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ISRAEL WATER ECONOMY - AN OVERVIEW

. DAN YARON

'INTRODUCTION

The first part of the paper introduces the water supply potential from
natural sources. -The expected -future use of water by the urban and
agricultural sectors is presented ‘and the role of treated wastewater
in the water balance of Israel is evaluated. ' Costs of water supply
from different sources are compared. - '

" The second part of the paper deals with major issues related to the
pricing of water. The prevailing allocation ‘and pricing system is
presented and its positive and negative aspects are evaluated.
Finally, several issues of current interest are brief]yireviewed.

WATER POTENTIAL

There are several estimates of Israel’s water. potential; they range
from 1517 to 1781 MCM per year, not including Gaza and the South
Jordan Valley aquifers. The detailed estimates are presented in Table
1. The potential of water from natural sources .includes about 160 MCM
of brackish water, defined .as: water including more ' than 400 ppm
chlorides, roughly equivalent to 1000 TDS ‘(Total Dissolved Solids).




Note that the net potential takes into account conveyance losses of 4%
of the gross quantity. The concept of water potential requires some
clarification:

a. It depends on land use - the type of vegetation e.g. fallow vs. an
orchard or a park, which affect natural vreplenishment via
evapotranspiration. Another factor 1is the land area occupied by
buildings and paved roads which prevent deep percolation of excess
water to aquifers, and instead, allows the unabsorbed rainfail to fall
into sewers and storm drains, and ultimately to wadis (dried river
beds) and to the sea.

b. There is a difference between the hydrological pofenfia] which
includes all the sources of water and the practical potential which
represents the quantity of water practically available for use.

The practical potential available for use depends, of course; on the
state of water supply alternatives and the economic conditions under
~given circumstances; prohibitively costly sources of water supply are
not included in the practical potential. The distinction between the
hydrological potential and the practical potential is not clear cut.
An example is ‘the saline water aquifer in the 'Negev southern
highlands, the exploitation of which is expensive. The question
. arises which share of this aquifer shou]d be included in the practical
potentjal. If we expand the frame of reference to include water from
artifical sources, e.g. reclaimed sewage and desalinated water, the
theoretical potential of desalinated water being unlimited, nowadays
the practical potential of desalination is restricted to. a few
locations only (e.g. Eilat). In the Ffuture, on -the other hand,

desalinated water. may become one of the 1mportant components of the
practical potential.

. -Speaking of potential, we refer, as in ‘most pub1ieations. to the
xgecged value (or perennial average). The expected 'value "of water
potent1a1 of .a given aqu1fer depends on the relevant storage capac1ty
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(which is.a-limiting factor in-Israel) and Upon théuidndi;ﬁn use and
inventory policy. Under conditions in which the sforage cabacity'is
not restricting, and the policy is to use all the quantity of water
replenished in a particular year :ithe_expected‘Va1ue"oF'the potential
and the standard deviation (SD) will be relatively high. On the
other hand, under conditions of restricted storage capacity and a
restrictive policy of water wuse _.in plentiful years, due to
considerations of perennial storage, both the expected value and the
standard deviation of the potential will be lower.

According to Schwartz (1990),. the- coefficients of variation (CV) of
the natural replenishement of the major watersheds in Israel.are:’

Kinneret Basin .- - . 0.36
Coastal Plain : : N ' 0.29
Yarkon Taninim (part of the Mountain Aquifer) 0.22

A1l three watersheds combined - 0.27

The estimates of Schwartz relate to historical replenishment series
and certain assumptions regarding the usage-inventory policy.

The above coefficients of variation are quite high. By way of
illustration, let us assume, for simplicity, a normal distribution of
the natural replenishment with a CV of 0.27 . .Under these
assumptions, in 16% of the years the overall natural rep]eniéhment of
the above watersheds will be lower by 27% from the expected value
(one SD towards the left tail of the distribution) and in 2.5% of the
years, it would be lower by 54% from the expected value. :

The policy options faced by the policymakers are either, to maintain
a constant water supply from natural sources over the years with a low
expected value and a Tow standard deviation, or to maintain a flexible
water supply with a relatively higher water potential and higher




-standard: deviation, as.well. This issue.is closely related to the

structure of the agriculture and its crop mix.. .-~

Table 1. WATER POTENTIAL FROM NATURAL SOURCES
(EXCLUDING GAZA AND SOUTH JORDAN VALLEY)

MCM/YEAR - -~ - Y

VERSION

SOURCE

KINNERETH BASIN 660
GROUND & FLOW WATER 1) 1195

TOTAL 1855
CONVEYANCE LOSSES 74 -

NET POTENTIAL -

* VERSIONS: - (1) Tahal Master Plan-(1988): -
(2) Nevo (1992) PR :
('3) “Based on Hydrological Service -




