Original citation:
Yerushalmi, Erez (2012) Measuring the administrative water allocation mechanism and
agricultural amenities. Working Paper. Coventry: Economics Department, University of
Warwick. (Warwick economics research paper series (TWERPS), Vol.2012, No..992.
Permanent WRAP url:
http://wrap.warwick.ac.uk/53077
Copyright and reuse:
The Warwick Research Archive Portal (WRAP) makes the work of researchers of the
University of Warwick available open access under the following conditions. Copyright ©
and all moral rights to the version of the paper presented here belong to the individual
author(s) and/or other copyright owners. To the extent reasonable and practicable the
material made available in WRAP has been checked for eligibility before being made
available.
Copies of full items can be used for personal research or study, educational, or not-forprofit purposes without prior permission or charge. Provided that the authors, title and
full bibliographic details are credited, a hyperlink and/or URL is given for the original
metadata page and the content is not changed in any way.
A note on versions:
The version presented here is a working paper or pre-print that may be later published
elsewhere. If a published version is known of, the above WRAP url will contain details
on finding it.
For more information, please contact the WRAP Team at: wrap@warwick.ac.uk

http://go.warwick.ac.uk/lib-publications

Measuring the administrative water allocation mechanism and
agricultural amenities
Erez Yerushalmi
No 992

WARWICK ECONOMIC RESEARCH PAPERS

DEPARTMENT OF ECONOMICS

Measuring the administrative water allocation
mechanism and agricultural amenities
∗†

Erez Yerushalmi

May 25, 2012

Abstract
Many arid countries use an administrative water allocation mechanism. Quotas,
price discrimination, and increasing block taris are set and enforced by prohibiting
the resale of water. Critics of this mechanism argue that allocation is politicized,
subjective and slow to respond, and therefore misallocates water compared to a market
mechanism. However, an administrative mechanism also promotes social goals that
are not valued economically. In this paper, both positive and negative impacts of the
administrative allocation are explored, using a general equilibrium model and with
Israel as a case study. The model concludes that from 1995 to 2006, potable water
misallocation in Israel was relatively small, on average of 5.5 percent of the potable
water supply. The value of agricultural amenities is imputed at approximately 2.3
times agricultural output. At the margin, introducing a water market in Israel is not
recommended, i.e., net-social welfare would fall.
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1 Introduction
Most arid and semi-arid regions use an administrative water allocation mechanism, whereby
the state monopolizes the water resource, and erects a regulatory body to administer it. The
main tools used are quotas, price discrimination, and increasing block taris that are set and
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upheld by prohibiting the resale of water.

Critics of this mechanism argue that allocation is subjective, politicized, and leads to
ineciencies (Dinar et al., 1997; Holden and Thobani, 1996). Much of the criticism centers
on the agricultural sectors that have access to subsidized water, and farmers appear to have
historical, senior rights, and are shielded by a strong lobby. Therefore, even when inecien-
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cies are detected, the political system nds it dicult to change antiquated allotments.

The

result is inecient use of water, whereby farmers grow low-value and surplus crops, while
non-agricultural water users struggle to develop expensive new supplies (Colby, 1990; Plaut,
2000). In addition, a 'black' water market may form, which further indicates that water is
misallocated (Lichtman, 2009).
These arguments are partly justied, but as discussed by Just et al. (1997), the goal
behind an administrative allocation is to promote social objectives, such as water and food
security, or equitable consumption across income groups or climate specic regions. Administrative mechanisms are also used to correct market-failures in situations of public goods,
where an amenity provides non-marketed services,
itage, etc.

e.g., agricultural landscape, tourism, her-

The multifunctionality of agriculture activities may produce benets over and

above the market value of agricultural production (Brunstad et al., 1999, 2005).
In this paper, I explore both positive and negative impacts of an administrative water
allocation using Israel as a case study. The following questions are addressed: (1) Can the
level of administrative misallocation be measured? (2) Who are the main inecient water
users, and how can allocation be improved? (3) What value do the amenities need to have
in order to rationalize the current administrative allocation as ecient? (4) Finally, which
is preferable, a market or an administrative mechanism?
To answer these questions, an applied general equilibrium model is developed and applied
to Israel from 1995 to 2006.

In the initial case, a regulator decides on a framework in

which price discrimination, quotas, and increasing block taris are set, and water trade
is prohibited.

Water users decide on the amount of water to buy within this framework.

Subsequently, in the counter-factual experiments, water trade is enabled within a
water market and prices adjust until markets clear.

secondary

The model is furthermore extended

1 For discussion on various countries, see review by OECD (2010), and by Diakité et al. (2009), Ruijs
(2008), Roseta-Palma and Monteiro (2008) and Hajispyrou et al. (2002).

2 For a further discussion and summary for Israel, see extended Appendix A.
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to account for the non-economic value of amenities; the agricultural sectors internalize the
benet of producing amenities that are demanded by the households.
If we consider the market allocation to be ecient, the quantity of water traded would
indicate the level of administrative misallocation.

For example, a large secondary water

market would indicate that the administrative mechanism is inecient, and that a market
mechanism would put water to better use.

However, if the social value provided by the

administrative mechanism is also included, it is then possible that the benets from a water
market could be smaller than the loss incurred to social value,

i.e., a net-social welfare loss.

At the parametrization stage of the model, under plausible assumptions, the approach
was to select values that would naturally lead to the

largest

possible water misallocation.

These results, therefore, are conservative, upper bound, estimates of the potential secondary
water market for Israel. Nevertheless, the results nd that the administrative misallocation
is rather small and suggest that a market mechanism is not arguably better, at the margin.
When the model is extended to include amenities, a water market is clearly undesirable. On
the one hand, trade puts water to better use and raises

economic

welfare. But on the other

hand, when trading away water quotas, agricultural output falls and reduces the positive
externalities from the amenities. This lowers overall

social

welfare.

The paper makes the following contributions. First, it adds a new perspective into the
discussion of water allocation eciency in Israel. Contrary to most literature on Israel, the
paper supports the continued use of an administrative water allocation mechanism. Second,
it suggests a simple method, which can be used to evaluate and improve water allocation
decisions also in other countries. Finally, the paper imputes the value of agricultural amenities in Israel, adding to the discussion by Fleischer and Tsur (2009); Kan et al. (2009) on the
economic value of agricultural amenities. Thus, the paper relates to two areas of research.
It has relevance for natural resource management that aims to improve the ecient use of a
scarce resource, and it has implications for political and social policy.
The paper is structured as follows: Section two introduces a simplied theoretical model,
and shows how inecient water allocation arises from an administrative mechanism. Section
three expands to a more realistic multi-sector applied general equilibrium model for the
Israeli economy. Section four discusses the empirical results. Section ve extends the model
to impute the value of the agricultural amenities and overturns the results from the previous
section. Finally, section six concludes.
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Figure 1: Water Quotas With Two Agents
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Note: Total water W̄ is allocated by the government. Household is allocated water quantity W gov , while farmers are allocated
W̄ − W gov . Area aob is the dead weight loss from inecient water allocation. The potential secondary water market is the
volume |W gov − W ∗ |, a proxy for ineciency.

2 The Water Model
Applied general equilibrium models have been developed to analyze dierent issues within
water management (see Dixon, 1990; Berck et al., 1991; Seung et al., 2000; Diao et al., 2008).
Diao and Roe (2003) specically discuss administrative water allocation in Morocco, and nd
that reducing protectionist agricultural policy without correcting for distortions in irrigated
agriculture pricing will lead to increased inecient water use.

Creating a water market,

however, could compensate for the decline in farmers' prots and raise eciency.

Gómez

et al. (2004) demonstrate that having a water market in the Balearic Islands, rather than an
administrative mechanism, leads to economics gains that would allow for delays in investment
in desalination plants. Becker (1995) focuses on the Israeli agricultural sector, and uses a
linear programming model to analyze the eects of introducing a market mechanism on the
shadow water prices for the various water basins, and also reports the economic gains from
a water market.
The common theme in the above papers, is that a market mechanism leads to economic
gains. However, they do not include the social consequences of introducing a water market.
In this paper, social gains are an additional dimension to the administrative mechanism.
The usual benets of a market are illustrated in Figure 1.
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Assume a closed economy

with only two water users.
allocates

W gov

The total water resource is quantity

to the household, and

W̄ − W gov

W̄ ,

and a social planner

to the farmer. Furthermore, water trade is

prohibited. However, this allocation is clearly not optimal, because the marginal values of
water are not equalized,

M V Wh > M V Wi .

When water trade is enabled, the household benets from buying additional units of
water, while the farmer benets from selling some of his water rights.

The discrepancy

between the initial administrative allocation and the market allocation is the horizontal
distance

|W gov − W ∗ |,

measured in cubic meters of water. The quantity traded within this

secondary water market is used as a proxy to indicate the level of inecient allocation.

3

2.1 A simplied trade model with water inputs
To describe the model used in this paper, consider a simplied closed economy. Firm

Yi ∈ y , using a dierentiable constant returns to scale production

produces a single nal good

fi (Li , Wi ) that uses
pi , pL ∈ p, respectively.

function
are

labor and water inputs, respectively. Output prices and wages

One representative household

h∈H

has a rational and locally non-satiated preference

relation, with a continuous utility function

Wh ∈ y ,

i∈N

U (y).

He consumes nal goods

and is endowed with a xed supply of labor

L̄

and water

Yi ,

and water

W̄ .

