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Preview

The limited quantities of fresh water obtainable from conventional sources a priori
reflect upon the short supply of this resource. Extending the interests into the long run
requires the bringing in of the various technological options that can, at certain prices,
likely very high ones, aiieviate to a certain extent the constraints imposed by nature upon
the avallability of the resource. However, until then, as long as the resource remains
effectively limited the question regarding its optimal allocation has to be answered. One
might suggest to leave it entirely to the market mechanism which Is the common
mechanism for most goods and services. Is it however also the appropriate one for water
in the Middle East in general and in Israel in particular? An answer cannot be given before
the demands by the major users of water are studied. The water users are: the urban
sector in which household consumption takes the major share and the rural-agricultural
sector in which agricultural activities are the dominant users. Within the urban sector one
also finds the industrial demand, the commercial demand and the urban public demand.

The Armand Hammer Fund embarked upon a series of studies on water demand with
the emphasis upon three major sectors: agriculture, household, industrial. In this study we
report the results for the household sector. As conventional in economics the two
parameters that characterize every demand function are the price elasticity and the
income elasticity. The demand for water is no exception although one might a priori

suggest that given the necessity and uniqueness of this product, its price and income



elasticities are zero. The study presented below describes the search and findings of these
Ielasticities for certain populations in Israel. It turns out that the price elasticity is very
low, but it is not zero. It is obviously not independent from the quantities already
consumed, the prevailing prices of all goods and services in the economy and per capita
income. We found the price elasticity to be about -0.10.

The income elasticity is also not independent from the quantity already consumed
and the various economic data. We found it to be about 0.25. One should regard this
elasticity as the long run elasticity, i.e. it contains the relative changes in the quantities
of water after all adjustments in the technology of living and standard of living took place.

The two elasticities were estimated from historical data. Thus their applicability
for the future is a legitimate question. However, a narrow range around each of these
elasticities is expected to contain the parameters according to which the household sector
in Israel will react to changes in the price of water and its income in the near future, end
of the 20th century.

Given the interdependence in water availability of the entities between the
Mediterranean and the Great Desert, one would wish that similar studies for the household
sector as well as for the agricultural and industrial sectors would be done in the Territories
and in Jordan. Only with the various demand functions well specified one can determine
the dynamics of the shadow price of water in this region and whether investments in new

nonconventional sources of water supply are justified from the economic point of view.



In the last two years the Armand Hammer Fund and the Pinhas Sapir Center for
Development, both in Tel-Aviv University, joint forces to advance studies related to
demand for water and optimal allocation of water. This study is the first of these studies

to be published.

Professor Gideon Fishelson
Scientific Coordinator
The Armand Hammer Fund



Out of total consumption of fresh water in Israel, about 1300 million
cm/year (the average in 1989, 1990 and 1991) the consumption for domestic
usage is the most stable one. Its annual average was 476 million cm, i.e.
about 35 percent. Observing the domestic consumption from 1960 to 1991
reveals that it ranged from 80 to 110 cm per capita per year, with the above
100 cm figures starting in the late 1970s. Hence, in general the trend was
upward, about parallel to that of the GDP per capita. However, even if per
capita water consumption would have stayed constant, the total consumption
would have increased due to population growth, e.g. by about 2% per year, not
accounting for immigration. With the onset of immigration in 1971-1972, 1978-
1980, 1989-1992, and those expected in the coming years, the total domestic
water consumption has grown faster and it would grow at higher rates with more
immigration.

In this study we attempt to identify the economic forces that influence
the consumption of water by households. We a priori can submit that income
(better measured by private consumption) is one of these variables and that
water 1s a normal good, i.e. it has a positive income elasticity. The
question is what is the magnitude of this elasticity. One can also suggest
that the price of water is one of those factors and that the demand for water
is downward sloping. The question here relates to the steepness of that
curve. It might rather be very steep - inelastic.

Observing family expenditures, one sees that the share of water is
relatively small. 1In 1987, based upon the Family Expenditure Survey of
1986/7, the share was less than 1% (NIS 16 out of 1963 NIS per month), thus a
priori implying a very low elasticity of the quantity with respect to price.
This is further strengthened by the argument that water does not have good
substitutes and that given the consumption technology it is used in relatively
fixed proportions per unit of time.

There is another reason for studying the demand for fresh water in terms
of quantity by the household sector. It has to do with the aspects of water

quality and water recycling. The household sector competes with other



economic sectors for fresh water, but more than 50% of its consumed water can
be recovered by recycling. The quality of the recycled water is a decision
variable which further determines its potential usages. It is very unlikely
to be reused as fresh water in the household sector, but could be used,
depending upon its quality, for gardening and for various agricultural crops
(not all). However, then it would have a direct impact on water quality in
the aquifers, causing it to deteriorate at a quicker rate. The competition
over fresh water, recycling, usage of recycled water in agriculture, and the
dynamics of quality effects are of high significance for Israel. They are
endogenous variables in the framework of the water market for household

consumption.

