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Water surface tmiera e can be obtaind fron satellite Ueml

remote senir. landsat and other satellite s emitted thermal infrared

radiation on a regular basis over uxfd of the earth's surface. Evaporation

is acccmplished by the net txansport of mas from the water surface to the

atO.rOeA. M ner for the dangs of state in part comes. fru the
subsurface and passes t xthe surface conduction layer. M-erefore, the

latent transfer (evaporation) przd-minantly determines the water surface

te erture. Hence, there should be good oorr latic between evaporation

and suface ta~rtrs
Previous investigations on Utah Lake with satellite-derived

tepratures and pan- andl model-drived evaporations have prod~.ei good

correlaticom. T relaticnhips which er velc e have bee applied at

other dates on Utah Lake and on take Pomll and take Havasm with some

succss. Hwver, sore study was required with additional satellite data

and evaporation toasursinit for saltwater conditicna. M-A aplicability of

this method for estimating evaporation on Utah's Great Salt Lake was of

particular interest at this time because of the u rise of this

terminal lake and because of the similarities with ocean evaporation.

Satellite thermal data and evaporation data from four different years

were obtained for the Great Salt take and ur udin region. More than 350

correlation and linear regression analyses wre performd on the t -eratre

and evapotion data. nue included daily, multiple-day, and uxthly

value from M murts and modeling for the whtole lake and areas within

the lake using both day and night cervaticm. MAl lake salt

concentraticn ware also factored into the analyses in several different
ways. 7he correlation results were generally very good and a methodology

for using satellite-derived water surface t.1meratures alcr with salt
.c=etrations was dweloped to estimate evaporation. Cotiuing efforts
now include acquiring thermal data at lo cost, 1ore frequently and more r

quickly in order t- apply the tamperature evaporation models in near real-

time to lakes and the ocean. L I i, j-)
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Over the past several years, research has been coxtcted to detentine the

feasibility of using rem te infrared sensing satellites to aid in the

estimation of evaporaticn frcm lakes and reservoirs. These past studies have

indicated in the affirmative and the aim of this study is to better define the

limits of the mthod, particularly in estimating the evaporation from a saline

body of water.

The Great Salt Lake, located in Northern Utah, was used as the study area

because of its high salinity and because of its close proximity to Hill Air

Force Base. Due to the rapid rise of the level of the lake over the past few

years, the amount of outflow due to evaporation has become more of a concern.

Since the lake is terminal, evaporation is its only real outflow and is thus

tied directly to the level of the lake.

Orbital satellites capable of detectinq thermal infrared radiation scan the

earth creatir a temerature ap that for even large areas of the earth's

surface is nearly instantaneous. One of the primary goals of this study was

to develop equations that wiuld estimate the evaporation frct the Great Salt

Lake given only the surface t--_ rature of the lake. These equations are

developed by performing a linear regression between the surface teuperature

for a given day or the average of several days and evaporation pan data or

synthesized evaporation data for the same time period.

Several approaches were taken in trying to develop reliable temperature-

evaporation models that would take into account the large areal extent of the

lake and its variable salinity. More than 350 correlations were performed

which included correlating daytime surface temperatures with:



1. Daily and monthly pan evaporations
a. from stations near the section being studied, and
b. from regional averages.

2. Daily and monthly equivalent lake evaporations

a. fran stations near the section being studied, and
b. from regicnal averages.

3. Daily and mothly model evaporations
a. for South Arm and Farmington Bay, and
b. for regional averages.

Another aproach was to correlate the nighttime surface temperatures with: I
3. Daily and mothly pan evaporation

a. from stations near the section being studied, and
b. fr~i regional averages.

2. Daily and monthly equivalent lake evaporations
a. from stations near the section being studied, and
b. frcm regional averages.

wo other approae that ware evaluated were:

1. TRperature/salinity ratios versus pan evaporations, and

2. Salt teperatures us pan evaporations.

Sum of these approadwe worked wll, while others did not, but seemingly

good and reliable equations were developed for the entire lake and for smaller

areas of it. The best eqzatins develcped were assumed t be those for which

there ware sufficient surface te- Mature and evaporation data and high

correlation coefficients between these data. Many of the correlation

coefficients ranged from the 85% to 97% and ware cosidered usable.

Evaporation was modeled for monthly and short-term periods of one, two and

three days. MOst of the better models represent the monthly evaporation,

however there war some which wmdud estimate the evaporation for the short-

term very effectively. Morton's (1985) climatologically-based model (WREVAP)

2
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provided evaporation estimates that correlated very well with the surface
tenperatures ad was used to develop several equations. The otpuit with this *
model also ah a nearly one-to-one relationship with pan evaporations fror

the Saltair pan thus cofirming its reliability.

A major conclusion drawn from the correlation results was that salinity

effects can be successfully factored into the evaporation-tmerature

relationships. Accurate saltwater lake evaporations are determined by

xmltiplying the results fra the equations developed to yield pan evaporations

by the appropriate pan and salt coefficients. ie results of this study show

that the modeling was succesful, demonstrating that the evaporation frcz

saline bodies of water can be effectively estimated using remote sensing

techniques.

3 
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Over the past several years, research has been ccmucted to determine the

feasibility of using remote seing satellites to aid in the estimation of

evaporation frcn lakes and reservoirs. 7hese satellite raditers, determine

the water's surface teierature which can then be related to its evaporation

by a mathmtical equation o, 'Imde1". Studies on fresh-water Utah lake, Lake

Pmell, and Lake Havasu have indicated that evaporation can be modeled in this

manner with a good deal of success. na purpose of this similar stbxy on the

Great Salt Lake is to futher investigate the method and deterMnS the effects

that salinity and the varied climat over the lake have on it.

M GPAT SALT IAKE

MW Great Salt Lake shown in Figure 1, located in Northern Utah, is a

highly saline, terminal lake fro wich there is no outflow except for

evaporation. In a ren PreSentaticn, Lloyd Austin, of the Utah Division

of Water Resources pointed out that over the long term, evaporation frm the

lake has been about 3 million ac-ft/yr based cn a water bukjet approach.

4proxmately the am amout flown into the lake so that over the long term

there is no net rise or drop of the lake's surface. Howmver, during the

period of 1982 to 1985, the inflow waded the evaporation causir the lake

to rise and flood property adjacent to it. Tis ircreased surface area and

decrease in salinity, due to dilution, have inceased the annual evaporation

to apruimately 4 million ac-ft/yr.

The rise in the lake's level caused millions of dollars in damage due to

extensive floodir. The evaporation frcm the lake is of particular oncern

because it is the only outflow from the lake and thus tied directly to the

level of the lake. Eubanks and Brou4h (1980) report that the Great Salt Lake

4
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also affects the local tagqrmtire, precipitation and wind patterns, and th~at

local storms are uibad to some degree by the evaporation fra the lake.

EVACATICt THE

In order for water to varate, there ust be an erurg source to st.ply

the 600 calories required to vaporize each gram of water. Saltwater

evaporates at a slowr rate than freshwater, thus the mnes energy whtch i.s

not used to evaporate the saltwater is absorbed by the water, mausing its

tin~eatreto rise. Salinity r"dL evaPoticn primarily because of a

rs&&-cnin the vapor pressure of the saline water. Jones (1933) mentions

that cohesive forces acting bewee the dissolved i~ru and the0 water moleCuI-es

my also be reupcr.Jble for inhibitir-q evaporation, making it more difficult

for the water to escape as vapor. Figure 2 sh~am a comparison of freshwater

and saltwater evpgm!r at Iczun as a fuction of surface temperature.

Evaporation. rates are influwmcd by solar radiatian, air ta~erature,

a~h~uiuicpressure, vapor prsur., wind, and surface tuzperature. Surface

terature is a ftwticn of incident solar radiation, evaporative coling,

heat trasfer, and mixing with water beneath the surface. In still water

there is a substantial t~rtegradient within the first fewi centimeters

of the surface and any mixing due to wave action or other currents can alter

the surface tairaUre significantly.

Estimating evaporation by remte sensing techniques involves developing an

eq~uationi, or mrodel, by correlating evaporation data with surface temperature

data fra the satellite imagery. One basic assumptioni of estimating

evaporation1 from a particular lake by remote sensing tech2niques is that

6
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evaporation is largely a function of surface taperature. For the large lakes

and specific year. that have beenw studxied thuis far, this has beew shcn to be

generally true. These studies have also shardn that evaporation is a linear

funticn of surface -esermze defined by an equation of the form:

Evaporation - a + b *surface taprtr

wher a and b are respectively the intept ard slope of the line.

Figure 3 dxc~n a plot of evaporaticri data versus surface taiperature. it

is asume that the climatological factors listed above are responisible for

the scatter of data points ar=-d the best-fit straight line. nm effects of

ati---Paric moisture and I -beri pressure were assmed to be constant

since they war early constant on the days that the satellite measured the

surface teqerature. wind was also root onsidered to irg~ass evaporation

subtanialy since this is generally the case with large lakes. These

satczns,, hcjuver, may not be entirely correct and an analysis shiould be

made of the results of abiosomriCchdunge and possible correction fturtioris

shaild be developed.

TheA tairature-eraporatii mo~del is c&tained by correlating the surface

t~=-Wre with evapoaticn value for the sam tim period. Both pan

evaporaticri data and vaporaticn estimates generated by a climatologically

based moadel can be used to dsvelqp and calibrate the mo~del. Onre the mo~del

has been developed, mrly surface, -m atures and salinities nee to be iirpat

to get lake evaporaticnu. It is important to note that each individual imodel
is valid conly for the Particuzlar lake or sectioni of the lake for which it was

deVelq~ed. Figure 4 shmrs the differece in the taiqerature-evaporation

models for freshwater Utah Lake and freshwater Willard Bay.It%
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CLUOMICL DMA

Tocal weather stations from wich pa rvaporaticn data were dotained Ware

the Dear River Pafuge Station, the Saltair Station, theA Utah Lake-Lehi

Stationa, and theA Logon IMprita Farm Station. EqLdValftt freshwater lake

eaOtiom we dtaind by ultiplying the Pan evaporations by a pan

coefficient of 0.7. This value of 0.7 for the Great Salt lake was obtained

from a study bY Waddmll and Fields (1977) of several evaporation pans aroud

the lake. All measured evaporation data used in this study are given in

Appemrix A. Climatological data frcn the Salt take City Airport Weather

Station were umed as input to F. I. Yrtnts (1985) climatologically-based

omputer ioftl WREVAP which producd the model evaporaticro.

SALM DMA

In this study pan saltater evaporatiom were tained by multiplying pan

data by salt fficit h ch reduced the pan evaporaticn rates to that of

saline water. Mhese values wre then multiplied by a pan coefficient of 0.7

to obtain saltwater lake evaporations.

he salt coefficits for this study ware calculated using the

saltwater/frehater ratio versus sodium chloid atent relatia-ship

developed by JcnuM (1933). His data are for a constant 20"C but are not

significantly affected by tmperatue chanres within the norial ranges of the

Great Salt Lake's surface terature. T sodium dloride was ocnerted to

TM x-oentratim and the =uRve shcwing the saltwater/freswater evaporation

ratios as a fution of percent TDS is given in Figure 5. These ratios are,

in fact, ar salt coefficients and discete values from the curve are given in

the accanying table.
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5 0.982 1 0920 25 30.39

6 0.971 0.904 26 0.863

2 0.972 17 0.96 27 0.828

8 0.996 18 0.828 28 0.823

9 0.959 19 0.888 29 0.823

10 0.952 20 0.874 30 0.813

Figure 5. Salt Carcentration and~ Evaporation Ratio Data (After Jores, 1933)
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Salt coefficients estimted by Ibddll and Fields (1977) frCM field data

from the Mrtoni salt Ccany were also revijewed, but the more =mezvative

coeifficients frCM J~rs' data were preferred. Jnse relati~nhi1p was the

result of direct e~evatictn of the evaporation of Great Salt Lake water and

freshmter under identical ccnditiors. salinity data expressed as percent

salt OMztent by Weight are given in Apperliix B.

salinity data collected by the Utah Geologic and mineral survey (UGM) for

their sanpling progru were used for tis study. The data included the

conentrations of TM along with its constituenzts at various depths. Sod,=~

chloride ccnentrationu at the suirface for the time and locatins rmxW wepre

calculated from the LX26 data andl entered into Jor's uodel to c*taln the salt

coefficients. Also see Appedix B for various relationsuhips involving the

I1M, lakWater density and .odiiu chloride cxxentrata for the Great Salt

Lake.

SATELIITE OMM

7he satellite data available for use were frni the Heat Capacity Mapping

Mission Satellite (Ha"( and the tandsat V Satellite. 1I~e than 25 HOC(

scenes were available for cu use from the Naticuial Sa Scienc Data Center.

FOU~r TMatic Yaper somue frCM Landsat V, two fromn 1984 and two fromu 1986,

have been puzrchased from ECSAT (Earth C.evatiun Satellite Q0). Floever, due

to their high cost so're landsat data omid not be obtained.

Both the HID! and LuArsat V satellites orbit the earth, scanning~ the

surf ace with ensors capable of detecting both visible and thermal infrared

electrcanetic energy. MAe sensors scan along the satellite'gs path in a

side-to-side sweping manner, seeing the earth as a series of strips of

rectangular areas or picture elements called pixels. *114 sensor assigns to

13
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each pisoel a digital zm er that cMrrens;cs with its thermal emission. These

digital data are then relayed to the earth utwe they are procee and

distribated to us= in digital form. Cwztws and gra Uic display monitors

capable of handling sizable amonts of data are tem uMployed to manipulate

and view the data as needed.

Figure 6 shown day and ni ht img of the Great Salt LAke from the HCMK

scanner. Figure 7 sho Ladgat imagee of the Great Salt Lake.

For this study, a Digital/Vax 11/780 system Was used in conjuMCticn with a

TWktruniX 4115B Graphics Display (Figure 8) to prepare the data for processing

and view it. An image prcesin progr called PCIS (Persnal Cmpiter

nwag Processing system), distrib ted by 1M, was then nm on an i4 Pc sh

in Figure 8 to reduce the data to usable form.

The data, when displayed, are an array of pixmls each of which represents

an area on the grond. Each pixel has an intensity value ranging fram 0 to

255 which %orrXcn S to the tbheal infrared emission and therefore the

t-rabire of the area of water it represents.

etzinirq the average sirface t-ieraure of the Great Salt Lake was a

very labor-intensive poce@s, repirlzq several hus of time for each scene.

The first step in the process was to coy the data from tape and store them in

the cmPuter's mmarY. B3Oue the so'es cover a large area and contain

substantial mounts of data outside the study area, they were then displayed

on the Tektronix to locate the study area and determine where excess data

could be removed. The excess was deleted leaving a much smaller file which

could then be transfered to the pC to be ni ated by the image processi

program

14
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a.

b.

Figre 6. HCMM 1979 Scenes of the Great Salt Lake Showing:

a. Daytime~ Thermal infrared TImgerj, and
b. Nighttime Thenral Infrared tmagezy



Figure 6. (cont.)
C. Daytime Visible Band Inzagery



a.

b.

Figure 7. Laridsat Scenes of the Great Salt Lake Showing:
a. False Color Tnfrared Inrage of the Bear River Bay, anid
b. Daytime Thermal infrared Tiage of the Bear River Bay.



C.

d.

Figure 7. (Cont.)
close-ups of Daytime Thermal infrared Inager Showing:
c. Great Salt Lake Mineral Corp. Evaporation Ponds, and
d. The Southern Pacific Railroad's Causeway West of

Promontory Point. (Note the swirling temp. patterns)



Figure 7. (COnt.)
e. Dayti me eral Imagery of the South Arm of the Great Salt Lake.
T1he Nebuous Lit Blue and Red Formations in the UpWe Left-Handi Ccrme

ame Algae Blowrs.
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displayu the image of the study area in four colors. The first step

in uing the prgru was to delineate the boundaries of the lake by assigning

the water surfa o m or two colors and then coloring the land and other

featu e with the remaining colors. Since the land near the edge of the water

may be the am t rature as the water itself, this delineation process was

Aided by comparlxq the thermal image with the visible band image that

acOelJsit.

O the lake's boundaries had bow located, PCIPS' "extract" feature was

used to "block off" the water area inside them as shown in Figure 9. PCIPS

then performed a statistical analysis showing a histogram of the pixel

intinsity values and calculated the average intwuity value (I). This average

intwaity value is then omnvertad to an average surface teoperature (T) using

ore of the followrin equations:

GODDUMR SPACE FXZ CENTER 14M L PM HCM M ,- ,- F O- 4.9

K2 -K I - 14421.587
T('C) - in[ K +l]+ K0  - 273.16 1251.1591

K3- -118.21378

K4- 60.776
K7 -273.16 K5- 0.0057

T('C) =in _ -27K- 0.1252

K7- 1260.56

A total of 144 te Frature deteweination were made in this manner. An

exaple of the PCIPS m t is given in Amendix G.
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a.

b.

Figure 8.
a. Tektronix 4115B Graphics Display, and
b. IM PC Running PCIPS.

1w



C.

d.

Figure 9. (Cont.)
c. Using Smaller Blocks to Approximate the Take' s Border, andI
d. The Blocked Of f North Arm Ready for Statistical Analysis.



a.

b.

Figure 9.
a. PCIPS Display of the Great Salt Lake, and
b. PCIPS "Extract" Feature Used to Block Off
the North Arm.



Ideally, the aim of this project was to develop a tiperature-evaporation

model that wmld owa~ider the large areal extent of the lake and its varying

salt cotents and be applicable for all ondxitions. Several approaches were

oivsi and tested in order to get the desired reslts. These included;

correlating the daytim surface -aiperatures with:

1. Daily and mothly pan entporatixns
a. from stations roar the section being studied, and
b. from regional averages.

2. Daily and mnrthly equivalent lake evaporations
a. frnstations near the section being stxued, and
b. from regicrial averages.

3. Daily and mnthly model evaporatlis
a. for South Arn and Farmington Bay, and
b. for regionial averages.

Another approach~ was to correlate the nighttime surface taqmertures with:

1. Daily and mnthly pan evaporations
a. fron stations near the section being studied, and
b. fron regional averages.

2. Daily and monithly equivalent lake evaporatica
a. fron stations near the section being studied, and
b. from regional averages.

