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SYNOPSIS

A predictive water demand model (strictly speaking, a requirement
model as the price of water is not taken into accoﬁnt, assuming it to be
exogeneous) was deve]oped; based on the social, economic and environmental
parameters in the demand model for the central and southern Florida area.

The model ﬁs validated by using the histori; pumpage records for the three
counties in the Gold Coast area. It has also been validated on municipality
levels for urban areas which are in suburban counties.

The coefficient of determination between the population served and the
municipal wafer pumped is .892. When two other significant parameters
(average rainfall/year and median family income) are incorporated in the
demand model, the coefficient of determination is improved to .913; a mar-
gfnal accuracy might be significant in the near future when the scarcity of
the natural resources becomes critical. For the present it can be concluded,
 based on the results of this study, that future water requirements can be
predicted reliably if good population projections can be made for the above
stated area.

A second model developed is based on the long monthly pumpage records
_ of 5 large utility companies to estimate the seasonal vafiation of the
average yearly water demand. It was determined from this model that the
maximum monthly requirement is around 21 percent of the average yearly demand

for the FCD area based on this study.



INTRODUCTION

Conventional forecasting of urban water demand simply assumes the
demand increases proportionately in some relation to the increase in
population; a forecasted population multiplied by a per capita use figure
to determine the average annual demand. Fair, Geyer, and Okum (3) in their
book on water and waste water engineering, point out that figures derived
from these forecasts "generalize the experience" of the engineers of the
area. Furthermore, they state that the requirement approach enjoys a
certain rudimentary logic. Water use is assumed to be perfectly correlated _
with population. Using this basic approach to water supply requirements
forecasting, many investigators have attempted to "generalize the experience.”

Conventional water supply management begins with the premise that water
is necessary for life, then proceeds to lay down requirements for increasing
water use by grand engineeriﬁg designs which hope to repeat the tradition of
earlier successes in water resources planning. This kind of conventional
forecasting works, to an extent, due to the fact that population is the most
significant determinant of the model, but excludes factors such as climate,
income, type of housing, population density, and price of water. In recent
studies by Burke (1), Howe, Linawever (4), and Turnovsky (8), these factors
have all been shown to have measureable effects on per capita consumption of
water. Thus, it is more appropriate to speak of the demand for water, given
certain values of these factors, than to assume a rigid water requirement
for a given year.

" The Central and Southern Florida Flood Control District recognizes the

importance of the above stated socio-economic and environmental parameters



influencing the quantity of water demanded for municipal uses, and in
“an attempt to quantify the importance of the above stated variables for
our local conditions, this sfudy is undertaken.

Under the provisions of the Florida Water Resources Act of 1972,
(Chapter 373), the use of surface and groundwater in the District falls
within. the permitting responsibilities delegated to the District by the
Departmént of Fnvironmental Regutation. The District must then bé in a
position to evaluate intelligently applications for water use permits,

whether they be municipal, industrial or agricultural.



HISTORICAL BACKGROUND

The first attempt to study the effect that price has on the quantity
of water demand by residential customers for household or indoor uses and
for outside uses was made at Johns Hopkins University by Charles W. Howe
and L. P. Linewever (4). They formulated models of residential water demand
and estimated the relevant parameters from cross sectional data. They
showed the dependence of water demand on the pricé charged. Their major
findings were: a} domestic demands are relatively inelastic with respect
to price and b) sprinkling demands are elastic with respect to price. They
studied 39 areas, 10 in the western United States {metered with public
sewer), 11 in the eastern United States, 5 metered with septic tanks, 8
flat rate public water and sewer, 5 apartment area buildings, but not in-
dividually metered. They differentiated between the domestic demand and
the sprinkling demand. The parameters used in these two demand models were
as follows:

Domestic Demand

£ (v, a, dp, k, pw) (1)

da, d
Where,
9, d = average annual quantity demanded for domestic purposes in
gallong per dwe11ing-unit per day (gpd/du),
v = market vaiue of the dwelling unit in thousands of dollars,
dp = number of persons per dwelling unit,
a = age of the-dwe1ling.unit,
k.= average water pressure in psi,
pw = the sum of water and sewer charges that vary with water use,

evaluated at the block rate applicable to the average domestic

use in each study area.
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Theoretical consideration fails to specify a unique functiona1 form,
so that both linear and multiplicative forms were fitted to the above
parameters as follows: |

%, d = AVA1 af2 dph3 kP4 pufs y | (2)
Transforming this to Tinear form one gets:

log, 9a, d = Tog A, + A1 log V + A, Tog a + A3 Tog dp + Aglog K +

A5 Tog Pw + log u (3)

Sprinkler Demand

The multiplicative equation form for the sprinkler demand was developed
based on the following parameters: .
qs, s = average summer sprinkling demand in gallons per dwelling
unit pef day.
q max, s = Maximum day sprinkling demands in gallons per dwelling

unit per day.

o
It ‘

irrigable area per dwelling unit.
Ws = maximum day pofentia] evapotranspiration in inches.
rs = summer precipitation, in 1nchés.
ps = marginal commodity charge applicable to average summer

total rates of use,
Thus, the sprinkler demand function takes the form of:
QS, s =By b (Ws - 0.6 rg) By ps B3 v Bg y (4)
The physical requirement b (Ws - 0.6 rg) is very likely to be modified
as a function of the economic status of the household v, and price.
Méximum sprinkling day demand will occur at a time when previous rain-
fall has been dissipated and when temperature, humidity, thermal radiation,

and wind lead to a maximum rate of evapotranspiration. On such days the
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physical requirement would be b w max. For these days the maximum day
demand equation was fitted as:
dmax, s = By b BT v max B2 ps.B3 v B4y (5)
The final equations that were developed for the domestic and the

sprinkler demand were:

a) Ga, d = 206 + 2.47 V - 1.307Rw - (6)
b) 95, s = 1,130 ps ~+703 y .429 (7
c) 9max, s = 3,400 W, 206 y 413 (8)

The "R" or the coefficient of correlation for the above equations
is .847,

Turnovsky (8) has developed models based on consumer theory. Starting

with an individual's utility function ( u (xi ......... Xn) ) where x; is the
amount consumed of commodity i, the demand funcfion is x5 = f; (Pi.eennn..
Py u), i =1L, n.
Where,
| pi = price of commodity i, and

u = consumers income.

Much of Turnovsky's work concentrates on determining how the individual
responds to parameter changes. His basic equation concerning the domestic

'demand and the industrial demand are as follows:

Domestic Demand Based on Consumer Theory

Xi = Ag + A} $12 + Ay Py + Ag hi + Ay Ri (9)
Where, '
X; = planned per capita consumption in town i in gallons/day,

variance of supply in town i in gallons/day squafed,

S'|2



Pi = average price of water in town is given by metered revenue
divided by metered gallons used, in cents per 1,000 gailons,

hi

index of per capita housing space given by average number of

rooms per dwelling units ih town i/median number of occupants
~ per dwelling unit in town i,

Ri= percentage of population under 18 in town i,

IPi = index of per capita industrial production in town i.

Industria]_Demand'

Xi = By + By Si% pi + By IPj | (10

These predictive models were applied to Massachusetts data.

Thompson and Young (7) developed linear equations for water demand
models based on the form of derivation for certain types of substitutions
in a steam e1ectfic generating plant. These linear approximated demand
functions were used to evaluate proposed investments in water resources
requlation. |

Burke (1) recént]y made a comprehensive model study concernfng the
water demand for the conterminous United States. The approach taken into
consideration to the maxfmum extent possible, was an accommodation of the
myriad impacts on water Eequirements generated by demographic, social,
eqonomic, and environmental factors. Sixteen variables (estimated popula-
ffon served in millions, value added by mandfacturing in millions, number
of families, precipitation in inches per year, median fami1y income in
dollars, family income under $3,000 in percent, family incomgeover: $10,000
in percent, median value of housing units in dollars, manufacturer's all
employees annual average, manufacturer's production workers annual average,
and the number of retail establishments) were used to predict_the water
pumpage in ga]]dng;.. A few of the salient points worthy of note from
Bﬁrke's étudy are as follows: |
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a) A1l the parameters used in the model were obtained from two,

and only two, readily available sources. They are:

1) City and County data books - USDC - Census Bureau, and

2) Inventory of Municipal Water Facilities - bub]ic Health
Service pubﬁication, HEW, Washington, D. C. |

b) Prediction equations were developed for the State of Florida based
s on 18 Florida -cities with a population in excess of 25,000.

The equation he deve]bped was log linear in nature. Among the 18 par-
ameters for the Florida condition, it was stated that only the following
parameters were significant towards increasing the correlation coefficient.
The impbrtant parameters for Florida conditions were:

a) Estimated population served (in millions).

b) Number of families.

¢} Precipitation (inches/year).

d) Median family income {(dollars).

The functional form that was developed is:

Y = £ (X1, X2, X3, X4) (11)
Where,
Y = water demanded.

The type of equation used was muitipTicative in nature,

Y=Ax By Sk Tx, " (12)
Transforming it to linear form one obtains:
Log Y = Tog A+ B Tog xy + 5 Tog xp + T log x3 +
D Tog x4 (13}
The coefficient of determination was stated to be .946 for the above

developed prediction equation.



A water demand model similar to Burke's model is investigated here to
determine a functional relation between the quantity of water demanded and
the socié], economic, and environmental parameters that influence the quan-
tity demanded for the municipalities within central and southern F]orfda.

No restriction is placed on the size of population served in this study.

FCD WATER DEMAND MODELS

Municipal Demand

Kreitman, et. al., (5) made a comprehensive study concerning the water
consumption trends within central and southern Florida. Their study was
meant to display the gross per capita values and the nature of the distri-
bution within central and southern Florida. The water consumption data were .
compiled from forty-six municipal and private supp]iers.l The mean and the
standard déviation values of water consumption for the year 1973 were esti-
mated to be 197 and 87 gallons per capita per day. They fitted the data to
the Gaussian distfibution and banded it with the 90 percent confidence
interval band. |

The U. S. Geological SUrvey (12} also compiles municipal pumpage data
fdr the State of Florida on an annual basis. The mean per capita consump-
tion from the survey data was determined to be around 150 gped for the
year 1973. It was stated in Kréttman et.al.'s (5) report that .the dis-
crepancy between the two mean values is due te the fact that several of
the pér capita groups in the upper limit were not represented in the USGS
 sample, even though their sample size was 1ar§er than the'FCD's.

| Having known the present average per capita consumption, this study

spins off from there. This particular study is geared towards formulating
easy to use water demand models to enable rapid determination of muhicipa]-

ities water requirements for future years, without recourse to detailed

-9-



on-site data collection and investigation. Movre specifically, this study
is an attempt to provide a tool for rapidly estimating, with reasonable
accuracy, the future water requirements of cities in central and southern
Florida with the aim to improve and supplement fhe existing apparatus on
the quantification of water demand. |
| As stated earlier, this model is being approached in a similar fashion
as was approached by Burke {1}. Burke's model used Florida cities with
populations in excess of 25,000, This study places no limitation on the
size of population served. The following parameters were selected to

represent the FCD water demand model:

a) Population served X1
b) Number of people per dwelling unit | XE-_
c) Rainfall, inches per year X3
d) Median family iﬁcome | - X4
e} Population per square mile X5
f} Percentage of population 18 years and over | X6
g) Percentage of population 65 years and over X7
h) Quantity of water pumped daily Y

In functional notation, the above written variables are written as:
Y = f (X1, X2, X3, X4, X5, X6, X7) _ (14)

The appropriate form of the equation proposed to be fitted is:

Y = Ax12 x2b x3¢ x4d xse x6T xe9 | | (15)
Transforming the above form of equation to linear form, one obtains:
| Tog Y = Tog A + alog X1 + blog X2 + clog X3 +dlog X4 + elog X5
+ flog X6 + glog X7 (16)
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Data Collection

Data‘oﬁ the parameters as outlined above, to be used in the predictive
water demand model, were abstracted from the following sources:
a) Florida League of Cities 1972: Cohpf]ation on water, solid waste,
séwer and electicity (updated to 1974 figures).
b} 1970 Florida census of population (updated to 1974 figures).
c) National Oceanic and Atmospheric Administration (formerly U. S.