The Demand for Water — An Overview

A study on household demand for water for direct consumption (excluding
swimming, boating, recreation, etc.) is a rather curious one among the various
households' demand studies (for durables, food, certain vegetables, beverages,
cigarettes, etc.) even in Israel. No data or studies are available for other
countries. One reason may be the low share, practically negligable, of the
expenditure on water out of total consumption. Another reason might be the
recognition that water is a most essential good that is consumed at relatively
fixed quantities. The necessity — fixed quantities, are believed to lead to
the non-pricing of water in many localities, or to the usage of a lump sum tax
on water consumption in others. In many cities around the world there are no
meters for water. This is not the case in Israel (and should not have been in
several other Middle Eastern countries). Metering water on a per apartment
basis started in Israel in the early 1950s. The prices of water by usage,
inclusive of domestic usage, were historically controlled and determined
centrally, by the government. The supply of water to the household sector was

kept perfectly elastic even in years of relative shortage due to consecutive



years of drought. This was also the case for industrial usage but not for
_agricultural production.

Past observations regarding rainfall in Israel show that a sequence of
two rainy years followed by three poor years is a frequent phenomenon. The
shortage of water shows up in the third and mainly in the fourth poor year.

In these third and fourth years means have to be undertaken to induce a
decline in the quantity demanded by the various users. The only efficient way
to impose a reductiorn of consumption on the household sector is either by
increasing prices or by a combination of a quota followed by a very steep
price increase, if it is violated. Hence, the question of the affectivity of
enforcing lower consumption hinges on the sensitivity of demand to price.

The growth of the population builds an automatic factor into the water
market that increases total consumption. A similar role is fulfilled by the
growth of income. Hence, if the population elasticity of domestic water
consumption is unity, and the income elasticity is 0.25, the average annual
increase of domestic water consumption, given that population grows at 2% and
income per capita at 2%, would be by a rate of 2.5%, i.e. it would double
within about 30 years (29). If all years were rainy ones, the population
growth would create a problem only in years far enough into the future (40).
However, given the drought cycle, a critical shortage might be faced within 20
years. Then economic means to lower domestic consumption will be required.
Knowing the demand.functiun for water is thus needed for the planning of water
supply which, by its nature, is a long-term planning. It takes 15-20 years
from the start to completion of a large-scale national water project.

In this study we present several estimations of the demand for water.

The estimations are of three categories. In the first category we estimate
the demand per capita where the unit of observation is a municipality. In the
second category the observations are of individual households while the
dependent variable is the household expenditure on water. The data were
obtained from the 1986/7 Family Expenditure Survey. The third category is a



time series study on domestic water consumption in Israel in the 1960-1991
period. It is a straight-forward time series analysis, relating the quantity
- of water per capita to income per capita and to the real price of water. Here
it is worthwhile mentioning that Tahal, the Israeli Water Planning Company,
presumably did a study on the domestic demand for water (Tahal, 1992). This
study is used as the source for forecasting the national demand for water. A
close look reveals that it is no more than averaging and multiplying of
various factors without relating, even in the most basic way, the quantities

of water to economic variables.

The Demand for Water — Findings

In this section we present the findings of the three different
estimations. They differ in the level of aggregation from which the
observations were taken, the locality level, the individual household level
and the state level.

The Municipal Level

At the local level the municipal authorities are in charge of providing
water to their citizens. This explains why in drought years, the local
municipalities in Israel are quite worried regarding their ability to provide
sufficient fresh water to the various urban users. Tahal (1992) forecasted
for them the demand for water in the years 1995, 2005 and 2015. The working
assumption was that by 1995 the Israeli population (excluding those in the
territories) would be 6 million, in 2005, 7 million, and in 2015, 8 million.
The study was based upon data of urban water consumption in the 4 years 1987-
1990. Urban water consumption is defined to include domestic consumption,
general services, gardening and other urban consumers that are neither
industry nor agriculture.

Given past trends and the expected growth in the standard of living, the

study assumed that in Jewish municipalities the per capita consumption would,



by 2015, reach 90-100 cm/person/year, and in Arab municipalities 65-70
_cm/person/year. These figures are gross in the sense that they include 10%
depreciation. The path to this "saturation" level is determined by the trend
(from the years 1981 to 1987-90, assuming for each of the four years

the weights of 20%, 20%, 20%, and 40% respectively). The only difference
considered among municipalities was the size in terms of population. The
study defined five categories in the Jewish sector and one in the non-Jewish
sector. It was found that the smaller the population, the larger the annual
change over time although the range of changes is very small (1/3-1.0
cm/person/year). Given that this was all that was accomplished, leads to the
conclusion that a thorough analysis is needed. This still does not imply that
the new forecasting will be more accurate. It is well known that frequently
extrapolation generates the best forecasting.