The government, which is not explicitly modeled, holds the property rights of water, and
assigns a dierent increasing block tari (IBT) for each type of water user,
households pay

pW,i , pW,h ∈ p,

(2003), water users are

not

i.e.,

rms and

respectively. However, unlike in the paper by Diao and Roe

bound by the water quota allotted to them. They can, in general,

obtain as much water as they desire by paying increasingly higher prices, within the IBT
framework.
Given the above,
demands,

Li

and

∀i, the rm's prot maximization problem is to choose labor and water

Wi ,

so as

Max

πi (Li , Wi ) = pi fi (Li , Wi ) − pL Li − pW,i Wi

(1)

Li ,Wi ≥0

The household's disposable income is

M = pL L̄ + pW,h W̄h +

PN
i

pW,i W̄i ,

which includes

income from wages and water charge fees, that are collected by the water authority and
transferred to the household.

W̄i

and

W̄h

denote the administrative water allocation.

4

The household's utility maximization problem is to choose consumption of goods and

3 See further discussion in Appendix A.4.
4 Note that in the initial administrative allocation,

Wh = W̄h ,

and could be netted out from both the

household's income equation and utility maximization problem. However, they are intentionally there for
clarity because when water trade is enabled, it is possible that

5

Wh 6= W̄h .

water,

Yi

Wh ,

and

so as to

U (Yi , · · · , YN , Wh )

Max

s.t.

M≥

N
X

Yi ,Wh ≥0

pi Yi + pW,h Wh

(2)

i

Focusing on water, the rst order conditions must be satised so that the marginal value
of water (M V

W)

equals the real water price.

pW,i
∂fi (·)
≤
⊥ Wi ≥ 0,
∂Wi
pi
∂U (·)
pW,h
M V Wh =
≤
⊥ Wh ≥ 0
∂Wh
pU
M V Wi =

∀i

(3)

(4)

Following Mathiesen (1985); Rutherford (1995, 1999), we set up an ArrowDebreu equilibrium as a mixed complementarity problem (MCP). Three types of weak inequality conditions must be satised: (i) zero prot, (ii) market clearance, and (iii) income balance, each
associated with three non-negative variables,

i.e., y ∗ ≥ 0, p∗ ≥ 0 and M ∗ ≥ 0, respectively.

Using Shephard's lemma and dening the unit cost function as
and household's unit expenditure function as

ci = Ci (pL , pW,i , Yi = 1)

e = E (pi , pW,h , U = 1), the demands for inputs

by the producers, and demand for nal goods and water by the household, are all summarized
in the following weak inequalities,

∀i:

0 ≤ ci − p i ⊥ Y i ≥ 0

Zero prot conditions:

Market clearing conditions:

0 ≤ e − pU
∂e
·U
0 ≤ Yi −
∂pi
∂e
0 ≤ W̄h −
·U
∂pW,h
M
0≤U−
pU
N
X ∂ci
0 ≤ L̄ −
· Yi
∂p
L
i=1

⊥ U ≥0

(6)

⊥ pi ≥ 0

(7)

⊥ pW,h ≥ 0

(8)

⊥ pU ≥ 0

(9)

⊥ pL ≥ 0

(10)

∂ci
· Yi ⊥ pW,i ≥ 0
∂pW,i
N
X
M = pL L̄ + pW,h W̄h +
pW,i W̄i ⊥ M ≥ 0
0 ≤ W̄i −

Income balance:

i=1
where price vector

p∗

and activity levels

y∗
6

constitute a

(5)

competitive equilibrium.

(11)

(12)

2.2 Secondary water market
As described through Figure 1 and Equations (3) and (4), assume that at the initial adminp
pW,i
istrative allocation with restricted water trade,
= M V Wi < M V Wh = pW,h
,
, the
pi
U

i.e.

household has a higher marginal value of water than rm
the household would prefer to buy water from rm
point where

i

i.

When water trade is allowed,

(and the rm prefers to sell), up to a

M V Wi = M V Wh .

sellers, and having M = N +H water users5
2
leads to M trade congurations, with ψmn being the relative marginal value. If user m ∈ M
More generally, water users can be

is a buyer, and user

n∈M

buyers

or

is a seller, a possible trade channel is when

M V Wm
M V Wn

= ψmn > 1.

Otherwise, it cannot be a possible trade channel.


ψ

M V Wm
mn > 1
=
ψ ≤ 1
M V Wn
mn

possible trade channel

These conditions, therefore, limit the number of congurations to only
trade channels, with

t∈T

(13)

not possible

T =

M (M −1)
possible
2

being a specic channel (Section 3.4 discusses how the marginal

values of water are estimated with Table 3 a concrete example).
Thus, when water trade is enabled, the units of water,
seller

n

and buyer

m

γt ,

that are transferred between

are measured by

0 ≤ γt ⊥ pW,n,t − (1 − ) pW,m,t ≥ 0,

∀t

(14)

pW,n,t and pW,m,t being the water market prices for the seller and buyer, respectively. For
computational purposes,  → 0 is a small number to 'help' the solver with slack activities,

with

thus avoiding the problem of innite solutions,

i.e., a degenerate model.6

There are various combinations (scenarios) of activating and deactivating water trade
channels,
channels

Action.

e.g., activating each channel separately, or all together.

t∈T
has a binary action (designed by the scenario); active or not-active, {A, N A} ∈
There are {tA , tN A } ∈ T channels, {iA , iN A } ∈ N rms, and {hA , hN A } ∈ H

households, that are active or not-active, respectively.

Therefore, each of the

7

Finally, for a set of actions, the market clearing conditions (8) and (11) are replaced with

5 N rms and

H

households.

6 This insures that when multiple

t channels are opened (active), only net transfers

of water is considered.

For example, a case of innite solutions is when a rst user sells to the second, the second sells to the third,
but the rst also sells to the third. By adding

,

the solutions is limited to one (possible) case where, for

example, the rst sells to the second and to the third, while deactivating the second selling to the third.

7 In other words, a water user will

not

trade because it is either a choice or it is

7

blocked.

0 ≤ W̄A −

X ∂ci
∂eA
A
· UA +
· YiA ⊥ pW = pW,hA = pW,iA ≥ 0
∂pW,hA
∂pw,iA
i

(15)

A

∂ciN A
· YiN A ⊥ pW,iN A ≥ 0
∂pW,iN A
∂eN A
· UN A ⊥ pW,hN A ≥ 0
−
∂pW,hN A

0 ≤ W̄iN A −
0 ≤ W̄hN A

Equation (15) states that the supply of traded water,

W̄A ,

(16)

(17)

will equal the demand for

traded water, provided that water prices equalize within the secondary water market. Equations (16) and (17) reect cases in which some water users are prohibited from trade, and
have user-specic water prices and quotas.

8

Appendix B provides the full analytical model.

3 The applied general equilibrium model and the data
In order to adequately represent the actual empirical Israeli economy, the general equilibrium
model that was discussed in the previous section is extended. The following will describe

9

the main features of the applied model and of the data used.

Table 1 presents key water gures for 2006. Roughly 68% of the total supply of water in
Israel is potable water, of which there are four main users. Approximately 39% of potable
water is consumed by agricultural sectors, 6% by manufacturing sectors, 16% by service
sectors, and 39% by private households.
The use of non-potable water,

10

i.e., salinized, contaminated, sewage euents, ood, brack-

ish water etc., has increased in the past two decades, due to growing pressures on the supply
of water, and improvements in technology and infrastructure. Approximately 95% of it is
used by the agricultural sector, and the rest by the manufacturing sectors.
The applied small open economy is aggregated into three main production sectors: agricultural, manufacturing and services, and one representative household. The government is
not explicitly modeled, but its actions are manifested through the initial water allocation,
i.e., quota and increasing block tari (IBT) assignments to water users.

8 Here, there is only

one

from trading, and therefore
is a simple matter,

representative household. Equation (17) is a case where the household is blocked

∂eA
∂pW,hA

· UA = 0 in Equation (15).

Extending the analysis to multiple-households

e.g., updating Equations (2) and (12), but requires further assumptions regarding water

ownership in the applied model. Adding the government explicitly, would probably be required.

9 Programmed and simulated in GAMS using Rutherford (1999)'s MPSGE.

10 Water consumption by private households and service sectors is regarded as residential water consumption. Yearly data is reported by the

Israeli Water and Sewage Authority by eleven sub-groups.

Approximately

55% of total potable water is consumed by residential users of which 71% are private homes, and the rest
are service sector,

i.e., commercial and public oce buildings, swimming pools, gardens, etc.

8

Table 1: Key Water Figures in Israel (2006)

User

Mil.
Cubic
Meters
a

Agriculture
Manufacturing
Services
Household

Total
% Total Water

519
84
213
524

1,341
68%

Potable Water
% of Expenditure Marginal
Total
(Current
Value
Mil. NIS)
Water
39
6
16
39

100%

b

c

768
209
833
1,889

1.48
2.49
5.15
4.85

Non-Potable Water
Mil. % of Expenditure
Cubic Total
(Current
Meters
Mil. NIS)
a

b

589
30

95
5

619
32%

100%

Source: a The Water and Sewage Authority, Israel. b Own Calculation: water quantity times relevant price band.
water authority's 2006 price plan, with assumptions discussed in Section 3.4.

474
24

c

From the

3.1 Production
Each of the three production sectors uses the following ve inputs: labor, capital, intermediate goods, potable water, and non-potable water.

11

The production function is setup as

a four-level nested constant elasticity of substitution (CES) structure, which simplies the
calibration procedure and captures the dierent substitution elasticities for pairs of inputs.
Some of the main assumptions are the following.
First, the model is calibrated for a short-to-medium time horizon, which aects the
assumptions that are made on factor mobility. Within a time frame of 3 to 4 years, land
inputs are relatively rigid because of soil type, location, infrastructure, legislative constraints,
and other reasons (Hertel, 2002). Here, because capital includes land, capital is also highly
rigid, and is assigned as a sector specic input. This is especially true for the agricultural
sectors.
Second, in order to capture the user specic characteristics of water, sector specic
output-supply-price elasticities and water-demand-price elasticities are used to calibrate for
the unknown substitution elasticities. These are summarized in Table 2, which are the midvalues from empirical papers.