Table 2. URBAN WATER USE AND RESIDUAL FOR AGRICULTURE
ATU SOURCES
- MCHM\YEAR

CYEAR:- 1990

DOMESTIC 1) . - - 482
INDUSTRY . St 108

TOTAL (A) 588

- NET POTENTIAL *X(B) = 1,654 "
- RESIDUAL 2): (B)-(A) - 1,066

WASTEWATER POTENTIAL 240

‘FOOTNOTES:

1) 100 M>/CAPITA BEYOND 1990
2) INCLUDING 160 MCM BRACKISH WATER




THE BALANCE OF WATER

The projected water use in Israel in the 21st centurj depends on the

projection of population and water use per capita. The recent
projection regarding population for the year 2010 1s 6.9 million

inhabitants in Israel including .the settlements” 1n “the West Bank and

South Gaza Strip. The quantity of water ‘projected for domestic use is

approx1mate1y 700 million MCM per year with an ‘additional 140 -MCM for

industrial use. The proaect1on for domestic use is based on the

assumpt1on “of 100 . CM per capita in 2010 and the years beyond The

current average use per capita is about the same. PSS

The reason for using 100 CM per capita . and not a h1gher “figure
which could reflect higher standards of living, 1mp11c1t1y assumes

~water policy aimed at-Tower use levels. 1In effect, in years of-short
supply, the use per .capita-can .bé even 1ower than. 100 CM if proper
administrative restrictions take place.

Table 2 shows the totals of the projected urban use of water, which,
when compared with the potential of water from natural sources;. gives
the residual available to agriculture. Note that this residual
includes about 160 MCM of brackish water. The last. row of Table 2
presents the potential for reclaimed 'wastewatér; which jointly
with the residual in row 5 could be a]]oéated,to'agricultufe. The
figures for the years 2030 and 2040 are extrapolations which
illustrate the potential situation during the first part of the 21st
century. :

Table 2 suggests that an increased share of water supply to Israeli
agriculture would be based on Tow quality water (brackish and
reclaimed wastewater). According to this projection, already in the




third and fourth decade of the 21st century, the Shortagebof fresh
water to Israeli agriculture will be quite severe.” Note that
deviations from the projections in Table 2 are very Iikely. due to
variation 1n “the potential, and dxfferent rate of growth of popu1at1on
‘and use per cap1ta The table presents a genera1 - s1mp11f1ed view.

- A reat 1ifevp1anning should follow a probab111st1c approach.”

It shou]d be empha51zed that the above f1gures avoid, on purpose, the
d1scuss1on of the c1a1ms for’ water by the Pa]est1n1an Authority, due
to its sens1t1v1ty Here we shall be satisfied with three comments:

(a) The dispute over water between Israel, ‘the Pa]est1nian Authority
and the State of Jordan shou]d be resolved around a negotiation table,
(b) ‘data like those presented in TabTe 2 may serve as an 1nput ‘to the
negotiations (see also: Yaron (1994)) and (cy any quant1ty of water
transferred from the current or projected use in Israel to its
neighbors will primarily affect the agriculture of Israel.

WATER SALINITY PROBLEM

There are two aspects of the salinity problem. The first one refers to
local spots of brackish water in certain 'regiohs, which together
amount to about 160 MCM/year. A '

The second, and considerably more important prob]em in the Tong
run, is a strong trend faced by Israe] of 1ncreasing salinity over
t1me in most of its natural water sources. This process in the resu]t
of: (1) reduction of natural drainage and natura] salt 1each1ng to the
sea, due to the very intensive exploitation of Israel’s water sources
(2) intrusion of sea water in some locations a]ong the coastal p1a1m
(3) import of sa]ts with irrigation water ‘from Lake Klnneret to the
regions served by the National Water Carrier (NWC) . (Even though the
salt content of the Kinneret, the source of NWC 1s re]atxvely Tow
(200 - 240 ppm C1), ‘the salt’ brought in by ‘the Nat10na1 ‘Water
Carrier gradually accumulates in the soil and ultimately perco1ates to




the groundwater; (4) irrigation with wastewater which is more saline
than fresh water.

A‘,major 'iSSUe_ is the "time-'chToride bomb~ abovel the - (unéohfined)
coastal aquifef The salts accumulated. in the soil profile above the
groundwater will u]t1mate]y reach the aquifer and gradua]]y cause its
deterioration. According to Mercado (1992), this is an 1rrever51b1e
process. It may be s]owed down, and probably is,:by more efficient
systems of 1rr1gat1on wh1ch reduce. the .deep percolation but no
1rr1gat1on system prevents, deep percolation. tota]]y. and there is
st1]1 deep percolation due to.rain..

Tﬁe overall trend‘of sa1inizéti§ﬁ»of the water sources was recéht]y
estimated by TAHAL (1988) as follows:

" PERCENT OF TOTAL POTENTIAL
%

PPM/CL 1985 2010
250 > , N I 63
250-400 . . . 12 .. 1s.
400-800 . 5 10
800 < 4 12
..100 .- 100

There are twogiieve]s of isSues_ concerﬁed withvathe -management of
brackish vwetef'.qse - the farm..level -and-.the: national (or the
regional 1eye1.