Weather Bureau).

Samples

The social, economic and environmental parameters were abstracted for
the following municipalities from the counties which are within the FCD
boundaries. They are presented in Appendix A. The median family income
was projected based on .3 percent geometric growth figure for the year 1974.

Preseﬁted in tabular form are the counties and the number of munici-

palities within the counties which are included in the water demand model

(see Map 1).

TABLE 1 COUNTIES AND THE NUMBER OF MUNICIPALITIES WITHIN THE COUNTY
County : Number of Municipalities Within the County
Polk -~ | - 6

Highlands _ 3

Palm Beach | 13

Lee | )

Dade . | 7

Seminole 2

Hendry 2

Broward 10
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TABLE 1 (Continued)

County \_ Number of Municipalities Within the County

Volusia. 6
St. Lucie - 1
Osceola ' ]
Orange 4
Brevard 3
Monroe 1
Glades 1
Okeechobee | 1
Martin ' 1
Indian River 1

Total 69

RESULTS AND DISCUSSION

The proposed statistical model as depicted by Equation (16} was run
| in the CDC 3100 computer located 1n—housé, A standard mu]tivariate_ana]ysis
package stored on disk was used.

Presented.beiow in tabular form is the bi-variate statistical table,
which simply shows the partial correlation coefficient between the dependent
variable, which in this case is the municipal water pumped, with respect to

the independent variables.

TABLE 2 BIVARIATE STATISTICAL TABLE OF THE'PROPOSE? TODEL.

| | Partial Corré1aEion Coefficient
Independent Variables _ With the Quantity of Water Pumped
Population Served .944
Average Persons Per Unit .055
Rainfall Inches/Year ' .369

Median Family Income .509

~12-



Table 2 (Continued)

Population Per Square Mile ' .563
Percentage of Population 18 Years and Over 177
Percentage of Popu1ation 65 Years and Over -.053

| From the table above, it can be seen_that population served haé the
Highest correlation with the quantity of water pumped. Population per
square mile and the median family income have linear correlation in excess -
of 50 percent. If actual popu]afion data is not available, data based on
zoning (1and use) and social status of the people (median family income)
can be used in water demand projections.

A recent study by Berry and Bonem (2) approached the development of a
water deménd model based on the median family income. The linear correla-
tion was determined to be .875. The FCD study shows the correlation coeffic-
ient of this variable with respect to quantity of water pumped for the
central and southern Florida condition to be ,510.

Burke's (1) study pointed out the sighificant effect of annual precip-
itation towards improving the coefficient of determination“for the F]oridé
condition in particular. This study alsoc shows that effect. The linear
coefficient of correlation between the annual average rainfall verass:the
quantity of water pumped is .369.

In the table following, are presented the regression coefficients and
the associated sfandard errors of each of the independent parameters used

in the water demand model.

=13«



TABLE 3

REGRESSION COEFFICIENTS AND THE ASSOCIATED ERRORS

VARIABLE

X0
X1
X2
X3
X4
X6
X3
X8

COEFFICIENT (LOG)

6.847
0.986
0.294
2.948
-0.694
0.075
-1.975
0.172

STANDARD ERROR (LOG)

.049
1.789
.884
.649
.087

2.504

0.373

The water demand eqUation using the above listed regression coefficients

s written as follows:

log ¥ = 6.847 + .986 log X1 + .294 log X2 + 2.948 Tog X3 - .694

log X4 + .075 X6 - 1.975 log X7 + .172 log X8

(17)

The coefficient of determination determined by use of the above listed

parameter is .913.

In the above regression derived equation some of the

coefficieﬁts have errors which are in excess of 100 percent. Use of these

kinds of parameters tends to make the derived equation less stable. The

parameters that are not stable are:

1) the number of persons per unit, 2)

population per square mile, 3) percentage of population 18 years and over,

and 4) percentage of population 65 years and over.

The above stated par-

ameters were deleted from the water demand model and a second run was made.

The parameters that were retained for the second run are as follows:

Municipal Pumpage = f (population served, average rainfall/year, and

the median family income)

-14-
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The regression coefficients derived from the model are stable.

They are presented below in tabular form.

TABLE 4 _ STABLE VARIABLES AND THEIR COEFFICIENTS
| VARIABLES | ~ REGRESSION COEFFICIENTS
X0 -1.715
X1 0.992
X3 2.517
X4 -0.357

The final pfédictive equation based on the above regression coefficients
is as follows:

Log ¥ = -1.715 + .992 Tog X1 + 2.517 log X3 -0.347 Tog X4 (19)

The coefficient of determination for the above equation is .911. The
above equation is fitted to the data from 69 municipalities which are
within the FCD.boundaries. The observed and the computed pumpage figures
are presented in Appendix B.

Another run was made for the 69 municipalities which are within the FCD
boundaries with total pupﬁlation served by each municipality as being the
only indeﬁendent Variable. The coefficient of determination for this model
is .892. |

The predictive equation derived is as follows:

Log Y = 5.012 + 1.012 Log Population. (20)

Emphasis is being placed presently on the lower east coast for devé]op—
ment-of the Hater;use:andzuateraSupplyuP}an:quhchn&ntieSgthateanefw1$htnethe
lTower east coast are Palm Beach, Broward and Dade. To estimate the munici-
pal water demands of thé three counties in the Tower east coast, a.specia1
run was made based on the data for these counties only. The equation devel-

oped is as follows:

-15-



Log Y = 97.66 + .999 log X1 - 2.847 log X3 -8.827 log X4 (21)
The coefficient of determination for the above equation is .882.

Another run was made for the lower east coast municipa]itieé with
total population served as being the only independent variable. The coef-
ficient of determination for this model is .864.

The equation derivéd is as follows:

Log Y = 5,485 + ,98437Ln. X] (22)

It is appropriafe to state here, that in the strictest sense of the
word, the predicfive water demand model presented in this study is in reality
a water requirement model, since no consideration was. given to the effects of
price on the quantity of water demanded. This is due to the fact that the
model was approached from the management aspect of a large complex water
resource system. It is assumed that the pricing of water lies within the
utility company, a reasonable assumption for our situation.

The mathematical structure as written above is assumed to describe the
expansion path or relationship that water demand can be exbected to have
with each variable. The above equations, (19, 20, 21 and 22) by themselves
cannot project the future water demand values. The variables which are
incorporated in the model must first be projected, using an average rate of
growth (geometric growth) from past years of record and extending into the
future. These values are then transformed to logarithmic form and inserted
into the appropriate equations (19, 20; 21 and 22) to obtain the projected
future water demand for any municipality incorporated in the model. (See
Figure 2).

Researchers in the field of applied mathematics and statistics might

- question the stability of the derived regression coefficients on the grounds
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that "structural™ changes resulting from very many exogeneous factdrs sucﬁl
as migration, automation, or other circumstances will tend to cause relative
elasticities of different variables to change the coefficients derived from
the model. If one can posit at the time that a model's structure is final-
jzed, reéearch on using the model - and more importantly - on modifying,
changing, or adapting it to reflect apparent changes_in structure over timé
will continue; then the instability of coefficients is no longer a valid
arguméht.

Simply stated, research is an on-going process and if changes are
known or even T1ikely, the demand functions can be refitted to the data. As
time progresses, with the availability of better statistical data, it is
even probable that the structure or methodology of the mode1 posed here

might change to reflect the improvements in data availability.

Validation of the General Predictive Equation

The predictive equation that was derived in the previous chapter for the
lower east coast is as follows:

Pumpage = 5.485 + .984 x Ln. Population
This equation was derived based on the 1970 census figures updated to 1974
population and the quantity.of water pumped for the year 1974, For the whole
lower east coast the equation predicts the guantity of water required for the
year 1974 with a high degree of éccuracy. However, the equation was derived
.using only one year of record for the whole region. In order to develop
additionat levels of confidence for the predictive equation, it was con-
sidered appropriate that several years of data be compiled and compared
agéinst the computed values. In addition, it was decided that the equation
be developed or the general equation be updated for each of the Tower east
coast countiés._ In this exercise, the essential constraint assumed that the

L T B Y LA e TP [ BUR R AP
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water demand representing at least 60 percent of the county population must.
be represented in the predictive equation.

Dade County. For Dade County, the Miami-Dade Water and Sewer Authority

supplies water to almost 80 percent of the county population. The
utility company provided ten years of pumpage data and the population
being served. The general predictiﬁe equation as stdted above was.used

- to compute the water requirements for the years 1965-1974 inclusive.

~ The bercentage of error between the predicted and the historiclpumpage
varies from -3 to +12 percent. The average error is +6.4 percent. The
general equation is slightly modified in order to reduce the error be-
tween the actual and the predicted value. The average percentage error
is 1.4 percent. The calculations are presented in Tables 7 and 8.

Broward County. For Broward County, the Citjesfoff-fMoilywdods Fort .-

Lauderdale, Pompano and Deerfield Beaeh were contacted. The summation.
of population served by these suppliers represents 65 percent of the
county population. Average quantity of daily water pumped and the total
number of population served were tabulated for the years 1970-1974 in-
clusive. The same general equation that was developed for the whole
lower east coas$t was used to compute the water requirements. The per-
centage error difference between the predicted and the actual pumpage
varies from +10 to -1 percent; however, the average error is on]y'+1%.
The lower percentage error between the predicted and the actual pumpage
figure shows that the predictive equation can also be used for future

wafer requirements for Broward County. (Table 6)}.

Palm Beach County. Pumpage data and the population served by Pahokee,

Palm Springs, Boca Raton, Delray, Lake Worth, Riviera Beach and West Palm

-18-



Beach were made available for the years 1970-1974 through the cdurtesy

of the utility companies. They were summed up, and the generé? predic-

tive equation for the lower east coast was used to compute water require-

ments. The general equation predicted lower water requirement figures
than the actual historic. The general equation was then slightly
modified as follows:

Pumpage = 5.485 + 1.01 Ln. Population

With the modified equation the percentage error variation between the

predicted and the historic pumpage is from -5 to +3 percent. However,

the average érror is only +1.2 percent, well withfn the Standard error

figure (Table 5).