Agricultural sectors have a relatively inelastic supply price

elasticity of 0.8, partly due to high land rigidity.

Non-agricultural sectors have an elastic

supply price elasticity of 3.0. Furthermore, both agricultural and manufacturing sectors have
a water demand price elasticity of -0.7, while the residential water demand price elasticity is
-0.1, i.e., service sectors and households.

11 Service sectors have

zero

12

As in many applied models, intermediate inputs

expenditure on non-potable water.

12 Appendix C and D provide a detailed description of the empirical literature and assumptions behind
these values, and explain the calibration method from the known elasticities and cost share to the unknown

9

Table 2: Output-supply-price and demand-price elasticities

Output
Supply
Elasticity

a

Agricultural
Manufacturing
Services

0.8
3.0
3.0

Water
Demand
Elasticity

a

-0.7
-0.7
-0.1

Household

Potable/NonPotable
Substitution
b

1.1
1.1

-0.1

Source: a Approximate mid-values reported in various papers. b Israel Water Authority
Note: The above values, together with the cost share from the social accounting matrix, calibrate sectors' and household's input
substitution elasticities (see appendix).
are assumed to enter in xed proportions (Leontief technology).

Finally, the substitution

13

elasticity between potable and non-potable water is assumed to be 1.1.

Third, labor inputs freely migrate between the various sectors, and have a global wage
level,

pL .

Finally, in the benchmark, water inputs are allotted to users and are non-tradable,

and water prices,

pW,i ,

are sector specic.

As discussed in Section 2.2, when water-trade

is allowed, water is reassigned as a global input, and trade occurs until the market clears.
Water prices change suciently to drive water marginal values to equalize between users.

3.2 Household
The small open economy has one representative household that is endowed with labor, capital, and water resources,

L̄, K̄ , W̄ ,

respectively. Tax revenues are transferred to the house-

hold, including positive (negative) transfers of income to cover balance of payments,

bop.

Income is

M = PW,h W̄h +

n
X

PL L̄i + PK,i K̄i + PW,p,i W̄p,i + PW,np,i W̄np,i + τi + bopi



(18)

i=1
and utility is derived by consuming potable water and nal goods, using a two-level nest CESCobb Dougals function. Table 2 reports that the residential water demand price elasticity
is -0.1, and with it I calibrate the unknown substitution elasticities between the demand for
water and for other nal goods.
substitution elasticities within the production and utility functions.

13 Water Authority assumes a substitution ranging from 1 to 1.2 between potable and non-potable water

for agricultural use, depending on the water quality of non-potable water.

10

3.3 General assumptions in the model
Two assumptions are made in the model. First, in order to properly compare the welfare
eects between the benchmark and the counter-factual scenarios, and because this is a static
model, the balance of payments (BOP) is xed to the year specic levels.

Otherwise, it

would not make sense to allow for policy experiments to increase the trade decit and thus
increase welfare, at the expense of foreign borrowing. Such a situation would be misleading
because in a fully dynamic model, borrowing will have to be paid back at some point.

14

Second, having increasing block taris usually means that higher block tari users subsidize lower block tari users. Here, however, the model is simplied by aggregating many
dierent users to only four main groups, each with a uniform price. Thus, this assumption
could be interpreted as if all users within a group have the same size and preferences, or as
if they have already traded water internally between themselves. Dis-aggregating users into
further sub-groups is possible, but would require a more detailed social accounting matrix.

3.4 Data and marginal value of water
The data is obtained from the

Use -Supply

tables published by the Central Bureau of Statis-

tics (CBS) Israel for 1995, 2000, 2004, 2005 and 2006. It includes sectors output and inputs,
household consumption and trade balance, as well as levels of taxes and subsidies.

From

these, social accounting matrices (SAM) were constructed and used to calibrate the model.
Similar data for 2007 is not yet available.

Labor inputs are obtained from CBS Israel's

Compensation of Employees by Industry tables.
The water authority assigns increasing block tari (IBT), whereby consumers pay pro-

15

gressively higher prices for each increasing quantity of water consumed.

Each main user,

i.e., agricultural, manufacturing, services, and households, has a dierent IBT structure.16
CBS Israel does not report the water sector separately from the electricity sector, and
does not distinguish between potable and non-potable water.

Therefore, the expenditure

on water had to be estimated by other means, rather than directly from the Use-Supply
tables. Residential water expenditure,

i.e., household and service sectors, were estimated by

summing the total water quantity times the relevant tari band for each type of residential
user.

17

Agricultural water expenditure is obtained by multiplying the quantity of total

14 Practically, to x the BOP to its benchmark level, household is endowed with a
each type of good

xed

amount of

bopi

for

i ∈ N.

15 But not necessarily higher, e.g., manufacturing has a lower price for water use above the 100% quota.
16 Data obtained from the Water Authority and summarized in Appendix E.2.
17 Detailed data on eleven residential sub-groups is reported by the Water Authority,

Consumption

(a yearly publication in Hebrew).

11

Residential Water

potable water supply by tari block A. Likewise for manufacturing, the quantity of water is
multiplied by the main water tari block. A similar method was used for non-potable water,
which has only one price band.
Water users can obtain as much, or as little, water as they are willing to pay-for. This
means that their marginal value of water (MVW) is equal, or somewhere below the next tari
block, of the last unit of water. Table 1 summarizes the total monetary expenditure on water,
and the estimated marginal value for 2006.
which would increase water trade,

e.g.,

Recall that conservative values are preferred,

by lowering MVW for farmers and a increasing for

households. The underlying assumptions for the marginal value of water are the following.
Agricultural water quotas were revised in 1989 with the following tari blocks. Tari A
is charged up-to 50% of the quota, tari B between 50-80%, and tari C between 80%-100%.
There are two further bands above 100% with lower prices.
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Since 1989, extensive cuts in

potable water quotas were made, and most of agricultural users pay tari A, which is thus
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assigned as there marginal value for water.

Manufacturing sectors have one main tari up to 100% of the quota, and this is assigned
as the marginal value of water.

20

Dierent service sectors are assigned dierent taris. For example, hospitals and Mikves
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fall under tari A. Hotels fall under tari B, while the rest of the service sectors fall under
tari C,

i.e.,

commerce, education, sport, public, etc. Public gardens are charged tari D.

In the model, tari C is used as the marginal value of water for service sectors, because
it captured 62% of the water used. Public gardens consumed around 25% of water in the
service sector, but they do not account for GDP.
Finally, the household price scheme for 2006 included four tari blocks.

Tari B cap-

tured around 61% of the total consumed water by households, and therefore chosen as the
household's estimated marginal value of water.
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Table 3 is an applied example of the discussion in Section 2.2. It shows that having four
main water users in Israel leads to sixteen water trade congurations. In order to obtain the

relative

marginal value of water (MVW) for a buyer/seller

ψmn ,

as in Equation (13), divide

the marginal values of water for each pair of users reported in Table 1. Values greater than

18 There are two further blocks. The rst is up-to 10% above the quota, and the second is for above 10%
above the quota. See Appendix E.2 for further detail.

19 From a discussion with the Water Authority. Agricultural water consumption is not published, as it is

done with residential consumption. Furthermore, the secondary water market would be smaller if tari B
would have been chosen. When in doubt, the larger, more conservative, secondary water market is preferred.

20 There is also a lower water charge above 100% of the quota. See Table 11 for further details.
21 Jewish Ritual Bath.
22 In 1997, band B captured 70% of the total household water. Source: Israeli Water Authority,

Water Consumption

Residential

(in Hebrew). In 2010, the price bands were changed. However, since the model's data

covers until 2006, the eects of this new price band is left for future research.
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Table 3: Water trade channels: relative MVW for 2006

Seller n ∈ M

Agricultural
Manufacturing
Service
Household

Agricultural
1
0.594
0.287
0.305

Buyer m ∈ M

Manufacturing

Services

Household

1
0.483
0.513

1

0.942
1

1.684

3.484
2.069

3.283
1.949

1.061

Note: These are the ratio of seller/buyer water marginal value. Divide values from the fth column in Table 1 and numbers in
bold are the possible water trade channels.
one indicate which water trade channels are possible, and who are the sellers and buyers.
The six possible channels are marked in bold in Table 3. Service sectors, for example, value
water by approximately 3.484 times that of agricultural sectors. Therefore, service sectors
would be buyers from the agricultural sectors, but cannot be sellers.

4 Measuring the eciency of an administrative water allocation
In this section of the applied model, water is initially allotted administratively to each of
the four users, and water trade is forbidden. Then, in the counter-factual experiments, trade
is allowed and water inputs are re-shued until all users have the same marginal value of
water.
Compared to a market allocation, a certain degree of administrative misallocation is expected. The real question is, therefore, how large is the potential secondary water market
likely to be? For example, a large misallocation could indicate a poor administrative mechanism, which would clearly be something to worry about. Such a result could indicate that
a market mechanism may be superior.
If, however, the misallocation is rather small, then it is unclear which mechanism is better.
The model, therefore, is extended to include the non-marketed economic value. Together,
this section and the next contribute to a better assessment of the most preferable mechanism
for Israel.

4.1 Results for 2006
The main results, which include the size of the secondary potable water market, the welfare
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gains, and their eect on the nominal water price are reported in Table 4.

The most important result is the all-channel-trade scenario, in which the secondary

23 Detailed results and the GAMS/MPSGE model are available from the author upon request.

13

Table 4: Model Results (2006, % change)

1.
2.
3.
4.
5.
6.

