)4(3)¥(4)] 

HeatjF1ux;” ;P9Wer Plants Snow ...m s as% of (l9* - » 

cal/cmzlday ca?/cmz/day cal/cmz/day ::a1/cmg/ (absoiutg values) 

.Apr”72 ,.. _.280. H ;2. ‘Hk1j___H 

May #40 o 3 '<1§' 

June #80 o 5 ’1§z« 
July A30 6 .5 2:6 : 

Adg 220 -6 6 <1; 

Sept 106 e11 S 
" 

6{o _" 
’ 

Oct -200 -6 I 2L5 

Nov -266 h -5 <1? 

6. -1h 230 

Jan 73 —3ho A -6 6 <1 

‘Feb -260 o -3 IA 2L3 

mr +m A -I do 55; 
Apr +280 3 I ILH 

May +380 -2 3 <1 

June +h2O -h h <I
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Tabla 5. : 

~List of tfibfitariaé to Lake Ontario for whiéh.temperature data 
.. - was obtained. . 

_ ;, — 

Rfier Sodrce of Data ' 

I 

Index
a .. _ V . ... ..d ' H H .. .(see_Tab1é.6)aH Ha.‘ 

Moira cc I_w 1 

Trent I cc law 7 
Ganaraska ' " CCTW 

_ a 3 
Humber —. 

' 

cclw -' 

GL1 A 
Credit cclw 

_
5 

Niagara a Onfario Hydro.’ 6 
St. Lawrence ' U.S. Geologicai Survey 7 

.GeneSSee .. U.S. GeoIogical.Survey 8 
Black 1 U.S. Geological Sufvey 

1

9 
Bay of’ Quinite‘ outflow: 

' 

ontario M.O.E. I0 
' 

(D; A. flyrleyy
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Table 6. List of tributaries to Lake Ontario for which flow data was ob- 
tained. _The list is organized by zone (see Figure 3). ‘The table 

‘gives the drainage area of each zone, the drainage area of'each 
of the tributaries, and_the source of’temperature data applied 
to each tributary. 

Zone Total Drainage Tributaries Drainage Area Temperature 
I%No-- .Ar§a.9f.ZoneA..,, l.m fr __WM .W.N9§U99d-FJ9W J. »&W“ Détéw 

vkm? 
g _ 

km‘ Gee Table 5) 

. Grindstone ,..A :78 A 5 k 

Twenty mile ' 

293 5' 
Credit » 

~ 829 -.5 V 

Oakville _ .98 W 5 ,_ 

East Oakville ‘I99 ' 5" 
Etobicoke” ’ .! l97 -:~#.T 
Mimico . 

_ 

A62. ,;_# 3 

Humber 
\ 

800 h 
Black-' ” ‘v * '57 ‘i5" 
.. y_ . __ ":E;E;‘ . 

“Duffin ' 

_ 

285 g. 
‘ 

H
‘ 

Highland ‘;.88~ V f * i “' 3~ 

Rouge . ._v ~- 202 3 
Little Rouge ;78 V 3 

, w"Lynde;...lH.t_bsi:alO§.HM.gHa ..3H 
lOh6 

,w_wwwW;# 

5 1052 Oshawa ill 3 
wilmot 83 3 
'Bowmanville 83 3 
Ganaraska 264 3 
Soper 78 3 
Shelter V. 65 3 

762 

H 665 km2 Niagara see nete i 5 

W7 2lS7 
it U 

see note 2 V. 8 

l0 
“H 

2hl5h Genessee 636k 8 
-H 

’ Allen 80 8 
Sterling llh 8 
Oswego l32Q3, 3 

19761
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Table é. -.iCont.):‘V* 

.area.' 

—Note~2« 

Note ll 
= 

’ 

V g 

' ' 

. 