For the "Water Use and Water Supply Development Plah“ future population
has to be estimated. The University of Florida at Gainesville has projected
the county-wide population for the year 2000,for the State of Florida. Based
on land use plans or development guides with the county land use restrictions,
an estimate of future population was made by the FCD staff. These two brojec—
tions match fairly well for the lower east coast counties. These projected
populations were used to estimate the quantity of water required by each cquhty
by the year 2000, Dade County, by the vear 2000 will be requiring almost 390
million gallons of water ﬁer day for potable water supply purposes. Broward
County wjll require.270 million gallons per day, and Palm Beach County 255
million gallons. _ |

It has been repeatedly stated by demographers that population projection
beyond 10 years is speculative, and no confidence level can be attached to it.
Projection of population has been made here for 24 years. It is appropriate
then to state that these figures have to be updated, as the years progress.
The objective of using these projected populations was - only to show the order
of magnitude of the water requirement for future years. However, in the dev-
elopment of the "Water Use and Water Supply Development Plan" the approach
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taken by the District is not simply to develop a plan to meet the water
requirement for the projected popu1ation, but rather to show the levels

of demand that the water resources of the region can support under various
'a1fernative water supply options.

The future water requirements of the three counties are presented in
Tables 9, 10, and 11 and also in Figures 3, 4 and 5.

The above validation for the lTower east coast demonstrates the power
of_the simple predictive equa%ion to compute future water requirements of
the three counties. By induction, it can be shown that the same general
equation or a slight modification could be used to estimate the future water
requirements of other counties.

An attempt was made to collect historic pumpage data for a few of the
Urbah counties - i.e., Lee, Orange, St. Lucie and Martin. There are, how-
ever, only a few utility companies in these counties and they do not serve,
on the aggregate,'ﬁo'percent of the county population. Therefore, at the
present time the prediction equation can not be validated for these counties
on & county-wide level as the constraint on population can not be met.
Additional analysis on a municipality level is presented in the next chapter.

i BN TS
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PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS FOR

TABLE - PALM BEACH COUNTY {Pahokee, Palm Springs, Boca Raton, Delray Beach, Lake
Worth, Lantana, Riviera Beach, West Palm Beach and Boynton Beach.
| 5.485 + | Average Davly} yystoric
Year ?Eppggiidnn Popt?gtion .légl1kg?on §"T8%93315, vg;géggg?; Y Error %
1964
1965
1966
1967
1968
1969
1970 172,458 46.90 48.60 - 1.70 -1
1971 | 182,850 49.75 50. 24 - .49 +3
19721 195,850 53.30 51.50 +1.80 +2
1073 | 210,815 57.44 56.22 +1,22 +2
1974 | 221,841 60.50  63.96 - 3.46 -5
| +1.2%

Average Error
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PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS FOR BROWARD COUNTY

TABLE 6. (Hollywood, Fort Lauderdale, Pompano Beach and Deerfie]d Beach, Combined}
Past Log 5.485 + |Average Daily | :Histordc
Year - | population Population Piﬁﬁ?ak?gn \ ﬁggpgg?s' Avg;ggéég?ETy Error
1564 | '
1965
1966
1967
1968
1969
1970 | 368,077 72.27 65.72 + 6.55 +10
1971 | 374,993 73.61 - 71.91 +1.70 + 2
1972 | 377,540 74.10 77.09 - 2.99 -4
1973 | 406,766 79.78 81.67 - 1.89 -2
1974 433,747 84.94 86.11 - 1.17 -1
Average Error + 1.0%




TABLE 7. PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS
Miami-Dade Water & Sewer Authority
© Past Log 5.485 + Average Daily| Historic |
Year Population Population | .984 Log Pumpage Average Daily Error %
Population x 100 gals. x10° gals.

1964

1965 | 700,000 13,46 18.73 136.2 140,5 243 -3

1966 | 730,000 13.50 18.77 142.0 146.5 - 4.5 _3

1967 | 750,000 13.52 18.80 146.0 133.2 +12.8 +9

1968 | 770,000 13.55 18,82 149.0 136.9 +12,1 +9
751989 | 790,000 13.58 18.85 153.6 137.1 +16.5 +12
22197094 9903900 13.71 18.92 164.6 153.0 +11.6 +7
1971 ] 920,000 13.73 19,00 178.5 159.1 +19.4 +12

1972 | 940,000 13.76 19.02 182.0 162.7 +19.3 +12-

1973 | 975,000 13.79 19.05 187.6 177.2 +10.4 +5
1974 1,000,000 13.82 19.08 193.3 187.4 +5.9 +3
Average Ervor +6.4%




" TABLE 8. PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS
Miami-Dade Water & Sewer Author1ty

Y bza

Year POpE?iEion Popt?g-fion 59%85"09 Averageaggﬂy A"eﬂgagoﬁg%y Error »
Population! x 10° gals.! x 106 gals.

1964 |
1965 700,000 | - 129.1 140.5 - 1.4 -8
1966 730,000 134,2 146.5 - 12.3 -8
1967 750,000 136.9 133.2 + 3.7 + 3
1968 770,000 B | 1410 136.9 + 4.1 + 3
19691 - 790,000 145.1 137.1 + 8.0 +6
1970 900,000 |  164.8 153.0 +11.8 +8
1971 920,000 | 168.1 159.1 + 9.0 +6
1972 940,000 : 173.1 162.7 +10.4 + 6
1973 975,000 178.3 177.2 + 1.1 +1
1974 1,000,000 _ 183.7 ' 187.4 - 4.7 -3

- Average Ervor : ' : + 1.4%




TABLE 9. - PROJECTED WATER REQUIREMENTS - PALM BEACH COUNTY

Water Requirement = 5.485 + 1.01 x Ln. Population

Forecasted
Year  Projected ' 5.485 + 1.01 Water
Population X Projected Requirement
Ln. Population : x 109 qals.

POPULATTON - LAND USE PLAN

1980 577,558 18.88 - 158.97
1990 692,012 - 19.07 190.08
2000 805,894 19.22 222.55

_ POPULATION - U. OF FLORIDA
1980 543,000 .30 18.82 149.36

1990 730,200 19.12 - 201.45
2000 628,800 19.36 .256.86

TABLE 10. PROJECTED WATER REQUIREMENTS - BROWARD COUNTY

Water Requiremgnt = 5,485 + .98 x Ln. Population

R Forecasted

Year Projected 5.485 + .98 Water
Population x Projected Requjrement
Ln. Population % 10° gals.

POPULATION -~ LAND USE PLAN

1980 945,000 18.97 172.99
1990 1,140,900 19.15 208.06
2000 1,403,000 19.36 _ 254.83

POPULATION - U. OF FLORIDA

1980 985,700 19.01 180.28
1990 1,245,400 19.24 226.72

2000 1,504,300 19,42 _ ' 272.83

“ 25



TABLE 11. PROJECTED WATER REQUIREMENTS - DADE COUNTY:

Water Requirements = 5.485 + ,980 x Ln. Population

Forecasted
Year Projected 5.485 + ,980 : Water
Population X Projected Requirement
: Ln. Population x 100 qals.

POPULATION - LAND USE PLAN

1980 1,610,000 19.49 291.60
1990 1,930,000 19.67 348.29
2000 2,160,000 19.78 _ 388.92

POPULATION- U. OF FLORIDA

1980 1,511,000 19.43 274.02
- 1990 1,861,000 19.63 336.09
2000 2,165,800 19.78 389.95
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Validation of the Water Requirement Predictive Equation on a Municipality

Level

The water requirement predictive equation that was developed, based
anly on 1974 population for the whole FCD region, is as follows:

Total Average Daily Pumpage = 5.012 + 1.012 x Ln. Population (1)

| Another water requirement predictive equation that was exp]icit]y
developed for the 1ower east coast is as follows:

Total Average Daily Pumpage = 5.485 + ,984 x Ln. Population (2)

The predictive water requirement equation (2) developedffor the lower
east coast was validated on a county level by data obtained from municipal-
ities serving at least 60 percent of the county population, for each of the
lower east coast counties.

The constraint on population which was imposed in the validation process
of the lower east coast could not be met for other FCD areasihbecause of the
large rural population not on municipal water supply systems. However, it
was decided to use the predictive equation for the whole FCD region to see
how far off the fit was; at least for the populous urban areas.

With the above-stated reasoning, the following municipalities were con-
tacted concerning the population they serve and the average daily gquantity
of water they pump. These municipalities are: Orlando, Vero Beach, Fort
Myers and Fort Pierce.

Orlando Utilities: The original equation was slightly modified to reduce

the error between the historic and the calculated pumpage. The error varied

from a high of +8 to -6 percent, the average error being less thane};percénf.

It

can be stated then, that the fit between the historic and the predicted pumpage

is good.

Vero Beach Uti]itieé: The fit for this utility company is:&lso good as the

average error is only +3 percent.
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Fort Myers Utilities: The slight modified predictive equation predicts the

water requirement c]osé to the historic pumpage. The averageserror between
the predicted and the actual historic error is within 10rpercent.

Fort Pierce Utilities: The general predictive equation or a modification of

it does not fit the historic data. The error varies from +24 to -5 percent,
the average being +10 percent. It can only be stated, based on other county

and municipal validation processes, that the data might have inherent errors.
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TABLE 12. PREDICTIVE EQUATION CHECK USING THE PAST POPULATION AND PUMPAGE RECORDS.
Vero Beach Utility Company.

Log Y = 5.012 + 1.000 x Log Population

o Lo | oo | o r | i ey
ear Population Population Population x10@ gals. x 106 gals. Error %
1964
1965
1966
1967
1968
1969
197% 19,491 9.88 2.93 2.58 + .35 + 14
1972 21,392 9.97 3.21 - 3.10 + .11 + 4
1973 23,173 10.05 3.48 ' 3.31 + .17 + 5
1974 24,5497 10.11 3.69 3.80 - .11 - 3
1975, 24,913 10.13 3.76 3.91 - .15 - 4
Average Error + 3.2%
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TABLE 13, PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS

Orlando Utility Company.

Log Y = 5.012 + 1.037 x Log Population

5.012 + Average Daily Historic
Year Past Log 1.037 Log Pumpage Daily Average Error %
Population Population | popytation x 106 gals. x 106 gals.
1964 ‘
1965
1966
1967
1968
1970 149,900 11.92 35,07 32.40 +2.67 e
1971 153,709 11.94 35.81 34.13 +1.68 +5
1972 158,479 11.97 36.94 36.97 - .07 -0
1973} 160,998 11.99 37.72 39,27 - 1.53 - 4
1974 164,907 12.01 38.51 40.97 - 2.46 -6
1975 165,669 12.02 38.90 40.98 - 2.08 -5
Average Erfor -.33%




TABLE 14. PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS
- Fort Pierce Utility Company.

