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ABSTRACT

This study was conducted with the objectives of investigating the impact of
residential water-use factors (other than assesed property valuation) on residential water-
use in Puerto Rico, and estimating peck ratios for their application to the average water=
use estimators previously developed (7) ,

To this end, data from sampled dwelling units in the cities of San Juan, Ponce and
Mayaguez (on socio-economic factors and water usage) was subject, among other analyses,
to: computer~generation of fransformed water use data {woter-use indices) fo serve @
basis for graphical analysis and model building; graphical analysis of the relationship
between alfemate water use factors (number of bedrooms per dwelling, equivalent index
of bathroom water-using fixtures, number of people per dwelling unit, and number of
people per bedroom), and the generated water-use indices; computer-generation of
model pdrcrme.fer's and the corresponding water-use models for each alternate factor whese
impoct on residential water use was found "significant”, on the basis of a factorial
experiment conducted regression plot back analysis to determine the fitness and reliability
of model parameters for each significant altemate factor; and the determination of
maximum to avercge water-use indices.

The analyses showed that, out of the four potential-alterate residential water-
using factors studied, only two were Fourlnd significant, namely: number of bedrooms
per dwelling unit and the equivalent index of bathroom water-using fixtures, In both
cases, the relationship between each altemate factor and the corresponding water-use
index may be approximated by an exponential funcfion, with the alternate factor as the

independent variable and water use as the "response” variable.
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CHAPTER | - INTRODUCTION

1.1 Altemate Water=Use Factors

Practical functional-relationship models to estimate residential water on the
basis of some socio-economic factors were recently developed as a result of various
studies conducted in the Island of Puerte Rico {5,7).

For "private" yrbanization dwellings, the factorstudied was the assessed
property value of individual dwelling units. This factor was considered as a practical
indicator of the general economic level of the family using each dwelling unit. This
factor was considered as a practical indicator of the general economic level of the
family using each dwelling unit. In this sense, the assessed property value acts as a
" concomitant variable that reflects the effect on residential water use, of facters such
as the number, and kind of home water-using fixtures, land and /or garden arecs,
automobile washing requirements; and such socio~economic factors as habit, education
and effective fomily buying income.

Although the assessed property value is an acceptable water-use estimation
factor under normal conditions, situations arise where the required assessed value date
might not be available before hand to serve as a basis fer prediction, or it may not be

regarded as reliable enough to be used for such pt.lrpcase:a.‘E

1. Due to this fact, the present study should be considered as ¢ complement to the
previous main study (7), and reference should be made to it for additional details
on the procedures employed and resuits cbtained. A copy of the previous main
study (7) is available, upon request, from the Water Resources Research [nstitute,

University of Puerto Rico, Mayaguez Campus, Mayaguez, Puerto Rico; 00708,
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This points to the desirability of developing alternate residential water~use
estimation models, based on other water-use influencing foctors,

Four potential alternate water-using factors were considered in this study:

1

Number of bedrooms per dwelling unit

2- Equivalent index of bathroom water-using fixtures

3

Number of people per dwelling unit
4= Number of people per bedroom

In order to make all factors quantitative, a suitable conversion table was
arbitrarily set-up to convert bathroom facilities into "equivalent indices". Under this
conversion table a sincwer fixture is equivalent o 1/2 unit {or 0.50 unit), a toilet is 1/4
unit {or 0.25 unit), a wash=basin is 1/4 unit, and a bidet is also 1/4 unit. The index
for total sanitary facilities is called "equivalent index of bathroom water-ysing
facilities" and is formed by adding up the indices of the individual fixtures. For exampie
a bathroom with a shower, a wash=basin and a foilet has a total index of 1/2+ 1/4+ 1/4
which add up to 1.00. [fin addition to these fixtures, this bathroom has a bidef, the

total index would be 1,25 instead.

1.2 Peak Water-Use Demands

Peak water-use demands are very important in the design of water distribution
systems, since the specified water supply and distribution facilities must be able to meet
them. The design of a distribution system without regard to the actual peak demands in
a dwelling area could lead to incdequacies in the distribution system, causing too low

or foo high pressure conditions; underdesign or overdesign situations,



1.3 Previous investigations

Several studies conducted in the past have revealed that residential water use
is influenced by factors which are mainly of a socio-econamical nature.

Dunn /3) reported that in addition to the amount of water required for normal
nee&s of life, domestic water use varied with the general metering of water service,
automobi le washing demands, habit and social requirements, as well as the number and
kind of home water-using appliances. The study also revealed that the posession of home
water-using equipment increases residential water-use significantly, and that demographic
and socio—economic factors strongly influence the posession of such facilities, The author
clearly states that, because of the demographic and socio-economic nature of the factors
involved, the specific results are only volid for the area or region inc luded in the study,
and these are not necessarily transferable to other regions.

Po-rges (4) aiso found in a previous study, variations in water consumption for
several parts of the United Stares.

Similar results were obtained by Hansen, Ross, Laron and Hudson (2, 8).

More recent studies {1} have confirmed the above resu Its and have stressed the
importance of one individual factor which usually aceounts for a large proportion of the
quantity of water used around the house: lawn and garden sprinkling.

Irrigation requirements for lawn are usually satisfied by sprinkling from the
water distribution system, from rainfall, and by water stored in the gross-root zone. An
amount of this water coming in contact with the lawn is lost by runoff, by deep percolation
away from the roct zone, and through evapotranspiration.

The average sprinkling demands in dry climates are higher than in moist ones.

This is so because in dry climates, or during long dry periods, when little or no rainfall
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occurs, the evapotranspiration from lawn or irrigable areas, must be compensated by
sprinkling from the distribution systems. Peak lawn=sprinkling demands in some urban
water distribution sy stems have caused water fanks to empty, and low pressure conditions
to occur. In the design of water distribution systems for residen tial areas, one major
consideration is that it should be capable of meeting maximum doily as well as peak
hourly demand rates. The supply system from a reservoir or river should be capable of
supplying water at the maximum daily demand rate and the pumping stations and
transmission mains between reservoirs in the distribution system must be designed for
flows in excess of the maximym daily demand. This excess depends an the capacity of
the distribution system fo satisfy the hourly variations in water demand.

The Federal Housing Administration in its Minimum Design Standards of 1965
(criteria for the design of water distribution systems) recommends: the use of an average
demand of 100 gallons per capita daily (100 gped) with 4 persons per dwelling unit; a
maximuym daily demand of 200% of this average demand, a maximum hourly demand of
500% of average in areas where lawn sprinkling is net critical and 700% in areas where
;xrensive lawn sprinkling is required. The corresponding figuresin gallons per day per
dwelling unit (gpd) for an average 4-person unit would be: 400 gpd average demand;
800 gpd maximum daily demand and 2, 000 gpd peak hour regular, with 2,800 gpd peck
hour in highly demanding sprinkling areas.

Two recent studies conducted '~ the Island of Puerto Rico (5,7) show results
that are somehow lower in average magnitudes than those recommended by F.H.A. The
average use in the city of Mayaguez was &3 gallons per capita daily with an average

population density of 5.1 persons per dwelling unit. The corresponding figures for the
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city of Ponce were 67 gped and 4.6 people per dwelling unit. In the gallons per day
per dwelling unit case the average for Mayaguez was 237 gpd and for Ponce 300 gpd.
In San Juan, the average uses were 78 gpcd and 320 gpd, with and average of 5 persons

per dwelling unit,
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CHAPTER Il - DATA COLLECTION

tn order to obtain the required data for this and other studies, residential areas
in San Juan, Ponce,and Mayaguez, P.R. were sampled (7, pp. 5-6, 75-76).

A suitable questionngire was designed to cover data on socio-economic and
demographic factors which are known to influence residenticl water use (7, pp. 6, 17).

Information collected via this questionnaire, together with assessed property
valuations data and water use data, secured from the Puerto Rico Bureau of the Property
Assessment and the Puerto Rico Aqueduct and Sewer Authority, served as the basis for
the determination of equivalent water-use design indices and model=b yilding purposes
in previous studies (5,7).

in order to simplify data manipulation, all the information from the filled
questionnaires was codified and punch into computer cards. These cards were then
processed to produce the required water-use indices, preliminary water-use models,
water-use ratios and graphical base data (7 pp. 15).

Since the assessed property value is not used as a factor in the present study,
the data collected did not include any reference to it. As mentioned before, the data
considered in this study is that which refers to the number of bedrooms per dwelling unit,
the equivalent index of bathroom water-using facilities, the home density (number of
people per dwelling unit), and the bedroom density (number of people per bedroom in
each dwelling unit).