A summary of the consumption data is presented in the following three
tables (the units of measurement are specified only in the first table). The
interesting comparable data are those on a per capita basis for 1990. In the
cities, per capita annual urban consumption was 81.7 cm, while per capita
annual domestic consumption was 58.2 cm. In the Jewish municipal councils the
comparative figures are 89.0 and 67.9 cm while in the non-Jewish sector they
are 41.1 and 35.6 cm respectively. The differences are quite striking, but
are explorable. There are more non-domestic activities in cities, but
relatively more single family homes and thus more gardening in municipal
councils. In some municipalities in the non-Jewish sector there are still
homes without running water, the standard of living is lower and home
gardening is hardly found, every piece of land is devoted to production of
fruits and vegetables. A more detailed analysis indicates that in the small
municipalities, up to a population of 5,000, the urban per capita consumption
reached 104.3 cm in 1990. Most of this consumption is domestic consumption.
Here one sees the effects of single family homes and gardening. In urban

areas with a population of above 100,000, the per capita urban consumption in
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1990 was only 79.5 cm, i.e. less by more than 20% than in the smallest
councils. Thus, a major factor that would determine domestic demand is the
distribution of population by municipality size the share of private homes in

total residential housing and the land area per single family home.

Table 1: Water Related Data, 39 Jewish Cities

Year

1987 1988 1989 1990
Population (million) 3,010.3 3,041.2 3,089.5 3,292.4
Total Urban Consumption
(million cm/year) 293.3 309.5 314.7 305.7
Urban Consumption
(million cm/year) 256.7 266.5 273.7 269.0
Domestic Consumption
(million cm/year) 180.7 186.1 194.3 191.5
Urban Consumption per Capita
(cm/year) 85.0 87.8 B8.7 B1.8
Domestic Consumption per
Capita {cm}yea?? 60.1 61.2 62.8 58.4

Table 2: Water Related Data, 110 Jewish Municipal Councils

Year
1987 1988 1989 1990
Population 0.423 0.432 0.446 0.480
Total Urban Consumption 66.0 66.3 67.3 66.0
Urban Consumption 38.4 41.4 43.4 42.7
Domestic Consumption 28.7 30.5 31.9 32.6
Urban Consumption per Capita 90.8 95.8 97.3 89.0

Domestic Consumption per
Capita 67.8 70.6 71.5 67.9




Table 3: Water Related Data, 61 Non-Jewish Municipal Councils

Year

1987 1988 1989 1990
Population 0.469 0.484 0.499 0.522
Total Urban Consumption 20.0 22.2 23.6 24.1
Urban Consumption 17.2 19.2 20.5 21.4
Domestic Consumption 14.9 16.5 17.5 18.6
Urban Consumption per Capita 36.7 39.7 41.0 41.0
Domestic Consumption per
Capita 31.7 34.0 35.0 35.6

Source: Tahal (1992), Table 1.

The Demand for Water — The Municipal Level

The study was for 1990. The localities were divided into municipalities
(cities) and local councils. For each locality the available water
consumption related data are: total domestic consumption, the population and
hence per capita consumption, the distribution of consumption by the price of
water where the rates are defined by the per capita cnnsumptidn at the
household level: Rate A for up to 8 cm per capita per month, Rate B for 8-16
cm/capita/month, Rate C for +16 cm/month, and a specially low rate for
gardening by the household. The ratio between Rate C and Rate A is about 3:1,
while the gardening rate is only 70% of rate A.' Other data are: population
density, income per capita (from the 1983 Population and Housing Survey),
persons per room and persons per household (the 1983 source). General
information about the locality discloses its specific economic activities.
Regarding cities, the relevant activity from the water consumption point of
view is tourism, while for local councils it is agriculture. The
corresponding notation is used:

Wp - Water per capita
RA, RB, RC, RG - Shares of water consumption by rate



PS - Population density

™ - Per capita income

Room - Persons per room

FAM - Persons per household

TR - Cities with tourist activity (dummy variable)

AGR - Local councils with agricultural activity (dummy variable)

PRG - Local councils that function as residential suburbs (dummy
variable).

AR - Arab cities (dummy)

The observation used for the regressions are all the cities in Israel, 41, and
the municipal councils which are populated by Jewish population and for which
data on the socioeconomic variables are available, 38.

The per capita water consumption model was estimated once with the
variables in levels and once as a log-log model. Before performing the
estimation, the simple correlations among the various variables were examined.
For the cities we found a relatively small correlation between water per
capita and per capita income (0.25). On the other hand, the correlations
between persons per room and income per capita and between the first and
person per household were high — 0.81 and 0.93 respectively. Also the
correlations between water consumption and Room and FAM were larger than that
between income and water,

-0.38 and -0.32, implying that the inclusion of the three variables in one
estimated equation would yield questionable results, with income being non-
significant, positive or negative. Thus at least one of these three variables
should be excluded from the regression. The effect of the excluded variable
would be embodied in the coefficients of the other variables.

Other interesting results are shown by the simple correlations between
the shares, by rate, of the water consumed and socioceconomic variables. The
interesting shares are those related to the lowest rate RA, and to the rate
for gardening, RG. The two tables below provide these correlations for the
variables: income per capita, family size and density per room. One table is



for cities, the other for local councils. The cities include Eilat (water
consumption per capita 252 cm/year), while the local councils include Savion
{Water consumption per capita 314 cm/year). The correlations are self-
explainable, especially with respect to gardening. Hence there is no need to
elaborate on them.