_
; 

xThe runoff from_665 km2 of land in zone hyis added to the 
.discharge from the Niagara River and the Welland Canal system. Runoff data and temperature data from zone [mare applied_to this 

Runoff figures for zone l and temperatures from the Genes- 
see river are applied to this zone. 

Note 3 
The gauging station for the St, Lawrence outflow is locat- 

ed at Cornwall, Ontario, downstream from Wolfe Island, the assumed outlet. Drainage from 7l89 kmz flows to the St. Lawrence between Wolfe Island and Cornwall. The Oswegatchie River flow data and temperatures from the Black River are employed to calculate the heat flow from this region (718.9 kmz) which is then subtracted from the St. Lawrence Figures based on Cornwall data to yield the effective outflow of heat at Wolfe Island. 

‘97 

' 

tone.’ Total uoralinalgnem. 
77 V 

’T‘rli.b‘ut'a'ri:Aes .3l:3'r'«'=IlirlIa.§e»Area»M’ 
H 
T'empera_tu_re' 47 7 

Area of zone ' 

1 iGaU9°d2F]°W -‘ Data 
l,.Km?. — - .;_Kms;,u 

_ _ . _ _ 

A_. (See Table-5) 

8 i “6962 saga; 
77 7 

§f 331 
‘

9 
U_5 Black f’7h359 9 
Sidé " 

‘ 

5190 

i 
. .8 7. V 72016] Trent l§:12oh3 ‘I9 . Can. §lde .L Moira b 

_ 
L; 2516. .10 

Salmon. §- 39l" lo 
Napanee '5 777 10 
Weton 

m v_ 
’» lll

l 
e 

7 

fil6k38.H 

‘ 
- 8?'- -7189»» :~~ Oswegatchie' 2520 9 

jSt. Lawre e’ ' See note 3 
E 

outfl _—
L



Table 7. ‘List of major electrical power 

_”_iV 7 _ 7 
V>A1j!T7 , , 

i 
plants I.=eje<:'t-ing'- heat to Lake 

Ontario durifig l97Z*73. " P?‘ 

"Name Utility" “'* Zone PT9pe ”“'Capagifiy‘
_ 

.. ;,- -‘Mu. ‘ 

Beebee” 'R‘ochester_’“G"a"§' "Rochester '10 " F6-3si‘l "2;2:_2~
' 

~ and Electric 
5 

A 

l»’ 
A

. 

. Russel ” ” IO ” ‘A282 

Ginnaw ' '" _” l0 . ,.Nuclearl }“h70. . . 

J.A. Fitz- Power Authf Oswego 10 Nuclear‘ *5850i 
P patrick ority State ~ 

of N.Y. ‘- 

' 

Oswego Niagara Moe Oswego l0‘ Fossil E07‘ 
hawk Power Co. 

_ 
Nine Mile ” Oswego. ,.l0 

; 
Nuclear—, 650. 

Pickering . 0ntario_Hydrov Pickeringl 2 Nuclear 
_ V 

vfi20OQAM .‘ 

Manby dntario Hydro Toronto 2 Fossil 65 

Hearn "0ntari "Hydro ;_Torontq 
; 
2i 

_ 
Fossil _ 1260 

Lakéview ‘ontarib Hydro7 “Sort CreF l 'F6§Sll r'2h00 
it
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Table 8. Estimates of heat rejected to Lake Ontario from 
sewer outfalls and industrial processes- 

Zone Heat Rejected from Sewers 
and manufacturing activities 

calories/week

i 

-P'\lO®‘U'Il\> 

Total 

.h66 x 101“ 

.636 

.085 

.042 
".251; 

.212 

.085
g 

l.78 x I01“ cal/week 

On a lake-wide basis this amounts to about 1 cal/cm2/ 
week which is completely negligible.
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Table 9. Format of 9 point digitization of continuous temperature.profile 
on an 80 column IBM card. ‘ ' ‘ ' ' 