In one of the previous studies (5), water quality and pressure were also analyzed
to determine if they had any influencing effect on residential water usage. |n that study

the term water quality was intended to mean “the degree of hardness". Investigations
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revealed that it was controlled to a point of "no significant effect" on water use.

To study the possible effect of water pressure on water usage, data was
collected to reflect variations in water pressure for several weeks in eight private
urbanizations in Mayaguez, P.R. The data thus collected was subject to analysis of
variance under a "nested hierarchical® experiment (5, pp. 17-20).

The tests of hypothesis conducted did not show any significant effect of water
pressure on residential water use in the areas studied.

In the collected data, the term "private urbanization dwelling" refer to the
Puerto Ricc Bureau of the Property Assessment Building classification code 6, use types

A or B, construction class three, subclasses 3, 4, Soré 7. pp. 7).
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CHAPTER Ill - EQUIVALENT WATER-USE INDICES

To transform water-meter readings data into a form suitable for the required
analyses two water-use indices were generated: The equivalent "gallons per day per
dwelling unit" and the "equivalent gallons per capita daily". These units are referred-
to in this document as gpd and gped,respectively.

These indices are determined by converting the periodic (monthly or bi-monthly)
water-use in cubic meters fo its equivalent in gallons as related to the per dwelling or
per capita units (7, pp. 14-18).

A periodic cycle of 60.6 days was estimeted as the most suitable time period
for the detarmination of the reguired indices,

These indices are then associated to the pericds of average and maximum water
usage, and thereafter referred-to as "gpd in AVEMO". These stand for gallons per day
per dwelling unit computed from the average or maximum water metering periods,
respectively, Many concerned computer print-outs, tables, charts and graphs make
reference to them,

The indices gpd and gped are important parameters in the design of water

distribution systems.
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CHAPTER IV - GRAPHICAL ANALYSIS OF ALTERNATE MODEL FACTORS

Water-use index data together with alternate factors information are subject

to graphical analysis in order to disclose possible functional relationships.

4.1 Water-Use Index Trends as a Basis for the Appraisal of Significant Relationships.

The method employed for the graphical analysis of water use index data was
based on the plotting of trend curves and scattergrams.

Some of these charts were constructed directly from basic water-use index data.
Others were built on the basis of stratified data; each strata being represented by the
average magnitude of the corresponding water-use index, ond formed around each level
of the altemate wafer use factor under consideration.

It could be seen, from the observation of most of the water-yse=index trend
charts in this chapter, that water-use in gallons per day per dwelling unit, tends to
increase 1n a definite upward linear trend when going from lower altemate factor values
to higher ones. This happens in equivalent months of avercge woter use (AVEMO) and
the corresponding maximum (MAXMOQ) . Something similar happens to water-use in
gallons per capita daily but with a lesser upward trend. This behavior points fowards
the existence of a significant functional relationship between water use and some of the
altamate water-use foctors studied.

The factorial analysis of Chapter V shows, that only two of the alternate water-
use factors studied, turned out to be significant, namely: the number of bedrooms per

dwelling unit, and the equivalent index of bathroom water-using fixtures.
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4.2 Dwelling and Bedroom Population Density

The results of the factorial analysis of Chapter V point towards the fact that the
number of bedrooms per dwelling unit has a significant effact on water usage when

accompanied by an equally high number of people per dwelling unit fo insure adequate

oceu pancy of most bedrooms.

In order to investigate further about this fact, the collected samples were
analyzed and the av erage number of people per dwelling and per bedroom were related
to the number of bedrooms per dwelling unit.

Figures 4.1 to 4.3 present the graphical forms of the observed relaticnship for
San Juan, Ponce and Mayaguez, respectively. Figure 4.4 shows a graphical comparison
of the three factors, for the samples collected in the three cities mentioned above.
Table 4.1 present a comparative summary of the same factors.

The results presented in figures 4.1 to 4.4 show that as the average number
of bedrooms per dwelling unit increases, there is a comresponding increase in the average
'number of people per dwelling unit, even though the average number of people per
bedroom somehow diminishes. These results give another strong indication of the
significant effect of the number of bedrooms per dwelling unit on residential water usage,
and go  along with the results obtained in the factorial analysis of Chapter V, as

presented on Table 5.3.

4.3 Water Use in Relation to the Number of Bedrooms per Dwelling

In order to preliminarily ascertain the form of the relationship between water

use and the numb er of bedrooms per dwelling unit, graphs were clso plotted.
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Figures 4.5 to 4.10 present the plotted graphs for San Juan, Ponce, and
Mayaguez, respectively, in the gallons per day per dwelling unit and gallons per capita
cases, and in the equivalent months of average and maximum water use. Figures 4,11
and 4, 12 show a graphical comparison of the relationship in the three cities studied.
Tables 4.2 to 4.5 also depict these resuls.

It could be inferred from the observation of these graphs that as the number
of bedrooms per dwelling unit increases there is a correspondingly strong increase in the
amount of residential water usage in gallons per day per dwelling unit. A light
relationship is in addition suspected, on the average, for the gallons per capita daily
case, mainly in the equivalent month of average water use (AVEMO). These graphical

results, correlate well with those derived from the analysis of Chapter V,

4.4 Water Use in Relafion to the Equivalent Number of Bathroom Water-Using Facilities

As in the case of the number of bedrooms per dwelling unit, the equivalent
number of bathroom water-using facilities (as explained in section 1.1) ware graphically
analyzed. Figures 4,13 and 4,14 depict a sample result of this analysis. Table 4.6
summarize the corresponding numerical results. The sample shown pertains to the analysis
of the Mayaguez, Puerto Rico case. Similar resulfs correspond to Ponce and San Juan,
Puerto Rico.

Again these graphs exhibit a relationship by which water usage increases as
the equivalent numb er of bathroom water-using fixtures increases. This result agrees
strongly with the highly significant relationship obtained for this water-use factor in

the factorial analysis of Chapter V,
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TABLE 4.5

San Juan, Ponce and Mayaguez, P.

R.

WATER USE {N GPD AND GPCD

: Water

: System Equi- NUMBER OF BEDROOMS PER DWELLING
: Design : valent City . : 3
: Index : Month 2 3 4 5
: : San Juan - 338 . 360 2
. AVEMO ; Ponce ; 289 411 490
od - . Mayaguez : 143 218 352 500
San Juan - 475 490 -
MAXMO; Ponce - 364 542 580
. Mayaguez 183 282 440 593
San Juan . - 90 21 -
AVEMO Ponce - 48 86 82
gped : Mayaguez &7 &4 77 79
San Juan - - 120 100 -
MAXMO: Ponce - 87 101 96
; ———— 83 9 95
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TABLE 4.6

Water Use and Bathroom Water-Using Facilities
Mayaguez, P. R.

Gt f
Cacilities . AVEMO : MAXMO : AVEMO  :  MAXMO
Lo . 201 . 256 . 48 62
25 . 26 i 302 . e 88
s . wr . 200 . s 82
V75 . 208 . 248 . 70
200 . w4 . 342 . 49 60
225 . 24 . 308 . 76 T
250 . 349 . 422 L e 84
325 . M5 : 573 L 110 . us
5.0 . 297+ 343 L 16 . s
400 . A1 . 875 . 120 RV

425 . 418 706 . 99 ; 116
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4.5 Model Form as Inferred from the Preceeding Graphical Analyses

The preceeding graphs show b th significant alternate water-use factors in
relation to water usage plotted in a semi=logarithmic background. The corresponding
trend curve appears as (approximately) a straight line. Whenever a behavior like this
is observed between two variab les, it ecould be concluded that the corresponding func=
tional relationships belengs to a family of exponential functions, whose general form is

w=oceKB (4.1)
and
W= o eKF {4.2)

respectively, where W stands for water use, < and eX

are two model parameters,
e is the base of the natural logarithms system, K is @ model parometer constant, B

is the number of bedrooms per dwelling unit and F is the equivalent number of bath-

room water-using facilities,
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CHAPTER V = FACTORIAL ANALYSIS

In order to investigate. the possible effect of altemate factors on water use in the
areas under study, a factorial experiment was conducted,
Succeeding sections describe in detail the analyses conducted and the results

obtained.

5.1 Factors Studied

Four alternate water use factors were considered; number of bedrooms per
dwelling, equivalent index of bathroom water-using fixtures, equivalent home density
(people per dwelling unit) and equivalent room density (number of people per bedroom).

Each of these factors was studied at twe levels.

5.2 Levels of Factors

For the purposes of this study, dwellings with two or three bedrooms were taken
as pertaining to the low or “zero" level of the number of bedrooms per dwelling factor,
Those with four or five bedrooms were allocated at the high or "one” level.