Two other aproach&es that were evaluated were:

1. Tinperature/salinity ratios versus pan evaporation~s, and

2. Salt t~prt~rsversus pan evaporations.

Correlating these surface t1-eatre with the evaporations was sixTplified

by the use of Lotus 1-2-3, which is an electronic --eeahe program for the

IBM PC. Th qse- sheet perfore linear regressions on the data to

determine the equation of the teqperature-evaporation model and the

correlation coefficient of the data.

Due to its large size, the lake was divided into four ma~in areas; the

North Amn, South Ar.a, Bear River Bay and Farmington Bay (Figure 1). Su rface
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temxeraturss fron these izdividual areas were correlated with evaporation data

froM their closest Wa-ler station. Additionally, the average surface

tmieratures of several carbizd areas ware correlated with the regional

average evaporation from the four stations listed earlier. The equivalent

saltwater lake evaporation was otaired by multiplyir the pan evaporation by

a pan coefficient of 0.7 and the salt coefficient which was dependent on the

salinity of the lake. Due to the fact that only the Salt Lake City Airport

Weather Station provided the -prciate data to irpit into the Morton Model,

the model evaporations ware only correlated with the taqperatures from the

southern part of the lake.

The satellites from which data for this study were obtained did not provide

daily coverage of the Salt Lake, but covered it only onm in a given number of

days. For HCM this was roxinately five days and for Landsat it was

sixteen days. Sinc daily coverage was rot provided, the surface tenperature

for a satellite overpass day was correlated with the evaporation for that same

day, the day before and the day after. Touperature were also correlated with

the two-d average evaporation comistng of the day before and sa day and

with the three-day average evaporation of all thre days. m-ere there was

more than one surface t-serature for a mnth or where a single eture

was measured rear the mickle of the =nth, thme tMm werature wre averaged

and correlated with monthly evaporation data.
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Tables 1 - 11 present the results of all the correlatis between surface

temperatures and evaporations and will be discussed individually. These

results include r, the correlation coefficient, n, the number of observations,

and a and b, the regression coefficients to be used in the equation:

E - a + b -T CE- 1lake evaporationi, T = surface tertr)

AREA PAN EVACATI(C(

The first attalpts at creatir a model involved correlating surface

teraTO for a single area of the lake with pan evaporations fram the

nearest weather station. 7h* South Arm and Farmingto Bay t_ratmres we e

correlated with the Saltair pan data, and the North Arm, Bear River Bay and
Willard Bay tu ratur with the Bear River Refuge pan data. These results

are given in Tables 1 and 2.

Correlatirq the daytim surface tmratr with the pan evaporation for

the sam-day the t-iweratare was sensed, yielded correlation coefficients

ranging frm 67 to 78% with an average of 74%. The correlations coefficients

with the Saltair pan were slightly higher, with an average 78%, than those

with the Bear River BefIUe pan which averaged 71%.

The overall best daily oorrelaticoa were the surface tameature against

the evaporatin for the day-before the tmrature was sensed. These

correlation coefficients raned frcm 75 to 85% with an average of 80%. These

good results may be due to the fact that the surface tiperature is, in a

large part, a function of the evaporation frcm the day before. There is very

little mixing of the stratified layers of brine in the lake's profile.

taIere the ucPer layer is wooled by evaporation from the day-before to a

P~meBratur that correlate will with the evaporation from the day-before.

26
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TABLE 1

Correlation and Linear Reression Results I for Great Salt lake South
Area Satellite Temperatures versus Saltair Evazorations

Sam Day Day 2-Diy 3-Day Total

Tee rature
ArPan

South Arm r - 0.78 0.79 0.77 0.80 0.78 0.84

a = -0.224 -0.229 -0.113 -0.230 -0.159 -3.301

b - 0.057 0.059 0.048 0.058 0.054 1.702

n = 24 22 21 24 24 11

Farington r = 0.77 0.75 0.79 0.79 0.80 0.92

Bay a - -0.235 -0.204 -0.203 -0.266 -0.226 -11.911

b - 0.056 0.055 0.051 0.059 0.056 2.040

n = 21 20 18 21 21 10

Lke Eawratio 2

South Arm r - 0.79 0.80 0.77 0.81 0.79 0.83

a - -0.156 -0.158 -0.079 -0.162 -0.112 -1.793

b - 0.038 0.039 0.032 0.039 0.035 1.092

n - 24 22 21 24 24 11

FarMingtOn r = 0.78 0.75 0.75 0.79 0.80 0.91

Bay a - -0.173 -0.159 -0.094 -0.193 -0.161 -8.174

b - 0.038 0.038 0.032 0.040 0.038 1.381

n - 21 19 18 21 21 10

iOSSUlts include r, the correlation coefficients; a & b, the regression
coefficients in the equation E = a + b'T (E = evaporation and T =

temperature); and n, the number of cservations.

2 Lake evaporation is pan evaporation times the pan coefficient (0.7)
times the respective lake area salt coefficient.
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TABT.E 2

Correlation and Tinear HEMMion esUits for Great Salt Lake North
Azya Satellite Teraures versus Bear River Refe Evaoration

Sam Day Day 2-Day 3-Day TotalA ~ Ayg Avrq Month

TGAeraure.
Pan Eva=tj im

North Arm r - 0.67 0.80 0.57 0.76 0.74 0.90
a - -0.834 -0.493 -0.444 -0.415 -0.322 -10.925
b - 0.069 0.061 0.052 0.054 0.048 1.480
n - 14 18 15 18 17 7

Bear River r - 0.77 0.85 0.81 0.80 0.84 0.97
Bay a = -1.025 -0.386 -0.609 -0.328 -0.278 -10.819

b - 0.078 0.056 0.061 0.050 0.046 1.416
n = 13 17 14 17 16 7

Willard Bay 1 r = 0.70 0.83 0.73 0.81 0.85 0.93
a - -0.831 -0.531 -0.518 -0.497 -0.428 -10.406
b = 0.071 0.065 0.061 0.060 0.056 1.482

n - 14 18 15 18 17 7

MMEYaIraticns

North Arm r = 0.67 0.80 0.65 0.75 0.78 0.90
a = -0.539 -0.314 -0.281 -0.269 -0.218 -6.284
b = 0.043 0.037 0.032 0.033 0.030 0.854
n - 14 18 14 18 16 7

Bear River r = 0.76 0.84 0.81 0.79 0.83 0.97 -"
Bay a = -0.692 -0.266 -0.406 -0.228 -0.192 -6.709

b = 0.053 0.038 0.041 0.034 0.031 0.917
n = 13 17 14 17 16 7

iBecause Willard Bay is fresh water, Willard Bay lake evaporation
correlation oefficents are the same as the pan evaporation correlationcoefficents. However, the linear regression oefficients a & b should each bemultiplied by the pan coefficent (0.7) to define the Willard Bay temperature-
lake evaporation relationship.



T!he day-before evaporation versus surface t -erature correlatios were better

for the Bear River Rfuge pan than the Saltair pan.

Correlation coefficients for the daytime surface teeratures versus the

evaporation for the day-after the ature was Sensed ranged frM 57 to 81%

with an average of 73%. The correlaticn were in close agreenent with the

sam-day correlations, but this time som of the Bear River Refuge

correlatiCrM Were better than those with the Saltair pan. The Saltair average

correlation coefficient was, however, slightly higher than its Bear River

Refuge counterpart at 78% versus 70%. If the surface teiperature is a

function of the heat capacity of the lake and the evaporation from the day-

before, then the surface teiperature is not so uch affected by the

evaporaticn from the sm-day or day-after. This may also be influenced by
the fact that the satellite flies over at ar-PIY.tely midday, before much of

the day's eaporation has taken place.

The Saltair multiple day eaporaticrs (i.e. two-day and tlr day) when

correlated with the surface tB1perates gave correlations that were about the

sam as the best of their corstituent single day correlatics. This was not

true with the Bear River correlations because of the greater difference in the

correlation coefficients for the sam-day and day-after in omparison with

those for the day-before. Here the averaging effect of the high day-before

correlation was evident, but the multiple day correlation coefficients were

still 2 to 5 percentage points lwer than those for the day-before.

Total monthly pan evaporaticns correlated with the average surface

t~erature for the whole month yielded coefficients ranging from 84% to 97%

with an average of 90%. This is significantly higher than those for the

shorter periods within the month partly because the =nthly total is rore

stable and is rot greatly affected by a brief period of atypical weather.
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ARA LAXE EVAOPAnCH

The first approach to studying the salt effects on the correlations was to

change the pan evaporation to an equivalent lake evaporation by muiltiplying it

by the salt coefficient and the pan coefficient. Tables 1 and 2 show that

this changed the correlation coefficients from those in which straight pan

evaporaticM were considered, but not erouP to be significant in most cases.

There was a s drop in the correlation for the monthly Bear River

evaporation after nultiplying by the salt coefficient. This approach did,

however, provide a model representing the relationship between saltwater lake

evaporation and surface iarare.

The period that was studied, 1978-86, saw as great of variation in the

lake's salinity as might ever aain occur. Salinity ranged from 28.8% to

15.1% in the North Arm and 14.8% to 4.8% in the South Arm over this period of

time. Although the effects of the malt on the correlations ware not

significant, it would se that this approach would work better for long

periods of time if there were not significant variation in the salt content.

Additional data fran the period of low salinity, 1983-86, would help

substantiate this tentative omiclusion.

Willard Bay is a wiall, freshwater reervoir located along the East edge of

Bear River Bay. Omrrelations of the Willard Bay tooperature with the Bear

River Refuge pan were very similar to those for the Bear River Bay tmiprature

versus the Bear River Refuge pan. This may be due, in p-rt, to the low

salinity of the Bear River Bay. The Willard Bay correlations ware always

better than those for the highly saline North Arm. There was no way to make

meaningful camparisors with correlations with other pans to know if the

freshwater was actually responsible for the better correlationa.
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RICAL P~AN EVAPCATICH

Due to the extreme size of the lake, pan averages from around the region

were also used. Regional evaporatim is the average of the pan measurmnts

at the Utah Iake-Lehi, Saltair, Bear River Refuge, and LOgan ExperiIMntal Farm

Stations. These are tlxxight to be more reresentative of the evaporation

from the whole lake than omparisons with individual pans. Consequently, the

surface tiperatutres of the four areas of the lake ware averaged in different

combinations and correlated with these regional average evaporations. Another

reason for this approach was to stabilize the day to day variability of pan

data at Saltair and to offset the effects of missing data from the Bear River

Refuge station.

Much better correlatics were obtained by cmparing regional pan averages

with the whole lake and sectional temeratures than ware found by casming an S.

area temperature with a nearby pan. The regional evaporation and sectional

teperature results are given in Table 3.

ccmparing the aritmetic averag Wole-lake taeperature for a particular
S.

day with the regional pan average for the same-day yielded a 82% correlation S..

coefficient (Table 3a). he correlation for the day-before was the best at

90% and for the day-after was again 82%. Consistent with the results

presented thus far, the day-before correlations were always the best.

Likewise consistent with the individual area correlaticn were the average

Whole-lake tmperatures versus the regional pan averages for two and three-day

periods. These correlation coefficients were a very good 91%. The monthly

correlation was, however, higher with a correlation coefficient of 93%. This

is also consistent with the results for the single areas of the lake.

South lake, Southeast Lake, and North Lake average taiperatures were also

correlated with the regional average pan evaporation with good results. The
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TABLE 3a

Correlation and Liear Regnession Rults for Great Salt Lake
Sciofl- Satellite MMMrtu-, versus E:i,nal Eva:oratiors 2

Save Day Day 2-Day 3-Day Total

Umweighted

3

TPeratureec Pan Evgoaton

Whole lake r = 0.82 0.90 0.82 0.91 0.91 0.93

a = -0.270 -0.373 -0.281 -0.343 -0.359 -9.061

b = 0.049 0.056 0.052 0.053 0.055 1.610

n = 23 25 24 25 24 12

South Lake r = 0.86 0.89 0.86 0.90 0.91 0.92

a = -0.262 -0.358 -0.238 -0.315 -0.342 -9.303

b = 0.048 0.055 0.048 0.052 0.054 1.634

n = 21 22 21 22 21 12

Southeast r = 0.87 0.90 0.87 0.90 0.90 0.92

Lake a = -0.289 -0.355 -0.264 -0.370 -0.303 -9.303

b = 0.050 0.055 0.050 0.056 0.052 1.634

n = 23 24 23 23 24 12

North Lake r = 0.88 0.91 0.85 0.92 0.92 0.97

a = -0.296 -0.400 -0.244 -0.353 -0.340 -11.794

b = 0.050 0.057 0.047 0.054 0.053 1.695

n = 20 21 21 21 21 11

1A lake section is the combination of 2 or more lake areas. South Lake
is South Arm and Farngton Bay, Southeast Lake is South Lake plus Bear River
Bay, and North Lake is North Arm and Bear River Bay.

2 Regional evaporation is the average of pan measurements at Utah Lake-
Lehi, Saltair, Bear River Refige, and Logan Experitental Farm.

3When lake areas were combined to form lake sections the teperatures J

were averaged to obtain unwighted sectional temperatures. Weighted sectional
tmeratures were determinSd by weighting the lake area teperatures according
to surface area.
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South Lake average taiperature was an average of the Souzth Arm and Farming~ton

Bay tmie ie. It showe crlation coefficients of 86% for the same-day

and day-after correlations ard 89% for the day-before following previously

observed trends. 'frae corralaticro were better than the Whle-lake

carrelations. Correlating the two and three-day and mothly regional pan

evaporation averages with the Souzth Lake tuieaie gave correlation

coefficients jusrt slightly higher than thosee for the beet of the single day

averages. This is also consistent with the previcusly observed pattens.

Thea Southeast LAke average was xuzprised of tmIpeaLe from the South

Arm, Farmingtoni Bay and Dear River Bay. Thes temperatures were correlated

with the regional pan evaporations producing correlation coefficients that

were essentially the sm as those for the South lake for the all the daily

and nvxthly correlations.

Th North Lake taipeatures, being the averg of the North Arm and Bear

River Bay I -F - 1 ra I ware also, correlated with the regional pan

evaporations and producled correlation coefficients that were the highest of

all the regional pan verums sectional t Aierature correlations. The

coefficients ranged from 85 to 92% for the sam-day, day-before, day-after,

two-day and three-day correlations, but the monthly correlation was the

highest of the gra* at 97%.

Si~nce the four areas of the lake being averaged for the sectional

temperature are of differing sizes, weighted averge, based on size, were

calculated and correlated with the regional pan averages. The weighted

average tacperature for the Whole-lake, for e==Vle, was based on one Bear

Table 3b shows that, in some cases, the weighted average had better

correlations than the aritmmtic: average of the lake tu&rture--, but in most
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TABLE 3b

Correlation ang LiMr em-ressicg lts for Great Salt LakeSecticnal Satellite TEpJeaturI vers, Regional Evaoratios

Sam Day Day 2-Day 3-Day Total
Weighted A
Tenperature

Whole Lake r = 0.87 0.89 0.84 0.91 0.91 0.91

a = -0.304 -0.369 -0.261 -0.347 -0.361 -8.433 I
b - 0.050 0.056 0.049 0.054 0.055 1.589
n = 24 25 24 25 24 12

South Lake r = 0.85 0.88 0.86 0.89 0.91 0.91
a = -0.267 -0.366 -0.251 -0.322 -0.358 -9.549
b = 0.049 0.056 0.049 0.053 0.055 1.666
n = 21 22 21 22 21 10

Southeast r = 0.87 0.89 0.87 0.91 0.92 0.96
Lake a = -0.297 -0.348 -0.273 -0.339 -0.360 -8.771

b = 0.051 0.055 0.051 0.053 0.055 1.612
n = 23 22 23 24 23 12

North Lake r = 0.87 0.90 0.84 0.92 0.91 0.96
a - -0.293 -0.388 -0.235 -0.349 -0.333 -10.820
b = 0.049 0.057 0.047 0.053 0.052 1.645
n = 20 21 21 21 21 11
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cases the correlation coefficients ware ladr or unchanged. Therefore a

simple arithmetic average of the surface twoperat uld suffice in

performing the multiple-area temperature versus regional average pan

correlations.

RMICNAL LAKE EVARATI

Using lake evaporations instead of pan evaporations czaed the

correlations only slightly (Table 3c). In scm cases the cdarge was for the

better and other cases for the worse, but never enouh to be really

significant. Correlations using the weighted average temperature of the

sections of the lake (Table 3d) were slightly lower than those using the

unweighted lake teperatures. is helps confirm the onclusin that there is

no need to calculate a weighted averag te peratre itead of a sinple

arithmetic average te rature.

NIGH TYE RESF

HC94M satellite nigfttiiu temperatures Were available for several days in

1978 and 1979. As before, the nighttime tarperatbres for ead of the five

areas of the lake ware correlated with the nearest pan for the same-day, day-

before, day-after and two and thrye-dy averages. Miller ard Rango (1985), in

their study on Utah Lake, found that the nighttime temperatures actually

yielded the best results when correlated with two-day evaporation averages.

This is because the night t-peratures more acurately reflect the actual heat

storage of the lake and are less affected by surface heating due to an

occasicnal very hot and windy day. Similarly, the two-day evaporation

averages better appradmate long-term onditions than do evaporation values

from a single day.