At the farm'leveT the focus is on the optimal use of brackish water in
the short and long run (Yaron, 1984; Feinerman-and Dinar, 1991).

At the national/regional level the.major problems are (i) how to deal
with the e};erna]ities.ofvirrigatiqn with brackish water, and (ii) how




to “incorporate brackish water into the farmers’ quotas (as ]ung‘as
this system prevails) and what should be the rate of substitution
between the brackish and the high quality water. A Water Commission
Committee has recently issued p011cy recommendations in this regard
which “are being put 1nto effect Deta1ls fa]I beyond the scope of
th1s paper

TREATED WASTEWATER AND ITS USE

”shown"abdve; treated ‘wastewater wiT]"contindus1y comprise an
»1ncreas1ng share of the total supp1y potential to agr1cu1ture and
perhaps to 1ndUstry as’ we]].: It is assumed that between 50-60% of
household ~water ~can be recyc]ed and re-used, if there is
suff1c1ent demand for its use C o

Theda1ternatives regarding wasteWater are: (a) dlsposal to the sea
(b) treatment and re-use in agr1cu1ture. and, perhaps (c) re-use in
industry. Note that re-use in households and offices is not currenlty
considered as a viable alternative even though it may become such in
the future (with dual supp]y systems in households and off1ces. as,
for example, in large office buildings in Japan). According to the
international agreements, disposal of wastewater to the sea imp1ies a
certain level of treatment (hereafter "base level”) and long p1pes for
'duscharg1ng away from the shoreline for 1ts d1scharge

The use of treated wastewater in agriculture involves strict
environmental rules, with ~a double aim preservatibn of
:groundwater' when - irrigation takes place "above uncqnfined aquifers.
and public health considerations aimed at preventing the spread of
bacteria and = viruses, ' carcinogenic materials, etc..  Strict
restrictions on the use of treated wastewater in’ 1rr1gat1on have been
- passed; the issue of gradial contamination of groundwater by
chemicals is’ be1ng studied (e. g " Falkovitz " and Fe1nerman(1994).
Feinerman and Voet (1995)); however, problems of enforcement of




.the regulations are far from being solved. :_(See,,Schwartz (1990) ,
Avnimelech (.1992)).: : _ S -

A major issue is aqricu]ture vS disnosé].; Accdrding to a recent
_report by the Water Commission:(1993):. -"If‘the .environment preserving
regu]atlons are fo]]owed allocation to agriculture seems economically
viable in most cases.” A major difficulty involved in the allocation
of treated wastewater to agriculture is the problem of interseasonal
storage. Underground storage capacity is limited and even-if locations
can be found, there is an alternative cost of storing treated
wastewater rather than fresh water; storage in open ponds bears too:an
alternative cost in_terms,of Tand. Furthermore, there  is a:]oss:dn
quantity due to evappration, and even more important is the effect.of
evaporation on increasing salinity. Available observations. suggest
that the salt content of reclaimed sewage is- h1gher by about 100
ppm C1 than the incoming fresh water supplied to urban consumers. If
the current salt content of the water supply by the National water
Carrier 1is about 220 ppm Cl, the salt content of reclaimed sewage
w1thout underground mixing will be 320 ppm and after open pond storage
may reach the Tevel of 450 ppm C1 or even more. Such a level is
cqnsidered,es damaging to the sensitive crops e.g. éitrus, avoeado,

mango, etc.

In Table 3, we present a compilation of estimates of costs of treated
wastewater for small..plants (10 MCM/year and of the Tel Aviv
Metropolitan Plant (~Shafdan”) . It presents the costs involved in the
different levels of treatment and its use in irrigation. It is
unclear (regarding Table 3a) under which conditions tertiary high
-~ treatment, which involves sand filtration, is actually needed; if it
is not, the total cost of treatment for small plants should be reduced
accord1ng1y A second comment regardlng Table 3 refers to the cost of
infiltration and groundwater storage of the Shafdan plant. It is
_be1ng debated whether infiltration is necessary for .disposal.

the sea, or if the treatment alone, perhaps with some upgrading, may
be sufficient. . e




It seems sensible and rational-to assiime that the cost of treatment up
to the level required by the rules aimed at the preservation of the
environment will be borne by the producers of the waste, -i.e. the .
urban population. Thus; the share to be borne by agriculture includes
storage and conveyance. Under conditions of high profits from the
agricultural use of treated .wastewater, there might be a case for
sharing the profits between the farmers and ~ the - municipalaties
(see e.g. Dinar et al (1986)). However, such a situation seems
unrealistic today. With all this taken into account, the range of
costs of using treated wastewater in irrigation might be considered as
falling between 10 to 25 ‘cents per CM.