Similarly, dwellings with an equivalent index of bathroom water-using fixtyres of
1.00 to 2.00 belong to the "zero" level and those with an index of 3.00 to 4,25 are part
_ of the "one" level.

In the home density factor, 2 to 3 people per dwelling define level "zero" and
4, 5or more pertain to level "one".

Equivalent room densities of 0,67 to 1.00 and 1.33 to 2.25 form levels "zers" and

"one", respectively, in the number of people per bedroom factor.
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5.3 “"Treatment" Combinations

Sixteen treatment combinations were studied. These are depicted in Table 5.1,
where B is bedrooms per dwelling unit, F is the equivalent index of bathroom water=
using fixtures, H s the equivalent home density and R is the equivalent bedroom
density. In all cases the subscripts O and 1 represent the factor levels studied, Capital
letters represent factors and small letters are treatment comb inations when the correspond-
ing factors are treated ot the "one" level. The "(1)" is that treatment combination where

all factors are at the "zero" level.

TABLE 5.1

Treatment Combinations Four Fuctors each at Two Levels

Factors Bo : B

: Treatment : F
: Combinations_ :

Ro \%?(1) f

b bf
He |
Ry d o fr br . bfr
R ln & m . Bh o b
Hj . . . :
Ry Jh : fr o+ bhe : bfr

5.4 "Response” to Treotment

The response to treatments was obtained by salecting, from within the sample of
dwellings considered in this study, those with the required combination of factors at the

stated lavels. For each case, the gallons per day per dwelling unit and the gallons per
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capita daily at the equivalent months of average and maximum water use (gpd and gped

in AVEMO and MAXMQ), were determined.

TABLE 5.2

Response. to Treatments

Treatment : gpd : gped
Combination : :

AVEMO : MAXMO : AVEMO : MAXMO

M . 145 L 200 PR 66
b . o . 392 L L 130
F . 27 i R RN
bf . 368 L s Y
h . 160 . 201 S
bh L 21 . 270 TR
A . 408 " S S 1
bh . 252 . 270 I
; L . 209 S
be YV I R
fr . 22 . 235 I ¢
bfr . an . 453 Co08 . 13
fir . 324 . o S T ;
bhe 21 . 252 R
N A R )

bfhr . 549 . 802 ; 91 ; 133
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5.5 Estimation of Main Effects and Interactions

Yate's method was used to obtain estimates of main effects and interactions.
The method was applied to each column of responses in Table 5.2 so as to obtain an
estimate of eight times the valve of each main effect and interaction. These estimates

are then used in the tests of significance presented in next section.

5.6 Testing for Significance of Main Effects and Interactions

The critical vaiue w for the testing of main effects and interactions was
determined from
wz @012 v ot pys (5.1)
where 1 is the number of factors, t is the t= Distribution foctor for an x level of
significance and five degrees of freedom (corresponding fo the five interactions of
third or higher order that are present among four factors), and S is the square root of the

estimate of variation due to experimental error, obtoined from

2
§= £ g
i (5.2)
where # 92* is the sum of the squares of third or higher order interaction and v

degrees of freedom.
If the absolu te value of a given main effect or inferaction g, was greater than
the critical value ~w; g, was considered a "significant effect or interaction”, other-
wise 1t was deemed "not significant”, that is:
if I 9%

If | 9x 15_ ~r .. Not Significant (5.4)

> w .. Significant 5.3)

Table 5.3 summarize the results of testing for significance of main effects and

interactions at the significance levels of 1% and 5% respectively.
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TABLE 5.3

Results of Testing for Significance of Main Effects and Interactions**

Significance Levels = 1% and 5%

gpd g gped

Trectment .  AVEMO  : MAXMO : AVEMO

Combinations,” 1% : 2% : 1% : % : I% T 900

(M

b

s € 5 8 ¢« 31§ .S

bf

Bk : 2 S 1 & & .8

bfh

br

fr

bfr

hr : : : ; ; . S
bhr

thr

bfhr

*% $ means "Significant"
** Blank entries mean "Not Significant"
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CHAPTER VI - GENERATION OFf ALTERNATE WATER USE MODELS AND
—THEAPPLICATION OF PEAK RATTOS

The preceeding chapters analyzed the collected data in order to disclose any
significant relationship between the factars under study. The factorial analysis of Chapter
V and the previous graphical studies of Chapter |V show that the only fwo significant
alternate water-use foctors were the number of bedrooms per dwelling unit and the
equivalent number of bathroom water-using facilities. This chapter deals with the
construction of the corresponding water-use models for residential dwelling units. Since
the present study is a complement of o previous main study, reference should be made to

it for more details on tests conducted (5,7).

6.1 Alternate Model Generation Analyses

A computer program was prepared ta conduct the required analysis to generate
attemate water-use models (5). This program uses as input master data cards punched
with the collected data on dwelling characteristics and water use; one card per dwelling
unit in the sample collected in each city. The output of this program is composed of
dwelling characteristics in table format, with property vaive, water usage, regression
computational elements, model parometer estimates, altemnate models, o regression
plotback l'ablle, an analysis of variance table, variance estimates confidence limits for
mode| parameters, and the computed test-of-hypothesis values for Students t and
Fisher's F distributions. To simplify the required calculations, equations 4,1 and 4.2
were changed ta their reduced form:

In W= Inc + KB 6.1
and

In W= lnc+ KF (6.2)
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where In stands for the natural logarithm. By redefining In W and ln & as W} and

|, the new mode! parameters arecx| and K, which are identified in computer out-

put as LNA and LNB respectively, for each alternate model generated.

Exhibit 6.1 presents a sample of the analysis conducted and the results

obtained. They contain certain abbreviations which have the following meaning:

KSELEC

MINMO
AVEMO

MAXMO

AB

LNA, LNB

LNW

LNWH

an indicator of the water-use index for a given month
of water usage, that is being used for model develop-
ment purposes. For example KSELEC = 5 refers fo the
employment of the number of gallons per capita

daily of water usage in an equivalent month of
average use.

equivalenf, month of minimum water usage.
equivalent month of average water usage.

equivalent month of maximum water usage.

estimated equivalent monthly water use, when
obtained from the developed model.

property assessed value. Includes both the house and
its lot,

main mode! parameters.

the natura! logarithms of the evaluated model
parameters.

the natural logarithm of the observed water-use value.
the natural leg. of the estimated water use value

(from water-use model).



DLNWH

DLWH2
SDLWH
SDLWH2

TPRDF

~40-
the difference between the observed and estimated
natural logs. of water-use valyes.
the square of DLNWH,
the sum of all DLNWH values (algebraic sum),
the sum of all DLWH2 values.
t=distribution percent confidence levels (80, 90, 95
and 99% respectively).
test-of-hypotheses parameters for comparison with
Student's -t and Fisher's -F distribution eritical values

respectively.
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EXHIBIT 6.1
SAMPLE QF THE ANALYSIS

UMIVERSITY OF PUERTC RICO
WNATER RESOURCES RESENRCH INSTITUTE
MAYAGLUEZ, PUERTO RICO

QUTPUT OF EXPOMEMTIAL REGRESSION-MODEL ANALYSIS PROGRAM

EXPOMENTIAL REGRESSION-MODEL ANALYSIS FOR SOME SELECTED DWELLING CHARNCTE~
RISTICS WITH. ANALYSIS OF VARIANCE, REGRESSION PLOTBALK. VARI ANCE ESTI-
MATES FOR MODEL PARNMETERS CONFIDENCE INTERVALS. AND TESTS OF HYPOTHESES.
PROFESSOR A. GUILBE, INDUSTRIAL ENGIMEERING DEPARTMENT/WATER RESOURCES