35



TABLE 3d
orrelation and Ltn ar ReOresiOn RIslts for Great Salt Tak
Sectional Satellite TmMXa=Urvs vrUS Reinal Evaorations

Sam Day Day 2-Day 3-Day Total

Weighted
TvperatureSetlake EvRM or

Mhole Lake r = 0.86 0.89 0.83 0.90 0.90 0.90
a = -0.202 -0.243 -0.175 -0.229 -0.235 -6.022
b = 0.032 0.036 0.032 0.034 0.035 1.047
n = 24 25 24 25 24 12

South lake r = 0.85 0.88 0.85 0.89 0.90 0.90
a = -0.180 -0.241 -0.167 -0.215 -0.237 -6.692
b = 0.032 0.037 0.033 0.035 0.036 1.129
n = 21 22 21 22 21 10

Southeast r = 0.87 0.89 0.87 0.91 0.92 0.91
Lake a = -0.203 -0.240 -0.189 -0.229 -0.243 -6.189

b - 0.034 0.037 0.034 0.036 0.037 1.087
n = 23 24 23 24 23 12

North Lake r = 0.86 0.90 0.83 0.91 0.90 0.95
a - -0.182 -0.242 -0.148 -0.218 -0.212 -7.146
b = 0.030 0.035 0.029 0.033 0.032 1.031
n - 20 21 21 21 21 11



TABLE 3c

Crrelation and Lirmar R-gression Results for Great Salt Lake
Sectional Satellite T raQMUes versm_ R nigral Evaorations

M y Day 2-Day 3-Day Total

Unweighted
TerperatureseckIB Evaporations

Ifole Take r = 0.86 0.90 0.84 0.91 0.89 0.92
a = -0.195 -0.244 -0.173 -0.225 -0.203 -6.191
b = 0.032 0.036 0.032 0.034 0.033 1.048
n = 24 25 24 25 25 12

South Lake r - 0.86 0.89 0.86 0.90 0.91 0.90
a = -0.177 -0.235 -0.158 -0.211 -0.226 -6.339
b - 0.032 0.037 0.032 0.034 0.036 1.099

n = 21 22 21 22 21 10

Southeast r = 0.87 0.90 0.87 0.91 0.92 0.92
Lake a = -0.198 -0.238 -0.183 -0.224 -0,235 -6.509

b - 0.033 0.037 0.034 0.035 0.036 1.099
n = 23 24 23 24 23 12

North Lake r = 0.86 0.91 0.83 0.91 0.91 0.95
a = -0.183 -0.249 -0.153 -0.220 -0.215 -7.625
b - 0.030 0.035 0.029 0.033 0.033 1.056
n = 20 21 21 21 21 11
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Eellent results ware found with the correlations of the Saltair station

evaporation data and the South Am and Farmirqton Bay night tem.eratures, as

shown in Table 4. HCWver, the monthly correlations, which are typically

better because they a imate the long-term, were poorer than the short-term

correlations. The Faxir~ton Bay Correlation was a moddest 88%, but that for

the South Arm was a low 74%. Tse mmta hly correlations ware low and erratic,

undoubtedly due to the =all nmber of ormsvatiou in the analysis, and

therefore not valid. Correlations of the same-day, day-before, day-after and,

two and three-day pan evaporations with the South Arm temperature ware very

good, rarMnIz from 95 to 99%. They were slightly higher than those for the

Farmington Bay tazeratUre which ranged from 95 to 97%.

The results of the correlations between the daily and monthly lake

evaporations correlated and th South Arm and Farmington Bay teeratures were

very similar to thou involvir the pan evaporaticns It is coceivable that

reasonably acourate short-term evaporation estimates for the South part of the

lake ould be maeusing the model developed frun the nighttime linear

regression outpuzt.

Correlations of the North Arm, Bear River Bay and Willard Bay nighttime

taiperatures with the Bear River Refuge pan ware dissapointingly low with no

apparent reasom as sh n in Table 5. The North Arm fared the worst with

correlation coefficients ranging from 40 to 72% and the Willard Bay was the

best with a range of 64 to 96%. It is i&terestirq to note that the best

single-day oorrelatios were found with the day-after evaporation instead of

with the day-before evaporation as was the case with all of the previously

presented correlations.

As with the correlations of the night teaperatures and evaporations fram

the South part of the lake, the correlations of the northern nighttime surface
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MhILE 4

Orlation ard Liner B@aresion ReSUlts for Gret, salt Lake S~b
Area Satlite Night -- COL )- -- versu Saltair LygpRatig

Save Day Day 2-Day 3-Day Total

Tugrature

South Arm r - 0.99 0.95 0.97 0.98 0.98 0.74

a - -1.072 -1.238 -0.940 -1.146 -1.090 -24.087
b - 0. 115 0.126 0.104 0.120 0.115 2.986
n-= 6 6 6 6 6 3

Farmngton r - 0.95 0.96 0.96 0.96 0.97 0.88
Bay a - -0.921 -1.151 -0.850 -1.025 -0.978 -27.731

b - 0.111 0.127 0.103 0.118 0.114 3.392
n- 6 6 6 6 6 3

South Arm r =0.99 0.95 0.97 0.98 0.98 0.72
a =-0.702 -0.790 -0.608 -0.735 -0.705 -15.091
b -0.075 0.081 0.067 0.077 0.074 1.905
n- 6 6 6 6 6 3

Farmington r =0.95 0.96 0.96 0.96 0.97 0.90
Bay a - -0.629 -0.785 -0.592 -0.697 -0.668 -19.334

b = 0.075 0.085 0.071 0.080 0.077 2.309 b

n= 6 6 6 6 6 3

Nw

.
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TABLE 5

92MMlation ard Lin~ear Beressir pasults, for Great Salt Lake oi'
Area Satellite Night eauxavru Bear River Reftme Evavorations

Same3 Day Day 2-Dey Dy Total

Teqerature

North Arm r - 0.49 0.40 0.66 0.72 0.69 11
a = -0.193 0.269 -0.813 0.044 -0.226
b = 0.033 0.025 0.074 0.029 0.043
nl 5 5 5 5 5

Bear River r =0.73 0.40 0.86 0.69 0.83 ID
Bay a -- 0.365 0.114 -0.824 -0.117 -0.342

b =0.049 0.035 0.088 0.041 0.056

fl 5 5 5 5 5

Willard Bay r =0.67 0.82 0.64 0.96 0.90 ID
a - -0.310 -0.415 -0.509 -0.356 -0.407
b - 0.046 0.073 0.067 0.059 0.061

nl 5 5 5 5

Lake Esanortions

North Amn r = 0.50 0.39 0.65 0.72 0.68 ID
a = -0.119 0.159 -0.466 0.032 -0.133
b = 1.964 0.014 0.043 0.016 0.025
fl 5 5 5 5 5

Bear River r u0.73 0.40 0.86 0.69 0.84 ID
Bay a =-0.248 0.069 -0.557 -0.088 -0.246

b u0.033 0.024 0.060 0.028 0.039

nl 5 5 5 5 5

11D indicates insufficient data.
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tusaraturee with the equivalent lake evaporation wre similar to those with

the Bear River Refuge pan evaporations. Similar to the daytim topertures

versus lake evaporations (Table 2), the Willard Bay teaperature correlated

best with its equivalent lake evaporation.

Table 6 presents the correlation results for the 91ole-lake satellite night

tversus regional pan and lake evaporations. The day-before and

day-after pan Correlation were 94 and 95% respectively while that for the

sam-day was a lower 86%. e tw and three-day averages wre a very good 93

and 97%, but the monthly was again lowr at 83% due to insufficient data. The

M ole-lake surface t-_-ratures correlated equally well with the pan and lake

evaporaticon, but the linear regression output describes tw different sets of

lines. These linear regression resilts for the three-day average or even the

day-before or day-after correlaticns could be usd, with m confidence, in

esiMatinq evaporation frm the wole lake.

7refore, night thermal data can unst likely be used to estimate short-

term evaporation for the south sections and whole lake and possibly for the

north sections. However, due to lack of data, it is not certain how well

monthly evaporation estimates can be made. The availability of night data

would be the only drawback in using these night tIjmeratures in the

relationships devecIsd. HC( has been deco=Jsiord, but Lrdsat V can

provide night t1eares, but only by special request, and under the

provision that the requestor will purchase the data, regardless of its

quality.

p.FI
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TABLE 6

Correlation and Li r Ransion Results for Great Salt Lake Unweightai
Whole Lake Satellite Niht T Zeratures versus Reional Evaporation,

Same Day Day 2-Day 3-Day Total
Dy re Ater Avg Average Month

Tperature
Area Pan Evaorations

Whole Lake r = 0.86 0.94 0.95 0.93 0.97 0.83
a = -0.754 -0.634 -0.611 -0.711 -0.815 -14.004
b = 0.086 0.082 0.076 0.085 0.090 2.126
nr= 6 6 6 6 6 3

Lake EvaMraio

Whole Lake r = 0.86 0.95 0.95 0.93 0.97 0.83
a = -0.475 -0.410 -0.409 -0.449 -0.518 -8.890
b = 0.054 0.052 0.048 0.053 0.057 1.341
n= 6 6 6 6 6 3

'



I AT -SALT RATIOS

The tables of correlation results discussed thus far have involved pan

data and lake data determined by multiplying pan data by pan and salt

coefficients. Another approach at accountir for the salinity effects on the

evaporation from the lake was to divide the satellite surface temperature by

the salinity. iese ratios ware calculated for all tuzperature data and then

correlated with Saltair and Bear River Refuge pan evaporations for 1978, 1979,
1978 and 1979, and 1978 through 1986 (all data). The results of these

correlations are shown in Table 7. The South Arm tamqperatures and salinities

versus the Saltair pan were first investigated and found to have poor

correlations, averaging 43% when all of the data frM 1978 to 1986 were used.

But when only data for the individual years were used, the correlations

inrovs onsiderably to 87% for 1978 aid 90% for 1979. (bininr 1978 and

1979 and performing the correlations gave a slightly lower coefficient of 83%.

Ftxn 1979 to 1986 the South Arm salinity drope from 14.8% to 4.8% causing

the temperature/salinity ratios to soar out of proporti-n with those from 1978

and 1979. This explains the poor correlations when all the data fran 1978 to

1986 were used.

The exact onxeite was found to be true with the results of the North Arm

temperature and salinities versus the Bear River Refuge pan. Table 8 shows

that the correlations for the ratio of the North Arm taiperature divided by

the North Arm salinity versus the Bear River Refuge pan considering all of the

data (1978-1986) were amng the best ranging from 71 to 90% and an average of

80%. However, the yearly results wexe quite erratic, showing no consistent

trerds. The short-term correlation coefficients ranged from 21 to 99% with an

average of 69%, however those for the lorg-term correlations were much better

at 90 and 91%.

43

....... .. ' ' .. -- "



TABLE 7

Correlation and Linear RBers ion Result for the Ratios of Great SalLake South Arm Satellite Tww re over Percmnt Salt Content
versus Saltair Pan Evrations

Sam Day Day 2-Day 3-Day Total

1978 r = 0.82 0.83 0.90 0.86 0.86 0.96

a = -0.443 -0.542 -0.473 -0.547 -0.515 -20.074
b = 0.855 0.934 0.821 0.948 0.918 32.126
n = 13 12 11 13 13 6

1979 r = 0.91 0.89 0.85 0.90 0.91 0.94
a = -0.224 -0.074 0.075 -0.143 -0.074 2.717
b = 0.846 0.743 0.555 0.790 0.714 18.833
n= 8 8 8 8 8 4

1978 & 1979 r = 0.82 0.79 0.81 0.83 0.84 0.89
a = -0.256 -0.241 -0.137 -0.285 -0.246 -6.367
b = 0.785 0.778 0.638 0.814 0.773 23.832
n = 21 20 19 21 21 10

All Data r = 0.34 0.50 0.52 0.37 0.38 0.47
(1978-1986) a = 0.605 0.462 0.467 0.608 0.603 15.350

b - 0.123 0.228 0.173 0.131 0.126 7.597
n = 24 22 21 24 24 11

- . . ~ # ~ - - - -- V ~ S A ~ . ~ . v . p * . . 4. .' V - J ~ d - V d * ~ ~ q ~ Ile%.
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TABLE 8

Correlation and L Da REgsr ion PIMltS for the Ratios of Great Salt Lake
North Arm Satellite Tmature over Percent Salt Content

versus Bear River Refuge Pan Evaporations

Same Day Day 2-Day 3-Day Total
Da ADaryge AveraBee onth

1978 r = 0.61 0.85 0.64 0.77 0.77 0.91
a = -0.431 -0.446 -0.337 -0.214 -0.187 -8.269
b = 1.213 1.527 1.192 1.076 1.033 34.246
n = 19 12 10 12 12 5

1979 r = 0.99 0.42 0.21 0.76 0.55 ID
a = -2.119 1.741 -0.259 -1.385 -1.034
b = 3.494 -1.314 1.178 2.737 2.246

n= 3 4 4 4 4

1978 & 1979 r = 0.63 0.78 0.53 0.75 0.72 0.90
a -0.490 -0.383 -0.331 -0.267 -0.227 -11.550
b 1.295 1.439 1.210 1.188 1.120 40.004
n= 12 16 14 16 16 7

All Data r = 0.83 0.75 0.71 0.81 0.81 0.90
(1978-1986) a = -0.200 0.068 0.031 0.009 0.016 -11.550

b = 0.896 0.784 0.719 0.787 0.767 40.004
n = 14 18 15 18 17 7

Vi
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SALTE RATMER

Because of the high variability of the tei erature/salinity ratios, another

attempt to adjust the water temperature with the salt concentration was made.

A new 'salt temperature' was calculated by multiplying the surface temperature

by the salt coefficient. This has the effect of lowering the lake temperature

to match that of an equivalent body of fresh-water. One drawback to this and

the previous ratio method is that salinity data must also be provided in

addition to the temperature data as irpt to the evaporation estimation model.

Table 9 shows the results for the South Arm salt temperatures versus the

Saltair pan evaporations. They are in near agreement with those r values

found in Table 7 with the exoption of the correlations considering all of the

data fram 1978 to 1986. The salt teaperature results represent an imiprovement

in the correlations during the low salt crentratin years.

The same is true for the North Arm salt tamperatures versus the Bear River

Refuge pan evaporations as shoan in Table 10. The r values are about the

same or slightly worse than those for the ratios of the North Arm temperature

divided by the North Arm salinity versus the Bear River Refuge pan (Table 8).

It is evident that this method can cope with a high variability in the lake's

salinity. Even so, its results are inconclusive making it uncertain whether

or not a reliable model culd be developed fr it. More data should be

investigated to verify this.

LAKE EVAPORATICNS FROM PAN EDUATIONS

Possibly the best approach to modeling lake evaporations would be to

muIltiply the results from the equations developed to yield pan evaporations by

the appropriate pan and salt coefficients. The pan coefficient was a constant

0.7 and the salt coefficients are given in Figure 5. Since the lake
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TABLE 9

Correlation and Lirmar Hea eion -sults for the Prut s of Great
Salt Lake South Arm Satellite TmTeratures Times SaltCoefficents verss Saitair pan Ea~porations

Same Day Day 2-Day 3-Day Total
Data Da Bef e A eaq ot

1978 r - 0.79 0.81 0.88 0.84 0.83 0.92

a = -0.442 -0.586 -0.538 -0.585 -0.538 -19.887

b = 0.074 0.082 0.073 0.083 0.079 2.771

n = 13 12 1. 13 13 6

1979 r = 0.89 0.87 0.80 0.88 0.88 0.90

a - -0.177 -0.036 +0.124 -0.101 -0.029 6.082

b = 0.064 0.056 0.041 0.060 0.054 1.316

n= 8 8 8 8 8 4

1978 & 1979 r - 0.81 0.79 0.80 0.83 0.82 0.85

a - -0.293 -0.281 -0.164 -0.326 -0.269 -4.083

b - 0.067 0.067 0.054 0.070 0.066 1.872

n = 21 20 19 21 21 10

All Deta r = 0.76 0.79 0.78 0.78 0.77 0.85
(1978-1986) a = -0.170 -0.206 -0.100 -0.178 -0.114 -4.134

b = 0.058 0.062 0.051 0.059 0.055 1.874

n = 24 22 21 24 24 11

P,
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TABLE 10

Correlatin and L ar Lm= Eg ion Bits for the Pr-ducts of GreatSalt Lake North Arm Satellite TWMKUeIes Tinm Salt Coefficients verm
Bear River Refe Pan Evanoatioms -y

SaDe Jay Day 2-Day 3-Day Total

1978 r = 0.57 0.85 0.60 0.75 0.75 0.88
a = -0.391 -0.471 -0.298 -0.223 -0.190 -8.015
b = 0.053 0.071 0.052 0.050 0.047 1.558
n = 9 12 10 12 12 5

1979 r = 0.99 0.38 0.22 0.74 0.54 ID
a = -2.414 1.814 -0.471 -1.730 -1.340
b = 0.170 -0.062 0.064 0.141 0.117

n= 3 4 4 4 4

1978 & 1979 r = 0.59 0.78 0.51 0.75 0.71 0.90
a = -0.751 -0.405 -0.316 -0.283 -0.236 -11.062
b = 0.078 0.066 0.054 0.055 0.051 1.791
n = 12 16 14 16 16 7

All Data r = 0.71 0.83 0.63 0.81 0.77 0.90
(1978-1986) a = -0.963 -0.455 -0.438 -0.412 -0.314 -11.062

b - 0.092 0.070 0.062 0.064 0.057 1.791
n= 14 18 15 18 17 7

Ii
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evaporation equations were develCped largely fram 1978 and 1979 data, they

work very well when the salinity is near the 1978-79 levels. Table 11

demonstrates, with a few examples, how the pan equation values multiplied by

the pan and salt coefficients cmare very well with the lake equation values.

These examples are for wws lake areas, for different time periods, and for

both day and night correlations.

Multiplying the results of the pan equation by the pan and salt

coefficients offers the benefits of acomunting for large variations in the

lake's salinity and uses the best correlations found in this study. It does,

however, have the disadvantage of requiring that salinity data along with the

surface terperature data. Figure 10 show an __--ximte relatior-hip between

the lake's elevation and the lake's salinity exressed as rvent ins by

weight for both the North and South Arm. This might be used for salinity dp

approximatico when no other data is available.