Table 4 .presents a distribution of water supply .sources according to
the costs per cubic meter. The cost of supply- from natural sources is
based on the Mekorot Work Plan and Budget (1993, Hebrew). The cheapest
category of water from natural sources includes water supplied by
private non- Mekorot projects (Mekorot supplies about 65% of the
total). Scrutiny of Table 4 suggests that the cost of treated
wastewater is lower than “about one half of the water from natural
sources and it is considerably cheaper than 'the desalinization of
brackish water by reverse osmosis, and certainly than deslinization
of seawater. Thus, treated wastewater can. absorb the additional costs
involved in upgrading qpa]ity and still be competitive.:




: +Table:3: 'ESTIMATED COST OF TREATED WASTEWATER. ..

a) "SMALL- PLANTS (10 MCM/YEAR)

US cent/cm

.. TREATMENT -COST -.-.... ~ . ... OM .. CAPITAL COST
.-Secondary -level-

-Tertiary level. I
- Tertiary Tevel II 1) s

IRRIGATION COST -
Storage (open ponds) 2)-
* Conveyance ( 10km)

Total - - - e 6

Footnotes: 1) - Sand filtration if needed » . )
- 2) Infiltration to underground water is cheaper

.+by. TEL AVIV METROP. PLANT v : o
- TREATMENT COST oM CAPITAL COST = TOTAL

Treatment - 14 22

Infilitration 3) 12 19

Total

IRRIGATION COST .

Conveyance (Negev)

FOOTNOTES : .
3) It is unclear whether infiltration is necessary for disposal
sea.




Table 4. COST OF WATER FROM VARIOUS SOURCES

Cents/cCH

COST -
cents\cm’

Natural sourcés R B <22
| o : 22-40
40 >
Treated Wastewater 10-25
Desalinated brackish water 40-50
Desolinated seawater ' ‘80-120

THE USE OF WASTEWATER IN AGRICULTURE

There are twamajor'intefrelated problems -involved in the stragegy of
using wastewater for irrigation: the - inter-regional geographical
allocation and the treatment level. o ’

In general, there are limited regions ‘and a limited agricultural
potential for low - level  (secondary) treated wastewater. This
situation will only be exacerbated due to the process of urbanization
and increasing- density of population.




A major concentration of wastewater sources prevails in the coastal
plain where the urbanizatiop:process has been the greatest. However,
this region 1is 7located above the coastal aquifer and there are
considerable hazards with irrigation in this region even with very
highly treated wastewater. Note that while the wastewater can be
treated up to -a..level objectively equal to potable standards,
uncertainty and lack of knowledge regarding carcinogenic materials and
perhaps other currently unknown damaging elements are a source of
worry and objection on behalf of those in charge of public health. -On
the other hand, there is relatively plentiful land in_the South and
the Negev which are not located above an unconfined adﬁifér' 5hd
secondary treatment level of effluent can be used there from the point
of view of conserving groundwater.

There are two strategic alternatives wide1y'discu§§eq nowadayézf(ﬁ)
conveying -most of the coastal. plain wastewater. south and shiffing
agriculture from the coastal plain to the Negev, and (b) using high
quality effluent above the coastal aquifer. The latter alternative
evades the currently’ prevailing ~restrictions. However,  a .recent
document prepared by the researchers of the Volcani Institute fFein
et al (1995)) suggests that irrigation with treated wastewater in the
coastal plain is envoironmentally feasible and at least not inferior
to irrigation with quality of water from the National Water Carrier.

The advantages and disadvantages of the two alternatives are obvious.
Conveying the wastewater to the Negev and expanding the agriculture
there avoids the rigidities and restrictions derived from the
currently prevailing system of land allocation and other institutional
realities. The problem in the Negev is whether, under the current
socio-political climate and the diminishing support of agriculture on
behalf of Israeli society such a development can jindeed take
place. On the other hand, in the coastal plain, the land is perhaps
the most fertile in Israel, with favorable climatic conditions, and
there is still a viable core of good farmers with a strong
infrastructure for farming. Furthermore, some parts of Israeli society.




place a high~ vdlue on green ‘and verdant’ open areas, despite 'the
fact that they are giving way, gradually, to the forces of urban
pressure.

TREATED WASTEWATER -FOR ALL PURPOSES ?

Under the current technology, highly treated wastewater meets all the
objectf?e standards of drinking water, yet dual supply systems are
developed- in order to avoid any unforseeable hazards.: My - own
observations suggest that even triple systems are being introduced and
“expanded, such as the use bottled mineral water, home treatment of
“water, etc. : ' ' o

Research by Schechter and Rebhune (1986) presents an economic
rational approach to the determination of the optimal treatment Tevel
of wastewater for drinking purposes under: Israeli conditions. They
‘includé in their analysis estimates of value of 1ife and the fear of
" disaster which has a very low probability of occurrence. However, due
to this fear of disaster, many po1icymakers‘tehd-fo"éXaggerate in the
required level of treatment. This is a case of the policy of “do vs
not to do”.-decision making. Many decision makérs in -the field of
public health prefef -to err ‘on the side of overdoing to avoid
accountability for public health disasters even- if their probablility
could be considered as negligible. On’ the other hand, public
-expenditure for the prevention  of car accidents (improved highways
etc.) seems to be below its -“social ‘optimum level, because the
accountability is not there. S B

It is proper to end this section with a question. Could highly treated
- wastewater ‘'serve as an emergency source for households under condtions
of severe' drought and severe water 'scarcity? - Some water experts
suggest constructing desalinization plants, and use as an argument
- ‘severe water scarcity situations with low probability of occurrence.