RESEARCH INSTITUTE

BESIDENTIAL HATER-USE PROJECT
PILOT MAYAGLEZ URBANIZATION DWELLINGE
SOME SELECTED DWELLING CHARACTERISTICS

INDIVIDUAL  MUMBER OF PER DWELLING DAILY USE PER CAFITA DAILY USE
DWELLIMG TeDeEQOmMsS IN GALLONS FOR IN GALLONZ FOR
I.B FER DWE. MINMO AVEMO MNAXMO MINMO AVEMO MAXMO
-41 -2 3. P4, 121, 157, 32. 34, Sz
-11~-1Q 3. 105 144. 219 21 29, 44,
=-351-37 4. 1&4. 2179, 270. 41, 55. &8,
=91-3% S 213 2464, 3L z1. cicH S22
=S1-32& 2. 122, 1&3. 192 41. 34. &4,
-42 -2 3. a7. 116, 192 44, 2. Fh,
-42Z =3 2. 122 2632 &0Z2, 21. &é. 1350
-42 -4 b3 Z218. 256, Z96. S4. &4, 74,
-41 ~7 3. 121. 153, 201. 23 41. S0.
-41 -5 3. 192, 247. 276, 32. 4]. 43,
-41 -4 2. 209. 214 218 S2. S3. 54.
-51-24 2. 70. 20, P&, 23. 30. 3z,
=51-30 3. 148. 199, 233 a7. S0. 39.
-4z =7 2. 131. 1&6. 201. 33. 41, Sa.
-3 -8 z. 103 164, 209 =S, 53. 70C.
-5i-21 3. 227. I7e. 305 45, Sa. &1
=32 ~& . 157. 177. 20%. s2. 59 70.
-31-22 1. 305. 221, 249. - 24, 26, 39,
-12 -9 3. 37. 1435, 201, 29. 43. &7.
-13 -8 a. 143, 173. 209. 9. =7, 70.
-3 =5 2. PE. 138. 132 32 /&, &1,
~51-27 s 277, 324, 372 70. S1. 3.
-2 =7 3. 122, 167, 122, 21 42, 43,
= i 4, 340, 392. 471. q%. 57, &7.
-12 -4 4, 174, 292, 2?2 5. 27 131
-3 -4 3. 227 227. 244, 45, 45. 473,
-2-10 3 87. 150. 201, 84 75, 10C.
-51i-146 c 142, 326, £10. 25, 54, 102,
=51-19 3 227. 257. 240. 76é. Bé. 1132
=51-14 2. 157. . 244, 410. 3%. &1, 102,
=51-12 3. 192, 223. 270. 43. 7. &3
-5i-11 4, 227 253 270. 4%. Sl 54,
=327 =5 & 357. S47. 80, &0, 22, 134
-51-10 3. 201, 2345 296, S0. 9. 74,



=42~

-51-26&6 3. 131. 173, 227. &5, S4. 112
-13 -7 Z 140, 142, 157. 7Q. 74. 78.
-12 =2 2 140. 173 201, 47. 58. &7
-51-20 4, 154 218, 53 S5 73 S4.
-51-12 4. 1741, 2&4. 349. Se. 33. 115
-51-15%5 4. 296, 4456, 575, 9. 2%, 115,
-51 -1 =} 331 343, 549, 83. 111, 137.
-37 =2 2. 130. 208 252, 70. 104. 1326,
~51-17 4. 314, 435, 497. &3. 87. N
-51 -2 3. 462, S28. 584 11&, 122. 144,
-51 -7 S. 724, 7932 863. 20, 88. 6,
-51 -6 4, 296, s21. S7%. 74, 120, 144
=37 ~1 3. 146, 387. 436. o3, 12%. 145,
~31 -5 3. 262, 270. 410, 131. 135, Z03.
KSELEC= 2
RECRECSION COMPUTATIONAL ELEMENTS
N— A2
Y= 159, 00000000 SLNW= 242 56326200
VEL= 3. 312T0000 AVELNW= = 47017425
V= 547. 00000000 SLNWZ= 1115, B060L000 SVTLNW- 273. 204684109
SMy— =24, 68750000 SSMLNW= 1436, 274469000 SSMVLW= 2a%. 7TI7L7800
SV Zo, 231250000 CESLNW= 9. 51138730 CISEVLU— 2, 44714246
LMA= 4, 09221112 LNE— 0. 41595778
THE CORPESPONDIMC REGREZSION MODEL IS
LNW= 4. 09231412 + Q. 41595772 V IN REDUCED FORM
W= 59, 3TLIPL40 = 1. 51582186 #% V IN EXPOMEMTIAL FORM
REGRESSION PLOTBACYK
s LN LN DLKWY PLWHZ
2 000 4 373460883 5. 34012749 —0. 44646573646 Q. 217469565
3. 000 4, 76891704 = 24012719 -0, 27124245 Q. 13724024
4. Q00 5. 37107901 = 735614724 =0. 34TOLLI3 Q. 13327335
5. 000 =. 57720576 4. 17210305 -0. 59429729 0, 35313927
3. 000 5. 09229202 5, 340137479 -Q, 247227446 0. 0&144713
3. 000 4. 7338235746 %, 34013749 -0, B38436173 0. 34147243
3. 000 S5, 57229614 5 324018747 0. 23210868 C. 05337443
3. 000 5, 54423315 = 34012719 2, 204075446 0. 041465504
3. 000 . 09229803 = 24012749 =0. 2473891& 0. 06144713
2. 000 = SO9PTeT760 5. 34012749 0. 16941011 0. 0ZBLPFT7Y
3. 000 = 35740578 5. 340127479 0. 017218279 Q. 00027647
3. 000 4 3QCF3333 5. 34018747 -0Q. 839253946 0. 70434722
3. Q00 5. 27372009 = 34012749 -0, 04540740 0. 00213345
3. 000 5. 10997737 5. 34013749 -0, 22018992 0. 05272740
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FREEDOM

Lol

13036597

SuM OF
SRQUARES

1434, 27447000
3. 51442655
5. PP6B83541

VARIANCE FOR

0. 07213366

-Q. 22013792 Q. 2S278740C
Q. 23323504 0. 081732045
0. 25387052 Q. 06420215
Q. 01381643 ¢. 000ZS017

-0. 36121307 G, 13047351

~-0. 19827733 0. 22505171

-0. 41251141 0. 170156544
0. 84078333 0. 17423997

-0. 21279813 0. 045283506
0. 230738203 0. OT22803T
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0. 13737567 0. 02483007
0. 12120801 0. 01449136
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Q. S52543811 0. 30530741
0. 12120801 Q. 01442138

-0. 1872464826 9. OITOL213
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-0. 1872£42% 0. 03504313
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6.2 The Application of Peak Ratios

In order to use the average magnitudes of the estimates obtained by using
the developed alternate models and those obtained in the main study (7), peak ratios
should be applied to them,

Tables &.1 and 6.2 present some of the estimates of these maximum ~to=-
average multipliers for gallons per day per dwelling unit and gallons per capita daily
in the various samples studied.

Figures 4.1 to 6.6 depict the pattern of variation (scattergram) of maximum-
to-average ratios to be used with previously developed models (7). However, since
these ratios are transparent to the relafing water-use factor used, they serve as weil
for the newly developed alterate models. For design purposes, the maximum peak
shown in each case in Tables 6.1 and 6.2 is recommended. As cbserved from these
tables and the corresponding figures no significant differences are depicted between the

samples studied in the three cities.
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TABLE 6.2

Equivalent Daily Peck Ratios in Samples of Residences for
San Juan, Ponce and Mayaguez ,P. R.

(gpd)*
Peak Ratic in Sample for:
Peak : :
San Juan : Ponce Mayaguez
Minimum . 1.03 . 1,05 1.02
Average . 1.33 . 125 , 1.21
Maximum  :  2.78 . 2.29 ; 2,29

*gallons per day per dwelling unit
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TABLE 6.3

Equivalent Daily Peak Ratias in Samples of Residences for
San Juan, Ponce and Mayaguez, P. R.

(gped)*

Peak Ratic in Sample of:

Peak : :
San Juan : : Ponce : Mayaguez
Minimum 1.01 1.05 1.02
Averoge 1.29 1.30 1.29
Maximum 2,76 2,27 2.31

*gallons per capita daily
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CHAPTER VII - PUBLIC DWELLINGS

The previous main studies demonstrated that the number of bedrooms per dwell-
ing unit correlated well with water use in this type of building (5, pp. 60-66; 7, pp. 73).

Since in this type of dwelling unit the family using it is allocated there on the
basis of the family size and not its income, the property value of the dwelling does not
reflect adequately their income status. Thus, the number of bedrooms per dwelling
substitutes property value as a practical indirect indicator of the socio—economic factors
influencing water use in these type of buildings,

As stated before (7, pp. 76), when subjecting the coilected data to t.he same
analysis presented in chapter VI, only the gallons per day per dwelling unit index
{gpd) was found significant for residential water-use estimation purposes.

];he corresponding water-use model in cases like this is represented by formula
&.1 or 4.2, but instead of those shown, the independent variable is the number of
bedroomls in a public type dwelling unit (7, pp. 74).

Due to the.essentially uniform bathroom water-using facilities in this type of

buildings, no significant effect is expected from this alternate water-use factor.
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CHAPTER VIIl - MODEL USES AND LIMITATIONS

The developed alternate water-use models are intended mainly toserve as an
alternative to the previously developed models (5,7) for residential water-use estimation.