MOM EVAQIC

Sinc there are inherent shortcomigs with pan data, another aproach to

creating a tamperatevaporation relationship was to correlate surface

tperatrs with evaporations generated by a couputer model. The model used

was called W WVAP and developed by F.I. Morton (1985). It uses

climatological data and characteristics of the water body studied as input but

according to Mortcn needs no calibration. The Salt Lake City Airport Weather

Station is the only station in the area that provides all of the data required

to run the model. The model has the capability of routinely generating

evaporation for periods of a month to about a week with good accuracy. With

some manipulation, evaporation values repr sentirq the average of four days

49
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Table 11

99marisas Betw Evamoratiors from Pan Eauaticns Tires
Pan ad Salt Coefficients and Lake Equatiors

South Arm Monthly Evaporation at Teaperature = 20 0 C

Ea n = -3.301 + 1.702(20) = 30.739

E'lake = (30.739) (0.7) (0.93) - 20.01

Elake = -1.793 + 1.092(20) = 20.05

South Arm Two-Day Average Evaporation at Temperature = 20 0 C

Epan = -0.230 + 0.058(20) = 0.930

E lake = (0.930) (0.7) (0.93) - 0.61

Elake = -0.162 + 0.039(20) - 0.62

Farmington Bay Monthly Evaporation at Temperature = 20 0 C

Ean = -11.911 + 2.040(20) = 28.889

EIlake - (28.889) (0.7) (0.96) - 19.41

Elake = -8.174 + 1.381(20) = 19.45

Farmington Bay Three-Day Average Evaporation at Teoperature = 20 0 C

Fpan = -0.226 + 0.056(20) = 0.894

E lake = (0.894) (0.7) (0.96) - 0.60

Elake = -0.161 + 0.038(20) - 0.60

North Arm Monthly Evaporation at Tmperature = 200C

E = -10.925 + 1.48 (20) = 18.675

EIlake = (18.675) (0.7) (0.83) - 10.85 c

Elake -6.284 + 0.854(20) = 10.80

North Arm Day-Before Evaporation at Temperature = 20 0C

Epan = -0.493 + 0.061(20) = 0.727

E lake = (0.727) (0.7) (0.83) - 0.42 cm

Elake = -0.314 + 0.037(20) - 0.43.
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TABLE 11 int.

L~~rscui Between Eapraion fran Pan EcAuations Tin
Pan & Salt Ooeff icients and Lake Eauation

Bear River Bay Monthly Evaporation at Tefferablre = 200C
Epa = -10.819 + 1.416(20) = 17.501

E'I lake - (17.501) (0.7) (0.95) = 116

Eae= -6.709 + 0.917 (20) =1.3

Bear River Bay Day-Before Average Evaporation at Telperatiure =20 0 C
Epa = -0.386 + 0.056(20) - 0.734

E ake (0.734) (0.7) (0.95) = 0.49~1

=lk -0.266 + 0.038(20) = 0.4~

Whole take Mmthly Evaporation at Teriperature = 200C
Epa - -9.061 + 1.610(20) = 23.139

E Ilakce = (23.139) (0.7) (0.91) =147

=lk -6.191 + 1.048(20) = 14.77 C

Whole Lia TNo-Iay Average Evaporation at Teup!erature =20 0C

Ea - -0.343 + 0.053(20) = 0.717

E I ake =(0.717) (0.7) (0.91) = 04

Elake =-0.225 + 0.034(20 = 04

Whole Lakce Three-Day Average Evaporation at Night Tlemerature =15 0 C

Ea - -0.815 + 0.090(15) = 0.535

E l.akce -(0.535) (0.7) (0.91) = 03

Elake =-0.518 + 0.057(15) = .34~i.

Sou.th Arm Three-Day Average Evaporation at Night Ta~eratare =15
0C

Epa = -1.090 + 0.115(15) =0.635

E =ak (0.635) (0.7) (.93) = 04

Elk -0.705 + 0.074(15) = 0.41L
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ware also determined. The model generates both pan and lake values and also

factors in salinity and therefore pan evaporations were determined by entering

zero for the salt content and the lake evaporations were determined by

entering the appropriate salt content.

Model Evaporation Versus T erabtire

The tmratres of the South Arm, Farmington Bay, ole-Lake and South

Lake ware correlated with the model evaporations. Since the data used as

input to the model were fram the Salt Lake City Airport Weather Station, it

did not seen reasonable to correlate the model evaporations with the North

Arm, Bear River Bay or Willard Bay areas.

Farmington Bay, beir closest to the Airport Weather Station would be

expected to correlate best with the odel vaporation and this was the case

as shown in Table 12. The mothly model pan evaporation versus Farmington Bay

t1ipera correlated with a coefficient of 97% and the monthly model lake

evaporation versus the Farmington Bay tuierature with 96%. The correlation

of 91% for the fur-day model pan average was 9cuw.at lower than that for the

monthly, possibly due to the day-to-day variability of the climate, but was

still better than the three-day average Saltair pan or lake evaporation versus

the same Farmington Bay tet-erature (Table 1). Another possible reason for

the lower far-day correlation may be due to extending the model to uses that

it really was not designed for. Morton says that evaporation averages for

periods of three days or less can be otained but their accuracy is

questionable. The South Arm tm.perature also correlated wll with the model

pan and lake evaporations, the correlation coefficients being only 2% lower

than their Farmington Bay ouniterparts.
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TABLE 12

Correlation and I ear iessign R ,_its for Great Sat Tai.e
Satellite Tceratures verms Mdel Evyaorations._

Tftperature 4-Lay Avi. Eva. Total Mnth EvaD.AMan Lake -- 1&

South Arm r = 0.89 0.87 0.95 0.94
a = -0.184 -0.071 -3.337 -1.327
b = 0.058 0.029 1.657 0.888
n = 27 27 13 12

Farngton r = 0.91 0.89 0.97 0.96
Bay a = -0.147 -0.062 -1.680 0.165

b = 0.054 0.029 1.438 0.781
n = 25 25 11 10

Uriwighted r - 0.90 0.87 0.96 0.94
Whole Lake a - -0.145 -0.042 -1.779 0.539

b = 0.054 0.026 1.491 0.733
n = 28 28 13 12

Weighted r = 0.90 0.87 0.96 0.93
Whole Lake a = 0.160 -0.049 -1.987 0.204

b = 0.055 0.027 1.488 0.762
n = 28 28 12 12

Urwmighted r - 0.90 0.88 0.96 0.93
South Lake a = -0.155 -0.060 -2.647 0.153

b = 0.056 0.028 1.574 0.809
n = 27 27 13 12

Weighted r - 0.90 0.88 0.95 0.93
Souzth Lake a = -0.164 -0.065 -2.896 0.074

b = 0.050 0.029 1.605 0.822

n = 27 27 13 12
1toxe1 evaporations are generated by the F.I. Morton Model using Salt

Lake Airport meteorological data.



Owbinl-g the two sihern areas to get the South--h ke average te:-erature

and correlating with the model evaporaticru, yielded correlation coefficients

that were marable to those for the Farngton Bay and South Arm

correlations (Table 12). This was true for both the =tbly and fair-day

correlations. Mh* monthly and four-day wei4ted South Lake correlations were

the sam or only slightly lder than those for the uweighted temperatures.

The unweighted and weighted Whole-lake tI matures were correlated with

the mdel evapotions in order to determire whether or not a Whole-lake

tae atr-Waporatian model could be developed in this manr. There is a

)cm climate differenc between the north and scuth portions of the lake that

may have prevOnted the dvelmnt of a model, since the northern portions of

the lake are so far removed frca the Airport Weather station. The morthly

model pan evapmxtian correlated very well with the Wle-lake tmperature

with r values of 96% for the modeled pan evaporatiCn and 94% for the modeled

lake evaporaticno. The fair-day model pan and lake correlation coefficients

were, respe:tively, 90% and 87%. Usin weighted and ummighted teqperature

averages made no difference whatsoever.

Fran the results it appears that a reliable model has been develc ed that

can estimate evaporation frcm the whole lake on a muwthly basis caparable to

the model evaporation using only the surface t_erature of the lake as input.

Further investigation would determine its full potential as well as the

ability to estimate evaporation for shorter periods of time.

Model Evaporation Versm Measured Evaporation

Since the results of correlations of surface ta peratures with pan

evaporation data were lower than those with the model evaporations, the model

evaporation was correlated with the pan evaporation to see how the two
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cotared. Table 13 for the lake Is soulth areas showis that they oa~ared very

well, eaecally with the mothly evaporations. The a aid b values from theN

linear regression output indicate the similarity of the two data sets. Wtenb

is very close to one, and a is very close to zero then corresp=! !&Ir nu.mbers

from each data set should be approximately equal. If b is not equal to one,

but the correlation coefficient is high and a is near zero, then the

corresponding nmbers in the data sesdiffer aproimately by a constant

factor equalling the absolute value of b.

The correlations for the Saltair pan vermis the mo~del evaporation showied

high correlation coefficients, b values near on and a values near zero. This

maew that ther, is nearly a onu to on relationhip between the Saltair pan

and the xmdel evaporations generated from the Salt Lake City Airport Weather

Station climatological data. ThLis wouild be expected.

Ithen the equivalent lake evaporations for the South Armi aid farmirgton Bay

were correi.ated with the model evaporations, the correlations runained high,

but the b vale Jumped to an average of 1. 2. This mn that the equivalent

lake evaporation vale, which were assigned to the Y-axis, were, on the

average, 1.2 tirn greater than the model evaporaticri, which were assigned to

the X-axis. This suggests that the salt coefficients ard/or the pan

coefficients used in the xmdel were lower than those u sed in ouir menthod. It

would be left to the d i scetion of the user as to which salt aid pan

coefficients to use.

Table 14 shows that there was also a very strong correlation between the

model evaporations aid the regional evaporations, especially for the monthly

values. The correlations with the regional pan average were slightly better

than those for the two sets of sectional lake evaporatiri. Hwver, the a

and b values indicate that the teirperature-evaporation relationship for the
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TABLE 13

Correlation and Lir~ar Bg=es io Results for South Area Pan and Lake
Measured EVaporations versus Model Evaporations

4-Deay Avg. 4-Day Avg. Total Month
Model Evap. Model Evap. Mo~del Evap.

VS. VS. VS.
2-Day Avg. 3-Day Avg. Total Mnth

L~tNa OR es- Qr.Mm vn

Saltair Pan r = 0.91 0.91 0.98
Evaporation a - -0.027 -0.011 0.003
(zero salt) b = 1.002 0.941 1.026

n = 24 24 10

Souith Arm r = 0.87 0.89 0.96
Lake Evap. a = -0.009 0.002 -0.396
(w/SA salt b = 1.210 1.165 1.230
cefficients) n = 24 24 10

FaxnirtIn Bay r - 0.88 0.90 0.96
Lak Evap. a - -0.016 -0.004 -0.321
(w/FB salt b = 1.220 1.172 1.215
coefficients) n = 24 24 10



TABLE 14

asurEvaorations verss Model Eveaorations

4-Day Avg. 4-Day Avg. Total Monthmodel Evap. Model Evap. Model D-ap.
VS. VS. VS.

2-Day Avg. 3-Day Avg. Total Month

Regional Pan r = 0.93 0.93 0.99
Evaporation a = -0.008 0.007 0.246
(zero salt) b = 0.767 0.773 0.802

n = 23 22 9

Whole Lake r = 0.90 0.92 0.96
Evaporation a = -0.003 -0.016 0.822
(w/WL salt b = 0.934 0.983 0.905
coefficients) n - 23 22 9

South Lake r = 0.89 0.91 0.96
Evaporation a = 0.010 -0.011 0.836(w/SL salt b = 0.907 0.973 0.904
coefficients) b = 23 22 9
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Wole-lake and South Lake evaporations had morm nearly a one-to-one

relationship with the model evaporations than did the regional pan. Table 13N

showqs the opposite to be true, the pan evaporations being more nearly a one-

to-on relationship than the lake evaporations.

Several approaches were taken in trying to produce a reliable nodel to

estimate evaporation from the Great Salt TAk usingq remte sensirg tecniqjues.

Each of these aproaches involved correlating evaporation values with the

lake's surface temp~eratuire by performing a linear regression to get an

equation, or model, that defines the evaporation for a given surface

teuperature. Sm of the approaches were succesful, producing models that

should be reliable, while others were not. It sem that possibly the best

approach to modeling the evaporation from the Great Salt take would be to

miultiply the equations developed to model pan evaporations by the appropriate

salt and pan coefficients.I

Most of the correlations which were successful provided monthly evaporation

estimates from monthly data. For exam~ple, the best estniates of monthly "

evaporation from the whole lake wuld be expressed by the equation in Table 3a

for the correlation of the Whole-lake temperature with the regional average

pan evaporation:

E (cm) - (-9.061 + 1.610 T (OC)) *0.7 *Cs (r-0.91)N

where Cs is the cor o~i~salt coefficient.

Evaporation estimates for the Whole-lake for shorter periods of time could

be made with slightly less accracy. An equation which would yield fairly

good etimates averaged for a tw-day period is the result of the correalation
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of uurwighted Whole-lake temperature and the regional pan evaporations also

found in Table 3a:

E (am) = (-0.343 + 0.053 - T (°C)) - 0.7 - Cs  (r-0.91)

There were also other correlation that provided very good results and

ould be used for the whole lake and also for smaller areas of the lake.

The monthly evaporation from the South Arm could be estimated by the equation

in Table 1:

E (an) - (-3.301 + 1.702 • T ('C)) - 0.7 • Cs  (r-0.95)

and the three-day avrage evaporation could be estimated using the nighttime

teaperature in the equation found in Table 4:

E (ca) - (-1.090 + 0.115 . T ('C)) • 0.7 • CS  (r-0.98)

or the daytime tI.erature could be used to get the two-day average

evaporation using the equation in Table 1:

E (an) - (-0.230 + 0.058 . T ('C)) , 0.7 * Cs  (r-0.80)

The mothly evaporation frm Farmirqton Bay is represented by the equation

in Table 1:

E (cm) - (-11.911 + 2.040 - T ('C)) - 0.7 - Cs (r-0.92)

and the three-day average evaporation can be determine by the equation in

Table 4 using the nightime tapmerature:

E (an) - (-0.978 + 0.114 , T ('C)) , 0.7 • Cs  (r-0.97)

Evaporation frm the combined South Arm and Farmington Bay (South Lake) can

be modeled on a monthly or short-term basis. The monthly evaporation can be

determined using the equation in Table 3a:

E (cm) - (-9.303 + 1.634 • T ('C)) * 0.7 Cs (r-0.92)

and the three-day evaporation average equation can also be found in Table 3a:

E (cm) - (-0.342- +0.054 • T ('C)) 0.7 Cs (r-0.91)
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Evaporation odels fran the northern areas of the lake were also developed

with success. The monthly evaporation fram Bear River Bay is represented by

the equatian in Table 2:

E (cm) - (-10.819 + 1.416 * T ('C)) * 0.7 • C8 (r-0.97)

and an evaporation equation for the day before the satellite passed over is:

E (cm) - (-0.386 + 0.056 * T ('C)) , 0.7 - Cs  (r-0.85)

The mmrihly evaporation fram the North Arm is represented by the equation

in Table 2:

E (an) - (-10.925 + 1.480 * T ('C)) * 0.7 * Cs (r-0.90)

and the day-before evaporatian can also be tained frn Table 2:

E (an) - (-0.493 + 0.061 • T ('C)) • 0.7 - Cs  (r-0.80)

Evaporation from both the North Arm and Bear River Bay (North Lake) can be

estimated on a mmthly basis usir the daytim terabire in the Table 3a

equatian:

E (cm) - (-11.794 + 1.695 * T ('C)) , 0.7 * Cs  (r-0.97)

and the day-before evaporatian can be estimated by (Table 3a):

E (cm) - (-0.400 + 0.057 , T ('C)) * 0.7 * Cs  (r-0.91)

Willard Bay's evaporation can be arimated on a xnthly basis using the

equation in Table 2:

E (an) - (-10.406 + 1.482 • T ('C)) • 0.7 (r-0.93)

and for the day before using (Table 2):

E (cm) - (-0.531 + 0.065 • T ('C)) 0.7 (r-0.83)

These results indicate that models can be developed to estimate evaporation

from the entire lake and from smaller sections of it while taking into account

the salinity of the lake. Aoamting for the effects of salinity is scmethir

that had not been investigated in previous studies and further research would

help us better urderstand hbw to best deal with the salt.
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One topic Of afflnlAsBis in a ccntinued study would be to photo-scan

hiotograqAhs of therml satellite imagexy and digitize them to obtain surface

temperatures. This would cut both cost and time spent .eerinr the surface

taeratures significantly and mo~re recent data woufld be available.

Another topic would be to study the effects of atmsrieric moisture,

atut~ric pressure and wind on this method. Until nrw these factors have

been assumed to be constant Or their effects negligible.

The West Desert Ponxd, being formed by pmping water fr~ the Great Salt

Lake, 'was designed to evaporate water from the North Arm of the Great Salt

Lake. Its evaporation is currently being moitored by Eckoff, Watson and

P'reator, a local omwultirg firm. It would be valuable to model the

evaporation fru the West Pard using satellite imagery aid caipare the results

with thorne found by Eckoff, Watson aid Preator. Evaporation data used to

calibrate the I raur-evpo ion model ould be otained fromi Mrton' s

Modlel or a traditicga evaporatiOn equation, e.g. Prm' s equation. There

are several tapr~arY meteorological data stations around the west Desert Pon

which could provide data for the evaporation imdel.
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APPENIDIX Al

Saltair Pon Eaporati (cii)

Same Day Day 2-Day 3-DaLy Total.