Log Y = 5,012 + .990 x Log Population

- LE_

Past Log 5.01Z2 + Average Datly [ Historic

Year Population .Populatiqn Pégagat?gn XP?ggaga1s Da;:zﬁA;:;:?e error .
1964

1965

1966

1967

1968

1969

1971 34,300 10.44 4,62 3.86 + .76 + 20
1972 36,771 10.5]1 - 4.95 3.98 + .97 + 24
1073] 37,684 10.53 | 5.05 4.52 + .53 + 12
1974| 38,115 ©10.55 5.16 5,24 - .08 -2
1975) 38,017 10.55 | | . 5.16 5.43 - .27 -5

Average Error ' _ +9.80%
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TABLE 15. PREDICTIVE EQUATION CHECK USING PAST POPULATION AND PUMPAGE RECORDS

Fort Myers Utility Company.

Log Y = 5,012 + 1.000 x Log Population

Year Popﬁ?gg{on ' Popt?gtion ?:86% Eog Avesz%gaggi1y AVE&;StOE;$1y Error %
Population x 106 gals. X 188 gals.
1964
1965
1966
1967
1968
1969
1971 34,524 10.45 5.18 4,91 + .27 +5
1972 35,038 10.46 5.24 5,06 +318_ + 4
1973 35,560 10.48 5.40 5.64 - .24
1974 36,375 10.50 5.50 5.69 - .19 =3
1975 37,884 10.54 5.70 5.83 - .13 -2

Average Error

0%




SEASONAL DEMAND ESTIMATION

MonthTy groundwater pumpage can be considered as a time series defined
by the values Py, P,... of a variable P (Pumpage) at times ty, tp.... Thus,
pumpage P is a function of time t, symbolized as P = f (t). Characteristic
movements of time series may be classified into four main types, often
referred to as components, and they are: 1) Tong term or trend, 2) cyclical
variation about the trend Tine, 3) seasonal variation, and 4) irregular,
random, or unaccounted movements. The long term or trend movement can be
estimated.by various methods. The first chapter of this report dealt with

that. This chapter is entirely devoted to seasonal variation of pumpage.

Seasonal Variation

This refers to the identical, or almost identical, patterns wh{ch a
tihe series appears to follow 1 during corresponding months of successive
‘years. Such movements are due to recurring events which take place aﬁnua]]y,
as for instance, the sudden increase of department store sales before Christmas,
the increase in municipal pumpage during dry months for lawn sprinkling, etc.

Concerning the groundwater pumpage, the climatological situation of the
central Florida area is such that almost 70 percent of the annual rain falls
duriﬁg thé months of June through September. During this period, it is assumed
for purposés-of thfs study, that the moisture content of the soils are at field
capacify, no lawn irrigation is anticipated, and the groundwater pumpage is at
the lowestrannual level. As time progresses, however, the moisture content of
the soil starts to decline and people start to irrigate their lawns; the pump-
age goes up gradually. Finally, during the dry period (April through May) the
‘pumpage reaches its peak. This phenomenon reoccurs every year. The objective
of this study is to estimate this peak demand so that the quantity of water

demanded during the critical period can be best estimated.
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Method of Analysis

To estimate the seasonal variation one hust see how the data in the
time series vary from month to month throughout the year. A set of values
showing relative values of a variable during the months of the year is
called a seasonal index for the variable. If for example,,ohe knows the
pumpage during January, February, March, etc., are 101, 115, 118, .....
percent of the average monthly pumpage for the whole year, the numbers 101,
115, and 118 provide the seasonal index for the year and are sometimes re-
ferred to as the seasonal indéx numbers. The meén seasonal index for the
whole year shbuld be 100%, i.e., the sum of the index numbers should add to
1,200%.

Various methods are available for computing a seasonal index. The
method which has been used here is the average percentage method. In this
method the data for each month of a year is expressed as percenfages of the
average for the year. The percentages for corresponding months of different
years are then averaged; using the mean, |

The resulting 12 percentages give the seasonal index. If their'mean_is
| not 100 percent {i.e., if the sum is not 1,200%) these should be adjusted by
multiplying by a scaled factor.

Data Collection

Monthly pumpage data were compiled from Delray Beach, Miami-Dade, West
PaTm‘Beach, Boca Raton, and Belle Glade. Belle Glade has only 8 years of
 data whereas the remainder of the utility companies have more than 15 years
of record. The monthly pumpage and the total for the year'are presented in
Tables in Appendix C. By dividing the yearly récords by 12, an average
value was obtained. The monthly values for a particular year divided'by the

average value of that year gives the monthly percentage of the yearly values
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which are presented in Tables in Appendix D. These were then averaged and

the seasonal pumpage variation was obtained. It can be seen from Tables in
Appendix D and also from Figures 3-6 that the monthly pumpage for Delray
Beach varies from .80 to 1.25 percent., the maximum'dccuring during the dfy
month of April. For Boca.Raton, the variation is from .78 percent to 1.29
percent, fhe méximum also occuring during the month of April. Miami-Dade's
maximum monthly pumpage is only 12 percent over and above the monthly average.
West Palm_Beach'simaximum:monthly:.pumpage is=1.18 per;ent of the average. The
City of Belle Glade is the only one where the maximum month occurs during the
month of December. Due to lack of at least 10 years of data, Belle Glade was
eliminated from further calculations. Averaging the municipalities’ peak
monthly pumpage (excluding Belle Glade), the average peak monthly pumpage for
the central and southefn area is estimated to be around 21 percent over and

above the averagé figure.
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SUMMARY

A predictive water demand model (in a strict sense a requirement model
since the price of water demanded was not incorporated) was set'up
using the social, economic, and environmental parameters for municipal-
ities within the FCD area. Data from 19 counties with 69 municipalities
that are within the FCD boundaries were used in the development of the
model .
A computer run was made with seven. independent parameters_that were
thought to have significant effects on the amount of municipal pumpage.
These pafameters were: a) a pdpu1ation served, b) number of . persons
per dwelling unit, c¢) rainfall inches/year, d) median family income,
e) population per square mile, f) percentage of population 18 years
and over, and g) percentage of population 65 years and over.
The coefficient of determination was determined to be .913 for the
general model with all seven parameters included. However, some of the
regression coefficients determined from the model showed the error to
be in excess of 100 percent. These variables were: a) average persons
per unit, b) population per square mile, c) perceﬁtage of population
18 years and over; and d) percentage of ﬁopu]atidn 65.years and over.
They were deleted from the predictive water demand model.
A second computer run was made with the stable parameters which are:
a) population served, b) average rainfall/year, and c) median fami]y
income. The coefficient of determination for the above model was
determined to be .911. |
The coefficient of determination between the population served and the
quantity of water pumped was determined to be .892 for the same set of
data.
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Presently, the primary emphasis in the Resource Planning Départment of
the District is being b1aced on the development of a "Water Use and
Water Supply Development Plan" for the lower east'éoast (Palm Beach,
Broward, and Dade Counties). A separate computer run was made incor-
porating the seven parameters as.stated above for these three counties.
The coefficient of determination was determined tb be .882. Population .
served alone was also cdrre]ated against the quantity of water pumped ;
the coefficient of determination was determined to be .864. |
. The general predictive model was updated and validated on thé county
level for the lower east coast area. It was assumed in the validation
process that the water demand representing at least 60 percent of the
county population must be represented in the predictive eguation. For
Dade County, the Miami Sewer and Water Authority provides 80% of the |
county population with its potable water. Pumpage data for the years
1965-1974 were compared against those calculated by use of the predictive
equation. For the period of record, the average percentage error is found
to be 1.4 percent.

| The population criteria as established above was met fot Browrd -
County by summing the population served by cities oleo11ywood, Fort Laud-
.érdale, Pombano Beach and Deerfield Beach. Five years (1970-1974) of
historic pumpage data was compared against the ohe'obtained by use of the
predictive equation. The average error between the predicted and the
historic pumpage values is within 1 percent.

Pumpage data and the population served by Pahokee, Palm Springs,

Boca Raton, Delray Beach, Lake Worth, Riviera Beach and West Palm Beach
were also compiled for the years 1970-1974, 1nc1usiye. The modified
predictive equation was used to compute the water réquirement figures for
the above stated years. The average error between computed and historic
pumpage values js within 1.2 percent.'
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10.

11.

The water requirement for future years for the three lower east coast

- counties has been projected. The future water reguirement is based on

two sets of population projections; (a) population projéction based

on University of Florida‘'s study, and (b) land use projections. The
average daily quantity of water that will be required to support the
projected population for the three counties would be 390 miilion gallons
per day for Dade County, 270 million gallons per day for Broward County
and 255 million gallons per day for Palm Beach County. These figures

are projected 24 years from now and are very speculative. The'popu1ation
projection has to be revised as the years progress and water requireménts
must be recalculated. |

The populatidn constraint imposed in the validation process for the lower
east coast area could not be used for other counties because df the large
rural populations. However, the equation was used in the more populous
urban areas. The predictive equation was checked for the following munici-
palities: Orlando, Vero Beach, Fort Myers and Fort Piefce. The average
error between the computed and the historic pumpage figures is within

the 3 percent level for the four municipalities. The average error is,
however, in excess of 10 percent for the municipality of Fort_Pierce alone.
A second statistical model was used to quantify the amount of water being
used for lawn.irrigation purposes during dry moﬁths of the yeaf.

Based on the analysis of the 5 1argest_ut111ty companies' monthly pumpage 
records, it was determined that the peak monthly pumpage varied from 12

percent {Miami) to 29 percent (Boca Raton) of the average yearly pumpage.
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CONCLUSTONS -

It is concluded from this study that population served is the most
determinant parameter of the water demand model for the Central and Southern
Florida Flood Contro] District area. There is.a‘slight increase (2 percent)
in the coefficiént of determination if socio-economic and meteorologic param-
eters, name1y the median family income and the average annual rainfall, are
included in the water déménd.model. However, this is a'margina1 increase and
subsequent 1ncdrporatfoh of these parameters into the working model is not
anticipated.

The methodology presented in this report permits the estimation of
future water demands. The Water Use and Water Supply Development Plan being
prepared by the District will evaluate the levels of water demand that can be
| supported by the water resources of the region, given.the present conditions
and various alternative water supply development options, and will utilize
this methodology. The two sets of projected popufation are presented herein
only to illustrate the magnitude of potential water requirements.

The water requifement model developed here will also have application
to the evaluation of water use applications.