Table 4: Correlations for Cities (41 Observations)

™ Room FAM

RA ={.25 0.25 0.11
RG 0.43 -0.58 =-0.51

Table 5: Correlations for Local Councils (38

Observations)
™ Room FAM
RA -0.33 0.40 -0.08
RG 0.34 -0.43 -0.16

-

For the local councils the correlations picture regarding the quantity of
consumed water and the socio-economic variables are somewhat different. The
correlation between income per capita and water per capita is 0.51, while with
FAM it is only -0.05, but with Room it is -0.55. The correlations of income
per capita with the latter two are -0.26 and -0.79. Hence, the plausibility
of meaningless results is somewhat lower, but still exist.

The regression results we present are for the Log-Log model. First for
the cities (Table 6).
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Table 6: Regression Coefficients of Per Capita Water
: Consumption, 41 Cities, 1990’

Variable Coefficient Standard Error
Const. 3.693% 0.365
LROOM -0.594%% 0.339
LFAM 0.563%+ 0.317
AR -0.439* 0.154
TR 0.430% 0.084
Ks! 0.305* 0.143
R? = 0.71

! The same model when LYM was added yielded entirely
insignificant coefficients for LYM, LROOM and LFRM.

2 Riryat Shimonah, a major army supply center near
the Lebanese border.

* significant at 5%
** significant at 10%

Table 7: Regression Coefficients of Per Capita Water
CDHS?mptlﬂn, 38 Jewish Municipal Councils,

1990
Variable Coefficient Standard Error
Const. 3.739 0.339
LROOM -0,223 0.268
LFAM 0.4B2%% 0.274
AGR 0.303* 0.051
PRG 0.434* 0.088
R = 0.67

' Rhdding LYM yielded the variables LROOM as
insignificant. LYM was 1n51gn1f1cant while the
coefficient of LFAM hardly changed.

The conclusions derived from the municipal data are somewhat

disappointing, mainly due to the result that we could not detect an income
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elasticity. The two variables that "perform", in addition to the dummy
‘variables, are family size and crowdedness at home. One reason might be their
relatively large coefficient of variation. Here it is the place to mention
that on the other hand the CV of the dependent variable is relatively small,
less than 0.25 and thus a priori the variability to be explained is relatively
small. The interesting result is the economies of scale in water consumption
by households. The elasticity of family size is about 0.5, implying that an
increase in family size by 10% would increase per capita water consumption in
the household only by 5%. This confirms perfectly our expectations?

The data did not allow us to calculate the marginal price paid in each
municipality; only the average price could be calculated. As expected, it is
positively correlated with per capita income but rather weakly, 0.20-0.25. We
would expect a higher correlation for the marginal price. The data a priori
do not enable the estimation of a price elasticity since all the observations
are confronted with the same upward stepped price schedule. BAlso following
the above the marginal price is by itself an endogeneous variable that has to
be explained by its own equation. We expected to estimate an income
elasticity but it did not work. Yet we can infer about it from the elasticity
of crowdedness. If the elasticity of crowdedness with respect to income is
about unity (it is arqued to be higher, the sign is obviously negative), then
the income elasticity of water consumption is equal to the elasticity of water
consumption with respect to crowdedness. Hence, it ranges between 0.2 and 0.6

In the above analysis, when considering cities, those populated by a
significant Arab population, 2, were distinguished by introducing a dummy
variable for this characteristic. Regarding the local councils, the Arab
local councils were not included, the major reason being the lack of an
adequate water system in several of them. The differences in the per capita
water consumption between Jewish and Arab Municipalities can be attributed to
any of the following three variables, all denoting a lower standard of living:

income per capita, family size and crowded housing conditions. The first is
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about 45% of the Jewish average (in 1989, NIS 2546 vs. NIS 3717 for urban
households), while the latter two are almost twice that in the Jewish sector
(persons per household in 1990 - 5.64 vs. 3.38, housing density - 1.79 vs.
1.03). There also might be cultural differences that affect domestic water
consumption. Otherwise, once the gaps in the abovementioned variables will
disappear and the supply technology will adjust to that currently available in
Jewish municipal councils, the per capita consumption in the municipal
councils populated by Arabs is expected to approach the level consumed in
Jewish municipal councils.