13 May 78 1.02 0.76 -0.89 1.02 24.31
14 Jne 78 - - - - - 31.67
6 July 78 1.14 1.14 0.99 1.14 1.09 38.23
27 July 78 1.14 1.22 - 1.18 1.25
2 AUg. 78 1.14 - 1.04 1.37 1.26 33.25
7 AUg. 78 1.09 1.09 1.14 1.09 1.11
23 Aug. 78 1.37 1.45 1.14 1.41 1.32
28 Aug. 78 1.02 0.86 0.76 0.94 0.88
13 Sept. 78 0.46 0.41 0.43 0.44 0.43 20.22
23 Sept. 78 0.51 0.46 0.46 0.48 0.48
9 Oct. 78 0.43 0.43 0.38 0.43 0.41 12.34
14 Oct. 78 0.43 0.58 0.43 0.50 0.48
25 Oct. 78 0.38 0.38 0.38 0.38 0.38
26 Oct. 78 0.38 0.38 0.38 0.38 0.38
26 Nov. 78 - - - --

24 March 79 - - - ---

15 April 79 0.64 0.64 0.76 0.64 0.68 18.54
14 July 79 1.14 1.14 1.02 1.14 1.10 36.70
9 Aug. 79 0.76 1.14 0.91 0.95 0.94 28.52
25 Aug. 79 0.96 0.91 0.81 0.93 0.89
4 Sept. 79 1.02 1.14 0.91 1.08 1.02 26.92
11 Sept. 79 1.14 1.14 0.71 1.14 1.00
16 SePt. 79 0.76 0.76 0.76 0.76 0.76
21 Sept. 79 0.89 0.86 0.94 0.88 0.90
2 NOV. 79 0.03 0.18 0.18 0.11 0.13 -

14 Nov. 79 - - - -

9 June 84 0.46 0.81 0.94 0.64 0.74 25.40
27 Juy 84 0.99 1.09 - 1.04 0.94 -

15 June 86 1.14 1.14 1.32 1.14 1.20 33.78
2 Augq. 86 0.94 - 0.94 0.89 0.91



APPENDIX A2

Saltair Pan Evamoratin X SathA Salt oefficient (cm)

Sam Day Dy 2-Day 3-Day Total
w &ML &V%

13 May 78 0.96 0.71 - 0.83 0.96 22.80
14 J ne 78 - - - - - 29.64
6 July 78 1.07 1.07 0.93 1.07 1.02 35.71
27 July 78 1.06 1.14 - 1.10 1.17

2 AUg 78 1.06 - 0.97 1.28 1.18 30.99
7 Aug 78 1.02 1.02 1.06 1.02 1.03
23 Aug 78 1.28 1.35 1.06 1.31 1.23
28 Aug 78 0.95 0.80 0.71 0.88 0.82
13 Sept 78 0.43 0.38 0.40 0.41 0.40 18.80
23 Sept 78 0.47 0.43 0.43 0.45 0.45
9 Oct 78 0.40 0.40 0.35 0.40 0.38 11.44
14 Oct 78 0.40 0.54 0.40 0.46 0.45
25 Oct 78 0.35 0.35 0.35 0.35 0.35
26 Oct 78 0.35 0.35 0.35 0.35 0.35
26 Nov 78 - - - - -

24Mar 79 - - - - -

15 Apr 79 0.60 0.60 0.71 0.60 0.64 17.35
14 July 79 1.06 1.06 0.94 1.06 1.02 33.98
9 Aug 79 0.70 1.05 0.84 0.88 0.87 26.32
25 Aug 79 0.89 0.84 0.75 0.86 0.82
4 Sept 79 0.94 1.05 0.84 0.99 0.94 24.77
11 Sept 79 1.05 1.05 0.65 1.05 0.92
16 Sept 79 0.70 0.70 0.70 0.70 0.70
21 Sept 79 0.82 0.79 0.86 0.81 0.83
2 Nov 79 0.03 0.16 0.16 0.10 0.12 -
14 Nov 79 - - - -

9 June 84 0.45 0.79 0.92 0.62 0.72 24.79
27 July 84 0.77 1.06 - 1.02 0.92 -

15June 86 - - - - -

2 Aug 86 0.92 - 0.92 0.87 0.89 -
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APPEDIX A3

Saltair Pan Evaporation X Faz~ngtn Bay Salt Coefficient (cm)

Sam Day Dmy 2-Day 3-Day Total

13 May 78 0.99 0.74 - 0.86 0.99 23.58
14 JUne 78 - - - - - 30.53
6 July 78 1.10 1.10 0.95 1.10 1.05 36.66
27 July 78 1.09 1.17 1.34 1.13 1.19
2 Aug 78 1.09 1.53 0.99 1.31 1.20 31.62
7 Aug 78 1.04 1.04 1.09 1.04 1.06
23 Aug 78 1.30 1.38 1.08 1.34 1.25
28 Aug 78 0.97 0.81 0.72 0.89 0.83
13 Sept 78 0.43 0.39 0.41 0.41 0.41 19.03
23 Sept 78 0.48 0.43 0.43 0.45 0.45
9 Oct 78 0.40 0.40 0.36 0.40 0.38 11.53
14 Oct 78 0.40 0.54 0.40 0.47 0.45
25 Oct 78 0.35 0.35 0.35 0.35 0.35
26 Oct 78 0.35 0.35 0.35 0.35 0.35
26 Nov 78 - - - - -

24 Mar 79 - - - - -

15 Apr 79 0.63 0.63 0.75 0.63 0.67 18.28
14 July 79 1.11 1.11 0.99 1.11 1.07 35.64
9 Aug 79 0.73 1.10 0.88 0.92 0.91 27.52
25 Aug 79 0.93 0.88 0.78 0.90 0.86

4 Sept 79 0.98 1.10 0.88 1.04 0.98 25.84
11 Sept 79 1.10 1.10 0.68 1.10 0.96
16 Sept 79 0.73 0.73 0.73 0.73 0.73
21 Sept 79 0.85 0.82 0.70 0.84 0.86
2 Nov 79 0.03 0.17 0.17 0.10 0.12 -
14 Nov 79 - - - - -

9 June 84 0.45 0.79 0.92 0.63 0.73 24.89
27 July 84 0.97 1.07 0.73 1.02 0.92 28.63
15 June 86 1.12 1.12 1.29 1.12 1.18 33.10

2 Aug 86 0.92 0.82 0.92 0.87 0.89 28.87
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APPEDIX A4

Bear River Refuge Pan Evaortion (cm)

Same Day Day 2-Day 3-Day Total

13 May 78 0.71 0.53 0.86 0.62 0.70 16.48
14 J.me 78 0.71 0.86 0.79 0.79 0.79 20.40
6 July 78 0.46 0.56 0.97 0.51 0.66

27 July 78 - 1.27 0.99 0.91 0.94

2 Aug. 78 0.91 0.79 1.02 0.85 0.91 21.06
7 Aug. 78 0.61 0.79 0.76 0.70 0.72
23 Aug. 78 0.79 0.99 0.58 0.89 0.79
28 Aug. 78 0.43 0.69 0.36 0.56 0.49

13 Sept. 78 0.13 0.18 0.36 0.15 0.23 11.61
23 Sept. 78 0.38 0.56 0.28 0.48 0.41
9 Oct. 78 0.25 0.58 0.36 0.41 0.40 8.28

14 Oct. 78 0.05 0.41 0.23 0.23 0.23

25 Oct. 78 - 0.20 - 0.33 0.33
26 Oct. 78 - 0.38 - 0.38 0.38
26 Nov. 78 - - -

24 Mar 79 - - -

15 April 79 0.43 - 0.51 0.43 0.47 12.14
14 July 79 - 0.69 0.94 1.03 1.00 25.25
9 Aug. 79 0.51 0.48 0.13 0.50 0.37 20.09
25 Aug. 79 0.66 0.81 0.71 0.74 0.73

4 Sept. 79 0.38 0.66 0.43 0.52 0.49 -
11 Sept. 79...

16 Sept. 79 - - - -

21 Sept. 79 0.30 0.94 0.81 0.62 0.68
2 N o v . 7 9 ......-

14 Nov. 79 - - - - - -

9 June 84 0.64 0.31 0.43 0.48 0.46 23.72
27 July 84 0.74 1.09 0.94 0.92 0.92 28.91
15 June 86 1.12 1.14 - 1.13 - -

2 Aug. 85 1.14 1.09 1.07 1.11 1.10 -
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APPENDIX A5

Bear River Betaxm Pan Evwor tn x North Ar Salt effjic t (c)

Same Day Day 2-Dey 3-Day Total

13 May 78 0.69 0.51 0.83 0.60 0.68 15.99
14 June 78 0.68 0.23 0.76 0.76 0.76 19.65
6 July 78 0.44 0.54 0.93 0.49 0.63 -
27 July 78 - 1.21 0.94 0.86 0.90
2 AUq. 78 0.87 0.75 0.97 0.81 0.87 19.99
7 AUj. 78 0.58 0.75 0.72 0.67 0.68
23 AUg. 78 0.75 0.94 0.55 0.84 0.75
28 AUg. 78 0.41 0.65 0.34 0.53 0.46
13 Sept. 78 0.13 0.18 0.36 0.15 0.23 11.61
23 Sept. 78 0.38 0.56 0.28 0.48 0.41
9 Oct. 78 0.23 0.54 0.34 0.38 0.31 7.73
14 OCt. 78 0.05 0.38 0.21 0.21 0.21
25 OCt. 78 - 0.19 - 0.31 0.31
26 OCt. 78 - 0.35 - 0.35 0.35
26 NOV. 78 - - -

24 March 79 - - -

15 April 79 0.42 - 0.50 0.42 0.46 -
24 July 79 - 0.64 0.88 0.96 0.93 23.56
9 Aiq. 79 0.47 0.44 0.12 0.46 0.34 18.48
25 AU9. 79 0.61 0.75 0.65 0.68 0.67
4 Sept. 79 0.35 0.61 0.40 0.48 0.45
11 Sept. 79 - - - - - -

16 Sept. 79 - - - -

21 Sept. 79 0.29 0.90 0.77 0.59 0.65
2Nov. 79 - - - -

14 Nov. 79 - - - -

9 Jn 84 - - - -

27 Juy 84 - - - --

15 June 86 1.11 1.13 - 1.12 -
2 Aug. 86 1.13 1.08 1.06 1.10 1.09 -

u'JI



APPWDfl A6

Bear River Reft ij Pan Evaporation x ear River Bay Salt Ocefficient (cm)

Sa Day Day 2-Day 3-ay Total

13 May 78 0.59 0.44 0.72 0.52 0.58 13.76
14 June 78 0.59 0.72 0.66 0.66 0.66 17.01
6 July 78 0.38 0.47 0.81 0.42 0.55 18.98
27 July 78 - 1.06 0.82 0.76 0.78
2 Aug. 78 0.76 0.66 0.85 0.71 0.76 17.50
7 Aug. 78 0.51 0.66 0.63 0.58 0.60
23 Aug. 78 0.66 0.82 0.48 0.74 0.66
28 Aug. 78 0.36 0.57 0.30 0.46 0.41
13 Sept. 79 0.11 0.15 0.30 0.12 0.19 9.61
23 Sept. 79 0.31 0.46 0.23 0.40 0.34
9 Oct. 79 0.21 0.48 0.30 0.34 0.33 6.85
14 Oct. 79 0.04 0.34 0.19 0.19 0.19
25 Oct. 79 - 0.17 - 0.27 0.27
26 Oct. 79 - 0.31 - 0.31 0.31
26 Nov. 79 - - -

24 March 79 - - -

15 April 79 0.36 - 0.43 0.36 0.39 -
14 July 79 - 0.57 0.78 0.85 0.83 20.88
9 Aug. 79 0.42 0.40 - 0.41 - 16.55
25 Aug. 79 0.54 0.67 0.58 0.61 0.60 -
4 Sept. 79 0.31 0.54 0.35 0.43 0.40 -

11 Sept. 79 - - - - -

16 Sept. 79 - - - - -

21 Sept. 79 0.25 0.77 0.67 0.51 0.56
2Nov. 79 - - - -

14 Nov. 79 - - - -

9 Jurm 84 0.55 0.27 0.37 0.41 0.40 20.49
27 July 84 0.65 0.95 0.82 0.80 0.80 25.24
15 Jur 86 1.01 1.03 - 1.02 - 32.01

2 Aug. 86 1.04 0.99 0.98 1.01 1.0 29.07



APPENDIX( A7

Regicnal Average Pan EvnZM tion )

Mam Iy Day 2-Diky 3-Day Total
DayQ~ R&tr 9- Aa

13 May 78 0.76 0.60 0.89 0.68 0.75 18.80
14 June 78 1.02 1.06 - 1.03 - 25.27
6 July 78 0.76 0.77 0.93 0.81 0.84
27 July 78 0.95 1.14 1.12 1.04 1.07 30.0
2 Aug. 78 1.06 0.99 1.00 1.03 1.02 25.74
7 AU9. 78 0.89 0.97 0.93 0.93 0.93
23 Aug. 78 0.96 - 0.76 - 0.95
28 Aug. 78 0.76 0.86 0.61 0.81 0.74
13 Sept. 78 0.32 0.28 0.34 0.30 0.31 16.86
23 Sept. 78 0.50 0.42 0.46 0.46 0.46
9 Oct. 78 0.36 0.50 0.37 0.43 0.41 10.61
14 Oct. 78 - 0.44 0.35 0.35 0.35
25 Oct. 78 0.35 0.25 0.38 0.30 0.30
26 OCt. 78 0.38 0.19 0.38 0.32 0.32
26 Nov. 78 - - ----

24 Nardi79 - ----

15 April 79 - - - - --

14 July 79 - 0.86 0.92 0.86 0.96 28.93
9 Aug. 79 0.64 0.92 0.55 0.78 0.71 22.88
25 AUq. 79 0.65 0.71 0.73 0.68 0.69
4 Sept. 79 0.67 0.92 0.68 0.80 0.76 21.51
11 Sept. 79 0.67 0.95 0.68 0.81 0.77
16 Sept. 79 0.58 0.68 0.70 0.63 0.66
21 Sept. 79 0.58 0.70 0.67 0.64 0.65
2 Nov. 79 0.03 0.18 0.18 0.11 0.13 -

14 Nov. 79 - - --

9 Jwm 84 0.39 0.45 0.49 0.42 0.44 20.85
27 July 84 0.78 0.86 - 0.82 - -

15 Juns 86 0.95 1.02 1.11 0.99 1.03 29.43
2 Aug. 86 1.00 0.83 0.92 0.92 0.92 27.31
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APPEMIX AS

RBminal Average Pan Evaporation x Mole Lake Salt Cefficient (Cm)

Sane Day Day 2-ay 3-Iay TotalBeor &mfer A. Avq.

13 May 78 0.69 0.55 0.81 0.62 0.68 17.16

14 June 0.93 0.96 - 0.94 - 22.95

6 July 78 0.69 0.70 0.84 0.73 0.76 27.15

27 July 78 0.86 1.03 1.01 0.94 0.97

2 AUg. 78 0.96 0.89 0.90 0.93 0.92 23.19

7 Aug. 78 0.80 0.87 0.84 0.84 0.84

23 ALq. 78 0.86 - 0.68 - 0.86

28 Aug. 78 0.68 0.77 0.55 0.73 0.67

13 Sept. 78 0.29 0.25 0.30 0.27 0.28 15.09

23 Sept. 78 0.45 0.38 0.41 0.41 0.41

9 Oct. 78 0.32 0.45 0.33 0.38 0.37 9.46

14 Oct. 78 - 0.39 0.31 0.31 0.31

25 Oct. 78 0.31 0.22 0.34 0.27 0.27

26 Oct. 78 0.34 0.17 0.34 0.29 0.29

26 Nov. 78 - - - -

24 March 79 -.....

15 April 79 - - -

14 July 78 - 0.77 0.83 0.77 0.86 26.01

9 Aug. 79 0.57 0.82 0.47 0.70 0.63 20.41

25 Aug. 79 0.58 0.63 0.65 0.61 0.62

4 Sept. 79 0.60 0.82 0.61 0.71 0.68 19.21

11 Sept. 79 0.60 0.85 0.61 0.72 0.69

16 Sept. 79 0.52 0.61 0.63 0.56 0.59

21 Sept. 79 0.52 0.63 0.60 0.57 0.58

2 Nov. 79 0.03 0.16 0.16 0.10 0.12

14 Nov. 79 - - - -

9 June 84 0.36 0.42 0.45 0.39 0.41 19.24

27 July 84 0.72 0.80 - 0.76 - -

15 June 86 0.90 0.97 1.05 0.94 0.98 27.90

2 Aug. 86 0.95 0.79 0.87 0.87 0.87 25.92

71 *,J



APPEDIXE A9

Boirnal Averace Pan Evapration x S~ihLa Salt Coefficient(n

Same Day Day 2-Day 3-Day Total
DaeDYBeofre Am &M____t

13 May 78 0.72 0.57 0.84 0.64 0.71 17.82
14 June 78 0.96 1.0 - 0.97 - 23.88
6 July 78 0.72 0.73 0.88 0.76 0.79 28.26
27 July 78 0.89 1.07 1.05 0.98 1.01
2 Atq. 78 1.00 0.93 0.94 0.97 0.96
7 Aig. 78 0.84 0.91 0.87 0.87 0.87 24.12
23 Augq. 78 0.90 - 0.71 - 0.89
28 Aug. 78 0.71 0.80 0.57 0.76 0.69
13 Sept. 78 0.30 0.26 0.32 0.28 0.29 15.73
23 Sept. 78 0.47 0.39 0.43 0.43 0.43

9 Oct. 78 0.33 0.47 0.34 0.40 0.38 9.85
14 Oct. 78 - 0.41 0.33 0.33 0.33
25 Oct. 78 0.32 0.23 0.35 0.28 0.28

26 Oct. 78 0.35 0.18 0.35 0.30 0.30

26 Nov. 78 - - - - --

24 March 79 - ----

15 April 79 - - - - - -

14 July 79 - 0.81 0.87 0.81 0.93. 27.28
9 Aug. 79 0.60 0.86 0.52 0.73 0.67 21.53
25 Aug. 79 0.61 0.67 0.68 0.64 0.65

4 Sept. 79 0.63 0.86 0.64 0.75 0.71 20.09

11 Sept. 79 0.63 0.89 0.64 0.76 0.72

16 Sept. 79 0.54 0.64 0.65 0.59 0.62

21 Sept. 79 0.54 0.65 0.63 0.60 0.61

2 Nov. 79 0.03 0.17 0.17 0.10 0.12 -

14 Nov. 79 - - - -

9 Jurm 84 0.37 0.43 0.46 0.40 0.42 19.77

27 July 84 0.74 0.81 - 0.78 -

15 June 86 0.91 0.98 1.07 0.95 0.99 28.34

2 Aug. 86 0.96 0.80 0.81 0.88 0.89 26.27



APPENDIX A10

ftina. &MONa Pan Drargration x Sgath East -lAke Salt Oefficien (ani)

Sam Day Day 2-Daky 3-Day Total
Date w Urm AV--. A

13 May 78 0.73 0.57 0.85 0.65 0.72 17.94
14 Jume78 0.97 1.01 - 0.98 - 23.98
6 July 78 0.72 0.73 0.88 0.77 0.79 28.35
27 July 78 0.90 1.08 1.06 0.98 1.01
2 Aug. 78 1.00 0.93 0.94 0.97 0.96 24.22
7 Aug. 78 0.84 0.91 0.88 0.88 0.88
23 Aug. 78 0.90 - 0.71 - 0.89
28 AUg. 78 0.71 0.81 0.57 0.76 0.69
13 Sept. 78 0.30 0.26 0.32 0.28 0.29 15.73
23 Sept. 7 0.47 0.39 0.43 0.43 0.43
9 Oct. 78 0.34 0.47 0.34 0.40 0.38 9.87
14 Oct. 78 - 0.41 0.33 0.33 0.33
25 Oct. 78 0.32 0.23 0.35 0.28 0.28
26 Oct. 78 0.35 0.18 0.35 0.30 0.30
26 Nov. 78 - - - - --