The second model shows the monthly varjation of yearly bumpage, and is
important for planning purposes in that it permits estimation of water
requirements for drought months. Also, if only the average daily per capita
cbnsumption figure is available, this in turn can be converted to_each.month1y
water requirement. It is also concluded from this study that the peak monthly

pumpage rate is 21 percent of the average yearly pumpage.
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Figure 2. Water Demand Model - Flow Chart
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APPENDIX A



COUNTY

IN

1,000's

POPULATION NUMEBER OF
PEQPLE PER
D. UNIT

SOCIAL, ECONOMIC, AND ENVIRONMENTAL PARAMETERS

"FOR THE WATER DEMAND MODEL

RAINFALL
INCHES
 PER YEAR

Polk

Highland

Palm Beach

Lee

—Et_

12.0
17.0
13.0
81.5
14.0
45.0

8'5
.7

13.0

22.0
45.0
24.0
23.7
26.0

7.6
16.9
69.7
10.0
10.0

7.6
25.1

9.3

3.1
3.1
3.1

52.0
52.0
52.0

52.0

62.0

52.0

MEDIAN

FAMILY

INCOME
'$1,000's

7.98
7.98
7.98

6.21

9.65

DAILY
PUMPAGE
MGD

1.40
2.58
1.55

1 15.63

2.10
5.10

.96
.19
2.60

3.48
13.09
5.69
7.03

4,71

1.41
4.46

18.02

5.71
5.33
2.00

4,60

4.90

1.50

5.64
1.52
3.23
.55
.64

PERCENTILE OF

POPULATION -  POPULATION |
PER 18 YEARS 65 YEARS
SQUARE MILE AND OVER AND OVER
123 65.6 12.6
123 65.6 12.6
123. 65.6 12.6
30 69.1 21.1
173 70.1 17.3
134 71.1

18.8



SOCIAL ECONOMIC, AND ENVIRONMENTAL PARAMETERS
FOR THE WATER DEMAND MODEL

MEDIAN : PERCENTILE OF

POPULATION NUMBER OF - RAINFALL FAMILY DAILY POPULATION POPULATION
IN PEQOPLE PER INCHES INCOME ' PUMPAGE PER 18 YEARS 65 YEARS
COUNTY  1,000's - D. UNIT PER YEAR $1,000's MGD SQUARE MILE AND OVER"™ AND OVER
Dade 15:5 2.9 60.0 9.79 4.33 621 70.6 13.7
14.5 _ : ' . 6.37 : '
17.5 : 5.16
Bd44.0 ' - 177.21
- 55,0 : _ 10.15
14.0 ) . 2.09
95.0" 23.28
Seminole 14.8 3.2 ' 52.0 ' 9.43 1.40 274 . £2.4 9.3
25.0 : 4.35 '
Hendry 2.2 3.2 52.0 7.47 .21 10 60.1 6.9
: 4,7 1.03 :
Broward 6.7 2.7 o 61.0 10.07 1.00 509 . 71.8 18.0
9.6 ' 1.78 - . '
20.0 ‘ ‘ 4,61
205.0 ' . - 42.74
30.8 4.56
124.0 : 13.50
13.5 : ‘ o . 3.38
23.0 R 2.40
19.0 | . 2.59 .
58.7 . . 14.98
Volusia 63.0 2.7 52.0 7.46 9.58 160 73.0 - 22.3
: 18.0 - ' ©2.38 : ' |
B.7 .79
12,1 2.14
27.6 ' 2,79
5.2 1.01 .

_bub_



SOCIAL, ECONOMIC, AND ENVIRONMENTAL PARAMETERS
: FOR THE WATER DEMAND MODEL '

_ \ MEDIAN 7 PERCENTILE OF
POPULATION NUMBER OF RAINFALL FAMILY PATLY POPULATION POPULATION

IN PEQOPLE PER INCHES INCOME PUMPAGE PER 18 YEARS 65 YEARS
COUNTY 1,000'5 - D.- UNIT PER YEAR $1,000's MGD . SQUARE MILE AND OVER AND OVER
St. Lucie  31.5 3.0 56.0 6.74 4.52 87 65.8  14.6
Osceola 3.03 3.3 52.0 6.60 : .46 15 60.7 = 12.0
Orange 8.05 3.1 - 52.0 - 9.41 1.47 372 65.2 9.7

_ 190.00 39.26 .

9.0 - 1.30

53.8 11.88
Brevard 125.00 3.3 53.0 11.79 14.07 288 61.1 5.6

66.70 3.3 8.57

34.00 ‘ : ' 3.81 |
Monrce . 27.50 3.1 56.0 7.77 | 3.00 51 70.1 8.6
Glades 1.20 - 3.2 52.0 6.53 .20 - 5 61.7 9.6
Okeechobee  4.50 3.5 52.0 6.90 .97 14 57.1 8.1
Martin = 8.00 2.7 60.0 7.72 1.98 50 71.9 - 21.0
Indian . : ¥ .

River 16.00 2.9 55:0 7.72 3.40 71 66.7 17.3

_gb_
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AHIAL YRTE AF VAETANCF TARLF RFCRESSTAt CNEFF TrTFt TS , AN STATISTICS OF FIT FOR VARTARALF X & -

SNliprF NE
RFGRESSTON 3

NEVTATINNS 65

- TATAL &8

P=SQUARF =

SOURCF SS FOR X (T} AR

~gp-

92,48149519
1.A74798773
211651049

o e
» WD

SET

D@~ PN L N =

WU VAL AU AT W W e et o e o
OB~ PN DN~ 3D DN NS DN

an
N
3z

SlM 0OF SNUARESR

94, 4T73NN039N0
9.145A12744

103.61RAR1A34

+91173778

§5 TF X{Y) LAST

66,A114055]
1.76RA7919%
«1168]1 049

EXPFCTED

14 ,37175204
14,11A)3480
14,71 704367
15.364900527
16.0534577%
15.43438R3N
14, 64053297
14,916nR942
14.,51973506
13,46441444
16 ,6055]198
14.11139042
14 ,R46P992A
14,4660R44R9
16,N41%9909
14,7951694n
14,797R8237
15,42100035
17,5075904n
15.29234n0n0
13,.9%2391140
15,122534AR8
15,57771698
14 ,450714TR
15,62739291
17.nR549n39
14.n76NAIGY
15,n37299350
14 ,51866577
12,.71079083
16.27311911
11,7n7917%2

MEAN SQUARF
31l,4010n01730

«1407N173

SIRMA =

T FAR Ha a{I)=n

21.79092097
3,54559117
~0,90998]197

nasSERVED

14,15198279
11,77468A56
14,76329996
15,Na2542R5
16,38735974
15,.554220A1
14.72097567
15.2811n7810
14.1519827279
13.R4506%936
1/,45955543
13.81551 056
15.656711003
14.302212392
16.07T518R15
15.746373R42
14.6R2611105
19, 7TR869T24
17.57Tn645%A]
15,54539462
14.,73422NR9
14,9A79%27n
18,324022R5
14.257T76549
15,7331283318
lbs41RPNNP4
13.5797RAR22
15,48444 714
14.5430597
17.7R4REPRY)
16.56470270
12.1547793%

F valLUE

273.8138RA65

»37151n229

8 Vvat UES

-1,71516926

«99277896
751799969
~NeA5TI1 648

NDIFFERFNCE

« 21026927
«36344633
~0a04625634
«2RA54K738
~1,32A9n1139
-e11983251
«4195R72T7
«0s3649RRGA
« 36775227
w0 IANGRES2
« 145960439
«295RTSA6
~NA2081075
«07637498
-0+ 03I3GRING
«NysS4RRA01
«11527133
«e34370492
~0.04305541
~02253n5462
=0 281AP990
+1345421R
« 253746725
v 19695129
« 29455973
+H872911%
c4QhPA54T
=0 42345356
=0s02439340
45592801
~042915A759
«0ab4686183

STD ERROR B

+ 04555929
«T1017767
.39244126

waMODFL

STD B VALUES

«9267748)
+16199925
=0.04635070




\.'.ét-

33
34
3%
36
7
38
39
40
41
42
43
44
45
46
A7
48
49
S0
S1
52
53
54
55
56

s7

58
59
60
61
.62
63
64

6S

66
67

68.

69

DFVIATIONS1111#

14 ,524248961
15.513A5301
15.51385301
14.29929624
14,80691368
14,12300032
13.91602389
15,981 94664
18,88101560
15,33587078

15,.39061922

12.1%68773¢6
14,40358402
16,16985684

16,71245393
15,08618080

15.14619516

13,44962496
14,81146135%
17.05442431
15.,222239%89
14,5652413%
14,5652413%
14.29278623%
13.48578128
16,26672685
13,57841088

15.48243211

13,83052383
14,53994999
14,34071447
15.31296807
14,858977113

" 16,49172447
14,02664754
- 15,68346345

15.80195092
9.14561244

H

14,55744790
15.36519847
15,36519847
14,1%910026
15.03338627
13,217673%6
14.20077296
15.96377829
18,992084603
14.69097930

14,9141228%

12.2060726%
14.57631639
16.1329842¢
16.,96310518
15.31065932
14.76716843
13,78%05135
14.55267462
17.4857167S
14,8415521S
13,4730202%
15.48886180
14.50865774
13,36922346
16.52222654
13,82%46089
15.,34590526
14,0225247)
14.77102200
14.,49860740
15.,15313975
15.03928599
16.70699281
14.,07787482
15.44475110
16,29036687

9.14561358

« 14865455
14865455
+14019601

. =0,22647262

090532676

=0.28474907

«0101483%
«0411183042

064489148

247649648
«0,04919529

«0e)7273236

203687257
wl.2506512%

=04224478523

«37902672
=0+33542639
+2%878673

w0e43129244

238068765
1.09222110
=0092362044
«0.21587151
»11655783
w0.25549969
=0.24705001
013652684
«0.19200090
=023107201
=0.15789293
+15982832 -
-0.18030886
-0,05122729
«23871235

 =0.48R41595

=0.00000114



AMAL YeT& NF YARTARCE TaRLF « BECRFSSLINM COEFFTCTENTS o AMPR STATISTICS OF FIT FOR VARTAGBLE X & WHMODF L

SALRCF ne Sl (F SQILRFS MEAN SOUARE F VALUE

RFGRESS TOM 1 92.4R1A9510 97.4R169519 Bgh,37727274

SOUREF

-

_81?-

DFVTIATINNS AT

TNTal hA

_R=SQUARF =

SS FOR X{T} any
93.48169519

SFET

M-~ U A

11.13692115

1n3.A18A1634

«BO252007

S5 TF X{(T1} LaSTY

92.4R149519

EXPFCTEN

14.5181A8124
14,16819719
14 ,ATNRKT31S
15.13160030
15,8568R1915%
15.,2194572n
14,80932007
14.7TARRINGY
14,73n42178
11.5695T740R
16 ,BR97464,4
13,8283 7927
14, 7090715
14 ,29235647
16,19633440
15.03514489
14.928K1R37
15.20KQ2727
17.390386%0
15.4737571n
14,]10TR44ALY
15.30046169
15,49646354
14,59918573
15,4737571p
16.,96010792
14,1972733%n
14,90000900
14,59918573
12,8013476n
16,4568964n0
11.7122774n
14,6741841R
185.30066189

< VARA222TD

S1GMA =

T FAR Hn R(I)=0

23.58754381

nasERVED

14,15198279 -

13.77468R56
14,743299%964
15.nK2542R0%
16.3R735914
15.55422081
14.22n097567
15.2R1NTAIN
14.15198279
13,A45069136
16,459558%43
13.8155105%6
15.66711003

14,39212302 -

16,n751881%
15.34373842
14.6826]1115
1S5.7TRS69776
17.87T0645A1
15.8453%9442
14,234220R9
14.,8R799270
15.3740n225%
14,25376549
15,3328318
16.41920024
13.57YQ978BR22
15,4%0464714
14,54305%917
12.,254862R1
16.56470270
12.1547793%
14,55744790
15.36519R47

«407T7N419

B VALUES

S.N1265813
1.01201%89

NIFFERFNCE

+JAR19844

« 39450862
«1n737319
»069N5T4G
-0.5315395839
0433456361
«SBAI4440
=0,50023049
«57R47885
=N,27549528
«43019101
«1178R8T71
-0,95741788
-0,0697R750
+12114625
=0:30A%63517
24500733
«D,1ANZSAG]
Do 07163752
=0.12637679
0 31264900N
«1T244099

v 34542024

- «14092392

"~ +54194768

« 51294528
+55643814
+05812657
eS5464R479
=0s107BNEI0
=0,44250195

[=]

»11673627

=N, 06453678

STPH ERAOR B

« 04290467

STD B VaALVES

« 94473281



..6#..