Could h1gh1y treated wastewater , supported by bottled drink1ng water,
serve as an a]ternatlve solution?

WATER ALLOCATION AND PRICING

The fresh high quality water is allocated to users .according to an
institutional quota system’““Thése qiidtas were established in' the
early sixties and have. not been. thoroughly revised since then.

Accord1ng to the Water Law of Israel--and its under1y1ng ph1losophy,
the water 1s cons1dered as the property of the nation . -and - is
a]]ocated for se]fkuse purposes Accord1ng1y, quota transfers - among
Ausers' ": 111ega1 Due to the deve]opments since  the early sixties
and ‘the preva111ng rea11t1es. transférs are pract1ced despite their
111ega11ty

Varxous arrangements prevail regard1ng “the a]]ocatlon of “brackish
water and the.right to use reclaimed wastewater A maJor prob]em
faced: by the Water Commission 1s, how to° 1ncorporate the Tow
quality water into the quota system and what should ‘be the rate of
subst1tut10n between h1gh qua11ty and poor qua11ty water.

The water supp11ed by .Mekorot to the farmers is pr1ced according to a
block d1fferent1a1 (tier pr1c1ng) system The first 50% of - the quota
has a low price (price A - 14,5 cents per cub1c meter in the Fall,
1994) , next 30% of the quota bears a h1gher pr1ce (prlce ‘B - 17.5
cents); and the remaining 20% of the quota bears prlce C - 23.5 cents
(Fall, 1994) Users exceed1ng the quota have to pay a considerably
higher price w1th an element of pena]ty :

The pricing system -.enables inter-user water - mobility without
changing -the quota system and fac1ng the strugg]e with farmers’ rights
to the quotas. It is also a venue for. subs1d121ng farmers (via prices
(A) and (B)), with potent1a11y efficient prices at the margin of the
quotas. Furthermore, no extra transact1on ‘costs are involved because




all water supp1ied:by Mekorot is metered and the charging system for
water is automated.

This system_ is a mix of political - institutional allocations with‘the

market mechanism being effective at the margin of allocations.” Ip

other words, this is a mix of egalitarian and efficiency measures (see
also Yaron 1992, Hebrew). In the view of this author, market

mechanism alone may lead to results incompatible with the non-economic

goals (national, social). Another adVantage“d? the block differential

pricing is that it takes away some of the rent, potentia11y
accumulated by water suppliers, and transfers it to the farmers.
Note.that the marginal costs of water supply is increasing in shifting

from one water plant to another within the same region. ' With the
1ntroduct10n of desalination, the shift in margina] costs of" water
supply may be substantial. For efficiency, the marginal water ~
should be priced according to the marginal costs. But if all the
water supplied is priced at the marginal cost, as free market
mechanism suggests, a huge rent that will be left in the hands of
water supply companies. Block prices (A) and (B) leave some of this
rent in the hands of the farmers without additional transaction
costs.

While the current system has evident advantages, it is time for -
revision. First of all, the current quota system does not take into
dccount the changes which have occurred since their establishment

either in terms of the growth of urban popu]atlon or in terms of
changes in the agricultural production, introduction of greenhouse
technology, etc. and in general, the differential development of
production systems of the farms, even in the same region.

In reality, the quotas are not observed. While the towns systemati-
cally exceed the quotas, the agr1cu1tura1 settlements use 1ess water
than is allocated to them by the quotas. o




Deviations from.the. quotas.in recent years were.in percents:

KIBBUTZIM MOSHAVIM
-13. -11
24 e .17
=18 .-l

Thus: the - quotas shou]d be . reV1sed -.At. the- same time, complete
cancellation of quotas to farmers is. not. feasible because farmers
need some reassurance.

Another weakness of the.current.pricing system. is.that water_is.priced

at the same.level in all regions:and the .marginal.price (C) does not
necessarily reflect the real marginal cost of supply on a.regional
basis.

URBAN USES.

Water supplied by Mekorot to municipalities is charged 31 cents per
CM (Fall 1994 prices) for domestic use and 23.5 cents per CM
cubic meter for industrial.use. . However, the.ultimate consumers. pay
cons1derab1y h1gher prices for water. because the municipalities use
the supp]y of ‘water as a venue for taxatlon, thus making water supply
as a source’ of profit. According-to. the research by Eckstein .and
Rosov1tz, (1993) the profit as.a percentage of. outlays. in..1989/1990
was as.fo]]qws. o . L ..