Households Cross-Section Study

In this section we provide the results of the analysis of a sample of
5,000 households that reported their expenditures on various goods and
services in the Family Expenditure Survey 1986/87. The information the survey
collects is very detailed in terms of the consumption items. It is less
detailed about housing conditions and standard of living, e.g. we do not know
whether the household lived in an apartment building or in a single family
home. The latter information is obviously significant in determining water
consumption. Furthermore, the available data are for expenditures, i.e. the
products of various prices and quantities. Data on physical quantities are
unavailable. Thus the detected effects could be only with respect to the
expenditures. It is customary for cross-sectional data, to assume that the
prices paid are very similar across consumers. If this is the case then the
elasticity of expenditures with respect to the various explanatory variables
is identical to the elasticity of the quantity. For water, however, we a
priori know that the price schedule is upward sloping with respect to the per
capita quantity, but that there is a special low rate for water used for
gardening. Hence the assumption of an identical price of water to the various
consumers does not hold. Yet the estimated elasticities could be used to

calculate ballpark price and income elasticities for the quantity of water.
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Given that a well-defined theory of the demand for water is not available
and thus the list of arguments that affect the quantity demanded is not well-
defined, we introduced various variables that might serve as proxies for those
undefined variables. The role of these proxies is to allow for the attainment
of unbiased elasticities for the variables we are interested in price of water
and income, while their own elasticities which might be of interest for their
own sake, are not used for the purpose of prediction. Before presenting the
findings of the estimations of the expenditure function we provide some
general information on the variables that were used and of the households
characteristics. Table 1 contains this information for the entire sample.

The nominal data are in 1987 prices.

The outstanding result is the large CV of expenditures on water relative
to the CV of other variables (Table 8). Other data are: out of the 5,000
households, 3,884 did not pay rent and thus we assume that they owned their
apartments. The average rent of those that paid rent was about NIS 124/month.
The value of consumption of housing by the owners was imputed to be about NIS
350/month. The common assumption is that the housing services consumed by
owners are larger than the rent. Hence the difference reported above is in
line with expectations and points toward the potential usefulness of these two

variables as explanatory variables in the water expenditure function.

Table 8: Basic Data on Families

Variable Mean Standard -

Deviation
Expenditure on Water 17.0 18.3

(NIS/Month)
Total Consumption

Expenditure 1963.3 1209.2
%ﬁlszﬂonthj
No. of Rooms 3,22 1.01

Family Size 3.72 2.12
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A problem that was, however, detected in the above mentioned data has to
‘do with their skewness. Regarding total consumption expenditures, the median
is about NIS 1,700/month, i.e. quite close to the mean. However, the median
rent paid is about NIS 70/month, which is considerably below the mean. The
same picture emerges with regard to the value of consumption housing services.
The median is NIS 250/month. This skewness a priori suggests the usage of the
logarithmic transformation for the variables.

Regarding the expendiﬁures on water, 2% of the sample reported zero
expenditures. Disregarding them, the mean expenditures were NIS 17.0/month,
while the median was NIS 13.0/month, i.e. the same type of skewness. We
assumed that expenditures on fuel might be closely related to those on water.
Only 1% of the sample reported zero expenditures on fuel. The mean was NIS
40.6/month while the median was NIS 33/month. Both figures are about twice
that of water. The mean value of the apartment owned was NIS 85,000 and the
median value NIS 71,500. 11.6% of the households owned a dishwasher and 89.2%
a washing machine (both water consuming appliances). The mean family size was
3.72 persons and the median about 3.1 persons. 21.8% of the households heads
did not work while the mean number of breadwinners in other households was
about 1.5.

Given the size of the sample (5,000), the common problem of
multicolinearity is irrelevant, but some high correlations among the
explanatory variables may be of interest. The logarithm of total expenditures
on consumption is highly correlated with number of wage earners (0.49),
expenditures on fuel (0.39), consumption of housing which is either the
imputed value for owners or the rent paid by nonowners (0.41), the number of
rooms in the apartment (0.51), family size (0.45), and the level of education
of the head of the household (0.33). The number of wage earners is also
positively correlated with family size (0.46) and, as expected, the size of
~ the house, rooms, is highly correlated with housing consumption (0.37) and

with family size (0.44). BAge and years of schooling are negatively correlated
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(-0.33). These correlations, which are not high in absolute terms should be
considered high given the size of the sample, they are all statistically
significantly different from zero at the 1% level, and that it is a cross
section of families. These correlations therefore might still result in some
multicolinearity, if their square is larger than the square of the multiple R
of the entire regression. We have tried various specifications of the
expenditures on water function and present below one of them that is among the
better ones in terms of overall explanation, the significance of the variables
and the interpretation of the coefficients. The variables in logs are

preceded by an L. Adding a 2 to the variable's name implies its squaring.

1) LEXP - total expenditures on consumption

2) LFEL - expenditures on fuel

3) LFsZ - family size

4) LROM - number of rooms :

5) LHOUS - consumption of housing

6) LSHNL - years of schooling

7) LAG - age

8) NSP - number of wage earners y

9) DISH - ownership of a dishwasher, a dummy variable
10) OWN - ownership of apartment, a dummy variable

To allow for nonlinear effects of age and schooling, the squares of the
above variables LSHNL2 and LAG2 were included.
Interpretation: The "net" long-run income elasticity of the expenditures on
water is 0.13. Given, on one hand, the upward schedule of water prices which
is relatively steep and, on the other, the provision of a low price of water
for gardening purposes, we suggest that about half the estimated income
elasticity is that of quantity and the other half that of price (the actual
price that is paid is an endogenous variable). Hence the long-run income

elasticity of water is about 0.07.
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Table 9: Regression Coefficients, The Whole Sample of the Family Expenditure