The developed alternate water use models are not recommended for individual-
residence wafer-use estimation, but for use with groups of relatively homogeneous residences,
as classified in this study, and to estimate water in average magnitudes and corresponding
expected peaks in AVEMO and MAXMO,

In order to make these estimates a procedure similar fo that presented in reference
7 pp. 84 to B8 (procedure B) is suggested , making the corresponding substitution in the
equivalent bathroom water-using facilities case.

A word of caution: Since any statisticai population is dynamic, it is recommended

to whoever uses these models, to conduct periodic cheks on model parameters {every several

years) to see if their specific values still hold appropriate !

1. To do these checks, use the computer program of Reference 5, Appendix 2



to an improvement in decision making in water resources planning in the |sland of
Puerfo Rico.

The developed regular and altemate water-use models will serve as tools to
estimafe the amounts of water required to adequately serve the demands of new private
and public urbanization areas well in advance of the actual building of these types of

residentia| projects, with the alternate water-use models servin g the said objective

when the assessed property valuation is not available, in the private housing case,
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ABSTRACT

This study was conducted in the Irrigation District of Lajas Valley located in the
sou thwestern part of Puerto Rico. Data used were obtained from the irrigation system
during the fiscal years 1971-72, and 1972-73. A sample of ninety (90) farms with irriga-
ton focilities encompassing a total area of 7, 035 ccres were selected for investigation.
The primary productive activity of these farms is centered on the cultivation of sugar cane.

The fundamental objective of the study relates to an analysis of a series of socio-
economic factors which were assumed to affect the intensity of irrigation water use in
Lajas Valley, These factors are:

1- Size of farms

2- QOwnership of farms

3- Available labor

4= Cost of irrigation

5- Employment of farmers in non-agricultural activities
&= Administretion of irrigation services

7~ Topography of the farms

8- Soil permeability

Other variabies which appear to affect the use of imrigation water were the farmer's
age and his level of education. Analysis revealed that although there is no definite
relationship between the ownership of farms and intensity of irrigation water use, there
is @ tendency among farms of 100 acres or mere to utilize water more intensively.

Data collected revealed that the majority of farms in the Lajas Valley are operated
under rental contracts. Nevertheless, in the study the factor of ownership demonstrated

that no significant relationship existed with the intensity of irrigation water use.
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A factor of considerable influence on the inrénsify of water use was the availabii=-
ity of labor for the operation of imrigation systems. The data indicated that with increased
laber availability the intensity of water used for irrigation was greater.

frrigation costs are also a determining foctor in the intensity of water use for
irrigation. Analysis of data showed that a direct relafionship exists between these two
variables,

The employment of the farmer in non—agricultural tasks hold no significant relation-
ship to the intensity of water use according to the rt;suits of the study. Nevertheless, one-
third of the farmers studied pursued non-agricultural occupations in addition to farming.
Within this group was noted that a higher index of water consumption on their famms was
a common fendency,

The administration of irrigation services as a factor showed no relationship to the
intensity of water use for irrigation. A large majority of the farmers found the services
of the Water Resou rces Authority good or exceilent,

Regarding the topography of fams, a significant relationship existed between this
factor and the intensity of irrigation water use. The fams with a rolling topography
showed a greater index of water consumption than rhlose 7on the Fict I;nds and the owners
with both, flat and rolling topography.

Although the sail permeability of most farms is low, there was a significant
relationship between this factor and the intensity of water use for irrigation in the famms
of the valley.

The factors of age and education of the farmer had. no significant relationship with

the intensity of water use, despite, the fact that the majority of farmers of Lajas Valley

were advanced in age and posessed a high level of edycation.
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Data obtained in this study can serve as a basis for implementing a series of
govermment measures and programs that may tend to stimulate the utilization of adequate

quantities of irrigation water and as a result succeed in producing substantial increases

in agricultural output.
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CHAPTER |

INTRODUCTION

The Irrigation Project of Lajas Valley is the most recent irrigation scheme emong
the three public irrigation projects which operate in Puerfo Rico. In the second phase of
the comprehensive Southwest Project being constructed by the Puerto Rico Water Resources
Authority its primﬁry objectives are to increase the electrical capacity of the island
through the development of water resources for the production of energy, the provisicn
of irrigation and drainage for a surface area of 20, 000 acres of land in the Lajas Valley,
the supply of water for domestic and industrial uses, and the flood centrol of the Afasco,
Superior, Yauco, and Loco rivers,

The first phase of the southwest project was centered on the development of
engineering works for the retention of water and the production of electricity. These
engineering works include rhe-Guayo, Yahuecas, Prieto and Toro doms in the northem
slope of the Cordillera Central, the Lucchetti dam in the Yauco River in the southemn slope
and 13 miles of connecting tunnels. The hydroelectric aspect consists of "Centrals” No. 1
and No. 2 of Yauco which has a combined generation capacity of 35, 000 kilowatts.

As was menticned before, the second phase of the southwest project is composed
of the irrigation and drainage system of Lajes Valley. This phase inciudes the dam of the
Loco River which acts as a regulator reservoir, a main irrigation canal 23 miles long
together with 43 miles of secondary lateral canals. The system also has 339 turn-out structures
to allow the irrigation water into the farms, The drainage system is composed of 68 miles
of principal and secondary canals that provides drainage fo the farms. It also collects
excess water of rainfall and surplus irrigﬁtion waters and conveys them to the sea through the

Bays of Gudnica and Boquerén. Table No. 1 shows the capacity of the reserveirs that



supply water for irrigation in Lajas Valley.
Table No. 1

Capacity of the Reservoirs of the lrrigation System of
Lajas Valley, May, 1973

Reservoir Capacity in Acre-Feet
Prieto and Toro 97 |
Loco 639
Yahuecas 778
Lucchefti 11,875
Guaye 13, 546

Total 26,935

The irrigation operations of Lajas Valley began in August of 1955, when for the
first time deliveries of water were made to the farmers. Through legal provisions the
Irrigation District of Lajas Valley should have been established permanently by July 1,
1971. However, for reasons mostly of an aconomic nature that face the system and
the inability of the farms to genercte sufficient incomes to recuperate the costs of services,

the establishment of the permanent distriet was postponed until 1975.
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Purchase and Distribution of lirigation Water

The Irrigation District of Lajas Valley is controlled by the Water Resources
Authority of Puerto Rico which stores, directs, delivers, measures, and bills water for
irrigation to the properties authorized fo receive it,

Water is generally delivered by gravity (the gravity system) in the higher eleva-
tions of the farms. In cases where the water cannot be supplied by grevity the farmer
resorts fo pumping by the installation of his own pumps {(pumping system). A 50 percent
discount to compensate for the additional costs assoc iated with pumping is generclly
conceded to the farmers,

The Department of Agricuiture has assigned o water allotment of 3.0 acre-feer
per acre per year, for every farm. An additionol acre-feet of water is provided to
those farms that exhaust their monthly allotment. Every farmer who consumed 0.25 acre-
feet per acre during one month will receive 0.08 acre-feet of ad ditional water for each
acre, free of charge, provided that water is available. A farmer can receive, if he uses
ali of his alletment, a total of 6.0 acre~feet of water per acre per y ear providing that
water |s available and the ground water levels of the Valley are not affected. The price
of the last two (2) acre feet is the same as the first three.

The direction and distribution of water within the farm is the responsibility of each
farmer. The canals that the farmer constructs in a rudimentary form to distribute water
within his fam affect the efficiency of imrigation. These canals are susceptible to over-
flows and filtrations which result in considerable losses of water occasionally. Construction
of irrigation canals of adequate size and slope is required so that water can be moved

uniformly to all lands of the farm without being lost or diverted from the planned course.
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The Agricuitural Pattern

In 1973 the number of plots receiving irrigation water was 249 covering a total
area of 18,858 acres. Of this area, 14,403 acres were irrigated by the gravity system
and 4, 455 through the pumping system. [n addition to the 2,000 acres of land reclaimed
in the Guénico ond Anegado area, some 700 acres have been developed to date.

The development work was made possible through the constru ction of a network
of drainage canals, interception of ravines, and control of the irrigation which have
contributed to the maintenance of land fertility of the Valley in the first 24 to 36 inches
of soil.

Before 1955, cattle raising for milk as well as for meat was the chief industry of
the Lajas Valley, Cane and edibie fruits were cu ltivated in those areas where some water
supplies couid be obtained. With the advent of irrigation, the agricultural pano-rc?n-d
changed compietely. Table No. 2 shows the use of the lands by crops in the Lajas Vailey.