24 March 79 ------

15 April 79 - - - - - -

14 July 7r - 0.81 0.87 0.81 0.90 27.22
9 Aug. 79 0.60 0.86 0.51 0.73 0.66 21.35

25 Aug. 79 0.61 0.66 0.68 0.63 0.64
24 Sept. 79 0.63 0.86 0.64 0.75 0.71 20.13
11 Sept. 79 0.63 0.89 0.64 0.76 0.72
16 Sept. 79 0.54 0.64 0.66 0.59 0.62
21 Sept. 79 0.54 0.66 0.63 0.60 0.61
2 NOV. 79 0.03 0.17 0.17 0.10 0.12 -

14 Nov. 79 - - - -

9 Jurse 84 0.37 0.43 0.46 0.40 0.42 19.77
27 July 84 0.74 0.81 - 0.78 - -

15 June 86 0.91 0.98 1.07 0.95 0.99 28.34
2 Aug. 86 0.96 0.80 0.89 0.88 0.89 26.27

gala=-. 
,



APPEDIX All

Reional Averacte Pan Evaporation x North Lake Salt Oefficient (cn)

Same Day Day 2-Day 3-Day Total

13 May 78 0.67 0.53 0.78 0.60 0.66 16.49
14 June 78 0.89 0.93 - 0.90 - 22.06

6 July 78 0.66 0.67 0.81 0.70 0.73 26.04
27 July 78 0.82 0.99 0.97 0.90 0.93
2 Aug. 78 0.92 0.86 0.87 0.89 0.88 22.27
7 AUg. 78 0.77 0.84 0.81 0.81 0.81
23 Atg. 78 0.83 - 0.66 - 0.82

28 Atq. 78 0.66 0.74 0.53 0.70 0.64
13 Sept. 78 0.28 0.24 0.29 0.26 0.27 14.50
23 Sept. 78 0.43 0.36 0.40 0.40 0.40
9 Oct. 78 0.31 0.43 0.32 0.37 0.35 9.08
14 Oct. 78 - 0.38 0.30 0.30 0.30

25 Oct. 78 0.30 0.21 0.33 0.26 0.26
26 Oct. 78 0.33 0.16 0.33 0.27 0.27
26 Nov. 78 - - - - -

24 March 79 -.....

15 April 79 - - - - - -

14 July 79 - 0.74 0.79 0.74 0.82 24.82
9 Aug. 79 0.55 0.78 0.47 0.67 0.61 19.49

25 Aug. 79 0.55 0.60 0.62 0.58 0.59
4 Sept. 79 0.57 0.79 0.58 0.68 0.65 18.46
11 Sept. 79 0.57 0.81 0.58 0.69 0.66
16 Sept. 79 0.50 0.58 0.60 0.54 0.57

21 Sept. 79 0.50 0.60 0.58 0.55 0.56
2 Nov. 79 0.03 0.16 0.16 0.10 0.11 -
14 Nov. 79 - - - -

9 J e 84 0.34 0.39 0.42 0.36 0.38 18.01
27 July 84 0.68 0.95 - 0.72 - -

15 June 86 0.86 0.92 1.01 0.90 0.93 26.66
2 Aug. 86 0.91 0.75 0.84 0.83 0.84 24.80



APPEDIXE A12

Saltair Pan Evaoration for Night Correlations (cm)

Same Day Day 2-Day 3-Day Total

27 A g. 78 0.94 1.14 0.94 1.04 1.01 33.3

1 Sept. 78 1.07 1.09 1.00 1.08 1.05 20.2

12 Sept. 78 - - - - -

23 Sept. 78 0.51 0.46 0.44 0.49 0.47

27 Sept. 78 0.51 0.53 0.51 0.52 0.51

4 Sept. 79 1.11 1.11 0.91 1.11 1.04 26.8

21 Sept. 79 0.89 0.86 0.94 0.88 0.90

APPEDIX A13

Saltair Pan Evamoratian x South Ar= Salt Coefficient (cm)
for Niaht Correations

Same Day Day 2-Day 3-Day Total

27 A g. 78 0.88 1.06 0.88 0.97 0.94 31.0

1 Sept. 78 1.00 1.01 0.93 1.01 0.98 18.77

12 Sept. 78 - - - - -

23 Sept. 78 0.47 0.43 0.41 0.46 0.44

27 Sept. 78 0.47 0.49 0.47 0.48 0.47

4 Sept. 79 1.02 1.02 0.84 1.02 0.96 24.66

21 Sept. 79 0.82 0.79 0.86 0.81 0.83



APPEN4DIX A14

saltair River Evaporation x Faxmixgton fty Salt =eficieit, (cm)
for Nigiht Correlatm

Same Day Day 2-Day 3-Dehy Total
Dat Bafe r

27 Augq. 78 0.89 1.08 0.89 0.98 0.96 31.54

1 Sept. 78 1.01 1.03 0.95 1.02 0.99 18.99

12 Sept. 78 0.39 0.97 0.43 0.68 0.59

23 Sept. 78 0.48 0.43 0.41 0.46 0.44

27 Sept. 78 0.48 0.50 0.48 0.49 0.48

4 Sept. 79 1.07 1.07 0.88 1.07 1.00 25.62

21 Sept. 79 0.85 0.82 0.90 0.84 0.86

APPEN4DIX Al5

Bear ELver Refine Pan vAlporaicn for NJ=i OxislaticrA~n

Sm Day Dey 2-Day 3-Day Total

27 Aug. 78 0.69 0.76 0.43 0.73 0.63 21.1

1 Sept. 78 0.61 0.64 0.59 0.62 0.61 11.6

12 Sept. 78 0.18 0.64 0.13 0.41 0.32

23 Sept. 78 0.38 0.56 0.28 0.47 0.41h

27 Sept. 78 0.20 0.30 0.38 0.25 0.29

21 Sept. 79 0.30 0.94 0.81 0.62 0.68



APPENDIX A16

Bar River Bob= Pan Evapratig x North ArM Salt Cefficient
for Night Coelatin-

Sam Day Day 2-Day 3-Day Total

27 AUC. 78 - 17.49

1 SeOPt. 78 0.51 0.53 0.49 0.51 0.51 9.60

12 Sept. 78 0.15 0.53 0.11 0.34 0.26

23 Sept. 78 0.31 0.46 0.23 0.39 0.34

27 Sept. 78 0.17 0.25 0.31 0.21 0.29
4 Sept. 79 0.31 0.54 0.35 0.43 0.40

21 Sept. 79 0.25 0.77 0.67 0.51 0.56

APPEIX A17

Bear River Refum Pan M aotion x North Arm Salt Oefficit c
for Night o 4 r

Sm Day Day 2-Day 3-Day Total

Date~ Amm &Vq

27 Aug. 78 0.65 0.72 0.41 0.69 0.60 20.0

1 Sept. 78 0.58 0.61 0.56 0.59 0.58 10.97

12 Sept. 78 0.17 0.61 0.12 0.39 0.30

23 Sept. 78 0.36 0.53 0.26 0.44 0.38

27 Sept. 78 0.19 0.28 0.36 0.23 0.27

21 Sept. 79 0.29 0.90 0.77 0.59 0.65

5



APPEN4DIX A18

Regioal Av-eraMr Pan EvnRation (cm for Niht Qrrelatines

Sam Day Day 2-Dety 3-Day Total

27 Aug. 78 0.88 0.88 0.74 0.88 0.83 25.8

1 Sept. 78 0.81 0.83 0.76 0.82 0.80 16.8

12 Sept. 78 0.28 0.53 0.32 0.40 0.37

23 Sept. 78 0.50 0.42 0.46 0.46 0.38

27 Sept. 78 0.41 0.43 0.42 0.41 0.41

4 Sept. 79 - - - - - 21.5

21 Sept. 79 0.58 0.70 0.67 0.64 0.65

APPEN4DIX A19

Hggional Aver&=i Pan Emaoratin x Mtole Lakea Salt Cefficient (
for Night Orrelati

Sm Day Day 2-Day 3-Day Total

27 Aug. 78 0.79 0.79 0.67 0.79 0.75 23.19

1 Sept. 78 0.73 0.75 0.68 0.74 0.72 15.04

12 Sept. 78 0.25 0.47 0.29 0.36 0.33

23 Sept. 78 0.45 0.38 0.41 0.41 0.34

27 Sept. 78 0.37 0.38 0.38 0.37 0.37 N
4 Sept. 79 - - - - - 19.24

21 Sept. 79 0.52 0.63 0.60 0.57 0.58

. LN



APPEDIX Bl

D~ilv LmkA Area % Salt by Wei=t and- salt efficir 4.

So th =gg BOY Not AmBar River Bav

13 Kay 78 11.8 0.938 7.1 0.970 25.6 0.835 7.3 0.970
14 Jwe 78 12.0 0.936 8.1 0.964 25.8 0.834 8.3 0.963
6 July 78 12.2 0.935 8.5 0.963 26.0 0.833 8.9 0.959
27 July 78 12.4 0.933 9.5 0.955 26.2 0.831 9.7 0.953
2 AU9. 78 12.4 0.933 9.6 0.955 26.2 0.831 9.8 0.952
7 AU.. 78 12.5 0.932 10.0 0.952 26.3 0.830 10.2 0.950
23 AUL. 78 12.6 0.932 10.3 0.949 26.4 0.830 10.4 0.948
28 Aug. 78 12.7 0.931 10.6 0.947 26.5 0.829 10.7 0.946
13 Sep. 78 12.8 0.930 11.1 0.943 26.6 0.828 11.3 0.942
23 Sep. 78 12.9 0.929 11.6 0.940 26.7 0.828 11.7 0.939
9 Oct. 78 13.0 0.928 12.0 0.936 26.8 0.827 12.0 0.936
14 Oct. 78 13.0 0.928 12.1 0.936 26.8 0.827 12.3 0.934
25 Oct. 78 13.1 0.927 12.5 0.932 27.0 0.826 12.7 0.931
26 Oct. 78 13.2 0.926 12.5 0.932 27.0 0.826 12.7 0.931
26 Nov. 78 13.4 0.925 13.5 0.924 27.2 0.825 13.1 0.923
24 Mar 79 11.7 0.938 3.6 0.988 25.3 0.837 5.8 0.977
15 Apr. 79 12.1 0.936 4.1 0.986 25.5 0.836 6.8 0.972
14 JUly 79 13.2 0.926 6.9 0.971 26.9 0.827 12.4 0.933
9 AUC. 79 13.6 0.924 7.7 0.967 27.4 0.825 14.0 0.920
25 Aug. 79 13.8 0.922 8.1 0.964 27.6 0.823 14.0 0.920

4 Sep. 79 13.9 0.921 8.4 0.962 27.6 0.823 13.0 0.928 I
11 Sep. 79 14.0 0.920 8.6 0.961 27.8 0.822 12.0 0.936
16 Sep. 79 14.0 0.920 8.7 0.960 27.8 0.822 11.1 0.943
21 Sep. 79 14.1 0.919 9.0 0.959 28.0 0.821 9.5 0.955
2 Nov. 79 14.6 0.915 10.1 0.951 28.5 0.818 6.0 0.976
14 Nov. 79 14.8 0.914 10.6 0.947 28.8 0.817 4.1 0.986

9 Jun 84 6.0 0.976 4.0 0.98 21.2 0.864 3.0 0.99
27 July 84 5.9 0.976 4.0 0.98 20.0 0.873 3.0 0.99
14 June 86 4.8 0.984 4.0 0.98 15.7 0.906 3.0 0.99
21 Aug. 86 5.1 0.982 4.0 0.98 17.1 0.912 3.0 0.99

iSalt ooefficients were cbtained from Jnm (1933) data.



APPWIIX B2

Monthlv Lake Area % Salt by We iaM and- Slt Coefffcients

Sav Bear River Bay

-I pf. L-% Cof. L Cof- -- L
May 78 11.8 0.938 7.1 0.970 25.6 0.835 7.3 0.970
June 78 12.0 0.936 8.1 0.964 25.8 0.834 8.3 0.963
July 78 12.2 0.935 9.0 0.959 26.1 0.832 9.3 0.956
AUq. 78 12.5 0.932 10.1 0.952 26.3 0.830 10.2 0.950
Sept. 78 12.8 0.930 11.3 0.942 26.6 0.828 11.5 0.940
Oct. 78 13.1 0.927 12.2 0.934 26.9 0.826 12.3 0.934
Nov. 78 13.4 0.925 13.5 0.924 27.2 0.825 13.7 0.923
March 79 11.7 0.938 3.6 0.988 25.3 0.837 5.8 0.977
April 79 12.1 0.936 4.1 0.986 25.5 0.836 6.8 0.972
July 79 13.2 0.926 6.9 0.971 26.9 0.827 12.4 0.933
Aug. 79 13.7 0.923 7.9 0.965 27.5 0.824 14.0 0.920
Sept. 79 14.0 0.920 8.7 0.960 27.8 0.822 11.3 0.942
Nov. 79 14.7 0.914 10.4 0.949 28.7 0.817 5.0 0.981
June 84 6.0 0.976 4.0 0.98 21.2 0.864 3.0 0.99
July 84 5.9 0.976 4.0 0.98 20.0 0.873 3.0 0.99
J e 86 4.8 0.984 4.0 0.98 15.7 0.906 3.0 0.99
Aug. 86 5.1 0.982 4.0 0.98 15.2 0.912 3.0 0.99



APPENDIX B3

Daily Lake Sectign I Salt by Weiht andi Salt Cefficimrts

13 May 78 14.9 0.913 10.2 0.948 9.5 0.954 19.5 0.877
14 June 78 15.3 0.908 10.7 0.945 10.1 0.949 20.0 0.873
6 July 78 15.6 0.907 11.0 0.943 10.5 0.946 20.3 0.810
27 July 78 16.1 0.903 11.4 0.941 11.0 0.943 20.7 0.867
2 Aug. 78 16.1 0.903 11.5 0.940 11.1 0.943 20.7 0.867
7 Augq. 78 16.3 0.901 11.7 0.939 11.3 0.941 20.9 0.866
23 Aug. 78 16.5 0.900 11.8 0.938 11.5 0.940 21.1 0.865
28 Augq. 78 16.6 0.899 12.0 0.936 11.7 0.939 21.2 0.864
13 Sept. 78 16.9 0.896 12.2 0.934 12.0 0.936 21.5 0.861
23 Sept. 78 17.1 0.895 12.5 0.932 12.3 0.933 21.7 0.860
9 Oct. 78 17.3 0.893 12.7 0.930 12.5 0.932 21.9 0.859
14 Oct. 78 17.3 0.893 12.7 0.930 12.6 0.931 22.0 0.858
25 Oct. 78 17.6 0.891 12.9 0.928 12.9 0.928 22.2 0.856
26 Oct. 78 17.6 0.891 13.0 0.926 12.9 0.928 22.2 0.856
26 Nov. 78 18.1. 0.888 13.4 0.923 13.5 0.922 22.7 0.853
24 March, 79 13.9 0.922 9.0 0.958 8.2 0.964 18.8 0.883
15 April 79 14.4 0.917 9.4 0.955 8.8 0.960 19.3 0.877
14 July 79 16.6 0.899 11.1 0.943 11.4 0.941 22.1 0.858
9 Aug. 79 17.3 0.893 11.6 0.940 12.2 0.934 22.9 0.853
25 Aug. 79 17.5 0.892 11.9 0.937 12.4 0.933 23.1 0.851
4 Sept. 79 17.4 0.892 12.1 0.935 12.3 0.934 22.7 0.855
11 Sept. 79 17.4 0.892 12.2 0.934 12.2 0.934 22.5 0.856
16 Sept. 79 17.2 0.895 12.2 0.934 12.0 0.936 22.2 0.858
21 Sept. 79 17.1 0.895 12.4 0.933 11.7 0.939 21.8 0.861
2 Nov. 79 17.1 0.895 13.1 0.925 11.3 0.941 21.0 0.865
14 Nov. 79 17.0 0.896 13.4 0.923 11.1 0.943 20.6 0.867
9 June 84 13.6 0.923 6.0 0.948 6.0 0.948 21.2 0.864
27 Juy 84 13.0 0.925 5.9 0.947 5.9 0.947 20.0 0.873

15 June 86 10.3 0.948 4.8 0.963 4.8 0.963 15.7 0.906I

2 Aug. 86 10.1 0.949 5.1 0.962 5.1 0.962 15.2 0.908



APPEN4DIX B4

tHW= Lak SGcti~ I Salt Wy Wi=t and Salt Cpefficienfts

May 78 14.9 0.913 10.2 0.948 9.5 0.954 19.5 0.877
June 78 15.3 0.908 10.7 0.945 10.1 0.949 20.0 0.873
July 78 15.8 0.906 11.2 0.942 10.7 0.946 20.5 0.868
Aug. 78 16.4 0.901 11.7 0.939 11.4 0.940 21.0 0.865 I

Sept. 78 17.0 0.896 12.3 0.933 12.2 0.934 21.6 0.860
Oct. 78 17.4 0.892 12.8 0.929 12.7 0.930 22.0 0.858
Nov. 78 18.1 0.888 13.4 0.923 13.5 0.922 22.7 0.853
March 79 13.9 0.922 9.0 0.958 8.2 0.964 18.8 0.883
April 79 14.4 0.917 9.4 0.955 8.8 0.960 19.3 0.877
July 79 16.6 0.899 11.1 0.943 11.4 0.941 22.1 0.858
AUg. 79 17.4 0.893 11.7 0.939 12.3 0.933 23.0 0.852
Sept. 79 17.2 0.895 12.3 0.933 12.0 0.936 21.3 0.858
Nov. 79 17.0 0.896 13.2 0.924 11.2 0.942 20.8 0.866
JwU 84 13.6 0.923 6.0 0.948 6.0 0.948 21.2 0.864
July 84 13.0 0.925 5.9 0.947 5.9 0.947 20.0 0.873
Ju 86 10.3 0.948 4.8 0.963 4.8 0.963 15.7 0.906
Aug. 86 10.1 0.949 5.1 0.962 5.1 0.962 15.2 0.908