Welfare
% Change in water prices
Water* % of total
gains
Potable water
Non-potable
Channel (seller to buyer) MCM potable NIS mill. Agri. Indus. Serv. House
water

Agriculture to Manufacturing
Agriculture to Services
Agriculture to Household
Manufacturing to Services
Manufacturing to Household
Household to Services

All Channel Trade

32.7
20.7
44.5
9.5
15.5
0.7

2.4
1.5
3.3
0.7
1.2
0.1

80.8

6.0

22.5
17.9
40.3

1.7
1.3
3.0

21.5
24.9
51.0
5.7
8.2
0.1

86.3

8.0
5.0
11.5

-35.9

-69.8
-66.0
17.5
31.9

22.6

-43.2
-4.1

-27.2 -64.8

-32.3
1.8

-62.7

1.1
1.2
2.6
0.3
0.6
0.0

4.4

(of which)
Manufacturing buys
Services buys
Household buys

Shadow Water Price (All Channel)

1.81 NIS/CM

*Total Potable Supplied, in 2006, was 1340.5 Million Cubic Meters (MCM).
Note: Model's results for 2006 data. The second column is the quantity of water traded within each channel of the secondary
water market. The third column is the percent of water traded of the total potable water supply in that year. The fourth
column are the welfare gains in New Israeli Shekels (NIS) Million. The right hand section is percent change of nominal water
price from the initial allocation.
potable water market is estimated at 80.8 million cubic meters (MCM). This is approximately 6.0% of the total potable water consumption in Israel in 2006. Agricultural sectors
re-allocate potable water towards manufacturing sectors, that buy an additional 22.5 MCM
of water, beyond their initial consumption within an administrative mechanism.

Service

sectors buy an additional 17.9 MCM, and households buy 40.3 MCM.
Because the water authority practices price discrimination, the secondary water market
clears when nominal water prices rise (or fall) suciently to allow the marginal value of
water to equalize for all users (reported in the right hand side of Table 4). In the all-trade
scenario, agricultural water price rises by 22.6%, and falls for manufacturing, services, and
households by 27.2%, 64.8%, and 62.7%, respectively. This would mean that in 2006, the
market clearing nominal water price (shadow price) would have been NIS/MC 1.81.
Being a general equilibrium model, water trade also aects other variables in the economy
such as production levels, sector specic return to capital, wage level and welfare. Table 5
reports the most important of them. These changes might seem small, but are a result of
potable water inputs being only 2% of total input cost in the agricultural sectors, and less
than 0.1% for manufacturing and service sectors. Household expenditure on potable water

14

Table 5: Other Key Results (2006, % Change)

Channel

Agriculture
Prod. Price Return on Capital Prod.

All Trade

-0.4

3. Agr sell to Hh

3. Agr sell to Hh

All Trade

-0.2

0.4

0.13

0.7

-0.024

-0.04

0.13

Manufacturing
Price
Return on Capital
0.14

0.15

0.13

0.14

Services
Other Variables
Prod. Price Return on Capital Wage Water Sector GDP Price Non-Potable
-0.01

0.02

0.13

0.13

0.10

0.13

0.27

0.13

1.4

2.3

2.6

4.4

Note: Model output for 2006 - continued from Table 4. Values are percent change from the initial allocation.
24

is only 0.2% of disposable income.

Therefore, the household utility level (welfare) rises by

only 0.01%. This is, however, equivalent to a 2.3% increase in economic value relative to the
size of the water sector, and approximately New Israeli Shekels (NIS) 86.3 Million in 2006
prices (see fourth column in Table 4). The intuition behind these results is that by allowing
for water trade, water inputs are put to better use, and the economy's production possibility
frontier moves outwards.
To better understand the mechanism within a general equilibrium model, it is useful to
focus, for example, on channel 3 in Table 4 and Table 5, where agricultural sectors sell
to households.

only

In this channel, which has the largest impact on water trade, the size of

the water transfer is around 44.5 MCM. Relative to the initial administrative prices, market
water prices rise by 11.5% for the agricultural sectors, and fall by 66% for the household (see
Table 4 channel 3).
As Table 5 reports, agricultural output falls by 0.2%, which raises agricultural prices by
0.4% and raises agricultural return on capital by 0.13%. As mentioned earlier, capital is a
sector specic input, and will not have a direct eect on the rest of the economy. However,
when water inputs are transferred to households, this raises demand for labor within the
agricultural sectors, and leads to a wage increase across the whole economy. Indirectly, this
raises the cost of production in the other two sectors, even though they are not involved in
the water market. Production levels, therefore, fall in the manufacturing and service sectors,
and output prices rise.

24 CBS Israel reports that household water consumption is approximately 1% of disposable income. This,
however, includes all elements of water such as sewage cost, recycling, etc. In this model, these additional
costs are attributed to capital inputs rather than water, because they are not directly related to water trade.
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4.2 Sensitivity Analysis
Sensitivity analysis was performed on each sector using minimum and maximum parameters
for the various output supply elasticities, and water demand elasticities (summarized in
Table 6). These parameters are well above and below the accepted values that are reported
and used in other studies. The results suggest that the model is well-behaved, and that the
main results are robust.
Output supply price elasticity has a negligible eect on the size of the water market
because, as mentioned previously, water accounts for a very small fraction of the input cost
in production.

Furthermore, capital is a sector specic input, which dampens the eect

of parameter changes. Experimenting also with capital as a fully tradable input does not
change the size of the secondary water market by any measure worth reporting.
A larger eect on the secondary water market comes from changing the water demand
elasticities. Using unlikely, extreme, values for both agriculture and manufacturing sectors,
the potential secondary water market reaches a range of 3.6% to 7.8% of the total potable
water supplied.

Yet, the outcomes are not far-o from the main result of 6%.

the water demand elasticities for residential users,

Changing

i.e., service sectors and households, by an

unlikely order of magnitude of 10, changes the range to 4% to 18% of total potable water.
Again, these are unlikely elasticities, but do not change the overall message described in the
previous section.
Finally, stretching the water demand elasticities so that agricultural and manufacturing
sectors are -1, and service sectors and household are -0.4, would increase the secondary water
market to 198 MCM, which is 14.8% of total potable water supply.
The model is also tested with dierent marginal values of water. Because agricultural
sectors are the main sellers of water, raising their water marginal value to the next price
block, decreases the water market to 4.8% of total potable supply, and the nominal water
shadow price rises to 2.05 NIS/CM. This outcome is not surprising, since the seller will sell
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less when his marginal value of water rises.

Increasing the marginal value of water for the buyers, such as households and service
sectors, either separately or jointly, will also not change the overall result but rather reallocate
water dierently between them. This is because at the top tari blocks, both users have the
same prices. Furthermore, the marginal value chosen for residential water users are already
on the high-side, because the water price paid at the 'city gates' are lower than the actual
price paid by nal users.

Thus, reducing their marginal value of water would have only

reduced the secondary water markets.

25 Since manufacturing has one price block, no sensitivity test was conducted on its marginal value of water.
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Table 6: Values used for Sensitivity Analysis, 2006

Sector

Agriculture
Manufacturing
Services
Household

Output Supply Elast. Water Demand Elast.
Min Model Max Min Model Max
0.4
0.8
1.2
-0.1
-0.7
-2
-0.1
-0.7
-2
1
3
5
1
3
5
-0.01
-0.1
-1
-0.01
-0.1
-1

Note: Max. and min. range for supply-price and demand-price elasticities. Bold numbers are the benchmark values.
In conclusion, besides conrming the validity of the model, the sensitivity analysis provides another important message. It shows that even when the deep parameters are somewhat imprecise, the size of the secondary water market is in the vicinity of 6% of the total
potable water supplied (80 MCM in 2006).

This is a rather small misallocation, and its

signicance will be discussed shortly. Furthermore, the results are mostly sensitive to the
choice of the marginal values of water, which are harder to estimate. In this model, however,
the idea was to capture the largest size of ineciency possible, under plausible assumptions. Thus, increasing the marginal value of water for the agricultural sectors, the sellers,
or lowering it for residential user, the buyers, would have only reduced the misallocation.

4.3 Comparing results for 1995 through 2006
The applied model is also calibrated for 1995 through 2006, for the years that CBS Israel
had available data. Marginal values for water are re-assigned according to the relevant water
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prices chosen by the water authority at each year.

Using the year specic SAM, and the

water demand-price elasticities and output-supply-price elasticities as reported in Table 2,
the substitution elasticities are re-calibrated as discussed in Section 3.1. New water trade
channels are set as in Section 3.4,

i.e., each year has its own values for Table 3.

The main results are summarized in the top section of Table 7, and conclude that the
potential secondary potable-water market, for those years, would have been consistently
around 5% to 6% of the total supplied potable water. The bottom section of Table 7 reports
the changes to water price, relative to the initial administrative allocation, and the shadow
water price.
At rst, two results seem counter-intuitive, and are used to show how water authorities
could use this kind of model to improve allocation eciency.