- as
36
37
38
39
&40
41
42
43
44
45
46
A7
48
49
sn
51
52
53
56
55
S6
57
58
59
60
61
62
63
64
65
66
67
68
69

DEVIATIONS1111#4

15.30066169
14,0N6257067
14,63737954
14,280175930
14.11427523
16,25409037
18+,82259356
15.17658619
15,35742512
12.10792854
14,52657976
16,0589010A
16.61201200

14,86470253

14,9832352¢6
13,52556645
14,67418418
17.3134879¢
15.36109851
14,33366893
14,33366893

14,.05593448

13.,63219297
16,12547932
13,68541736
15.2686319%
13.89770977
ﬂ&.@ﬂﬂqmmﬂu
14,10784411

15,57214911

14.80932007
16,29748122
14,22704241
15,855a1915
16,03674558

11,13692115

15438519847
14.15910026
15.03338627
13,21767356
14,20077296
15.96377829
18,99284603
14.69097930
14,91412285%
12.2n607265
14,57631639
16,13298426
16,96310%18
15,31065932
14.76716843
13.785%0513%
14,55267462
1T.48571675
14,84155218
13.,47302025
15.4A886180
14 ,5nA65774
13.36922346
16.,52222654
13.82546089
15.34590526
14.,n2252473
14,77102200
14.,469860740
15.,15313975
15.03928599
16,7069928)
14.077857482

15.44475110

1629036687
11.13692203

006453678
~0+09652959
=0e39600673
1.06408574
w0s00649773
«29031208
w0e]702%8246 .
248560690
«44330228
=0,01814410
»0,0497366)
«0,0748R318

035109318

=0.44598679
« 21606682
«0,25%948490
12150985
w0,17222879
«519545635%
+86064868
=1415516287
«0+65272326
+2629665]
w0s396T4T22
=0+14004351
w0,07727332
=-0.12481496

=0e17183627

«~0.35076329
241900936
lQ.NNOOOUﬂN

=0es40951159

14916759
«41106805
=029362129

»0.00000087



A ALYRTS NF yLRETLIFE TAMLE & BECRFSSIC! CREEFRTRTRNTS o At STATISTICS OF FIT FUGR VARIARLE X 5 WNMODFL

~08-

DEYIATTINANGY) 1

4.1R45A57

4,318487604

=0,00003111

Sni)altr "t LM DF SptaRESR MF AR SOUBKRF F VBLUE
FFHROESSTAN 3 7 GFGTTCIY 11,05525974 A2eB4224303
DEVTATIANS 28 44,11 R4KRA57 +172T3R26
TrTal a8 26 L ARADAGHE
R=SAUARF = LPRPQIRA, i SIGMA = v41%261793
S8 FOR Y (T) any S TF X{l) LAST T FOR Hr B1I1)=0 B VALUES STH ERROR R STD B VALUES
: 0T+ 66ETNEAT _
371,89] 19165 32,7451R713 13.6A275181 +99938A803 « 07314691 «94380242
«N20644R8 .PAP595522 =1.09192330 =2.8473R55] 2.60768271 -D.,08167190
«A5AG42RN JEBIG4PAD =1.94569R79 =R, A2741996 4 .536RRA026 ~0.14651343
SF1 FYXDFCTEN ORSERVED DIFFFERFMCE
1 15.47398AR297 1514254215 «17132012
] 16,1490450& 16.38735914 N PIRI14NT
3 15,52na214%9 |5.E54220R] =0407233997]
4 16,0508 TR44 1978107410 ~0e22M109465
5 13,5132334p 13.815851n054 WNGg772332
& 14 . 9FNAZIAY 15606711003 «NohRA4PEAL
7 14,27266935 14,392123292 ~0,1194%457
R 18,46071R5ka 15,34373842 «1169R014
9 15.50825001 15, 76569726 «0e25T44725
10 17.932047873 17.5716458] =0.23860298
11 15,43932961 15,3312133318 « 11649542
12 16,9n713284 16.,41820024 +4RRIIPED
13 15. 1656134 1545644714 =N.2R7TARG3Y
14 1R.kN0al 4k 15.36519847 23561635
15 14,37TR177R1 14,159100764 221997235
L] 14,.6133R73n 1571333827 =0s41999897
17 19.04219947 14299704602 «04935365
18 15.145R6%77 14.69497920 »454ARAGSET
16 16,3129923¢ 1ha13298426 +1A000AND9
a2 16 ,F£592n0159 16.96310%14 -Geln39n353
21 15,170295%93) 15.319A59372 -0.1403R379
22 14,95492 745 14e7A716843 «1R?75Gn2
?3 14.945R5384 14455267467 «397R7922
P4 14 .,F4RRARL 2 13.47302075 141772RK7A7
5 14,645089]2 15.4298618n =P ,A4737367
26 14,37161927 14597617 T4 =-0413703R51
27 16,.0RPG1R67 16.572222R%4 =f1e42G3I0TRE
7R 15,.5A918474 15.34590526 e 22127948
25 14 ,5RG519611 16.7069928] =0a12179670



SQURCF

LI

- [5-

AT AL YRTE AF

SNURCF
FERRFRSTAN
DEVIATTANG

ToTAL

R~SNUARF =

SS FOR X{T)

yr-TA-TH

aF

31.891191A5

SF1

we L o~ R N e

— s
Y I ]

e
[E L N |

— i —
o~

2n
21
22
73
24
28
Pk
27
M
FE

DEVIATIANSIT] ) ®

1

hd NF SHUAIES

AT ,391191AR

27 4,3%304420
28 36,074 23A5RE
.I.}@\u.n..ﬂ.wv

AN SS TF X(I) '[LaST

I1.R3119165

FXpPFOTED

15.37894811
1#.N13349373
15,41461297
14.9”771575
14,15341223
14.,91A61%H4
14,.,5125020%
15.27%5117289
19,41222°84
17.52A176531%
15,AR1A1131
17,107 7H474
15, 1"3/4739
15.4934144%9
14 ,2095H47
14,834R815214
1R. M1 3ATH41
15.37271137
1623105199
16, 76914477
19, 14970 05A
1. 1R451337
14 ,8R37575%
14 ., 5%RPR92734
14 ,55%2632136
14,7892502250
16,7965021954
15.46225731
1h.4Rh316015

4,993In4420

AL

”

'

R AN

AF Al SIIUARE
11,30]119145

£ 144927796

5TaMe =

T FAR Ha a{ll=0

13.,13211116

NASERVEDN

15.76254285
16.73a7353814
15.554220A81
19.2RINTHLD
13.41551056
15.66T71117073
l4,39212392
15.34373842

15.76569726

17.7570645R1
19.93283318
16.41R20024
15.40A44714
1534519847
14.15910174
15.,03338627
18,7792R46013
14.69097930
16413298426
16.,3671051R8
1511165932
Y4, T6T716R43
14.552hT4n2
13.4730P025
15.48RR618n
14 .5126%774
16.5p222654
15.34590526
16, TA6E92H]

4,993N043499

STATTISITES

F ovaLUE

177 45234340

«430A3IZN08

B VALUES

S.4A4RAL62
«9R452472

NIFFFRFNECE

«2R640526
=0 a3B3IRESE]
«0e]l3960784
=f,293362135

-ubVDDHMP
=Ne74R6N417T

e1203TAYT
«0s1NABPS5]
=Ns3634A842
~Ne044270%)

«32RGT712

«HRUKR4T]
0143527002}

+ 12821352

+12988R1 4
~0s 1523357
~Na3731A961

«BR1TI26%

= 0GROT4T2.

=N 010404}
-0,2413R4 78
«41T44496
« 311 2A237
10768687211
- e93614944
=N.2P615524%
~NeAPNH3ATAT
2 11AIAR2NE
w0a 28383446

LANNANG2]

Tt

FOR VarTAs s &

STh ERRNR R

«07497079

T

STD B VaALtIES

92985446
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BOCA RATON
PUMPAGE IN MILLION GALLONS/MONTH

FORM 17-A

JUL

NOV

YEAR JAN FERB MAR APR - MAY JUN AUG SEP ocT DEC ~ TOTAL
1961 89.9 93,3 122.5} 128.9( 104.2 90.5| 132.8/105.1(102.9 88.5 96.1[108.9 1263.60
1962 105.7] 114.8/125.9| 106.5/153.8| 89.6] .95.9 109.44105.4 {127.9 ] 111.5]|125.2 1371.60
1963 96.0 76.9]131.3| 161.2| 130.9 96.2} 185.0{172.01}! 95.6 {125.7 | 133.9(132.2 1536.90
1964 106.61 105.4f 157.0| 187.3/133.9 161.1! 164.6{171.73126.0 {136.5 1 145.6|146.3 1742.00
1965 163.7| 123.9/197.4] 251.9]/ 257.0] 157.8} 182.7 185.4(141.5 [129.7 | 130.6[161.9 2083.50
1966 114.3| 150.2;182.8] 209.6]/ 172.6 92.51 137.2{165.41120.3 |132.7 | 168.7|172.5 1818.80
1967 151.6} 159.1] 205.8| 289.5] 288.8 1 142.6) 221.8/ 188.3(169.5 | 150.5} 193.71200.9 2362.10
1968 224.6| 207.4| 264.4] 332.9/188.6 ] 113.1| 263.8{ 270.2]207.2 |161.6 | 240.97299.8 2774.50
1969 205.0| 251.1] 223.8| 277.7/ 220.6| 207.0| 270.4/ 259.8]191.9 | 227.0 | 254.9{250.3 2839.50
1970 270.2; 258.6{ 265.1 | 440.2{ 410.0] 229.8| 306.9] 364.1}314.7 |317.3 )| 376.0|388.0 3940.90
1971 375.6] 323.8/ 431.7| 440.3/ 308.7 ] 264.6] 354.4] 341.1257.2 ;295,21 290,.2[326.8 4009.60
1972 329.9| 304.0 427.4| 397.7/ 311.1§ 232.5| 336.8 426.7[352.6 | 436.8 | 337.7]1340.8 4234.00
1973 382.1f 345.3] 461.1| 509.5/ 410.3| 296.3| 240.2 247.7(215,.3 | 249.7 | 357.0(393.9 4107.90
1974 430.3| 457.7 6312.0] 560.6! 575.3 | 412.5] 441.5) 384.91490.5 | 461.6 | 446.41455.8 5729.10
1975 535.7] 436.3] 596.8] 688.7 I B 2257.50
Menthly Avg. 105.3] 114.3128.08 145311173_5315};59:1§g;3ﬁ231;21_235,63 328.41 334.13 352,83
342,331 477.43188.13