Survey
Variable a S P Sign
Const. -7.561 1.575 4.80 0.00
LEXP 0.130 0.026 5.04 0.00
LFEL 0.150 0.017 8.89 0.00
LF52 0.331 0.025 13.01 0.00
LROM 0.184 0.044 4,21 0.00
LHOUS 0.018 0.010 1.87 0.06
LSHNL 0.063 0.053 1.20 0.23
LSHNL2 -0.020 0.017 1.20 0.23
LAG 4.048 0.852 4.75 .00
LAG2 -0.521 0.113 4.61 0.00
NSP 0.015 0.016 0.95 0.34
DISH 0.121 0.038 3.19 0.00
OWN 0.060 0.030 2.02 0.04
RZ = 0.209, F stat. = 110.0

This income elasticity is a

partial income elasticity since income also

affects the expenditure on fuel, size of house, consumption of housing

services, and ownership of a dishwasher (recall the above reported

correlations).

The income elasticity we estimated keeps all of them constant.

Thus in order to find the total effect of income on the expenditures on water,

* the relations between each of these variables and income have to be estimated,

i.e. for each item (e.g. fuel)-its expenditures function.

up the various income effects.

Then one has to sum

We defined this term to be -the total income

effect on expenditures on water, GIEWE.

x
GIEWE = Pprgyp + ET;; ﬁj

J=1
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where B§ is the partial income elasticity of the expenditures on water,

LEXP
the B; is the elasticity of expenditures on water with respect to variable j
and vy; 1s the income elasticity of variable j. The task is yet to estimate
the y;'s. B, and the B;'s are presented in the above table.

None of the elasticities presented in Table 9 approach unity, not even
that of family size. Hence, we again find that either there are economies of
scale in the expenditures on water or sthat water consumption has an upper
limit which is approached asymthotically. If a dishwasher is an indicator of
a standard of living in addition to being a water consumer (there are
'argumants that a dishwasher saves water) and expenditures on fuel (excluding
gasoline) are also indicatnfs of standard of living, if their income
elasticity is about unity, then the income elasticity might rise to 0.25. 1In
the following section, for the purpose of other estimations, we use the 0.25
income elasticity. :

Other interesting results have to do with the effects of age and
education of the household head on expenditures on water. The expenditures
increase up to LSHNL = 1.51, i.e. up to 4.5 years of schooling and then
decline (all other variables remaining constant). The decline is very mild.
At 15 years of schooling, first university degree, the elasticity is -.18. A
similar but more pronounced trend is observed for age. Expenditures are
highest at LAG = 3.9, i.e. at age 49. Interestiﬁgly, this result coincides
with the age at which the income peaks.

) With Dummy for renting
Expenditure

on Renter Owners
Water

No Dummy for renting

Housing Consumption

Figure 1: The Renting Effect
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We tried to find the effect of apartment ownership on water consumption
by introducing a dummy variable for it. The variable turned out to be
positive and significant, implying that everything else being constant, more
water is consumed by nonowners. This is a priori puzzling. A solution to the
puzzle is presented below. The typical renters are-young couples with
relatively low incomes, small family size and living in relatively small
apartments. These variables, each independently, have a positive effect on
water consumption. Thus the estimated coefficient for ownership somewhat
corrects for the distribution nf these variables. Excluding the ownership
variable from the estimated equation causes the LHOUS variable to be
insignificant even at 10%; its coefficient falls from 0.018 to 0.012. Figure
1 above portrays the econometric picture with regard to consumption of housing
given the two populations of owners, and renters.

A separate analysis for owners' (3,874 observations) yielded very similar
results (see Table 10 below). The value of the apartment has replaced that of
imputed housing consumption. Its coefficient was 0.0777 (0.027), highly
significant and, as noted, about four times larger than the one reported
above. The elasticity of total consumption remained about the same, 0.115
(0.031). The major change was in the effect of the number of rooms. The
elasticity declined to 0.107 (0.055) from 0.184, i.e. compensating partly for
the increase of the coefficient of housing consumption that was replaced by
the value of house. The overall explanation remained about the same, R? =
0.196.