Table Neo. 2

Distribution of the Area under lrrigation by Crop in
Lojas Valley, May, 1973

Crop : Areq (acres) : Percent of Total

Sugar cane 15,986.0 84.8
Pastures 2,778.0 14.7
Vegerables' 58.0 .3
Cthers 36.0 2

Total 18, 858.0 100.0

As is shown in the above table sugar cane replaced cattle raising as the most
important industry in the Lajes Valley. This crop occupies approximately 85 percent of

the total area under irigation.
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Problems Confronted by the Project

In the past,development the Lajas Valley lrrigation Project was affected by
different kinds of problems. Of major importance were the salinity and drainage problems
and those relating to the high freatic levels and artesian pressures. A program of action
was adopted to find an immediate solution to these problems.

Through research and studies u'rl‘the Agricultural Experimental Station, the Water
Resources Authority, and the Department of Agriculture of Puerte Rico and through the
recommendations of loeal and foreign scientists and engineers, to gether with the experi=
ences obtained, the corrective measures were realized.

In spite of the effort described above, the system faces at preseat functional and
economic problems. These can be described as the high costs of maintenance and opera-
tion and the low water consumption by farmers. In recent years the system has been
operating with deficits which are liquidated by government subsidies, Takle No. 3 shows
the outlays and incomes and the government contributions to the system in the last 14

years.
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Table Ne. 3

Operational Expenditures, Income,.and Government Contributions fo the
Irrigation System of the Lajas Valley, 1959-60 and 19/2-73%.

Income from ; Operational and Mainte-:

Years . water sales : nance outlays : Government Contributions
195960 .S 64,719 . § 136,685 s 92,398
1960-61 75, 793 141,196 49, 600
1961-42 74,708 184, 782 85, 70C
1962-63 . 98,605 - 204, 347 48, 532
1963-64 109, 224 251,278 112, 024
:1964-65 123,413 307, 140 183, 800
1965-66 128, 629 262,955 134, 600
1966-6.7 148, 200 286,272 159,300
1967 68 148, 754 371, 142 211,375
1968-69 114, 006 437,504 260,747
196970 78,312 523,514 409,848
1970-71 9%, 799 568,914 459,400
1971-72 105, 880 558,070 506, 400
1972-73 157, 540 434,040 538, 000
Totals $1,547, 582 t 4,867,859 $3,251,744

As show in the above table the government contributions to keep the system operating

have been increasing considerably in the last years,

i Tormafion provided by fhe Puerfo Rico Water Resources Authority (PRWRA).



<P

Jmportance and Objectives of the Study

The limited amount of rain, high temperatures, and winds that cecelerate the
evapotranspiration of plants are factors that make the use of irrigation imperative for the
commercial development of farm crops in Lajas Valley. Nevertheless, the amount of
irrigation water utilized by the landowners of the Valley at present averages 1.5 acre-
foot per acre per year. This is considered very low if we note that the principal erop
of the Valley 1s sugar cane. The water requirements of this crop are extremely high.

Table No . 4 presents in comparative form the average water use per year for a
period of 10 years among the private landowners and the Land Au thority of Puerto Rico.
As noted, the Land Authority uses greater amounts of irrigation water than the private
landowners. It should also be cbserved that water yse has decreased censiderably during
recent years,

Table No. 4
Comparative Average Use of Irrigation Water Among Landown ers

and the Land Authority in the Lajos Valley
196263 to 1971-72%

Users of the : 1962- : 1963-: 1944~ . 1965~,1966- 1967~, 1968~: 1965 1970~ 107 -

T Sysfem ¥ &3 i &4 * 45 H 66 H &7 : &8 . 49 ' 70 . 71 s 72
: k% 1 H ¥ : 5 : ) H H 4
!.andowr:ers X 1.30 3 1.40 H 1.25 H ].24 2 1.65: ].46: ].02: 0.64: 0.78: 0.74 :

. -Land Authority : 4.20 :4.43 : 2.58 :5.22 :5.20: 4.66- 3.18: 2.28: 2.33: 3.50 ,
. Land Authority . ; ; ; ; : : :

and : : : : . : : : : : :
Landowners : 157 1,71 + 1.39 . 1.84 -2.02: 1.85. 1,27: 0.83:0.98: 1.14 .

* Data provided by the Water Resources Authority of Puerto Rico.
Average use in acre=-feet of water per acre per year,



Sf

The low use of water on the part of the famers needs to be studied for the

following reasons:

j=

in Southwest Puerto Rico a continuous demand for water use for other
purposes exists, apart from agriculture. The demand for domestic use

as well as for industrial use has greatly increased.

Water resources for this zone are limited and the established irrigation
system involves high costs of operation .

Maximum output in sugar cane is not being achieved in the region of
Lajos Valley due chiefly to the fact that the amounts of irrigation water
being used do not meet the normal requirements of this crop.

Not all the water that enters the main irrigation canal is used completely
by the farmers; a great part is lost into the sea.

A maximum utilization of irrigation water s required so that maximum
yields of the crops can be obtained. This would moke the farms produce
enough incomes so that taxes can be paid for the use of irrigation that
will eventually be imposed on the users of the system. The fam lands
of the Valley that will constitute the permanent district will be subject
to the payment of a tax to cover the expenses of the operution of the
system and of another tax classifield as a construction fox, for the

amortization of the capital.

Originally the low that created the Irrigation and Draincge District of Lajes Valley

provided that all capital invested in the system be collected, together with interest.

The law, however, underwent an amendment eliminating the collection of interest and

limiting the capital to be collected to the omount originally assigned, i.e $6,400,000 and

not the total amount invested whi cB was §10, 000,000,
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This study has as its main objective the provision of relevant information on the
manner in which a series of factors are influencing the intensity with which imrigation
water is utilized by the farmers. These factors are as follows:

1= Size of the fam

2- Ownership of the farm

3- Avagilable labor

4-  rrigation costs

5= T\Ilon-ugricuitural economic activities that the farmer pursues on @ part-
time basis.

6~ The administration of the system

7- The topography of the farms

8- The amcunt of water availakie

9~ The pemeability of the soil

In this study, on attempt is made to find the existing relationship among the above
mentioned factors which leads to a low water consumption by the agricultural users of the
system,

Ancther aim pursued is that of obtaining pertinent data regarding the irrigation and
drainage proctices carried out by farmers of the Valley in order to ascertain to what point
it causes the inefficient use of irrigation water.

The data oEfuined can be used by the Department of Agricuiture of Puerto Rico as
well cs by other agencies that are also struggling with the farm prob lem in the Lajas Vailey,
These data will also be of meaningful value in establishing the necessary measures to
stimulate the intensity of use of irrigation water which would result in larger outputs and

greater incomes for the farmer,
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CHAPTER 11

REVIEW OF THE LI1TERATURE

The problems encountered in the development of the Irrigation District of Lajas
Valley relate to different areas which have been the object of study and analysis by local
and foreign scientists and engineers, The studies reviewed below relate in one way or
ancther to the main problem analyzed in the present study, i.e., the low intensity of
water yse for irrigation by farmers. |

Miguel A, Quificnes in a study sponsored by the Water Resourcas Authority of
Puerto Rico determined the amount of available water for irrigation based on on allocation
of 3.0 acre-feet of water per acre per year. In this study, it was established that by
controlling the operation of reserveirs in a systematic way, stored water would be enough
to meet the needs of 20, 000 acres. An analysis was made of the quantities of water stored
in the reservoirs taking the period 19é1-65as a bqsg. Table No. 5 presents the
quantities of water available for irrigation in these y ears and the percent of allocation
based on 3.0 acre~feet per acre per year for 20, 000 acres, That is, in accordance with
the data of this study, it was determined that the capacity of the system would be enough
to serve 3.0 acre-feet of water annually when the 20, 000 acres projected to be developed
by the system had authorization to receive irrigation water.

Although at certain times the system has to limit the deliveries of water, it is
nated on the other hand, that the system has in the majority of the years the quantities of
water necessary to cover the farm needs.