Zone 7 
.1 Data Format 

l 
- 3 inclusive ' “_'Station Number 

A "l3 

h - 5 inclusive year 
» 

l2 

6 - 7 inclusive month l2 

8 - 9 inclusive day l2 

l0 - l2 inclusive hour F 3.1 (no sign or 
decimal) 

l3 - lh inclusive lat. (degrees) l2 

il5 - l7 inclusive 
"2 W 

lat. (minutes) 
7 ‘h 

F 3.l (no sign or 
decimal)_ 

l8 - l9 inclusive Long. (degrees) ‘ " I2 

20 -.22 inclusive Long. (minutes) F 3.l (no sign or 
' 

' ‘ 
F ‘ ' 

" ’ decimal) 

23 - 25 inclusive Surface Temp. °C 
to nearest 0.l°C 

26 - 73 inclusive up to 8 temperatures - 8 (F3.l, l3) 
*depth pairs left- 
Filled 

7# - 76 inclusive depth to bottom (m)** l3 

77 inclusive index of point mark- ll 
ing top of thermocline 

78 inclusive index of point marking ll 
bottom of thermocline 

79 - 80 inclusive descriptive codes ~ 
* If only H pairs are needed,then columns 26*49 are used and columns 

50-73 remain blank. 

** Temperatures are recorded to the nearest 0.l°C, depths to the nearest‘ 
metre.



VTah1e 10.’ Test sequences of iayer depths For the program Z¢flP. 

(a) Schemes of Decreasing V6Ftica),Resojutjoh 

Schemes "No. of Layers ‘ 

V 

Depths of planes of separation (m) 

*1" ' “*» 31 
I 

0,5,10...,95,l0O,ll0,...I80,19Q,]96, 
. .s » 196 to deepest point In lake (196+) 

2 21 o,1o,2o,... 18o;19o,196, 195+ _ 
* 

3 itmax of IO »» - o, 10, 2o, ho, so, 90, 120, 150 
V 

- 150 to bottom from scheme one 
V 

max of 6 0, 50, 100, 150, 150 to bottom from 
SCh6.F|.é 1 

(b) Va"a"t€;2£eé2b¢m¢w3A 

3a max of I0 o.9,I9.39,....Ih9;Ih9+ 
p33 max of 10 

_ o,8,l8,38,...,lh8,lh8+ 

_3C max of IO O,7,17,37,...,l#7,Ih7+ 

ii‘ 
% > 

max of lo o,I,11,21,..,,1y1,141+ 
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Table ll. Results of tests on Z¢¢P using different layering schemes._ Data 
set A consists of profiles from the_cruise of June l2€l6, l972 
(Thermal bar conditions), while data set B consists of brofiles~ from the cruise of Sept. 5-7, l97Z (fully stratified conditions); 

Data Set Layering Scheme 7 Heat Content - Absolute 
_ 

(1018 cal) Vpifference 
A 

with regard 
“to Scheme l 

(10’“eal) cal/gm? 

A 1' 7.275 =0 
A

0 

. A 2 7 256 7.019 103 

A 3 7.268 .007 38
i 

A A 7.058 .217 1180 

A lA§erage 3,3a,... 7t266i .O3“i i.bl 
I 

A9} 

31 - .. . . 

K

‘ 

B :12. A 7 12.335 7 0 7. 0 A 

B 2 12.339 
. 

v.0oh _22 « 

B 3 12.340 
' 

A 

.005 ”27 

B A’ 12.390 .055 ~296 

B Average, 3,3a... l2.32h i .02 V;Oll 60 
. 3i 0 
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Table I2. Results of Z¢¢P computations using half-data sets. Results 
are expressed.as absolute heat content differences with rev 
spect to computations using full data sets. Layering scheme 
3 is employed. 

Data Set Method of Difference 
Division cal/cm? 