First, for 1995, the model

26 The water authority updated water prices according to a water index or due to administrative reform.
The water index is based on the changes to the consumer price index, electricity prices and average wage
levels. See extended Appendix E.2 for further details.
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Table 7: Secondary Water Markets for 1995-2006

Year
1995
2000
2004
2005
2006

Year
1995
2000
2004
2005
2006

Potable Water (Million Cubic Meters, MCM)
Total
2nd Water Market % of Total
79.2
98.2
84.3
79.8
80.8

1574.7
1481.4
1359.0
1344.1
1340.5

Non-Potable (MCM)
Total
Nominal Price
Change (%)

5.0
6.6
6.2
5.9
6.0

406.5
442.3
595.3
617.3
618.5

3.5
4.6
5.0
4.1
4.4

Nominal Change in Potable Water Price (%)
Agriculture Manufacturing
Services Households
13.4
20.8
22.5
21.2
22.6

-20.0
-29.4
-29.4
-28.4
-27.2

-76.1
-73.6
-66.4
-63.8
-64.8

-74.3
-71.6
-64.2
-61.5
-62.7

Shadow Water
Price (NIS/CM)
0.88
1.13
1.61
1.77
1.81

Note: Top section of Table 7, columns three and four, show the (potential) quantity of a secondary potable water market since
1995. Bottom section shows the percent change to potable water price from the initial allocation, and sixth column is the
shadow price of potable water in nominal New Israeli Shekels (NIS) per cubic meter.
estimates that the potential secondary potable water market would have been the smallest,
compared to the other years in the data (5.0% of total potable water). This is an indication
of a high ecient allocation. Curiously, in that year, the supplied potable water was also the
largest, 1575 MCM. Since agricultural sectors were portrayed as inecient, water guzzlers
in Israel, one would think that when the supply of potable water is large, there is more room
for waste. The question is then, why was 1995 the most ecient year?
The reason is that in 1995, the infrastructure of non-potable water was at its infancy,
and agricultural sectors were unable to substitute with lower quality water. Table 8 reports

Table 8: Potable water expenditure as % of total cost (net of tax)

1995
2000
2004
2005
2006

Agriculture Manufacturing Services Households
5.7
2.5
2.3
2.2
2.0

0.08
0.031
0.034
0.034
0.031

Note: from the social accounting matrix.
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0.14
0.12
0.11
0.11
0.11

0.3
0.2
0.2
0.2
0.2

that the expenditure on potable water as a percent of total input cost, was twice as high in
1995 as compared to later years. Therefore, potable water were an essential input in those
years.
The second counter-intuitive result is that the highest inecient allocation (at 6.6%
of total potable water supplied) was measured in the year 2000, in the midst of a water
crisis in Israel. During the dry winters of 1998/9 through 2001/2, the water authority had
cumulatively reduced agricultural potable water by approximately 40%, which were never
returned in later years.

Thus, by eliminating quotas, one should expect a more ecient

allocation.
However, by 2000, new infrastructure and technologies that improved non-potable quality,
enabled agricultural sectors to substitute potable water consumption with non-potable water,
as illustrated in Figure 2. This meant that the expenditure on potable water dropped from
5.7% to a 2.5% of total cost on inputs (see Table 8), releasing excess potable water.
Furthermore, between 1995 and 2000, the water authority had reformed the water pricing
scheme, disfavoring manufacturing sectors. While residential nominal water prices (households and service sectors) rose by approximately 16.5%, and for agricultural sectors by 20.7%,
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the manufacturing sectors had an increase of 45.7% in nominal water price.

The model

captures the fact that manufacturing sectors would have liked to purchase more water from
agricultural sectors, thus enlarging the potential secondary water market.

4.4 Policy implications
The policy implications, so far, are the following: First, water authorities across the world
can use this method to estimate the level of allocation eciency both within the current
price-quota framework and for future proposed reforms. For example, the major reforms in
Israel, between 1998 and 2001, though meant to deal with the serious water shortage of the
time, were actually damaging and led to even more inecient allocation. Furthermore, the
latest pricing reforms in 2010, were not suciently evaluated.
Second, recalling that the results are meant as conservative, upper-bound, estimates of
the secondary water market, I nd that the administrative misallocation between 1995 to
2006 is on the average of 85 MCM. In other words, by

not

introducing a water market, Israel

incurs an economic loss of around NIS 86 Million (in 2006 prices). This looks rather small,
considering that it amounts to half the production of a desalination plant; It suggests that
a market mechanism might not perform much better.
Finally, up until now, only the economic costs of an administrative mechanism were

27 Source: Water Authority water price data. This type of pricing change was due to an administrative
reform, rather than a change to the water price index. See Table 11 in extended Appendix E.2.
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Figure 2: Potable Water Consumption by Main Users (MCM)
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Source: The Water and Sewage Authority, Israel.
Note: During the drought between winters 1998/9 through 2001/2, agricultural water quantities were reduced by 40%. This
coincided with a rise in agricultural consumption of non-potable water. Water consumption by manufacturing sectors and
residential users (per-capita) were fairly consistent. Roughly with population growth, residential water consumption rises by
2.3% per year (on average).
considered. By imputing some of the social value generated by the social planner, the next
section compares the lost economic value from misallocation with the gains generated by
maintaining the administrative mechanism.

5 Estimating the value of agricultural amenities
Typically, incomplete markets (or no markets at all, as in our case) are characterized by
distortions and welfare losses. However, when amenities are involved, it is possible to rationalize this distortion as a corrective measure for sectors which create positive amenities that
are not valued economically. For example, in addition to producing marketed goods, agricultural sectors also provide environmental amenities such as agricultural landscape, clean
air, tourism, heritage preservation and other cultural elements that characterizes a country's
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self-narrative.

The positive eects of agricultural amenities have been studied by various authors,

e.g.,

Drake (1992); Bowker and Didychuk (1994); Bergstrom et al. (1985); Brunstad et al. (1999);
Fleischer and Tsur (2003, 2009); Kan et al. (2009) and others. These studies use micro-level

28 For example, the farming community in Israel is viewed as the forefathers of the Zionist movement
who had built the state of Israel, and thus gives them an intrinsic cultural value.
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Algorithm 1

Imputing the amenity value

1. An arbitrary amenity value is chosen and taxed at 100% tax.
2. As in Section 4, compute size of water trade in a secondary water market.
3. Reduce tax on amenity to 0%, and re-compute size of the secondary water market.
4. Increase (decrease) amenity value and repeat (3) until the size of the secondary water
market is null.

data to impute the value of agricultural amenities in a partial equilibrium setting.

This

paper, however, uses the general equilibrium model developed in the previous sections to
impute the value of agriculture amenity under a multifunctional agricultural sector, more
resembling Peterson et al. (2002).
It is assumed that in addition to the privately traded commodities, agricultural sectors
also provide an amenity, which they are not rewarded for producing. A regulator, however,
recognizes this distortion and uses administrative water allocation to correct for it.

The

imputed value, in this extension, characterizes the amenity value which would rationalize
the administrative water allocation as being ecient.

Therefore, assuming the amenity

value would have been accounted for in the rst place, even with the possibility of water
trade, water users would choose not to trade.
Algorithm 1 summarizes the method by which the amenity value is imputed. Using a
xed proportion transformation function,


Yagr = min

nc
c
Yagr
Yagr
,
a
b
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agricultural sectors are now assumed to jointly produce two types of goods; a privately
traded commodity

c
Yagr
, e.g.,

apples, and a non-commodity

nc
Yagr
, i.e.

an amenity good such

as landscape and heritage. Both goods are demanded by the representative household, but
by initially setting a 100% tax rate on the non-commodity, and transferring the tax revenue
directly to the households, the household pays for the commodity, but not for the noncommodity. In such a way, the household consume the amenity free of charge,

i.e., its price

is zero. As long as the amenity tax rate is maintained at 100%, any arbitrary amenity value
used in the data-set has no bearing on the water trade results, reported in Section 4.
Next, the amenity tax rate is reduced to 0%, and the size of secondary water market is
re-computed. The model iteratively increases (decreases) the amenity value until a value is
found that leads to

zero

water trade, even when trade is possible.
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Table 9: Agriculture Amenity Value (2006)

Channel

Amenity Value

a

As % of
Agriculture
output
b

(2006 Million NIS)
1.
2.
3.

Manufacturing buy
Services buy
Households buy

26,000
53,500
87,250

6. All Channel Trade

68
139
227

87,250

227

As % of Amenity value
lost from a
total
output water market
b

a

welfare
lost from a water
market

Net-social

a

(2006 Million NIS)

1.7
3.5
5.7

5.7

-28.7
-61.8
-165.6

-321.5

-68.4
-69.4
-104.7

-215.0

*Source: a Model Result. b In 2006, agricultural economic output was NIS 38.5 Billion, and total country output was NIS
1,542.1 Billion. Source: Israel CBS and used in the SAM.
Note: The second column is the amenity value that rationalizes an ecient administrative allocation. The third and fourth
columns are the size of the amenity value as a percent of the agricultural output and total output. The fth column is the direct
amenity value lost, and column six is the overall net-social welfare lost, from introducing a water market with the imputed
amenity value included in a re-calibrated SAM. The dierence between them are the welfare benets from a water market.
Table 9 summarizes the imputed agricultural amenity value for the main channels, and for
the all-trade channel scenario, for 2006. The conclusion is that it amounts to approximately
NIS 87.3 billion. This is roughly 2.3 times the value of the agricultural economic output,
and equivalent to 5.7% the total country's economic output. Similarly, it is equivalent to
70% of the total agricultural

social

output,

This is not to say that this value

is

i.e., economic output plus amenity.

the true value of the amenity, but rather that it

indicates the amenity value which would rationalize the administrative allocation as being
ecient given the preferences used. With a lack of information, the amenity enters a CobbDouglas utility consumption bundle with other goods. Hanemann (1991), in a related paper,
discussed cases where public goods are readily substitutable for public goods, and others
where they are not. At an aggregate level, it seems less realistic that the former is true for
Israel. Therefore, reducing the substitution elasticity with other goods would only increase
the imputed amenity level.
Furthermore and unsurprisingly, re-doing the analysis as in Section 4, but with a recalibrated social accounting matrix (SAM) that accounts for the imputed amenity value
from Table 9, all the main water market results are exactly the same as previously reported,

i.e.,

water quantities and prices, and changes to production are the same.

Recall that

production sectors do not internalize any benets from producing an amenity. Therefore, it
does not matter what the amenity value is.
However, what

is

dierent is the analysis of welfare.