Tel Aviv 44% Ashdod
Bat Yam " 169% . Raanana
Herzliydh™' 135% Ramlah
A1l municipalities (simple average)




It was observed by Eckstein and Rosovitz that’ the ‘richer the
inhabitants of a commun1ty. ‘the’ hlgher the percentage ‘of proflt from
water—supp]y oo S

SPECIAL‘PROBLEM§

Linkage in supply between domestic and agricultural users

" A considerable share of water supplied by Mekorot is delivered thorugh
plants which serve both the domestic and agricultural users. However,
the parameters of demand by these two groups of users are different as
shown in Table 5. The parameters of demand for ‘industry seem to be
similar to those of domestic users exept’ for water quality.

Table s: DIFFERENT PARAMETERS OF DEMAND FOR WATER FOR DOMESTIC AND
 AGRICULTURAL USES

PARAMETER - "'+ DOMESTIC - AGRICULTURAL

Short term reliability = High =~ - Low

Long ‘term reliability - High Medium

Water qulaity " 'High - Low

Peak/average ratio Low High

As the water plants jointly supply domestic and agricultural users,
the supply has to meet the most demanding parameter. Thus, in most
cases, agriculture is served by plants which meet demand parameters
not required by agriculture. The issue of cost allocation between




domestic and agricu]tura] users is therefore raised. Qualitatively,
the cost allocation policy and,. _ accordingly, the pricing policy are
clear. In order to arrive at the quantitative measure, research
should be carried out. As the shortage of fresh water to both
domestic and agricultural users becomes more severe . 1n the years
to come, the importance of this problem will become more acute.

Taxing groundwater

In some reglons of Israe] there are sha1]ow aqu1fers w1th 1ow
pumping costs and therefore 1ow water supp]y costs (e.g. the Coastal
Plain) . There Jis-a cons1derab1e dlfference _between the private and
the social costs of water in this region. The alternative for using
this water in the region by private well-owners is conveying it to the
Negev. by. the. N.W.C. and substituting for water from the.Kinneret.

Until recently, the shallow aquifers low cost water was levied using a

mechanism of ”equalization fund”. The fund thus. co]]ected was used to
subsidize the natuona1 water system operated by Mekorot .. Recently,
_the Water Comm1ss1on has been looking for a more rat1ona1 system.

Taxing of groundwater is being discussed w1th ‘economic parameters
being used for_setting up the tax level. The parameters under
consideration include“the distance from the Negev. water salinity
and the Tlevel of groundwater (the 'high level, poss1b]y .involving
overflow to the sea, would be exemptéd from levy, whereas a low level
of groundwater which may lead to shortages in the following years will
be heavily levied). ‘




Privatization

As previously mentioned, Mekorot Water Company controls 65% of the
total water supply in Israel. The issue of privatization or partial
privatization is being discussed. .

This issue is only mentioned here, due to its importance; due to its
complexibility it falls beyond the scope of this paper.

Shortage of economic research

As in man& other cddntries, the water .system-in Isra€l "is:dominated
by engineers, hydrologists and agricultural experts.-* The: economic
research is relatively limited, while the demand for economic analysis
is quite high_as_eyjdenced by the previous.-examples. s




REFERENCES

Avn1me1ech Y. Y§9i Use of Wastewater 1n Agr1cu1ture_- POSTthﬂ of
Ministry of Quality of Env1ronment Paper presented at the 3rd
Continuing Workshop on Israel Water Issues. Center for
Agricultural Economic Research, Rehovptx(M1meo,»Hebrgw[,

Eckstein, S. and Roéovski, S. 1993. Water Economy in Municipalities.

Res. Report submitted to Water Commission. Bar-Ilan University.
" (Mimeo, Hebrew).

Falkovitz, M. and Feinerman, E. 1994. Minimum Leaching Scheduling of

Nitrogen Fertj]ization'and_Irrigation, Bul]._pf Math. Biology.
56 665-686. o - :

Fein, P., Haruvy, N. and Schainberg} Y. 19§5ﬂ bRa'anana- Wastewater
Treatment Project - Criteria  for Quality under Different
Alternatives. Water and Soils Inst. The Volcany Center. Bet
Dagan. (Mimeo, Hebrew) .

Feinerman, E. and Dinar, A. 1991. Economic and Managerial Aspects of
Irrigation with Saline Water. Working Paper No. 9103, The Center
for Ag. Econ. Res., Rehovot. (Mimeo) .

Feinerman, E. and Voet, H. 1995. Dynamic Optimization of Nitrogen
Fertilization of Citrus and the Value of Infornation from Leef
Tissue Analysis. European Rev. of Ag. Econ. 22:103-118.