APFMIXfl B5

RELATiaSHilPs oBsnVE Pm~ G.AT sALT umX wAE Fp t.w DT:

1. Percent TD vs tab Density

2. Percent NaC1 vs Lab Dwaity

3. NaCi CWCntmti~n (C.L1) VS Lab Density

4. Percent NACI1 vs Perent TDS

6. NaCi Ccentratimi (g/1) vs TDs Cwcwtzatici (g/1)

7. Percent NaC3. vs TDS Coertration (g/1)

,JV
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APPEDIX Cl

Daily Satellite Lake Area TMeraM-es (oC)

Sourth Fingto North Bear River Willard=6Arm Bay _Arm_ MaY w

13 May 78 15.5 18.1 15.6 19.7 16.5
14 Jlnm 78 18.9 21.4 21.5 23.0 19.2
6 July 78 19.2 19.5 - - 20.5
27 July 78 23.5 26.0 24.8 26.5 23.6
2 Aug. 78 24.2 24.8 - - -

7 Aug. 78 25.2 26.4 26.0 25.3 24.9
23 Aug. 78 20.0 20.1 21.6 20.9 21.0
28 Aug. 78 19.8 21.7 20.9 - -

13 Sept. 78 15.0 14.2 16.5 14.1 14.0
23 Sept. 78 16.2 16.7 17.7 18.1 16.4
9 Oct. 78 16.8 17.8 17.2 17.2 16.7
14 Oct. 78 15.7 15.4 15.7 14.6 15.1
25 Oct. 78 12.1 10.4 11.4 10.3 12.0
26 Oct. 78 12.8 11.1 12.5 10.5 12.5
26 Nov. 78 1.9 0.5 2.4 -1.7 1.7
24 Mar. 79 8.3 9.4 8.8 8.5 1.0
15 Apr. 79 9.5 - - -

14 July 79 21.6 22.8 22.6 23.2 22.6

9 Aug. 79 - - 20.9 - -

25 Aug. 79 20.6 21.5 21.9 22.3 21.7
4 Sept. 79 19.4 20.2 - 21.2 19.8
11 Sept. 79 18.9 18.0 19.4 18.7 19.7
16 Sept. 79 19.5 20.5 20.7 20.4 20.3
21 Sept. 79 19.2 20.5 19.4 20.2 19.5
2 Nov. 79 7.0 - 7.3 - -
14 Nov. 79 6.1 4.8 6.8 4.6 6.1

9 June 84 16.3 15.5 - - -

27 July 84 25.0 24.8 - - -
15 June 86 - - 22.4 22.5 21.2
2 Aug. 86 24.1 - 24.4 23.9 24.3

• .kS



APP!DIX C2

Nonthv Satellite Lake Area T-mi ratures (Oc)

South Fanirgtm North Bear River Willard
=9Arm Bay Arm _a _y

May 78 15.5 18.1 15.6 19.7 16.5
June 78 18.9 21.4 21.5 23.0 19.2
July 78 21.3 22.8 24.8 26.5 22.1
Aug. 78 22.3 23.3 22.8 23.1 23.0
Sept. 78 15.6 15.5 17.1 16.1 15.2
Oct. 78 14.40 13.7 14.2 13.1 14.1
Nov. 78 1.9 0.5 2.4 -1.7 1.7
March 79 8.3 9.4 8.8 8.5 1.0

April 79 9.5 - - -

July 79 21.6 22.8 22.6 23.2 22.6
Aug 79 20.6 21.5 21.4 22.3 21.7
Sept. 79 19.3 19.8 19.8 20.1 19.8
Nov. 79 6.5 4.8 7.0 4.6 6.1
June 84 16.3 15.5 - - -

July 84 25.0 24.8 - - -

June 86 - - 22.4 22.5 21.2

Aug. 86 24.1 - 24.4 23.9 24.3

I7
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APPEN4DIX C3

WaiLY Satellite Lake Secti n T-V@MutuAr (OC)

Mtole Lake South Lake So. East Lake North Lake

13 May 78 16.7 17.2 16.4 16.8 17.2 17.8 17.0 17.7
14 Jwm 20.9 21.2 19.7 20.2 20.6 21.1 22.0 22.3
6 July 78 19.3 19.4 19.3 19.4 19.3 19.4 - -
27 July 78 24.9 25.2 24.3 24.8 24.9 25.3 25.4 25.7
2 AU1. 78 24.4 24.5 24.4 24.5 24.4 24.5 - -
7 AUi. 78 25.7 25.7 25.6 25.8 25.5 25.6 25.8 25.7
23 Aug. 78 20.7 20.6 20.0 20.1 20.3 20.3 21.4 21.3
28 Aug. 78 20.6 20.8 20.4 20.8 20.4 20.8 20.9 20.9
13 Sept 78 15.2 14.9 14.7 14.6 14.6 14.4 15.7 15.3
23 Sept 78 17.1 17.2 16.4 16.5 16.8 17.0 17.8 17.9
9 Oct. 78 17.2 17.2 17.1 17.3 17.2 17.3 17.2 17.2
14 Oct. 78 15.5 15.3 15.6 15.6 15.4 15.2 15.3 15.2
25 Oct. 78 11.3 11.1 11.5 11.3 11.2 10.9 11.0 10.9
26 Oct. 78 12.0 11.7 12.2 12.0 11.8 11.5 11.8 11.5
26 Nov. 78 1.2 0.8 1.4 1.2 0.7 0.2 1.0 0.4
24 Mar. 79 8.7 8.8 8.7 8.9 8.6 8.7 8.7 8.7
15 Apr. 79 9.5 9.5 9.5 9.5 9.5 9.5 - -
14 July 79 22.4 22.6 22.0 22.2 22.3 22.5 22.8 22.9
9 AU1. 79 20.9 20.9 - - - - 20.9 20.9
25 Aug. 79 21.5 21.6 20.9 21.1 21.3 21.5 22.0 22.1
4 Sept 79 20.1 20.3 19.7 19.8 20.1 20.3 21.2 21.2
11 Sept 79 18.9 18.8 18.6 18.5 18.6 18.5 19.2 19.1
16 Sept 79 20.2 20.3 19.8 19.6 20.0 19.7 20.6 19.9
21 Sept 79 19.7 19.8 19.6 19.9 19.8 20.0 19.7 19.8
2 Nov. 79 7.2 7.2 7.0 7.0 7.0 7.0 7.3 7.3
14 Nov. 79 5.9 5.6 5.7 5.5 5.4 5.2 6.1 5.7
9 Jun 84 16.0 15.6 16.0 15.9 16.0 15.9 - -
27 JUly 84 24.9 24.9 24.9 24.9 24.9 24.9 - -
15 June 86 22.4 22.4 - - 22.5 22.5 22.4 22.5
18 Aug. 86 24.2 22.8 - - 23.9 23.1 24.2 22.8

g and Unw. man wei4xted and Unwfig~td -au averages. Area
taturee were averaged for sectinal t eratur. Weightir was made on
the basis of surface area.

i p~



APPFMIDX C4

Hgnthlv Satellite Lake Set1 T- wbirs (C

Vfole Lake South Lake So. East Lake North Lake
UM. 205. Uw LAW.

May 78 16.7 17.2 16.4 16.8 17.2 17.8 17.0 17.7
JutM 78 20.9 21.2 19.7 20.2 20.6 21.1 22.0 22.3
July 78 22.1 23.9 21.8 22.1 22.1 22.4 25.4 25.7
Aug. 78 22.9 22.9 22.6 22.8 22.7 22.8 22.7 22.6
Spt. 78 16.2 16.1 15.6 15.6 15.7 15.7 16.8 16.6
Oct. 78 14.0 13.9 14.1 14.1 13.9 13.7 13.8 13.7
Nov. 78 1.2 0.8 1.4 1.2 0.7 0.2 1.0 0.4
MarCh 79 8.7 8.8 8.7 8.9 8.6 8.7 8.7 8.7
April 79 7.5 9.5 9.5 9.5 9.5 9.5 - -
July 79 22.4 22.6 22.0 22.2 22.3 22.5 22.8 22.9
Aug. 79 21.2 21.5 20.9 21.1 21.3 21.5 21.5 21.5
S4t. 79 19.7 19.8 19.4 19.5 19.6 19.6 20.2 20.0
Nov. 79 6.6 5.7 6.4 6.3 6.2 6.1 6.7 6.5
JMx 84 16.0 15.9 16.0 15.9 16.0 15.9 - -

July 84 24.9 24.9 24.9 24.9 24.9 24.9 - -

JUM 86 22.4 22.5 - - 22.5 22.5 22.4 22.5
Aug. 86 24.2 22.8 - - 23.9 23.1 24.2 22.8

I
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APPD~DflCS~

NiAhr Satellite Lake Area -peratur (QC)

South Fandrqtm North Bear River Willard
aloArm Bay A=. Bay a

27 Auq. 78 17.6 17.1 17.8 - -

1 Sep. 78 18.4 17.9 18.8 17.8 17.0
12 Sep. 78 14.6 12.2 15.1 11.7 13.7

23 Sep. 78 13.4 12.1 13.9 12.3 13.0

27 Sep. 78 14.2 14.1 - 13.6 10.7

4 Sep. 79 18.9 17.6 19.2 18.2 17.8

21 Sep. 79 17.6 16.4 17.8 16.1 16.3

APPE!D C6

lkunhlv Night Satellite lake Area Tmrwatur (CC)

South Farmiint North Bear River Willard
Ar= ftv Arm Ev Bay

Aug. 78 17.6 17.1 17.8 - -

Sept. 78 15.2 14.1 15.9 13.9 13.6

Sept. 79 18.3 17.0 18.5 17.2 17.1

I



APPENDIX C7

Niht Satellite Lake Sectin Unweighted TenVeatures (0 C)

a t Vfl SthSo. East ak North Lk
27 Aui. 78 17.5 17.4 17.4 17.8

1 Sept. 78 18.2 18.2 18.0 18.3

12 SePt. 78 13.4 13.4 12.8 13.4

23 Sept. 78 12.9 12.8 12.6 13.1

27 Sept. 78 14.0 14.2 14.0 13.6

4 Sept. 79 18.5 18.3 18.2 18.7

21 Sept. 79 17.0 17.0 16.7 17.0

APPENDIX CS

Mantbly Niaht Satellite take Section urighted Tomieratures (0C)

m1tJle i South~~ So~.a North tk
Aug. 78 17.5 17.4 17.4 17.8

Sept. 78 14.6 14.7 14.4 14.6

Sept. 78 17.8 17.7 17.5 17.9

I!
' S



APPENDIX Dl

Dailv Patios of Lake Area Turprature/% Salt Wei-t

South FarmizltM North Bear River

13 May 78 1.31 2.55 0.61 2.70
14 June 78 1.58 2.64 0.83 2.77

6 July 78 1.57 2.29 - -

27 July 78 1.90 2.74 0.95 2.73

2 Aug. 78 1.95 2.58 - -

7 Aug. 78 2.02 2.64 0.99 2.48

23 Aug. 78 1.59 1.95 0.82 2.01
29 Aug. 78 1.56 2.05 0.79 -

13 Sep. 78 1.17 1.28 0.62 1.25
23 Sep. 78 1.26 1.44 0.66 1.55
9 Oct. 78 1.29 1.48 0.64 1.43
14 Oct. 78 1.21 1.27 0.59 1.17
25 Oct. 78 0.92 0.83 0.42 0.81

26 Oct. 78 0.97 0.89 0.46 0.83

26 Nov. 78 0.14 0.04 0.09 0.12

24 Mar. 79 0.71 2.61 0.35 1.47
15 Apr. 79 0.79 - - -

14 July 79 1.64 3.30 0.84 1.87

9 Aug. 79 - - 0.76 -

25 Aug. 79 1.49 2.65 0.77 1.59

4 Sep. 79 1.40 2.40 - 1.63

11 Sep. 79 1.35 2.09 0.70 1.56

16 Sep. 79 1.39 2.36 0.74 1.84
21 Sep. 79 1.36 2.28 0.69 2.13

2 Nov. 79 0.48 - 0.26 -

14 Nov. 79 0.41 0.45 0.24 1.12 I
9 June 84 2.72 3.5 - -

27 July 84 4.24 6.0 - -

15 June 86 - - 1.43 7.5

2 Aug. 86 4.73 - 1.61 8.0

Ij



APPEDnDfC D)2

Monthlv Ratios of Lake Area TSalruture/% Sat Wei~t

South Farnngton North Bear RiverP t Ar Bmay AM
May 78 1.31 2.55 0.61 2.70
J3we 78 1.58 2.64 0.83 2.77
July 78 1.74 2.52 0.95 2.73
Aug. 78 1.78 2.31 0.87 2.25
Sept. 78 1.22 1.36 0.64 1.40
Oct. 78 1.10 1.12 0.53 1.07
Nov. 78 0.14 0.04 0.09 0.12
Mardh 79 0.71 2.61 0.35 1.47
April 79 0.79 - - -

July 79 1.64 3.30 0.84 1.87
Aug. 79 1.49 2.65 0.78 1.59
Sept. 79 1.38 2.28 0.71 1.79
Nov. 79 0.45 0.45 0.25 1.12
Jbna 84 2.72 3.5 - -

July 84 4.24 6.0 - -
June 86 - - 1.43 7.5
Aug. 86 4.73 - 1.61 8.0



APPENDIX E

Lake Area mera ture x Salt Coefficient

Daily Moth

South North South North
Arm A Arm _m

13 May 78 14.5 13.0 May 78 14.5 13.0
14 June 78 17.7 17.9 Jum 78 17.7 17.9
6 July 78 18.0 - July 78 20.0 20.0

27 July 78 21.9 20.6
2 Aug. 78 22.6 - Aug. 78 20.8 18.9

7 Aug. 78 23.5 21.6

23 Aug. 78 18.6 17.9

28 Aug. 78 18.4 17.3
13 Sept. 78 14.0 13.7 Sept. 78 14.5 14.2
23 Sept. 78 15.0 14.7
1 Oct. 78 15.6 14.2 Oct. 78 13.3 11.7
14 Oct. 78 14.6 13.0
25 Oct. 78 11.2 9.44

26 Oct. 78 11.8 10.3

26 Nov. 78 1.8 2.0 Nov. 78 1.8 2.0

24 March 79 7.8 7.4 March 79 7.8 7.4
15 Apr. 79 8.9 - April 79 8.9 -
14 July 79 20.0 18.7 July 79 20.0 18.7
9 Aug. 79 - 17.2 Aug. 79 19.0 17.6
25 AUg. 79 19.0 18.0

4 Sept. 79 17.9 - Sept. 79 17.7 16.3

11 Sept. 79 17.4 15.9
16 Sept. 79 17.9 17.0
21 Sept. 79 17.6 15.9

2 Nov. 79 6.4 6.0 Nov. 79 6.0 5.8
14 Nov. 79 5.6 5.6
9 June 84 15.9 - June 84 15.9 -

27 July 84 24.4 - July 84 24.4 -

15 June 86 - 20.3 Jur 86 - 20.3
2 Aug. 86 23.7 22.2 Aug. 86 27.3 27.2

IL I "". ..



APPENIX Fl

Far-IDv A&veM Model EvaporaticaI (cm) from Salt Lake AirDort Dta

13 May 78 0.93 0.55 0.58 0.53 0.55

14 JUne 78 1.18 0.65 0.68 0.63 0.65

6 July 78 1.08 0.63 0.65 0.60 0.63

27 JUly 78 1.25 0.63 0.63 0.60 0.63

2 Aug. 78 1.25 u.60 0.63 0.58 0.60

7 Ai.. 78 1.25 0.63 0.65 0.63 0.65

23 Aug. 78 1.13 0.55 0.55 0.53 0.55

28 Aug. 78 1.03 0.50 0.53 0.48 0.50

13 Set. 78 0.70 0.35 0.35 0.35 0.35

23 Set. 78 0.63 0.38 0.38 0.35 0.38

9 Oct. 78 0.65 0.30 0.30 0.30 0.30

14 Oct. 78 0.55 0.28 0.28 0.25 0.28

25 Oct. 78 0.43 0.20 0.20 0.20 0.20

26 Oct. 78 0.43 0.20 0.20 0.20 0.20

26 Nov. 78 0.05 0.05 0.05 0.05 0.05

24 Mardi 79 0.03 0.03 0.03 0.03 0.03

15 April 79 0.75 0.43 0.45 0.45 0.43

14 July 79 1.25 0.70 0.73 0.68 0.70

9 Aug. 79 0.95 0.50 0.53 0.50 0.53

25 Aug. 79 0.97 0.50 0.53 0.48 0.50

4 Sept. 79 1.17 0.55 0.58 0.53 0.55

11 Sept. 79 0.80 0.40 0.43 0.40 0.40

16 Sept. 79 0.53 0.38 0.40 0.35 0.38

21 Sept. 79 0.90 0.40 0.43 0.40 0.40

2 NOV. 79 0.13 0.08 0.08 0.08 0.08

14 Nov. 79 0.23 0.13 0.13 0.13 0.12

9 June 84 0.60 0.50 0.50 0.45 0.50

27 July 84 1.18 0.70 0.70 0.65 0.70

(1) Model Pan Evaporaticn (zero salt cantratio)
(2) Model Lake Dvapoticn with South Arm Salt Coefficient
(3) Model Lake Evaporation with Faringto Bay Salt Coefficient
(4) Model Lake Evaporation with Wole Lake Salt Coefficient
(5) Model Lake Evaporation with South Lake Salt Coefficient

Hde1 waporations were generated by the Morton (1975) nmdel for
frhwater pan values and lake values with different salt conoentrations.