|
T




MIAMI-DADE
PUMPAGE IN MILLION GALLONS/DAY

JAN

FEB

YEAR B MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC | TOTAL
1960 93.4| 93.8|101.4]| 101.3] 97.5| 86.4| 1062.7] 91.4| 83.5 82.9 88 94,1 | 1116.4
1961 92.9| 99.8/106.6( 116.7{105.7{ 97.5( 106.6[107.7 [102.2 | 96.4 | 93.7{100.2 | 1226
1962 97.6 113.4}112.4} 110.2}122.3 | 95.1) 101.4|104.2 ) 96.0 {104.6 | 95.8106.0 | 1259
1963 105.0| 105.3|125.5] 134.4[119.1 | 105.3{ 123.0/120.0 [107.0 |105.7 |[111.1|113.6 | 1375
1964 116.5( 118 [127.9( 135.3{118.5 | 119.4| 127.7/130.1 |125.2 {117.2 | 122.4{122.4 | 1480.6
1965 130.3] 130.1]143 161.6{166,1 | 143.1| 145 1137 [134.2 {127.7 [129.8[138.1 | 1686
1966 119.1) 132.5{127.7 | 133.1{135.4 | 115.3| 122.9/127.7 |126.8 |123.1 | 124.1{129.4 | 1759.7
1967 129.5] 131.4]|140.7| 148.9]156.7 | 124.4] 130.4]125.9135.3 [119.4 | 122.0]133.0 | 1597.6 -
1968 130.9| 134.7/141.4! 166.0{131.3 ) 122.5{ 138.5{140.0|130.5 }{125.5 {133.81148,2 1643.3
1969 133.8] 142.2/139.2) 141.11134,2{131,3| 140.9{140.3134.9 }134.0 }133.1/140.3 | 1645.3
1970 139.2| 142.5(144.5] 172.3/169.7 | 144.8] 148.6}158.7 [152.1 |144.8 [ 154.3]164.9 | 1836.4
1971 165.9! 163.4|/176.9] 185.0/152.9 | 146.1] 159.9|152.1 |146.4 |150.2 | 151.2|159.2 [ 1909.2
1972 155.2| 155.6]166.8{ 174.6]158.0f 154.6]| 165.7]173.7[160.4 {165.0 ] 160.3]162.0 { 1951.9
1973 166.61 165.6{ 180.3] 193,3/187.4] 178.4) 173.3/172.5}172.1 {173.3]182.8[180.4 | 2126
1974 182.73 194.3{202.4| 205.0/194.01 181.0| 180.5/187.3/186.7 [178.5 | 132.7[180,1 | 2249.2
Monthly Avg. 93.0] 102.1f104.9] 114.5/123.3] 140.5| 146.6}133.1{136.9 {137.1 | 153.0(159.1 |
- T 162.6] 177.1] 187.4 ] '
|
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WEST PALM BEACH

FORM 17-A

PUMPAGE TN MILLION GALLONSYMONTH
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT_ NOV DEC TOTAL
1955 300.7! 288.3| 380 348.9/ 354.6] 271.8| 313.4/ 325.4[371.6 [ 330.0 | 343.2(269.9 | 3897.8
1956 315.9] 336.1| 427.5| 395.3] 369.5] 306.8! 319.7 308.8}213.2 | 268.2 | 294.9(316.0 3871.9
1957 343.9] 291.7 326.0] 307.6/ 292.2| 281.2]| 306.8| 266.3]264.6 | 270.4 | 316.5(326.3 | 3593.5
1958 257.5| 292.9308.3] 327.9] 310.61 330.6f 389.4| 334.61288.1 [ 325.3 | 207.1[281.6 | 3743.9
1959 305.5| 331.2{ 323.7| 383.4/387.3} 343.1] 364.4][ 327.21268.3 | 296.5| 272.1[339.9 | 3941.6
1960 387.4) 305.4| 379.4] 389.0| 446.4 ] 334.3| 454.9] 393.3(243.2 [ 282.7 | 315.9/380.1 | 4311.9
1961 366.2f 379.0| 459.8) 445.9/ 393.1| 385.6| 503.1] 428.5[458.7 | 362.8 1 373.8[404.6 ] 4961.1
1962 405,2] 433.5! 480.0} 422,0 498.2 | 318.0| 337.1! 362.5{351.4 § 361.9§ 361.6|397.6 | 4729.0
1963 343.6| 297.1 418.3| 525.2| 415.9| 370.4} 543.6 445.21299.4 { 330.1 | 360.2]/380.9 | 4629.9
1964 325.0{ 328.1] 455.2| 460.0 393.3| 408.7] 434.3 417.5]327.6 | 357.6 | 324.4[330.3 | 4562.0
1965 380.0] 313.9 441.2| 545.2] 540,8| 328.4] 437.6| 496.7425.2 | 359.3 | 361.9|428.1 | 5103,2
1966 321.1| 364.7 437.5] 454.9 453.9{ 299.7| 358.0 323.4315.1 | 329.4| 306.01414,4 | 4468.1
1967 390.8| 374.4] 487.4| 593.1] 622.8| 384.9| 461.6| 404.7|389.6 | 338.6 | 404.6{470.8 | 5323.2
1968 451.1] 369.1 482.6| 560.1 383.9] 374.7] 466.0 464.9(339.7 | 265.3 [ 357.2[416.9 | 4832.0
1969 409, 435.6 401.1] 499.1] 395.4| 399.9] 500 ['433.7/362.91369.4] 401.4]450.1 ] 5058.6
1970 437.0] 399.2 461.8| 608.6| 642.5| 430.7| 543.2 594.4|516.9 | 454.8 | 535.3(584.6 ) 6209.3
1971 551.6| 499.0 642.6} 630.1 491.1| 408.4| 557.8 519.4|417.6 | 457.9| 436.4]489.0 | 6101.4
1972 487.4| 449.4 578.3} 507.2 396.9| 362.8| 515.0 575.7|547.7 { 566.4 | 464.5/496.6 | 5948.2
1973 500 435.8 569.0| 626.4] 648.5] 504.7| 498.2 536.5{471.5 | 496.8 | 541.5|525.6 | 6355.0
1974 493.8| 534.9 702.1]{ 700.8 661.3] 531.6| 565.4 567.9}597.1[538.2| 559.7[555.8| 7008.2
Monthly Avg. 324.8] 322.4 299.4| 311.9 328.4| 359.3] 413.4 394.0[385.8 ]| 380.1] 425.3]372.3
443.6| 402.7 421.5| 517.4 508.4| 495.7} 529.5 584.0
A
X
|
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ESTIMATION OF - SEASONAL VARIATION
OF MUNICIPAL PUMPAGE IN MILLION GALLONS/MONTH

iR Mm

if-A

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT -NOov DEC TOTAL .
1955 77.1 70.7 95.1] 84.3 | 100.1| 65.8 87.6 | 102,1| 52.9 82.5] 97.1 64.8 980.1
1956 88.0 93.6 { 117.1§112.4 | 100.7{107.1 [121.3 93.4| 35.6 49.2 { £68.3 83.1 [ 1069.8
1957 93.7 85.1 75.2| 73.3-1 53.6] 93.2 76,2 56.91 68.5 62.5 | 83.2 | 77.5 898.9
1958 53.5 72.9 67.9] 82.4 71.4 (140.2 1100.1 72.5| 80.5 91.2 ] 74.3 47.2 954.0
1959 64.0 69.6 63.0{104.7 |103.3| 82.9 | 86.0 85.4| 60.2 82.1 ] 61.8 94.9 957.9
1960 100.1 71.8 86.3( 91.3 |119.9| 86.2 |117.6 | 100.2} 47.0| 46.11{ 66.7 93.8 11027.0
1961 80.8 99.4 | 129.6(134.3 | 109.2 | 97.7 |159.4 | 133.4(133.0 88.8 | 88.8 96.3 | 1350.7
1962 98.6 {116.7 | 134.4(129.7 |178.4| 81.3 | 95.3 | 101.7] 91.0 [112.2 [103.7 1103.0 | 1346.0
1963 76.0 64.4 § 110.0({128,2 [ 116.5| 92.2 |158,1 | 150.8f 77.2 91.31101.3 [104.1 {1270.1
1964 79.6 8B6.3 1 127.81137.6 96,91119.2 |140.]1 [136.6] 81.8 93,7 105.2 917. 1302.1
1965 1l16.7 87.3 [141.77193.1 | 207.3(107.2 }112.4 | 157.3] 96.3 88.3 ] 96.6 |116.6 ! 1520.8
1966 78.3 98.5 | 125.0[138.5 | 112.0| 67.3 92.6 95.0] 77.4 88.4 |125.8 [123.4 | 1226.2
1967 100.3 ]117.8 1169.6191.4 | 208+2] 95.7 |161.2 | 114.3]111.1 93.0 134,92 1127,511625.0
1968 147.9 1124.7 |156.8(204.6 | 119.0]| 68.8 [153.0 [145.11101.7 82.31133.9 [154.9 | 1581.7
1969 112.4 [143.9 }1123.7(148.9 |116.0)123.0 |159.0 §141.7]105.4 |118.7 |]127.3 }147.1 [ 1567.1
1970 141.9 [128.0 | 142.7{234.9 | 232.4(122.6 [156.6 | 181.8(149.1 {144.4 (157.3 |177.8 | 1969.5 |
1971 168.6 }1147.2 | 206.5]215.1 | 163.0|134.0 [142.2 [141.3;123.0 [132.1 }143.5 |172.6 1889.1
1972 173.5 |149.9 | 227.8(228.0 | 193.6 {140.2 }177.9 | 221.71202.4 [ 264.9 [189.9 [155.8 | 2325.6
1973 179.3 |153.6 | 220.8]1249.8 | 241.2 }188.4_ ;169.1 }173.21152,5 {223,5 1282,6 1303,7 | 2537.7

Monthly Avg. 81.6 89.1 74.91 79.5 79.8 1 85.6 [112.5 1112,11105.8 |108.5 1126.7 [102.1 135.4