Mercado, A. 1992. Salinity of the Coastal Aquifer. Paper presented at
the 7th Continuing. Workshop on Israel Water Issues.  Center
for Agr. Econ. Res., Rehovot, 7: 8-9. (Mimeo, Hebrew).




Nvo, N., 1992, Comments. Paper presented at the 7th Continuing
Workshop on Israel Water Issues. Center for Agricultural
Economics Research, Rehovot. (Hebrew).

Shevah, Y. and Shelef, A. 1993. ~Wastewater 2000”7 - Policy and Plan
for Treatment and Re-Use of Wastewater. Water Commission.
Israel. (Hebrew, Mimeo).

Schechter, M. and Revhun, M. (1986), Economic Implication of Changes
in Water Quality for Domestic Uses. Res. Rep. No. 729-003
submitted to the Water Commission. Israel (Hebrew, Mimeo) .

Schwartz, Y., 1990, Israel water sector study. Unpublished Report
prepared for the World Bank (A. Braverman) . Mimeo.

Tahal, Water Master Plan, 1988, Interim report, (Tahal, Consulting
Co., Tel-Aviv) (Hebrew).

Yaron, D., 1991, Allocation of water and water prices in Israel.
Economic Quarterly 150, 465-478 (Hebrew).

Yaron, -D., 1984. Economic Aspects of Irrigation with Low Quality
(saline) Water. In: Framji, K.K. ed. State of the Art -
Irrigation, Drainage and Flood Control. No. 3. Int‘’1l Commission
on Irrigation and Drainage. New Delhi. 263-286.

Yaron, D. 1994. An Approach to the Problem of Water Allocation to
Israel and the Palestinian Entity”, Resource and Energy
Economics. 16: 271-286.




PREVIOUS WORKING PAPERS

Dan Yaron, Ariel Dinar and Aharon Ratner - The Applxcabllity and

! -Usefulness * of Cooperative  Game Theory in the Analysis ' of
Equity Issues in Regional Water Resource Problems. '

Yoav Kislev " and Arie Marvid - Mlshorim--A Regional " Cooperative
“of Moshavim (Hebrew)

Eli Feinerman and Paul’ B. Siegel A Dynamic Farm Level Planning
Model for Optimal Feedlot Production and M_arketing An "
‘IMlustration for a Situation in Israel ’

" David Bigman - Optimal Provisnon of Public Goods. Normatlve and

- Bargaining Solutions. "

David Bigman -and" Paul D.” McNells - Indexation, Contract Length
"~ and - Wage ~ Dispersion under Rapld Inﬂatxon. ‘"The  Israeli
Experience 1979-1984. »
Haim Levy and Zvi Lerman - Testing the Predlctlve Power ' of

Ex-Post Efficient Portfolios.

" Haim Levy and Zvi Lennan - Internationally Dlversnﬁed Bond and
Stock ‘Portfolios.

David Bigman, Nir Becker and Hector Barak - An ‘Economic’ Analysis
of Wheat Growing in -the Northern” Negev and an Evaluation

- of the Drought Compensation Program (Hebrew)
Csaba Csaki - Hungarian Agricultural” “ Policy in the 80's:
' Economic: Management and Organization of the Hungarian
Agnculture

Arye Volk - Factors Affecting Growth of Debt on the Family Farms
in a Moshav (Hebrew).

Yoav Kislev, Zvi Lerman & Pinhas Zusman - Experience with Credit
Cooperatives in Israeli Agriculture. N

- Zvi ‘Lerman - - Capital Structure of Agricultural Cooperatives in
Israel. SR o ' - »

Yoav Kislev, Zvi Lerman and Pinhas Zusman - Credit in the
Moshav--Experience and Lessons (Hebrew).

~-Pinhas Zusman - A Conceptual Framework for the Economy of the

Moshav and its Structure (Hebrew).

Shlomo Yitzhaki - On the Sensitivity of a Regresswn Coefficient
to Monotonic Transformations.

"Yair Mundlak - Sources = of Input Variations "and the

(In)Efficiency of Empirical Dual Production Functlons

Eli Feinerman and Meira S. Falkovitz = - ~ An Agrlcultural

Multipurpose  Service  Cooperative: Pareto - Optimality,
Price-Tax Solution and Stability. ’ : ) ‘

Zvi Lerman and Claudia Parliament - Performance of U.S.
Agricultural Cooperatives: Size and Industry Effects. - '

Yoav Kislev - The Economic Orgamzatlon of Citrus Production in
“Israel (Hebrew) :

Zvi Lerman and Claudia Parllament - Comparative Performance of
- Food-Processing Cooperatlves and Investor-Owned Firms in
the U.S.A.