APPENDX F2

Total Ugn=hl Mdel Evaooratioi (=) frau Salt Lake Airpot Data

--UL -UL (3 () 5

May 78 21.7 15.0 15.7 14.6 15.2
Jtw78 31.0 18.6 19.3 18.1 18.9

July 78 36.8 19.9 20.5 19.3 20.1

Aug. 78 31.4 16.1 16.4 15.5 16.2

Sept. 78 19.6 10.8 11.0 10.4 10.9

Oct. 78 15.3 7.4 7.5 7.2 7.5

Nov. 78 3.2 2.1 2.1 2.0 2.1

March 79 7.8 6.7 7.2 6.5 6.8

April 79 16.4 10.7 11.5 10.4 10.9

July 79 37.4 19.9 21.1 19.3 20.3

Aug. 79 28.2 15.6 16.5 15.1 15.9

Sept. 79 26.0 12.5 13.1 12.1 12.7

Nov. 79 4.1 2.5 2.6 2.5 2.5

June 84 - - - -

July 84 - - - - -

June 86 31.0 19.7 - - -

Aug. 86 30.1 17.6 - - -

(1) Model Pan Evaporation (zero salt ca mtraticn)
(2) Model Lake Evaporation with South Arm Salt Coefficiert
(3) Model Lake Evaporation with Fanmingtcn Bay Salt Coefficient
(4) Model Lake Evaporaticn with ole Lake Salt Coefficient
(5) Model Lakm Evaporation with South LaMke Salt Coefficignt

~~~~~~ RLA ILA V L. U w alr k' 1'" "f" - v a ' ' '' '



APP!WIX F3

Daily Lake Area Salt 0eff&icients I fro= lM a EMaratl-

South FaMinito North Bear RiverDaeAm Bet Arm Bay

13 May 78 0.89 0.93 0.80 0.93

14 Jua 78 0.89 0.93 0.79 0.093

6 July 78 0.89 0.92 0.79 0.92
27 July 78 0.89 0.91 0.79 0.91

2 Aug. 78 0.89 0.91 0.79 0.91

7 Aug. 78 0.89 0.91 0.79 0.91

23 Aug. 78 0.89 0.91 0.79 0.91

28 Aug. 78 0.89 0.90 0.79 0.90

13 Sep. 78 0.89 0.90 0.79 0.90

23 Sep. 78 0.89 0.89 0.79 0.89

9 Oct. 78 0.89 0.89 0.79 0.89
14 Oct. 78 0.89 0.89 0.79 0.89

25 Oct. 78 0.89 0.89 0.79 0.89

26 OCt. 78 0.89 0.89 0.79 0.89

26 NOv. 78 0.89 0.88 0.79 0.88
24 Mar 79 0.89 0.96 0.80 0.94
15 Apr. 79 0.89 0.96 0.80 0.93

14 July 79 0.89 0.93 0.79 0.89

9 Aug. 79 0.88 0.93 0.79 0.88

25 Aug. 79 0.88 0.93 0.78 0.88

4 Sep. 79 0.88 0.93 0.78 0.89
11 Sep. 79 0.88 0.92 0.78 0.89

16 Sep. 79 0.88 0.92 0.78 0.90

21 Sep. 79 0.88 0.92 0.78 0.92

2 Nov. 79 0.87 0.91 0.78 0.94

14 Nov. 79 0.87 0.90 0.78 0.96
9 JUne 84 0.94 - 0.82 -

27 July 84 0.94 - 0.83 -

14 June 86 0.95 - 0.86 -

21 Aug. 86 0.95 - 0.87 -

'Salt coefficents Were determired by running the Morton (1975) model with
and without salt C0ntrtion and ocaring the results.



APPDDC G1

Sae Output from the Prora for tLa North Arm, Octdoker 25, 1978

Mean 48.19
Std. Dev. 4.24
Entropy 3.88
Minimum 37
Maximum 68
No. Pixels 5,453

Zero intensity pixels not counted
Histogram----------
Int Count Int Count Int Count Int Count Int Count Int Count Int Count Int Count

00 32 0 64 2 96 0 128 0 160 0 192 0 224 0

1 0 3 0 65 0 97 0 129 0 161 0 193 0 225 0

2 0 34 0 66 0 98 0 130 0 162 0 194 0 22-6 0
3 0 35 0 67 0 99 0 131 0 163 0 195 ) 2-70
4 0 36 0 68 2 100 0 13: 0 164 0 196 0 228 0
5 0 37 2 69 0 101 0 133 0 165 0 197 0 229 0
6 0 38 18 70 0 102 0 134 0 166 0 198 0 2:0 o

7 0 39 76 71 0 103 0 1350 167 0 199 0 231 0
8 0 40 222 72 0 104 0 136 0 168 0 200)0 2:2 (
9 0 41 277 73 0 105 0 137 0 169 0 2010 2;Z"0
10 0 42 246 74 0 106 0 138 0 170 0 202 0 2:4 0

11 0 43 197 75 0 107 0 139 0 171 0 203 0 25
12 0 44 211 76 0 108 0 140 0 172 0 204 0 2-6 0
13 0 45 207 77 0 109 0 141 0 173 0 205 0 -";3 0

14 0 46 213 78 0 110 0 142 0 174 0 206 0 2:e 0
15 0 47 274 79 0 111 0 143 0 175 0 207 0 239 0

16 0 48 373 90 0 112 0 144 0 176 0 208 0 24o )

t7 0 49 500 a1 0 113 0 145 0 177 0 209 0 241 0
ita 0 50 548 92 0 114 0 146 0 178 0 210 0 242 0

19 0 51 744 83 0 115 0 147 0 179 0 211 0 24 0
20 0 52 727 84 0 116 0 148 0 180 0 212 0 244 0
21 0 53 387 85 0 117 0 149 0 181 0 213 0 245 0
22 0 54 159 86 0 118 0 150 0 182 0 214 0 246 0
2Z 0 55 40 87 0 119 0 151 0 183 0 215 0 247 0
24 0 56 16 88 0 120 0 152 0 184 0 216 0 248 0
25 0 57 4 89 0 121 0 153 0 185 0 217 0 24 9 0
26 0 58 1 90 0 122 0 154 0 186 0 218 0 250 0
27 0 59 2 91 0 123 0 155 0 187 0 219 0 _ 51 0
28 0 60 2 92 0 124 0 156 0 188 0 2200 5: 0
29 0 61 1 93 0 125 0 157 0 189 0 221 0 253 0
30 0 62 1 94 0 126 0 158 0 190 0 222 0 54 )
31 0 63 1 95 0 127 0 159 0 191 0 2:= 0 255 0

=

Frnthe uman intensity value, the surface temiperature is 11.4 " C.

S



APPE DIX G2

saNple outi± from the PC. Progrm for Bear River Bay, Octer 25, 1978

Mean 45.14
Std. Dev. 4.11
Entropy 3

Minimum 39
Maximum 63
No. Pixels 651

Zero intensity piels not counted
Histogram-
Int Count Int Count Int Count Int Count Int Count Int Count Int Count Int C nt

0 0 T2 0 64 0 96 0 128 0 160 0 192 0 2:4 0
1 0 37 0 65 0 97 0 129 0 161 0 19, 0 2 :5 0
2 0 34 0 66 0 98 0 130 0 162 0 194 0 2=6 0
3 0 35 0 67 0 99 0 131 0 163 0 195 ') Z2" 0
4 0 36 0 68 0 100 0 132 0 164 0 196 0 2:- t)
5 0 37 (.) 69 0 101 0 133 0 165 0 1970 OZ '.)
6 0 38 0 70 0 102 0 134 0 166 0 199 0 2.70 0
7 0 39 8 71 0 103 0 135 0 167 0 199 0 2 0
8 0 40 28 72 0 104 0 136 0 168 0 20' 2-: 0
9 0 4t 80 73 0 105 0 137 0 169 0 201 0 '2:: 0
10 0 42 93 74 0 106 0 138 0 170 0 202 0 2_,4
11 0 47 70 75 0 107 0 139 0 171 0 20 0 2-Z5 K"
12 0 44 55 76 0 108 0 140 0 172 0 204 0 2:6
13 0 45 60 77 0 109 0 141 0 173 0 205 0 ',7 0
14 0 46 54 78 0 110 0 142 0 174 0 206 0 273 0

0 47 48 79 0 111 0 143 0 175 0 20C17 0 239 0
0 48 39 80 0 112 0 144 0 176 0 208 0 240 0

17 0 49 37 81 0 113 0 145 0 177 0 209 0 241 0
18 0 5018 82 0 114 0 146 0 178 0 210 0 242 0
19 0 51 10 93 0 115 0 147 0 179 0 211 0 24:--
20 0 52 13 84 0 116 0 148 0 180 0 212 0 244 0
21 0 5r 7 85 0 117 0 149 0 181 0 21Z 0) 24,5 0
22 0 54 7 8 0 119 0 150 0 182 0 214 0 :46 0
23 0 55 4 87 0 119 0 151 0 180 215 0 247 0
24 0 56 7 8? 0 120 0 152 0 184 0 216 0 248 0
25 0 57 4 89 0 121 0 153 0 185 0 217 0 249 C
26 0 58 2 90 0 122 0 154 0 186 0 21 0 250 0
27 0 59 2 91 0 123 00 155 0 187 0 219 0 251 0
28 0 60 = 92 0 124 0 156 0 188 0 220 0 2-2
29 0 61 0 9" 0 125 0 157 0 189 0 21 0 "5 0
30 0 62 2 94 0 126 0 158 0 190 0 222 0 .54 0
31 0 63 1 95 0 127 0 159 0 191 0 2; 0 551

From the man intensity value, the surface tenperature is 10.3 'C.



APPD3C G3

Saple Output fr= the PCIPS Prgr for Willard Bay, Octcber 25, 1978

Mean 49.79
Std. Dev. 2.22
Entropy 2.54
Minimum 46
Maximum 61
No. Pi:xels 125

Zero intensity pixels not counted
Histogram----------
Int Count Int Count Int Count Int Count Int Count Int Count Int Count Int Count

0 0 32 0 64 0 96 0 1-8 0 160 0 192 0 2:40
1 0 33 0 65 0 97 0 1=9 0 161 0 19- 0 2:5 0
2 0 34 0 66 0 98 0 130 0 162 0 194 0 226 0
3 0 35 0 67 0 99 0 131 0 163 0 195 0 :, 2 -' 7
40 36 0 68 0 100 0 12 0 164 0 196 0 zza 0
5 0 37 0 69 0 101 0 13 0 165 0 197 o 29 2
6 0 Z8 0 70 0 102 0 134 0 166 0 198 0 2-: '
7 0 39 0 71 0 103 0 135 0 167 0 199 o 271 0
8 0 40 0 72 0 104 0 136 0 168 0 200 0 2z 0
9 0 41 0 73 0 105 0 137 0 169 0 201 0 277 0
10 0 42 0 74 0 106 0 138 0 170 0 202 0 4 0
11 ) 43 0 75 0 107 0 139 0 171 0 203'T
12 0 44 0 76 0 108 0 140 0 172 0 204 0 276'
13 0 45 0 77 0 109 0 141 0 173 0 205 0 2: 0
14 0 46 1 78 0 110 0 142 0 174 0 2060 230

0 47 4 79 0 111 0 143 0 175 0 207 0 290
0 48 17 90 0 112 0 144 0 176 0 208 0 240 0

17 0 49 51 81 0 113 0 145 0 177 0 209 0 241 0
18 0 50 29 82 0 114 0 146 0 178 0 210 0 242 0
19 0 51 11 83 0 115 0 147 0 179 0 211 0 :4- 1)
20 0 52 2 84 0 116 0 148 0 180 0 212 0 244 0
21 0 53 2 85 0 117 0 149 0 181 0 2 1- 0 :45 
22 0 54 2 86 0 118 0 150 0 192 0 214 0 2460
23 0 55 1 87 0 119 0 151 0 183 0 215 0 247 '
24 0 56 2 88 0 120 0 152 0 184 0 2150 24 0
25 0 57 0 89 0 1:1 0 153 0 185 0 2117 0 249 t
26 0 58 1 90 0 122 0 154 0 186 0 218 0 25) 0
27 0 59 ' 91 0 123 0 155 0 187 0 219 0 2:i C
28 0 60 1 92 0 124 0 156 0 188 0 2:0 0 - 0
29 0 61 1 93 0 125 0 157 0 189 0 2:1 0 :5 C:
30 0 62 0 94 0 126 0 158 0 190 0 2::2 0 Z 5
31 0 63 95 0 127 0 159 0 191 0 " :ss 0

Fr%= the man intensity value, the surface tAperature is 12.0 6C.

t'. % WX



AIPPqDIX G4

Saqile Dtput from the ParPS Prop= for the South Arm, Octer 25, 1979

Mean 49.99
Std. Dev. 1.84
Entropy 2.74
Minimum 40
Ma::imum 64
No. Pi:els 6,965

Zero intensity pi.ielS not counted
Histogram----------
Int Count Int Count Int Count Int Count Int Count Int Count Int Count Int Count

0 0 32 0 64 1 96 0 128 0 160 0 192 0 24 0
1 0 33 0 65 0 97 0 129 0 161 0 193 0 225 0
2 0 34 0 66 0 99 0 130 0 162 0 194 0 260
3 0 35 0 67 0 99 0 131 0 16Z3 0 1950 2Q70
4 0 36 0 68 0 100 0 132 0 164 0 196 0 2-8 0
5 0 37 0 69 0 11)1 0 133 0 165 0 197 0 2:9 0
6 0 38 0 70 0 102 0 134 0 166 0 198 0 2--) 0
7 0 39 0 71 0 103 0 135 0 167 0 199 0 2:1 0
8 0 40 1 72 0 104 0 136 0 168 0 200 0 232 0
9 0 41 8 73 0 105 0 137 0 169 0 201 0 2-: 0
10 0 42 20 74 0 106 0 139 0 170 0 202 0 24 0
11 0 43 45 75 0 107 0 139 0 171 0 203 0 -- 0
12 0 44 56 76 0 108 0 140 0 172 0 204 0 26 0
13 0 45 72 77 0 109 0 141 0 173 0 205 0 237 0
14 0 46 123 78 0 110 0 142 0 174 0 206 0 2:8 0
-s 0 47 209 79 0 111 0 143 0 175 0 2070 2:90

0 48 471 80 0 112 0 144 0 176 0 209 0 240 0
17 0 49 1122 81 0 113 0 145 0 177 0 209 0 241 0
18 0 50 1922 82 0 114 0 146 0 178 0 210 0 242 o
19 0 51 151 83 0 115 0 147 0 179 0 211 0 243 0
20 0 52 858 84 0 116 0 148 0 180 0 212 0 244 0
21 0 53 145 85 0 117 0 149 0 181 0 213 0 245 0()
22 0 54 35 86 0 118 0 150 0 182 0 214 0 246 0
23 0 55 7 87 0 119 0 151 0 183 0 215 0 :47 0
24 0 56 5 88 0 120 0 152 0 184 0 216 0 248 0

25 0 57 4 89 0 121 0 153 0 185 0 :17 0 249 0
26 0 58 5 90 0 122 0 154 0 186 0 2190 25) 0
27 0 59 Z 91 0 12- 0 155 0 187 0 219 0 :51 r)
28 0 60 0 92 0 124 0 156 0 188 0 220 25 : 0
29 0 61 2 9: 0 125 0 157 0 189 0) 221 25- - 1
30 0 62 0 94 0 126 0 158 0 190 0 0 54 0
31 0 63 1 95 0 127 0 159 0 191 0 -.3 0 5 0

From the Mean intensity value, the uurfaoe tenperture is 12.08 C



APPENDIX G5

Sagple oUtt frn the pCIpS Prgpm for Farzirqtw Bay, OCtcber 25, 1978

Mean 45.57
Std. Dev. 3.65
Entropy 3.61
Minimum 39
Maxijmum 61
No. Pixels 1,956

Zero intensity pixels not counted
Histogram----------
Int Count Int Count Int Count Int Count Int Count Int Count rnt Count int Count

00 320 64 0 96 0 128 0 160 0 192 0 2240
0 37 0 65 0 97 0 129 0 161 0 19. 0 2:50

2 0 34 0 66 0 98 0 130 0 162 0 194 0 226 0

3 0 35 0 67 0 99 0 1 p10 1630 1950 7

4 0 36 0 68 0 100 0 132 0 164 0 196 0 ::::,
5 0 37 0 69 0 101 0 133 0 165 0 197 0 :29 0

6 0 38 0 70 0 102 0 134 0 166 0 198 0 ::
7 0 39 1 71 0 103 0 175 0 167 0 199 0 .:i 0

e 0 40 9 72 0 104 0 136 0 168 0 200 0 27 2
9 0 41 81 73 0 105 0 137 0 169 0 201 0 2:33 0

10 0 42 231 74 0 106 0 138 0 170 0 202 0 2-4 0'

11 0 43 367 75 0 107 0 1Z9 0 171 0 203 0 -,-,- C)

12 0 44 328 76 0 109 0 140 0 172 0 204 0 2: 6

13 0 45 197 77 0 109 0 141 0 173 0 205 0 237 0

14 0 46 129 78 0 110 0 142 0 174 0 206 0 2:8 0
o90 47 123 79 0 111 0 143 0 175 0 207 0 =79 0
0 48 116 80 0 112 0 144 0 176 0 208 0 240 0

r7 0 49 1u4 91 0 113 0 145 0 177 0 209 0 241 0

18 0 5060 82 0 114 0 146 0 178 0 210 0 242 0

19 0 51 52 93 0 115 0 147 0 179 0 211 0 24: 0

20 0 52 45 84 0 116 0 148 0 180 0 212 0 :44,

21 0 53 26 85 0 117 0 149 0 181 0 213 0 245 C

22 0 54 28 86 0 118 0 1500 1820 214 0 24-1
2" 0 55 2 ') 87 0 119 0 151 0 18 0 215 0 247 C'

24 0 56 22 88 0 120 0 152 0 194 0 216 0 24S 0

25 0 57 7 89 0 121 0 153 0 185 0 217 0 249 0

26 0 58 6 90 0 122 0 154 0 186 0 218 0 25 0

27 0 59 4 91 0 123 0 155 0 187 0 219 0 :5. 0

28 0 60 2 92 0 124 0 I6 0 188 0 220 0 _5Z 0
29 0 61 2 93 0 125 0 157 0 189 0 )21 0 ....

30 0 62 0 94 0 126 0 158 0 190 0 222 0 254 0

31 0 63 0 95 0 127 0 159 0 191 0 2. 0 5

FrM the mean intensity value, the surface tA1peatue is 10.4 C.
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