Studies conducted in the cultivation of sugar cane in the zone of Lajas Valley, as

well as other related studies, confirm the fact that the use of irrigation is indispensable to

secure maximum yields of this crop.
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Table No. 5

Comparative Summary of the Possible Annual Deliveries and Actual Sales
of Irrigation Water, Lajas Valley, 1956 fo 1961

Available Allotment : Available Water - Sales

Yedrs : (percent)* :  (acre-feet) : (acre~feet):
1956 ; 108 L 65,101 L 7045
1957 92 55,334 . 10,334
1958 126 75, 667 14,894
1959 94 L 56,167 L 16,999
1960 95 56,751 12, 884
1961 115 69, 068 . 18, 121
Annual Average 105 43,015 13, 530

Roberto Vé&zquez in a study conducted during the yedrs or 1965-1948 at the
Agricultural Experiment Substation in Lajas, found that sugar cane is a crop that consumes
great quantities of water during its growing period. In this study the consumpfiion of water
was in vestigated witha plant cane and two ratoons. The tests made included plots that were
frequently irigated and plots that were |ess frequently irrigated during the entire period
of plant growth (3). Treatments also included plots that were irrigated frequently up to
three months prier to harvest and plots that were irrigated frequently up to five months
before harvest. His data show that the highest consumption of water in both, the plent cane
and the ratoons occurred in the period of August to October. Dy ring the first months of

the growth period, cane uses smaller quantities of water.

* 100 percent - 40, 000 acre feet annually (20, 000 acres x 3.00 acre feet).
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The total consumptive use of water by a 13-month plant cane was 64.72, 57,18,
59.69, and 54,78 inches under the frequently irrigated and less frequently irrigated plots
during the entire growth period and those that were irrigated frequently until 3 and 5 months

prior to harvest without irrigation thereafter respectively. The total water consumption by

‘the first ratoon, 12 months old was 56,14, 47,90, 53.09, and 44.77 inches for each

respective treatment. The respective total water consumption for a second 12-month ratoon
was 55,97, 44.91, 50.36 and 43.70 inches.

The frequent application of irrigation during the growth period of the cane produces
a positive effect on yields. In this study the largest yields of sugar cane were obtained
under conditions of high soi! moisture throughout the entire period of plant growth.

On those plots that were frequently irrigated, yields up to 96.96 tons of cane per acre
were cbtained. |n those lands where irrigation was suspended 5 mon ths before the harvest,
the yield fell to 64.3 tons of cane per acr;.

The average yield per acre of a plant cane and twe ratoens was 73.67 tons of cane
and a yield of 7.80 tons of sugar per acre. This was obtained in the treatment that included
frequent irrigation during the enfire growing pericd of the plants.

On plots where irrigation was less frequent, the average yield of a plant cane and
two ratoons was 59,37 tons of cane and 6.4 tons of sugar.

The results of this study demonstrate the need which exists in the Lajus Valley of
increasing the use of irrigation water in order to increase the yields of the sugar cane fields.
| Betr2en 1966 to 1968 the Agricultural Experiment Station of Puerto Rico carried
out an economic study of the sugar cane farms in the Irrigation District of Lajas Valley (4),

The chief aim of this study was to obtain data on expenditures and incomes of cane fams

with the hope of determining the economic factors which contributed mostly to the rate of

payment of the farms under irrigation which could be charged when the [rrigation District
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begins to operate permanently.

In the above mentioned study it was found is that:

1=

The farms under irrigation used an average of 1,24 acre-feet of water

in 1966 and 1.76 acre-feet during 1967.

in Table 6 the distribution of the farms studied on the busis of the use of irrigation

water is presented, The data of the table show that in the 1967 harvest, ’rhe"yield of cane

per acre varied from 15.30 tons in the group that did not use irrigation water to 28,36 tons

in those which used 1,51 acre-feet or more. In the 1968 hervest, the variation ranges

from 18.20 tons in the group that did not use water to 27.68 tons in those which consumed

0.75 acre-feet or less.

The deta also reveaied a highly significant difference on comparing the yield of

cane per acre in the group of farms that were not irrigated with those that were irrigated

in both years.

2=

Econoemic analysis on non=irrigared farms showed incurred costs amounting
to 5219.49 against an income of $188.56, resulting in a loss of $30.93
per acre. On irrigated farms, however, income totalled $373.02 and
costs $332.97 with a resulting profit of $340.05 per acre. Based on per
unit output of cane, income generated on non-irrigated farms was $12.40
while costs incyrred were 514,42, This resulted in a net loss of $2.02 per
ton of cane produced. On irrigated farms a net income of $1.35 per ton
was obtoined since costs incurred were $11.29 and income generated
$12.64,

The quantity of imigation water used had a significant effect on the costs

and incomes of the farms studied., Duta for the 1967 harvest revealed that

the Income of one group of farms which used 0.75 acre-~foot ar less of
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Table No, é

Distribution of the Farms by the Amount of Irrigation Water Used per Acre)
Area Sown, and Cane Produced, Lajas Vailey, Puerto Rico, 1966-67 and 1967-48.

: x : : : : Cane
. Water Used per, : Acres of : Water . Water Used : Cane  : Produced:
Years of i Acre .Number : Cone : Used . per Acre :Praduced :per Acre :
Harvest . (acre-feet) .of Farms, Harvest :{acre-feet): (acre-feet) i (Tons) ¢ Tons)
1966-67 : None T e . e . 9,568.26: 15,20
: Less than : :
075 . 11 . 454.80, 232.46 : 0.36  :16,71583; 25.52
0.76-1.50. 16 . 1,877.95.2,132.85 : 1.4 52,3B.16; 27.86
: More than
1.51 o . 689.25.1,693.23 : 2.45  .19,547.15. 28.3¢
196768 : " None 10 . 310.50, ——= i === :5,651.19; 18.20
: Less than ' -
075 . 10 . 531.95 162.28: .30  .14,725.53. 27.8

0.76-1.50. & . 399.84 394.57. .99  :10,680.22; 26.71
: More than - .

1.51 12 .2,138.32: 5,565.65 . 2.0  :38,106.64; 27.17
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water were $330.98 and the costs incurred $288. 18 with a net profit of
$42 ,80 per acre. On the other hand, farms that used 1.51 acre-feet
or more had incomes of $374.68 and incurred costs of $312.42 with a
net préﬁt of $62.26 per acre.

In the 1968 harvest, the first group of farms that used 0.75 acre~foot
or less of water obtained $359.72 in income and imcurred costs of $310.42
with a net profit of $49 .30 per acre, while those that used 1.51 acre-
feet or more had incomes of $353.58 cnd incurred costs ot; $304.52, with
a net profit of $49,06 per acre. The data of the study revealed highly
significant differences when net profit per acre is compared between
irrigated and non-irrigated farms. These differences are obviously due ro
the use of irrigation during the years.of study .

Huge Irizarry, in an economic study of the factors that detemmine water use in
Lajas Valley in 1968, found that the average yield of cane in plots that were irrigoted was
29 tons per acre (5}, He also found that famms that did not use imigation the average yield
was 23 tons per acre.

The study, apart from being made during a dry y ear, showed low intensity of use of
irrigation water by the farmers of the Lajas Valley, Table No. 7 presents the annual water
vse and distribution of 51 fams studied during 1967-68. Based on this rcb_le 2] fams used
an average of 0,64 acre-foot of water per acre per y ear and 17farms used 1.44 acre-feet
per acre per yrar, Most of these farms, therefore, can be considered as having ¢ low use
of water since the average level of use was less than 2.0 acre-foot per acre per year.

This study further revealed that as the use of irrigation water per acre increases,

the price per unit of water as well as labor, decrease.
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Table No, 7

Annual Use and Distribution of lrrigation Water on 51 Fams of Lajas Valley,

Puerto Rico, 1969-/0, {5)

Distribution of

Distribution o f Water

:  Annual Use Annual Use Number Acres : Total :
“: {Acre-feet/ocre : Acre-feet/acre: of Fams lrigated :  Percent Acre-Feet :
. 0.00 - 1.00: 064 . 2] 756.96 « 19 487

1.01 - 2.00 ; 1.44 17 1908.97 47 2754

2.01 - 3.00 2_.38 11 1003 .04 25 2387

3.01 - 4.00 3.36 2 : 361,38 ? 1215
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The Water Resources Research |nstitute of the University of Puerto Rico made a
study during the year 1969-70 of the costs and effects of irrigation in the planning and im-
plementation of the Agricultural Development Program of the Lajas Valley (6). it was
found that cane grown on farms under irrigotion, the output was 27, 14 tons per acre.

This output was very low when compared with farms under irrigation in the District of the
South Coast, where averoge output is about 40 tons per acre. Similar yields are obtained
by irrigated farms administered by the Puerto Rico Land Authority in the Lajas Valley,

Based on this information it can be concluded that the greater tonncge obtained
in these farms is mainly due to the greater amount of irrigotion water used.

The study also showed that in those farms where irrigation was not used, lower
yields, averaging 22.8 tons of cane per acre were obtained. These dota are similar to
thase obtained by Huge [rizarry in his study described previously. It is significent to point
out that according to the data of this study, the farmers thet used irrigation on their
fams received $55.25 more per acre of cane cultivated than those who did no irrigation
on their farms. The data presented in table No. 8 show that the income per acre of ail
the items is greater in farms that used irrigation. Consequently a higher total income per
acre was obtdained.