Alan Swinbank - Europe After 1992 and Implications for Fresh

... ‘Produce From Israel.
Ziv Bar-Shira - A Non-Parametrlc Test - of the . Expected Utlllty
Hypothesis.
Yoav Kislev. - The Water Economy of lsrael (Hebrew)
Yoav Kislev and Willis Peterson - Economies of Scale in
Agriculture: A Reexamination of the Evidence.
van Dijk G. and C.P. Veerman - The Philosophy and Practice of
Dutch Co-operative Marketing.
Eli Feinerman ‘and Ariel Dinar - Economic and Managerlal Aspects
of Irrigation with Saline Water: The Israeli Experience.
. Yoav Kislev - Family Farms, Cooperatives, and Collectives. :
thas Zusman and Gordon ‘C. Rausser - Organizational Equilibrium
and the Optimality of Collective Action.
Yoav Kislev - The Economics of Water Resources - Prmciples and
their Application (Hebrew).. S
-Dan Yaron, Ariel Dinar and Hlllary Voet - Innovations on .Family
Farms: The Case of the Nazareth Region in’ Israel.
.Pinhas Zusman: - A :Conceptual Framework for a- Regu]atory Policy
of the: Israeli:Water -Résources (Hebrew).
Eitan Hochman and Oded” Hochman - A Pohcy of Efﬁcxent Water
Pricing in Israel.- :
Dan_ Yaron - -Water. . -Quota Allocatlon and Prlcmg Pohcy in
Agriculture (Hebrew).
- Yujiro. Hayami -: Conditions " of- * Agrncultural Dnversnficatlon for
Economic Development.
- Pinhas Zusman .and Gordon -C:- Rausser -Endogenous Policy. Theory:
The Political Structure and- Policy Formation. - -
Domingo  Cavallo: - Argentina’s Recent 'Economic Reform in the
Light of Mundlak’s Sectorial Growth Model. ]
Pinhas - Zusman: - - -- "Participants’ - Ethical . -Attitudes and
Organizational Structure and Performance;”™ - %
Pinhas Zusman - :Membership Ethical -Attitudes and the Performance
and Survivability ‘of - the Cooperative Enterprise.
Yoav Kislev.- The Cooperative Experience _in  Agriculture:
Internatlonal Comparisons: - g
Robert M.- Behr - Development and Prospects of World Citrus
Markets:
- Lerman and Claudxa Parhament - Financing ‘of Growth in
.. Agricultural Cooperatives.
Claudia Parliament and Zvi -Lerman -  Risk and Equity in
. Agricultural Cooperatives.: : _ "
Csaba Csaki and  Zvi Lerman --Land -Reform “and Farm Sector
Restructuring in the- Former Soviet Union and Russia.
Zvi Lerman, Evgenii Tankhilevich, Kirill Mozhin:" and Natalya
Sapova.:: - :.-~Self-Sustainability . of - Subsidiary  Household
- Farms: Lessons for-Privatization in Russian Agriculture.
Ayal Kimhi - Optimal Timing of Transferrmg the Family Farm from
Father to Son.




Ayal Kimhi - Investment in Children, Selective Off-Farm
Migration, and Human Capital of Future Farmers: A Dynastic
Utility Model.

Meira S. Falkovitz and Eli Feinerman - Optimal Scheduling of
Nitrogen Fertilization and Irrigation.

Shlomit Karidi-Arbel and Yoav Kislev - Subsidies and Planning in
Broilers--the 1980s. (Hebrew).

Karen Brooks and Zvi Lerman - Restructuring of Socialized Farms
and New Land Relations in Russia.

Karen Brooks and Zvi Lerman - Changing Land Relations and
Farming Structures in Former Socialist Countries.

Vardit Heber and Yoav Kislev - The Protection of Domestic
Production in Agriculture - Three Products. (Hebrew).

Eyal Brill and Eithan Hochman - Allocation and Pricing of Water
Under Common Property at the Regional Level (Hebrew).

Yacov Tsur and Eithan Hochman - The Time to Adopt: Count-Data
Regression Models of Technology Adoption Decisions.

Shuky Regev - Farm Succession--The Legal Aspect. (Hebrew).

Yoav Kislev - A Statistical Atlas of Agriculture in Israel, 1994
Edition (Hebrew).

Eithan Hochman and Eyal Brill - Homogeneity and Heterogeneity of
Bio-Resources in Economic Models.

Eyal Brill and Eithan Hochman - Allocation and Pricing of Water
with Common Property at the Regional Level.

Kwang ho Cho - An Economic Diagnosis and Decision Model of Dairy
Farming. ’

Shuky Regev - Farm Succesion in the Moshav - A Legal
Examination.

Naomi Nevo - Inter-Generational Transfer of Farms in
Moshavei-Ovdim: An Ethnographical Enquiry.

Menahem Kantor - Water Issues in Israel Towards the Next
Century. (Hebrew). _

Ayal Kimhi - Estimation of an Endogenous Switching Regression
Model with Discrete Dependent Variables: Monte-Carlo
Analysis and Empirical application of Three Estimators.

Zvi Lerman - New Style of Agriculture Cooperatives in. the Former
Soviet Union.

Dan Yaron - Israel Water Economy - An Overview.