A similar regression only for renters whose expenditures on water were at
least NIS 10/month yielded a rent coefficient that is below the one estimated
above for the variable defined as housing consumption and it was
insignificant, 0.016 (0.025). There were also chénges in the other

coefficients.
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Table 10: Regression Coefficients, Expenditures on Water — Owners

Variable 5 T Sign

Const. -8.660 1.87 5.16 .00
LEXP 0.115 0.31 3.68 .00
LFEL 0.137 0.19 7.38 .00
LFSZ 0.328 0.30 10.98 .00
LROM 0.107 0.06 1.95 .05
LVAL 0.078 0.03 2.92 .00
LSHNL 0.070 0.06 1.12 .26
LSHNL?2 -0.024 0.02 1.25 .21
LAG 4,880 1.01 4.84 .00
LAG2 -0.630 0.13 4.72 .00
NSP 0.024 0.02 1.33 .18
DISH 0.135 0.04 3.42 .00
R2 =0.196, F stat. = 85.8

The conclusion is that the behavior with regard to expenditure on water
differs between owners and renters (most of those living in single family
homes are owners). Given that as income increases there is a tendency to move
to single family homes, for prediction purposes, mainly those related to
changes in income (the demographic variables would stay rather constant), the
coefficients of the owners regression are recommended. For practical purposes
it would hardly matter. The partial income elasticity is about the same and
when calculating the total income elasticity, i.e. adding the effects of
income on the other variables, this time also the value of the apartment, one
would come up with a very close estimate, about 0.25.

The interpretation regarding the increase in the demand for water is that
due to the change in income per capita, on the average expected to be 2% per

year, the demand for water, everything remaining constant inclﬁding the price
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of water, will increase by 0.50%. This might'be seen as a small number, but
it accumulates over time exponentially. It also has to be added to the growth
of population (family size kept constant). Together they total close to 2.5%
per year. Hence the total quantity of water demanded by the household sector

would double within about 30 years.

Time Series Analysis

Over the last 30 years (1960-1991), the per capita water consumption has
increased by about 50%, from 76.0 cm/year to 111 cm/year, while per capita
personal consumption almost tripled (from NIS 5,040/year to NIS 14,141 in 1986
prices). -The real price of water, relative to the CPI, has also almost
tripled (from 0.91 to 2.53). We suggest that the 50% increase of per capita
water consumption is the outcome of the interaction of the change in income
and the change in price each affecting the quantity in opposite directions.

While a priori the econometric analysis of the demand for water using
time series data seems straight forward, already at the initial stages one
encounters a major econometric problem. It can be summarized in one

ward—multiculinearity; The simple correlations among the three core variables

are:

Q water - P water, 0.B83 .

Q water - Personal Consumption, 0.85
P Water - Personal Consumption, 0.93

The third correlation (0.93) is the core of the problem. In order to overcome
the problem one can follow two routes: (1) employ first differences
estimation, and (2) impose an exogenous income elasticity. One should note
that while from the previously discussed analyses of the municipal data and
the family expenditure data, we obtained a ballpark estimator for the
elasticity of income, there was no way to estimate the price elasticity from
neither of them. The only chance to estimate a price elasticity is from the
time series analysis. The payment one might have to make is that of not

estimating the price elasticity simultaneously with the income elasticity.
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However, the latter elasticity is, presumably, already known. The models that
were estimated are again Log-Log model. Thus the coefficients are the
-currespunding elasticities of the variables.

Before presenting the results some other remarks are in order. The first
is related to the data. The definition "domestic" contains also nonhousehold
water consumption, mainly for municipal public purposes and for various
commercial activities. In cities the share of the nonhousehold consumption is
about 25% while in municipal councils it is only about 20%. These shares are
not constant and have increased and fluctuated over time, but there is no way
to deduct them from the aggregate definition of domestic Ennsumption of the
time series data. Secondly, from the data one sees that the growth of water
consumption was much slower compared to that of total consumption. This is
mainly due to the specific nature of water. Saturation is reached relatively
fast unleés there are changes in exogenous conditions that enable or justify
the expansion of its consumption, private homes with land for gardening
jointly with low price of water. These two conditions did not and are not
expected to hold in Israel. Thus, the question is whether, in the estimation
procedure the constraint of a saturation level should not be a priori imposed
(see Appendix A). In the section below we present the results of estimations
that are unconstrained by a saturation level.

In a time series analysis attempted in this section, one should also
expect to find positive serial correlation. The question is thus how to
correct for it. Estimating the basic demand function in a log-log form

LWCt = By + ByLPWp + B,LPCSy - Lt
where WC is domestic water per capita PW is the real price of water and PCS
per capita private consumption yielded a positive but, very insignificant
coefficient for B, with a strong serial correlation (DW = 0.93). Excluding
LPW from the equation hardly affected its R2, 0.74, and yielded an income
elasticity of 0.30. Adjusting the basic model for serial correlation, using

the Cochrane Orcutt procedure, turned the price elasticity negative but still
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very insignificant. The income elasticity increased to 0.37. Given these
results we imﬁused on the model an income elasticity of 0.25 and estimated
just the price elasticity. It turned out to be -0.127. Since serial
correlation was still very strong, we corrected for it using the CORC
procedure. The price élusticity of water declined to -0.102 but maintained
its significance.

One thus can summarize the time series analysis by observing that with
regard to income elasticity it falls within the ballpark drawn in the other
analyses, the 0.2-0.4 range. We, huﬁevar, succeeded in getting a price
elasticity of -0.10. '
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Summary

The estimated income elasticity of water is in the range 0.20 - 0.40.
The estimated price elasticity of water is in the range (-0.05) — (0.15).
These findings emerged from the correspondence between income, which is to be
considered exogenous and uncontrolled by the watet-related policy maker, and
the price of water which is fully controlled by the policy maker. The results
indicate that for a one percent increase in income the price of water,
relative to the general price level, has to increase by 2.5% in order to keep
the per capita water consumption at a constant level.