A Alternate N.s‘.i“1iim$sl 
W 

560 

A Alternate stations in sequence 410 

A random 350 

B alternate N.S. Lines #90 

B Alternate stations in sequence ll0 

B random 750 

R.M.S. value 580 
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FIGURES I to 12
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Figure I. Map of Lake Ontariiro showing the locations of stations at 
which temperature profiles were routinely obtained.
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H. Figure 2._ Map of Lake Ohtarfiorshowinggthetdistrhbution of moored 
self¥recording instruments during IFYGL.
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Figure 3. Map bf Lake Ontario showing its subdivision into 10 zones. 
Table ‘2 has defined: these zones.
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Average temperature of Lake Ontario (whole lake) and 
temperature of the upper IO~m during IFYGL. 
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AVERAGE RATE or CHANGE OVERINTERVAL 
+800 E SHADED AREA INDICATES CONFIDENCE LIMITS 

+ 600. 

+ 400 

+200 

- 200 

- 40_0 

- 600 

ADDITIONAL ERROR DUE To ALIASING UNLIKELY 

.000 ADDITIONAL ERROR DUE TO AUASING POSSIBLE -1
_ 

RATE 

OF 

HEAT 

CONTENT 

CHANGE 

OVER 

THE 

WHOLE 

LAKE 

(Cal/cmyday) 

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL 
1972 1973 

TIME 

Figure 5. Rate of heat content change over Lake Ontario during IFYGL. 
Shaded zones show 95% confidence limits of heat fluxes ex- 
clusive of possible error due to imperfection of surveys 
with large scale internal flows in the lake (aliasing). 
The probability of such addition error is indicated on the 
diagram.

I 

111



FLUX 

OVER 

WHOLE 

LAKE‘ 

(caI/cm?/day) 

+800- 

+600- 

+400- 

-200- 

0 SURFACE HEAT FLUX -400- 

V’ o ADVECTED HEATFLUX x10 $600- 

-300- 

I I I I I I I I 
I’ 

I I I 
I‘-"‘ ~v- 

I 

0'7’-I 

APR MAY JUN JUL AUG SEP cxn Nov DEC JAN FEB MAR APR NMN JUN “ 

1972 TIME 1973 

Figure 6. Net surface heat flux and heat flux from tributaries and 
power plants at weekly intervals over Lake Ontario. ‘The. 

.adV,e_9§§d~h_eat f.1u_x_term_ is muIt,ipIiejd— by logs‘ it is 
Qp;the diagram, _ 
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Figure 7; ‘Recommended manoeuvres for a ship approaching an EBT station. 
Probe is lowered from the port side.lf the probe is mounted 
:on the starboard side, the ship should approach the station 
-minimize the effect of ship disturbance on the measured temp- erature profile. The sequence of manoeuvres is: 

1. Ship approaches station with wind on the starboard bow. 
2. Engines are reversed but enough forward way is maintained to carry the vessel clear of the pool of mixed water. 
3. The profile is taken as soon as possible (depends on in- 

and before the vessel starts to drift downwifid,_ 
4. Recovery of probe while ship drifts downwind. 
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with the wind on the port bow. This procedure is designed to‘ 

strument drag) after the ship is clear of the mixed_water.
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Ffgure 9A (for caption, see Fig. 9c)
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.Humber River was collected by the Great Lakes Institute of the 
University of Toronto. V 
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Figure 10. Example" of a digitized temperature profile (from Boyce’, I973). 
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Figure ll» Example in two dimensions of the division of a basin into eells, 
- zones, and layers. The Z¢¢P algorithm proceeds one layer at 

a time. within each element of the basin, denoted in the dia- 
gram by a three-character word, the first two characters refer 
to intermediate sums stored by zone and by layer. The last 
character indicates.which sample profile-applies to the element. 
fhe letter E refers to the deepest layer, the portion of the 
basin lying below the deepest sample depth, and the value of 
the deepest sample applies throughout this layer. 
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tion over the lake based on measurements at four shore=s¢atIons.