In this extension, the household

utility function also includes a demand for amenities. When agricultural production falls,
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so does the amenity level proportionately. This, therefore, leads to a loss of amenity value

29

worth NIS 321.5 million.

Yet, introducing a water market does improve the use of water
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inputs, raising welfare by NIS 106.5 million (similar to the result reported in Table 4).
Overall, this is a

net-social

welfare loss of NIS 215 million (see Table 9), which is translated

as a 0.024% fall in utility level.
To gauge whether the value of the imputed agricultural amenity is plausible in an Israeli
context, I compare with Kan et al. (2009) who use micro-level Israeli data to investigate
the potential economic benets of changing intra-agricultural land allocation among crops,
while taking into account both protability and amenity contribution. Their study is based
on work by Fleischer and Tsur (2009), who estimate crop specic amenity-value function in
an Israeli rural-urban land allocation setup. Kan et al. (2009) conclude that in Israel, the
agricultural amenity value is roughly 33% of the total agricultural

social
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output.

Comparing their results to mine, the order of magnitude is rather similar, though my
results are higher for the following reason. First, my analysis uses all agricultural sectors,
while Kan et al. (2009) focus on

vegitative agriculture only, which accounts for approximately

64% of total agricultural output. It would be possible to compare more closely my results
with theirs by further dis-aggregating agricultural sectors.
Second, Kan et al. (2009) analyze only the northern regions because vegitative agriculture
is predominately located in the wetter north of Israel, and not in the arid south. In my paper,
however, agriculture is analyzed country-wide. Since both northern and southern farmers
pay the same rates for water inputs, including southern farming in the analysis increases
signicantly the amenity value of agriculture as a whole.
Finally, it should be emphasized, again, that the agricultural amenity estimated here is
not the amenity value

per se,

but rather the value which would rationalize the administra-

tive water allocation as being ecient. This is dierent from Kan et al. (2009)'s approach
who estimate the amenity value by comparing a prot maximizing function to its regional
Pareto eciency function. In my case, the amenity value consists of all elements of amenity,
including cultural and heritage aspects. Though tough measures have been imposed on the
Israeli public to conserve water, the administrative mechanism continues to operate in its
present form. This suggests that the public has internalized the value of the amenity rather
than overturning it.

29 As before in Table 5 of Section 4, agricultural production drops again by
transformation, amenity drops by

−0.37%.

Due to the Leontief

−0.37% · 87, 250 = −321.5.

30 Without considering amenities, Table 4 reported that a water market raises welfare by NIS 86.3 million.
31 In Kan et al. (2009) Table 2, this is referred as total net-social benets to remind the reader that total

social benets includes both the production prots and the amenity value, and I therefore do the same.
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5.1 Policy implication
The main policy implication for the Israeli case is that if an environmental amenity of NIS
87.3 billion is present, introducing a water market will not necessarily increase welfare, but
may actually reduce it. Some points to consider are the following.
First, we can

roughly

impute a lower bound amenity value, by combining Kan et al.

(2009)'s results with this model, which would lead to a smaller amenity loss of around NIS
46.8 million.
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Overall, the

net-social

welfare gains will be small, if the benets from a water

market are around NIS 80 to 100 million, as found in this paper. However, recalling that the
aim has been to compute a conservative, upper-bound estimate, this means that the benets
from a water market could be even smaller.
Second, if the average yearly misallocated water is approximately 85 million cubic meters
of water, this amounts to around half the production of a desalination plant.
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Einav (2009)

reports that the investment cost is somewhere in the range of half to one billion NIS. If
the saved welfare loss is around NIS 215 million every 3 to 4 years, within a few years, a
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desalination plant therefore would be a better sustainable alternative to a water market.

Finally, this paper has only focused on agricultural amenities and does not include amenities created by other sectors,

e.g.,

35

public and private gardens, world heritage sites, etc.

These are overlooked because the method implemented here cannot be used to compute
them. Residential users have higher marginal values of water making them natural buyers
of water. If it was possible to reward them for producing the amenity, as it was done with
agricultural sectors, they would demand even more water.

In this case, Algorithm 1 has

no bound. Because the administrative allocation supposedly accounts for all amenities, the
inframarginal social-welfare loss from introducing a water market could be even higher.

6 Conclusions
In Israel, parliamentary investigative committees and researchers from the natural and social
sciences have concluded that for decades, the administrative water allocation mechanism has

32 An over-the-envelope calculation of the following: multiply the 2006 agricultural production level, NIS
38,497 million, by Kan et al. (2009)'s ratios of amenity to benet, 33%. This very

rough

imputed amenity

value will be NIS 12,704 million. Then, the fall in agricultural production, -0.37%, would lead to a loss of
NIS 46.8 Mill in amenity value.

33 Or in the vicinity of importing water from Turkey, under discussions between the two countries.
34 Recall that 3 to 4 years is the short-to-medium run time-frame of the model.

35 Recall that from Section 3.4, garden water consumption is around 25% of total residential. Furthermore,
the amenity value of world heritage sites are unknown. For example, since 2000, the Jordan river has been
dammed at the southern tip of the Sea of Galilee.

The water trickling downstream is recycled water for

touristic purposes. No water from the Jordan river is reaching the Dead Sea, which will eventually dry up.
The irreversible environmental and historical implications are not measured here.
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mismanaged water allocation. Underfunding of desalination plants, and over subsidizing of
the agricultural sectors, had led to a severe hydrological decit. Yet, the administrative allocation is crucial because it adds social benets, which are dicult to evaluate economically.
By developing an applied general equilibrium model, this paper set out to evaluate these
positive and negative aspects. The model compared the administrative mechanism with a
simulated market mechanism, and concluded that between 1995 to 2006, a conservative,
upper-bound, average of 85 million cubic meters of potable water were misallocated yearly,
roughly 5% to 6% of the total annual supplied potable water.

In monetary terms, this

amounted to an economic loss of between NIS 80 to 100 million (in 2006 prices).
However, neglecting non-commodity considerations led to a partial understanding of the
costs and benets to welfare. An administrative mechanism also promotes social agendas,
which are not considered within a market mechanism. For example, they protect agricultural amenities, which are non-commodities that farmers produce but are not rewarded for
producing. In the extension of the model, the value of the agricultural amenity was imputed
at around 2.3 times its commodity economic output.

If a water market would be intro-

duced, the social value lost could be around NIS 320 million. Overall, this is a

net -social

loss of NIS 215 million. These ndings, therefore, supported the continued use of the water
administrative mechanism in Israel.
Finally, because my conclusions apply to the short-to-medium run water situation, there
are still limitations to the analysis . As Diao and Roe (2003) discuss, having a water market
can eventually make water similar to any other traded commodity. It can motivate agents to

e.g., private and government collection

search for better technology to increase water supply (

of runo water, desalinization of seawater, and recycling sewage water) for resale into the
market for prot.

The long-run potential gains from a market mechanism are not fully

quantied in this short-to-medium run analysis, and further research is therefore necessary.
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Extended appendix
A Water Policy in Israel
A.1 An overview of Israel's water policy
Menahem (1998), Becker and Lavee (2002) and others, have extensively discussed the historical development of water policy in Israel, which they divide into three sub-periods. In
the rst period, 1948-67, water sources and institutional frameworks were developed and the
government pro-actively used administrative water allocation to supplement money transfers, promote settlement and food-security policies, and to subsidize agricultural and various
manufacturing sectors.
In 1959, the Water Law was enacted as a legal framework for the control and protection
of Israel's water resources. It states that all sources of water in Israel are public property
and a person's land rights do not confer rights to any water sources running through or
under his land. Every person is entitled to use water, as long as that use does not cause
the salination or depletion of the water resource. For egalitarian reasons, all users far from
the water source pay the same price as those close to it. Finally, the Water Law forbids the
resale of water quotas, which disconnects market forces from the pricing and allocation of
water.
The second period is considered to be 1967-90, in which agricultural expansion was
prioritized over water resource conservation.

Water management responded re-actively to

seasonal rainfall variation, or to changes in the political environment. For example, during a
drought, water quotas were sharply reduced, targeting rst the agricultural sectors. Water
quotas were returned to previous levels when rainfall was plentiful again.
Finally, the third period, from 1990 to present day, is characterized as a gradual paradigm
shift, moving away from a reactive water management style, towards a more proactive approach.

But changes have been slow, and over 40 years of excessive consumption, above

the natural rate of replenishment, has led to severe hydrological decits, which permanently
threatens water quality.

A.2 A recent historical account of the hydrological situation and policy results
Between the winters of 1995/6 to 1998/9, rainfall was below the average of 1400 million cubic
meters (MCM). In 1998, the Israeli government ocially declared a "water crisis", which had
continued on, and had peaked in winter 2001/2.
In 1997, the Arlozoro Committee was formed to suggests policy reforms to deal with
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the water crisis.

The conclusions, however, were not fully accepted, and included the

following: economic incentives should be used to bring about a diversion of potable water
away from agricultural sectors towards residential consumption. Farmers who, as a result,
would suer losses should be initially compensated.