The relations usually estimated are by definition, unless otherwise
formulated, considered to be symmetric. We wonder whether the symmetry also
holds for household consumption of water, the reason being that the data used
are all related to a continuous upward trend of water consumption. As with
the behavior with respect to the consumption (the Dussenberry relative income
theory) for a quantity declining response the income and price elasticities
might be much smaller. Thus, even at very high water prices, household
consumption of water would hardly decline. This establishes a bench mark
level for per capita domestic water consumption, the currently used quantity,
at about 110 cm/year.

Furthermore, as noted in the study, this figure contains other urban
usages. Thus, at the household level, the net per capita is only about 80
cm/year. The other 30 cm/year are mainly consumed publicly (parks), thus
having positive externalities. Hence their MVP would be quite high (a public
good). We suggest that the level of 100 cm/year will be the leading level in
long-range forecasting for water requirements in Israel. Any attempt to lower
the domestic water consumption below this level would be rather unsuccessful
and its costs in terms of welfare might be quite high.

The latter observation leads to two conclusions and implications. The
first is that once a shortage in water for domestic consumption is expected,

all means should be used, including sea water desalination, to avoid its
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occurrence. The second is that the planner can be sure of the availability,
and the necessity, of recycling about 50-60 percent of the per capita domestic
water consumption. Over time the significance of the necessity might
overpower that of the availability, although the latter would eventually

become the major source of water supply to the agricultural sector.
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Footnotes

As of October 18, 1990, the rates were

up to 8 cm/person/month $0.65/cm
8-15 cm/person/month $0.98/cm
+15 cm/person/month §1.60/cm
home gardening* $0.45/cm

*+ It has already been adjusted to $0.65/cm, i.e. equal to the rate for
the lowest per capita consumption.

Since the income variable is excluded and the correlation between income
and family size is negative while the income effect is positive the

"true” coefficient of family size is above 0.50.



26
Appendix A

1f one considers the existence of an exogenously determined saturation

level of water consumption, then the demand for water can be written as:

WC
1+ ePo+ pPW, + B,PSC, + ),

WC, =

where WCy, PWy and PSCy were defined above and WC 1is the saturation

level. For estimation purposes this relation could be linearized as follows:

The maximum likelihood value for WC could be estimated simultaneously with
the values of fl;, J;, and JJ; using a sequence of linear regressions and
OLS in which the values for WC are changing while searching for the value of
WC which maximizes the RZ? of the estimated equation.

When applying this model to the 1960-91 data the multicolinearity problem
mentioned in the text reappeared. The difficulty here is that we do not have
exogenous information with regard to B, (here it is not the income elasticity
of the demand for water). It can be approximated using the mean values of WC
and PSC and imposed on the estimated equation, but the results are less

reliable than in the procedure discussed in the text.
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non-governmental institutions

1. Cooperation and coordination with the Civil Administration as necessary.

2. Other issues of the interim arrangements will be dealt with seperately. P
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Arrangements {ISGA) For the
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Agreed Interim Self-Government Arrangements for a period of flve ]

years., Beglinndng the thircd ¥ear, negotlations on the permanent
status will take place, on the basis of Resolutions 242 and 338,
The above Is based on the Madrid invitation and is suggested in its
framevork.
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Agreed  Iuterim Self-Government Arrangements {ISGA) For the
Palestinlans in the territories for Tive years.
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Agreed Interim Self-Government Arrangements for a period
of five years. Beginning the third year, negotiations on

DY the permanent status will take place, on the basis of
Resolutions 242 and 338,
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yeave.  Heplimlng the third yenr, negotiatlons  on the permanent

Wi Status will  take rlace, an  the basis of Resolutions 247 ang 338,

The above Is hased an the Madrld Invitation and Is suggested i its
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THE GOAL OF HEGOTTATION AND TERMS OF REFERLHCE

Direct negollatlons  between Israel and the Talestinlans, In the
framewotl of the ebjective of a Just, lasting and comprehensive
peace, based on resolutlons 242 and 338, per the Madeld Invitatlon,
to be conducted In two phases:

(1) Talks conducted with the objective of reachlng agreemenl on
intetlm self-povernment arrangements.

{2} DBeplonlng the thicd year, negotlatlons on the permanent slatus

will take place. These negotiatlons wlll be conducted on the
Lasls of resolultlons 242 and 330,

The process ls one; lts  two phases are {nterlocked In the agrecd
tiwe Frame: the flrst phase wlll also naturally bear relevance
towards the second phase, wlth the understanding that all options
For the second phase remaln open to the partles to agree In Lhe

framework ol Lhe above mentloned agreed basls.

The terms ol reference of this process are the Madeld tnvitatlon
fattached). Resolutlons 242 and 330 are attached as well.
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