It is relevant to point out that the farmer's income in this enterprise depends to a
great extent on the volume of cane produced and harvested, Lands under irrigation in the
zone are in fact more productive and because of this, incomes are larger. Included in
such study were some socio—economic factors related to the farmer. Among these were age,
education, type of ownership,and size of farms.

in the group of farmers studied, it wes found that 63 percent of them were 50 years

of age or older. Sixty~-seven percent of the farmers had nine years or more of sehooling.
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Table No. 8

Gross |ncome per Acre and per Teon of Sugar Cane With and Without [rrigation

in Lajas Valley, /7 Farms, Lajas Valley, Puerts Rico, 196%-7C.

Cane Without Irrigation

Cane With Irrigation

Source of : Total Income Income Total  lncome lncome
Income Income per Acre per Ton Income per Acre per Ton
Sugar Sales $224,877 .29 $172.32 {$ 7.55 § 890,550.33 3204.86 & 7.55
Molasses 14, 889.00 11,40 .50 58,937.54 13.56 .50
Insular Govern=
ment {ncentives 21,463.38 14.44 72 111,581.04 25.66 .95
Federal Compensa-
tien 38, 169.53 29.24 1.28 149, 207,21 34.32 1.26
Freight 32,457.94 24 .87 1.09 124, 596,99 28 .46 1.06
Other Income 10,315.48 7.3 .35 45, 397.09 10.44 .38
Total $342,172.62  $262.25 $11.49  $1,380,270.20 $317.50 $11.70
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Most of the farms were not operated by their own proprietors accounting for 71 percent
being rented or administered. About half of those farms were 100 acres or less in size.
Jorge Lopez Zapata, in a study of the factors that affect the technoiogical level
of the farmers of Lajas Valley obtained similar results regarding the factors mentioned
cbove (7). Lépez Zapata found the age of the farmers whose farms had irrigation facilities
ronged from 28 to 86 years. Fiftry-six percent of the age group were between 46-65

years. The average education among these famers was 9.7 school-years.
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CHAPTER 11l

METHODOLOGY

A total of 268 fams in the Lajas Valley with established facilities for irrigation
constituted the universe of the study. A list of farms was obtained from the official
register of farms with irrigation facilities in the Office of Development of Lajas Valley.

The farms pertaining to the Agricultural Experimental Station and the Land Autho-
rity were excluded from the study.

Farms operated under rental by the Land Authority and the Land Administrotion
were included in the study as individual farms. These represent 23.13 percent of the
total of farms and 53.07 percent of the total area, Famms studied were operated by 140
farmers,

The sample of the study constituted 33 percent of the selected sugar cane fams.
In order to facilitate a representative sample, farms were classified in 12 groups accord-
ing to size,

To choose a random sample a number from one to three was sorted. The number
selected was one, which corresponded to the first farm selected for inclusion in the study,
From thereon, one in every three farms were seiected. On this basis the resulting sampte
was composed of 90 farms with irrigation facilities covering an area of 7,035 acres,

As an instrument for implementing the study a questionnaire was used that included
the necessary and relevant questions to the study in relation to the objectives fomulated.
Initially a bosic questionnaire was prepared for consuitation with technitians and experts
aequainted with the subject, in methodology as well as in technical matters. Consultations
were arranged with professors of the Mayaguez Campus of the University of Puerto Rico,

the technical staff of the Agricultural Experimental Station, the Commanwealth Depariment of
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Agriculture, the Agricultural Extension Service, the Water Resources Authority, and the
Federal Soil Conservation Service.

The suggestions received were incorporated into the questionnaire. Field tests
were conducted among five selected farms of the population to be studied in order to make
any necessary adjustments to the questionnaire. Based on these tests, modifications of a
few questions were made to facilitate easier in terpretation on the part of the farmers. ‘An
additional page was also prepared to pemmit tabulation of the information ot the Computer
Center of the University of Puerto Rico in the Mayaguez Campus.

The questionnaire was administered through personal interviews. The questionnaire
sought information on specific questions relating to farm, agricultural conditions, and
these factors affecting the intensity of the water used for irrigation.

During the study, visits were made to the irrigation structures and facilities
established by farmers on their farms and those of the Water Resources Authority .
Supplemental information about the farms and water consumption were provided by some
of the government agencies outlined previously.

A series of tables were prepared to compile data and other information obtained
from the questionnaires. The same was processed and analyzed at the Computer Center
in order fo facilitate the final interpretation.

Statistical measures employed in the analysis of data include measures of central
tendency such as the arithmetic mean, median, mode and percentages. Chi-square was
used to measure the degree of associa..on among the different factors and the intensity

of water used by irrigation,
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Definition of Terms:

1= Permeability is a specific property of a soil of which is a measure
of the readiness with which the soil transmits water; usually expressed
in inches per hour or in centimeters per hour.
2- Acre-foot of water is a measure equivalent to one foot or 12 inches
of water over a surface of one acre of land; it is equivalent to 325,
851 gallons of water,
3- An acre is a piece of land covering an area of 43, 560 square feet,
or 4,047 square meters, or 1.03 "cuerdas”,
4- Evaluation sf services rendered or structures of the irrigation systems:
a) Excellent = when the system or service is perfect and needs nc
improvements.

b) Good = when the system or the service is almost excellent but
needs minor improvements.

c} Regular = when the system or service meets the minimum
requirements but needs many improvements.

d) Deficient = when the system or the service is below the
minimum requirements and needs great improvements.

5- The irrigation canal of the Puerto Rico Water Resources Authority
(PRWRA) of their own‘ property made of concrete fo transport water
to the individuai fams,

&= |rrigation outlet is the structure used by the PRWRA to deliver and
meter the water to the different farms.

7- lrrigation ponds of the farm used to receive and distribute the water
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a) Owners = when a farmer runs his own farms,

b) Tenant = g Farmer who operates a farm through a contract that
meets certain conditions of use and payment to the owner of
the farm.

¢} Administrator = when the operdator receives payment from the
owner of the farm so that he may operate or exploit it,

9« Formulas;

a) Arithmetic mean = the sum total of all the items divided by the

n

number of farmers or, X = . ¢ X¢

N
b) Median = is the middle position of all the items placed in order
of magnitude.

¢) Mode = is the class that cccurs most frequently within the values.

Number of farmers in a class % 100

d t =
¥ Percen Tatal number of farmers

e} Chi square = X2 Fo = observed frequency
Fc = calculated frequency

Fe = fotal columns) (total rows)
Number of cases

X2 = (Fo-Fe)

Fe
10- Payment conveyance = a system through which the farmer binds

himself to efectuate o payment for a service received for using the

incentives and other government subsidies to be subsequently received,
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CHAPTER IV

RESULTS
This chapter describes the results of the present study which seeks to determine the
relationship of factors affecting the use of irrigation water by fammers in the Lajas Valley.
First, the population is described based on the selected socio~economic factors studied.
Secondly, the ralationship between these factors and the use of irigation water is analyzed,
Finally, the observations of technicians with respect to the farmers efficiency in the applica-

tion of irrigation and drainage practices are described .,

Description of the Population

Age

The age of the farmers ranges from 30 to 84 years. Within this age span, 58.9 per-
cent is 51 years or more of age, while only 7.8 percent is between the ages of 18 to 36. -
Most farmers are relatively advanced in age since the average is 57.7 years, The distriby-
tion of the farmers occording fo their ages is shawn on figure No. 1.

The resuits of this study regarding age are similar to those reported by Busquests (8),
Cliver Padilla {10), Genzélez Casilles (40), Collazo Collazo and Calero (15), Lépez Zapata

(7), Avilés Cordero (6), and the Commonwealth Department of Agricuiture (13),
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Figure No. 1

Distribution of Farmers of 90 Farms Studied in Lajas Valley Ac cording to Age

197 1-72

The farmers' age is a point of great relevance for the agricultural development of the
country. Traditionally, agriculture is of great sconomic importance in the Lajas Valley
and in Puerto Rico. Knowledge regarding the relative high age of farmers is @ cause for
concern. Agriculture in the hands of people advanced in age may be an important reason

why younger members has demonstrated little interest in it,

Education:

Figure 2 shows the education of the population studied. The level of education
varied from fourth grade to professionals having 17 years of formal education. The average
education was 11.7 years. Ten percent of the farmers had 4 or less years of schooling and

37.8 percent had completed ene or more years ar the college level,