Agricultural water prices should be

raised by 80% over several years, under the assumption that an 8% increase in price would
result in a reduction of 4% to 5% of the quantity of agricultural water consumption. Finally,
investment in desalination plants must begin immediately.
In 2001, as a result of the prolonged drought, the Israeli government re-evaluated the
water crisis, and formed a Parliamentary Inquiry Committee to investigate its causes, and
to suggest key reforms. The ndings were presented in 2002. Some of the key conclusions
were to establish an independent, professional water authority. Encourage and attract water
professionals, such as water engineers, hydrologists, economists, and other water resource
management professionals, to enter the water sector. Reduce bureaucracy and enhance the
development of reclamation plants. Finally, invest in desalination plants and return natural
resources to above the hydraulic 'Red Lines' by 2005, and then continue with sustainable
water management (Drayzin, 2002, Magen, 2002).
In 2008, the State Comptroller Committee received a report that analyzed how many of
the 2002 Parliamentary Inquiry Committee's conclusions were actually implemented. This
report warned that the available water supply continued to be in decit, and that only
some of the lessons learned from the 2001 water crisis were actually implemented,

e.g.,

the construction of desalination plants had been delayed by a around ve years, because
the plentiful rainfall of winter 2002/3 had allowed policy makers to divert attention to more
urgent budgetary needs (Davidovich, 2008, Tal, 2008).
Since winter 2008/9 through winter 2010/11, another cluster of low yearly rainfall have
lead the government to declare another water crisis.

Once again, water allotments were

reduced from agricultural sectors and several manufacturing sectors. Residential users were
urged, through public awareness programs, to conserve water, and were limited and penalized
from watering gardens.

The water pricing framework was, once more, re-considered and

revised.

A.3 Criticism of the administrative allocation in Israel
Plaut (2000) critically summarizes Israel's administrative mechanism, and discusses why
it is harmful, and produces waste and misallocation.

He adds that the current system

motivates farmers to use all the allotted yearly water, in order to justify and preserve their
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water allotments for the next year, even if it means dumping it.
resembles other settings,

e.g.,
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This type of behavior

government ministries and bodies, sub-divisions within large

rms, etc, that use-up all resources before the budgetary-year ends. Furthermore, Lichtman
(2009) reports illegal, shady, and inequitable water activities in Israel's farming sector, and
estimates that a black water market operates at around 10 million cubic meters (MCM)
yearly,

i.e., equivalent to a small desalination plant.

One can argue that this on-going water crisis is a result of mismanagement.

Water

supply and demand do not balance, and the administrative mechanism is unable to adjust
water allocation eciently and quickly. Introducing tradable water permits, however, would
enable market forces to internalize the true value of the resource. Both sellers and buyers
would gain from trade, regardless of whether the permits are auctioned or allocated free-ofcharge (Becker, 1995; Holden and Thobani, 1996).
Alternative water allocation mechanisms have been discussed by many researchers in
Israel and abroad. Dinar et al. (1997), Holden and Thobani (1996) and Livingston (1995) give
a general review of the theoretical advantages and disadvantages of alternative mechanisms.
Becker and Zeitouni (1998), Fishelson (1994), Moore (1994), Zeitouni et al. (1994) discuss
alternative mechanisms within the Israeli context, and Bielsa and Duarte (2001), Calatrava

,

and Garrido (2005) Garrido (2007), Pujol et al. (2006), Simon and Anderson (1990) discuss
for other countries outside of Israel.

A.4 Inecient administrative water allocation
Changing established allocation mechanisms is politically dicult, slow, and even too costly
to justify a change.

If the administrative allocation is not

too

inecient, a better strat-

egy might be to improve allocation within the current mechanism. Otherwise, if it is very
inecient, an alternative mechanisms might be better. Figure 3 illustrates why the political environment may make it dicult to change an established administrative allocation
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mechanism.

Recall that

misallocation

is dened as the quantity of water (in cubic meters) that would

be transferred from one user to the other, after water quotas and prices are set by the social
planner. In other words, if the potential secondary water market is large, it could indicate
that the initial administrative allocation is inecient, and users prefer to re-shue water
between them. Note, however, that non-economic value are not considered here, and that

36 Also, American environmentalists had criticized water policy in California's Central Valley for decades,
arguing that it causes serious environmental damages.

Farmers were sold water at prices far below its

resource value, and they had simply dumped huge amounts of it on desert elds (Plaut, 2000). Recall, that
also much of Israel is arid.

37 Becker (1995) uses a similar example .
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Figure 3: Water Quotas With Two Agents
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Note: Total water W̄ is allocated by the government. User 1 is allocated water quantity W gov , while user 2 is allocated
W̄ − W gov . Area bod is the dead weight loss from inecient water allocation. The potential secondary water market is the
volume |W ∗ − W gov |, a proxy for ineciency.
the market mechanism is dened as the most optimal.
Assume a closed economy with only two water users. The total water resource is quantity

W̄ ,

W gov

and the social planner allocates

Furthermore, water trade is prohibited.

to user 1, and the rest

W̄ − W gov

to user 2.

However, this allocation is clearly not optimal,

because the marginal values of water are not equalized between users. User 1 would benet
from buying some of user 2's water rights, while user 2 would also benet from selling-o
some of his water rights. Overall, the economy suers a dead weight loss equal to area

bod.

Furthermore, because the social planner also sets water prices, when it is set below the
market price, two possibilities arise. At level
user 2 has an excess supply. At level
In this model,

misallocation

P2 ,

P1 , user 1 has an excess demand for water, and

both users have excess demands.

is dened as the absolute horizontal distance

|W ∗ − W gov |

measured in cubic meters of water. Thus, ineciency rises when the discrepancy between
the initial allocation and the market allocation rises. Now assume that the water authority
wants to reduce the ineciency.
and adjust water quotas to point

To do so, it must raise the water price from

W ∗.

P2

to

P ∗,

This would bring an overall benet to the economy.

However, without compensation, some users will be worse o, which will incentivize them to
block this change, even at the cost of it being welfare improving.
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For example, user 1's initial consumer surplus is area
surplus is area

f deh.

abeP2 ,

and user 2's consumer

When price and quotas are re-adjusted to the optimal

1's consumer surplus changes to area
depending on whether additional area

∗

P cep2 . On the other hand, user 2's
f og . Thus, eciency is increased, but

aoP ∗ , which may (or may-not) be
boc is greater (or smaller) than the

P∗

and

Y ∗ , user

an improvement,
reduction in area

consumer surplus is unambiguously reduced to area
at the cost for some.

Furthermore, there are two additional considerations. First, user 2 will be willing to spend
area

godeh to block these changes.

He will loss this area anyway, if the change occurs without

compensation. Regarding user 1, this is again unclear, because his gain (or loss) from the
re-adjustment is ambiguous. Second, assuming that the re-adjustment had occurred, since
user 2 most likely would have invested area

godeh

to block the change, this could lead to an

overall welfare loss. Again, user 1's case is ambiguous. The conclusion is that even though
a regime shift could allocate water correctly, it might be unwarranted, because the total
non-recoupable costs are greater than the economic gains from area

bod.

Thus, an administrative allocation may become a method to re-distribute income. Various pressure groups struggle to maintain their historical allocations, which intensies even
further during severe water shortages and subsequent water quotas cuts (Plaut, 2000; and
as reported in the media). In addition, since new mechanisms cannot be tested, politicians
often prefer to hold-on to the mechanisms already in place, rather than risk an overhaul,
only to discover later that it might be worse o.

A.5 A water market as one alternative to an administration mechanism
One alternative to an administrative mechanism could be a water market, which is relatively
new in some regions such as Chile, Australia and the USA. In other regions, like Spain and
India, water markets have been traditionally functioning for years.
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When initializing a new water market, there are four possible methods for allocating
entitlements: (1) Random access; (2) Administrative rules based upon eligibility criteria; (3)
Historical allotments; and (4) Auctions.
These methods have been used in dierent countries. Both auction and random access
(also called lotteries) have been frequently used in allocating hunting permits for big game.
However, they have also been used in water markets. Random access are more common in
allocating permits among residents, while auctions are more common for allocating permits
to nonresidents. The most widely used method for initializing a new water market has been
the historical approach, which is also known as rst-come, rst served or grandfathered.

38 See discussion and case studies by Bhatia et al. (1995); Holden and Thobani (1996); Dinar et al. (1997);
Grafton et al. (2010).
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Some of the reasons for its popularity are the following.

As discussed in the section

A.4, when users are initially (historically) allotted water and then allowed to trade, they are
better-o. Therefore, they would be less likely to oppose a new water market, compared to
other methods.
Furthermore, historical allotments recognizes the fact that previous water consumers
had invested in resource extraction and infrastructure, and it would serve to protect those
investments.

Finally, empirical evidence suggests that using historical allocation leads to

smaller nancial burden on water users; Permit expenditure, which is the auction revenue
collected by the government, is typically higher than the extraction costs, which are the real
production costs for water. An auction method, therefore, could create opposition to change,
while historical allocation would be accepted, and thus raises the chances for policy to be
implemented (Lyon, 1982; Tietenberg, 2002).
Some general ideas for the institutional framework of a water market are the following.
Water could be resold or rented by users, and water permits would be exchanged with
minimal transaction costs. The new Water Authority would redene its duties and would
receive a status similar to a Central Bank, becoming a separate entity from the political
arena. As water levels drop, salt water and other minerals inltrate the aquifers and water
basins, and deteriorate water quality; Consequently, the Water Authority could aim for a
predetermined water quality level, by controlling for the available water supply after the
rainy season, resembling the Central Bank that aims for a predetermined ination target,
by controlling the money supply.
If equal burden of risk is preferred, than allotments would be proportional.

After the

yearly supply of available water is determined, users would receive their proportional share,
though actual quantities vary. The new Water Authority would monitor and enforce correct
permit consumption, and impose a penalty on those who illegally extract excessive amounts
of water.
Holders of water rights would also be owners of their waste-water. Entrepreneurs could
collect waste-water and resale it back into the water market for prot. Other agents could
invest in desalination plants or import water from other countries, and sell them in the water
market for prot. Finally, the water market would develop a temporal forward market, in
conjunction to spot contracts.

B A full description of the applied model
Following Section 2.1, the applied model is extended in the following way. The water model
is a static general equilibrium model. For the specic Israeli case, production is aggregated
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into three main sectors:

agricultural, manufacturing and service sectors.