! 131.8 157.4:193.8 | 211.5

164.1
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CITY OF BELLE GLADE

ESTIMATION OF SEASONAL VARIATION OF MUNICIPAL FORM 17-A
PUMPAGE IN MILLION GALLONS/MONTH
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC TOTAL
| 1967 65.6 63.2] 71.2| 58.4 67.4 51.6| 49.5| 42.31 30.8{ 233.5 53.7 82.3] 669.5
1968 92.6| 83.8] 88.1| 73.8 72. 65.1) 48.7| 52.7 46.7 57.31 67.3 90.8] 8. 9.1
1969 97.0| 91.9] 89.7 84.7 72. 58.8| 56.4] 54.9! 46.9 56.5| 67.6 97.9] 875.1
1970 108.1f 98.3/102.8 98.6{ 106. 91.1 0.0] 58.9| 56.8 67.3 95.1) 108.7/1052.2
1971 111.3} 100.0/102.6] 103.3! 103.5 92.6 63.5! 63.0 63.6 94,1/ 100.4] 103.8{1101.7
1972 107.8] 100.4/114,0/! 101.7] 113.3109.4| 110.0{ 95.4 65.7 97.1107.6{ 107.6}1230.0
1973 104.9] 100.8/ 115.9] 113.1| 119.9 106.3! 103.2] 99.9 78.6| 113.31 104.5| 108.1} 1268.5
1974 107.6] 98.9/119.3) 116.5| 109.4 94.3] 105.3/107.0] 96.8 90.9] 105.2] 109.6/1260.8
Monthly Avg. | 55.7{ 69.9 72.9| 87.6] 91.d 102.5| 105,7/105.0
1967 1.18/ 1.13 1.28| 1.05 1.2 .93 .89 .76 .55 .60 .96 1.48
1968 1.32] 1.20] 1.26! 1.06 1.03 .93 .70 .75 .67 .82 .96 1.30
1969 1.33] 1.26( 1.23] 1.16 1.0d .81 .77 .75 .64 .78 .93 1,34 ]
1970 1.23] 1.12 1.17| 1.13] 1.2] 1.04 .68 .67 .65 771 1.09 1.24
1971 1.22] 1.09 1.12} 1.13] 1.13 1.01 .69 .69 .69 1.03 1.09 1.13
1972 1.05 .98 1.131 .99l 1.1} 3,07 1.07 .93 .64 .95 1.05 1,05
1973 .99 .95 1.10] 1.07/ 1.13 1.01 .98 .95 .74 1.0 .99 1.02
1974 1.02 .94 1.14f 1.11 1.04 .90} 1.00] 1.02 .92 .87 1.00] 1.04
Average | 1.17f 1.08 1.18f 1.09 1.1 .96]. .85 .82 .69 .8d 1.01] 1.200 12.02
I
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DELKAY DBrHALH

MONTHLY PERCENTAGE FORM 17-A
MONTHLY VALUES/MONTHLY AVERAGE
MONTHLY
YEAR JAN FEB MAR APR | MAY JUN | JUL AUG | SEP OC'T NOV DEC | AVERAGE
1955 .94 .87 | 1.17} 1.03] 1.23 .81; 1,07 | 1.25 .65 ] 1.01 | 1.19 L 79 81.6 |
1956 .99 | 1,05 | 1.32} 1,26/ 1.33] 1.20] 1.37 1.05] .40 55 771 .93 891
1957 1.25 1.14 1.00 .98 .72 1.24] 1.02 .76 .91 .83 1.11 1.03 74.9
1958 .67 .92 .85| 1.04 .90 1.76] 1.26 L9141 1,01} 1.15 .93 .59 79.5
1959 .80 .87 .79 1.31] 1.29 1.04] 1.09] 1.07| .75 ] 1.03 .77 1.19 79.8
1960 1.17 .84 | 1.01{ 1.07/ 1.40| 1.01| 1.37 | 1.17 .55 .54 .781 1.10 85.6
1961 .72 .88 1 1.15( 1.19 .97 .87 1,42 | 1.19/ 1.18 .79 .79 .86/ 112.5
1962 .88 | 1.04{ 1.20] 1.16] 1.59 .73 .85 .91 .81} 1.00 .93 .92 112.1
1963 .72 .61 1.04 1.21] 1.10 .87} 1.49 1.43 .73 861 .96 .98 105.8
1964 .73 .79 | 1.18]| 1.27) .89 -1.10| 1.29 ] 1.26 .75 .86 .97 .90/ 108.5
1965 .92 .67 1 1.12] 1.52| 1.64 .85 .89 | 1.24 .76 .70 .76 .92 126.7
1966 .77 .96 1 1,22( 1.36/ 1.10 .66 .91 .97 .76 .87 1.23| 1.21] 102.1
1967 .74 .87 ! 1.25{ 1.41] 1.54 71 1.19 .84 .82 .69 1.00 .94{ 135.4
1968 1.12 .95 1 1.19f 1.55 .90 .52| 1.16} 1.10 .77 .62 .93] 1.18 131.8
1969 .86 | 1.10} . .95f{ 1.14 .89 .94] 1.22 1 1.09 .81 | ..91 .98] 1.13 130.5
1970 .86 .78 .871 1.43] 1.42 .75 L9541 1.11 .91 .88 .96| 1.08 164.1 |
1971 1.07 .94 | 1.31| 1.37 1.04 .85 .90 .90 .78 .84 .91| 1,10 157.4
1972 .90 .77 | 1.18| 1.18} 1.00 .72 .92 | 1.14) 1.04 | 1.37 .98 .80 193.8
1973 85 .73 1.04| 1.18 1.14 .89 .BO .82 .72 | 1.06}! 1.34| 1.44 211.5
.89 .88 1 1.19] 1.25 1.18 .92f 1.1%4{ 1.06 .80 .87 .96 1.00 11.99
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APPENDIX D



BOCA RATON

MONTHLY PERCENTAGE

"MONTHLY _VALUES/MONTHLY AVERAGE

FORM 17-A

YEAR JAN FEB MAR| APR MAY [ JUN JUL AUG| SEP OCT | NOV DEC
1961 0.85] 0.89] 1.16] 1.22 0.99 0.86| 1.26f 1.00!| 0.98] 0.84 0.91] 1.03
1962 0.922] 1.00/ 1.10| 0.93] 1.35 0.78] 0.84] 0.96 0.92] 1.12[ 0.98} 1.10
1963 0.79| 0.60{ 1.03| 1.26 1.02 L7517 1.44| 1.34 0.75{ 0.98] 1.05! 1,03
1964 0.723] 0.73] 1.08{ 1.29 0.92 1.11] 1.13} 1.18 0.87] 0.94 1.00}| 1.01
B 1965 0.94 0.72) 1.13| 1.45] 1.48 .90 1.05{ 1.06 .81 .74 .75 .93
1966 .75 .99) 1.201! 1,38 1.13 .61 .90 1.09 .79 .87 1.11) 1,13
1967 .77 .80{ 1.04| 1.47] 1.4 .72] 1.12 .95 .86 .76 .98} 1.02
1968 .97 .89 1.14f 1,43 .8 L49) 1.14] 1.16 .89] .69 1.04]| 1,2
1969 .86] 1.06 .94 1.17 .93 .87] 1.14] 1.09 .81 .95 1.07] 1.05
B 1970 .82 .79 .81 1.34f 1.29 .70 .93} 1.11 .96 .97 1,14} 1,18
1971 1.12 .97/ 1.29] 1.31] .9 ,79] 1.06] 1.02]) 1.07 .88 .87 .98
1972 .93 .86| 1.21 1.13 .88 .66 .95| 1.21 1.00 1.24 .96 .96
1973 1.12| 1.00f 1.35} 1.49 1.2 .86 .70 .72 .63 .73 1.04( 1.
1974 .90 .96| 1,28 1.17 1.2 .86 92 .80 1.03 97 .93 95
. B9 .88/ 1.13{ 1.29{ 1.1 .78 1.04] 1.05 .88 .90 99! 1.06

25 -




MONTHLY PERCENTAGE -

" MONTHLY VALUES/MONTHLY AVERAGE

FORM 17-A

DEC

.97

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV
1960 1.00{ 1.00 1.09] 1.09] 1.09 _ .93| 1.10{ .98 .89 .89  .95| 1.0l
1961 .91 .98 1.04] 1.14 1.03  .95| 1.04] 1.05| 1.00 .94 .92 .98
1962 .93 1l.o08f 1.07] 1.05 1.1 .91 .97 .99 .92 .97 .91 1.01
1963 .92 .92l 1.09| 1.17f 1.0 .92 1.07 1.05 .93 .92 .99 .99
1364 .94 .96/ 1.04| 1.10 .96 .97| 1.03] 1.05 1.01 . 95 .99 .99
1965 .93 .92 1.01j 1.15f 1.1 1.02| 1.03 .97 .95 .91 .92 .98
1966 .81 .90 .87 .91 .94 .79 .84 .87 .86 .84 .85 .88
1967 ,97 ,99 1.05) 1,11} 1.17 .93 .98 .94 1.01 .89 .92] 1.00
1968 .96 .98 1.03] 1.21 .96 .89{ 1.01 1.02 .95 .92 .98| 1,08
1969 .97  1.04 1.01] 1.03 .9 L9601 1.03 1.02 .98 .99 .97 1.02
1970 .91 .93 .94 1.13 1.1 . 95! .97 1.03 .99 .95 1.00} -1.08
1971 1.04/ 1.024 1.11| 1,16 .9 .92 1.00 .96 .92 .9 .95 1.00
1972 .95 .9 1.02| 1.07 .9 .95 1.01 1.06 .99 1.0% .98 1.00
1973 ,94 .93 1.02] l1.09 1.08 1.0Q .98 .97 .97 .98 1.03] 1.0l
1974 .97 1,031 1.08] 1.09 1.03 .96 .96 1.00! 1.00 .95 .97 .96
.94 .98 1.03} 1.10 .97 .94] 1.00 1.06 .96 . 94 .95 93
.96/ 1.0d 1.05] 1. 2 .98 .96 1.02 1.08 .98 .96 .95

o gg'-




WEST PALM BEACH

FORM 17-A

MONTHLW}H Es?ﬁgﬁ NT?GEVERAGE
i oo/ _

YEAR FEB MAR APR| MAY JUN| JUL AUG| SEP oCT NOV
1955 .98] 1.17] 1.07] 1.0 84 .96/ 1.00| 1.14| 1.02] 1.06
1956 1.04] 1.32| 1.22] 1.1 .95 .99 .96 .66 .83 ,91
1957 L97] 1.09] 1.03 .9 .94 1,02 .89 .88 .90 1.06
1958 .94{ .99 | 1.05 .99 1.06) 1.25 1.07 .92¢ 1.04{ .95
1959 .01 .981 1.17] 1.18 1.04} 1.11 .99 .82 .90 .83
1960 .85/ 1.05| 1.08] 1.24 .93 1.27] 1.09 .68 .79 .88
1961 .92 1.111 1.08 .95 .93 1.22] 1.04| 1.11 .88 .90
1962 .10/ 1.22f( 1.07] 1.26 .81 .85 .92 .89 .92 .92
1963 .77] 1.08] 1.36/ 1.08 .96{ 1.41]f 1.15 .78 .85 .93
1964 .86/ 1.11| 1.21f 1,03 1.07] 1.14] 1.10 .86 .94 .85
1965 .74] 1.04| 1.28] 1.27 .89] 1.03] 1.16| 1.00 .84 .85
1966 .98 1.17} 1.22] 1.224 .80 .96| .87 .85 .88 1.06
1967 .84/ 1.09| 1.38F 1.4¢ .87] 1.04}F .91 .88 .76 .91
1968 .92 3.191 1.39 . 95 .93} 1.16] 1.15 .84 .66 .89
1969 .03 .95| 1.18 .94 .95} 1.19] 1.03 .86 .88 .95
1970 .77 .89| 1.18{ 1.24 .83| 1.05 1.15| 1.00 .88 1.03
1971 .98 1.26} 1.24 .9 .80 1.10[ 1.02 .82 900 .86
1972 .91 1.17 1.02 . 80 .73 1.04/ 1.16 1.10 1.14 .94
1973 .82 1.07{ 1.18 1.23 .95 .94 1.01 .89 .94 1,02
1974 .91 1.20] 1.20 1.13 .91 .97] .97 1.02 .92 .96

.91 1.11| 1.18] 1.1 .91! 1.08 1.03 .90 .89 .94
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