Each of them

uses labor, capital, potable and non-potable water, and intermediate goods as inputs in
production. There is one representative household, which derives utility by consuming water
and nal goods. Finally, government is not explicitly modeled, but its actions are manifested
through the initial water allocation. Tax revenue from production is directly transferred to
the representative household.
Water is initially allotted to each of the four users, and water trade is not possible. Then,
when trade is allowed, water inputs are re-shued until all users have the same marginal
water value.
Following Mathiesen (1985); Rutherford (1995, 1999), we set up an ArrowDebreu equilibrium as a mixed complementarity problem (MCP). A complementarity constraint enforces
that two variables are complementary to each other; i.e., that the following conditions hold
for scalar variables
as

0 ≤ x ⊥ y ≥ 0.

x and y : x·y = 0,

x ≥ 0,

y ≥ 0. This condition is compactly expressed

Intuitively, a complementarity constraint is a way to model a constraint

that is combinatorial in nature since, for example, either

0

x

or

y

must be

0

(or both may be

as well).
In a general equilibrium setting, three types of weak inequality conditions must be sat-

ised: (i) zero prot, (ii) market clearance, and (iii) income balance, each associated with
three non-negative variables,

i.e., y ∗ ≥ 0, p∗ ≥ 0 and M ∗ ≥ 0, respectively.

B.1 Production Structure
Production has a four-level structure, which simplies the calibration procedure and captures
the dierent substitution elasticities for pairs of inputs. Section 3.4 and Appendix C.1 explain
the assumptions and calibration method in further detail, while the following points should
be noted. First, because capital incorporates land, it is assigned as a sector specic input.
In the short-to-medium term, soil type, location, infrastructure, legislative constraints etc.,
make land rigid. It becomes convenient to place inputs which cannot migrate between sectors
in the top level of production, and use the output supply elasticity, found in empirical papers,
to calibrate for the substitution elasticity.
Second, in the initial allocation, water inputs are allotted to users and are non-tradable.
They are, initially, sector specic with

pW,i

as there water prices.

Placing water in the

third level, enables me to calibrate substitution elasticities using water demand elasticities,
which are readily available in empirical papers.

However, when water-trade is allowed, it

is reassigned as a global input. Trade continues until the market clears, and water prices
change suciently to drive water marginal values to equalize between users.
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Figure 4: The Production Function
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Note: Production is a four level nested function. The lowest level combines potable and non-potable water into an aggregate
water. The third level combines the aggregated water and labor inputs. In the second level, intermediate goods are combined
with the water-labor aggregate. Finally, in the top level, capital is aggregated with the intermediate goods-water-labor aggregate.
Finally, labor inputs freely migrate between the various sectors, and have a global wage
level,

pL .

Figure 4 illustrates production

Yi for i ∈ z (discrete) nal goods, and with j

as i's alias. It

has a four-level nested constant elasticity of substitution (CES) structure. In the lowest level,

Wnp,i , are combined to form a water aggregator
Wi . In the third level, water Wi and labor Li inputs are combined to form an aggregator
W Li . In the second level, intermediate inputs INj,i∈z are combined with the aggregator W Li
to form the aggregator N W Li . Finally in the top level, capital Ki is combined with N W Li
to form the output Yi .
potable water,

Wp,i ,

and non-potable water,

Beginning with the

top level

, the implicit function theorem equates prot maximization

with cost minimization, which takes the form:

min

pK,i Ki + pN W L,i N W Li

Ki ,N W Li

s.t.

σ1,i

1

ρ
ρ 
Yi = A1,i αi Ki 1,i + (1 − αi ) N W Li 1,i ρ1,i

is the substitution elasticity within the CES production function.

on capital,

pN W L,i

is the price index for the aggregator.
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αi

pK,i

is the return

denes the CES share parameters,

ρi is the CES exponent. Note that it is related to the substitution elasticity via σi =
where σi ≥ 0. Finally, Ai,1 is the level of technology.
and

1
1−ρi

Solving the minimization problem, and for simplication, reassigning the share parameters to incorporate the substitution elasticity using the relationship,

σ1,i

aN W L,i = (1 − αi )

0 ≤ pN W L,i

σ1,i
(1 − τi ) pcons
Y,i
Yi
⊥ Ki ≥ 1−σ1,i
pK,i
A1,i
σ1,i

aN W L,i (1 − τi ) pcons
Y,i
Yi
⊥ N W Li ≥ 1−σ1,i
pN W L,i
A1,i


aK,i

with zero prot conditions denoting

i,

and

, yields the following input demand equations:

0 ≤ pK,i

for sector

aK,i = (αi )σ1,i

pY,i and pcons
Y,i as the producer and consumer price indexes

respectively.

i 1−σ1
h
1
1−σ
1−σ
1,i
αK,i pK,i 1,i + αN W L,i pN W1,i
⊥ Yi ≥ 0
L,i
Ai (1 − τi )
= (1 − τi ) pcons
Y,i

pcons
≤
Y,i
pY,i
At the

second level

, we assume the aggregate

of intermediate goods

INji ,

N W Li

has a xed proportions share

and a water-labor sub-aggregate

W Li .

The following is the

optimization problem:

pW L,i W Li +

min
W Li ,Nji

pY,ij INji

j=1


s.t.

z
X

N W Li =

min

INzi
W Li INji
,
, ... ,
aW L,i aIN,ji
aIN,zi



Solving this minimization problem yields the following demand equations and price index

0 ≤ pW L,i ⊥ W Li ≥ aW L,i N W Li
0 ≤ pY,i ⊥ INji ≥ aIN,ji N W Li
with price index

pN W L,i ≤ aN W L,i pW L,i +

n
X

aIN,ji pY,i ⊥ N W Li ≥ 0

j=1
At the

third level

, a water aggregator

Wi

and labor
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Li

inputs are aggregated into

W Li ,

where

σ3,i

is the substitution elasticity. The optimization problem is to

pW,i Wi + pL Li

min
Wi ,Li

1

ρ
ρ 
W Li = A3,i αW L,i Wi 3,i + (1 − αW L,i ) Li 3,i ρ3,i

s.t.

and the solution yields the following equations:

0 ≤ pW,i
0 ≤ pL

σ
pW L,i 3,i
⊥ Wi ≥ 1−σ3,i
W Li
pW,i
A3,i

σ
pW L,i 3,i
aL,i
W Li
⊥ Li ≥ 1−σ3,i
pL
A3,i
aW,i



with price index

pW L,i ≤

i 1−σ1
1 h
1−σ
1−σ
3,i
⊥ W Li ≥ 0
αW,i pW,i 3,i + αL,i pL 3,i
A3,i

Note that labor can migrate freely between all production sectors, and therefore has an
economy-wide wage rate.
At the
gated into

fourth level

, potable water,

W i,

where

σ4,i

Wp,i

and non-potable water

Wp,i

inputs are aggre-

is the substitution elasticity. The optimization problem is:

pW,,p,i Wp,i + pW,np,i Wnp,i

min
Wp,i ,Wnp,i

s.t.

1

ρ 
ρ
W i = A4,i αW,p,i Wi 4,i + (1 − αW,p,i ) Li 4,i ρ4,i

and the solution yields the following equations:

0 ≤ pW,p,i ⊥ Wp,i ≥

aW,p,i

pW,i

1−σ4,i

A4,i

0 ≤ pW,np ⊥ Wnp,i ≥

aW,np,i
1−σ4,i

A4,i

σ
pW,i 4,i
Wi
pW,p,i

σ
pW,i 3,i
Wi
pW,np



i 1
1 h
1−σ4,i 1−σ4,i
1−σ4,i
≤
αW,p,i pW,p,i + αW,np,i pW,np,i
⊥ Wi ≥ 0
A4,i

Note that non-potable water can migrate freely between all production sectors, and therefore has an economy-wide price.

At the margin, this will increase the possible secondary

water market for potable water.
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Figure 5: Household Utility

CES

Uh

Wh

 1,h

C

2,h 1

CobbDouglas

Xz

Xi

Note: Utility is a two level nested function. The lowest level combines all nal goods into an aggregate. In the top level, water
input is combined with the nal goods aggregate.

B.2 Household Utility Structure
The small open economy has one representative household,

h ∈ H,

that is endowed with

labor, capital, and water resources. She receives tax revenue, and transfers positive (negative)
value of income to cover balance of payments. Thus, the disposable household income is:

M = PW,h Wh +

z
X

PL Li + PK,i Ki + PW,p,i Wp,i + PW,np,i Wnp,i + pcons
Y,i τi + bopi



i=1
Extending this model for multiple households is a simple matter, but would then require
assumptions regarding water ownership. In such a case, the above income equation would
need to be revised. However, it would seem better to add a government agent that owns the
water endowments.
Figure 5 illustrates the household's utility function, as a two level maximization problem.
The lowest level combines all nal goods into an aggregator, while the top level combines
water inputs with the aggregator.
The

top level

maximization problem is of the following form:
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max
Wh ,C

s.t.

Wh

 1

ρ
U = H βWh 1,h + (1 − β) C ρ1,h ρ1,h
M ≥ pW,h Wh + pC C

is household water consumption, with

quantity of nal goods consumed, with
and
and

σ1,h = 1−ρ11,h is the
bC = (1 − β)σ1,h .

pC

pW,h

its consumer water price.

its consumer price index.

H

C

is an aggregated

is a shift parameter,

substitution elasticity. Note that we can re-parametrize

bW = β σ1,h

Solving the maximization problem yields the following demands and unit utility cost:

σ
P U 1,h
⊥ Wh ≥ bW
M
pW,h
 U σ1,h
P
⊥ C ≥ bC
M
pC


0 ≤ pW,h
0 ≤ pC


 1
P U ≤ βW (pW,h )1−σ1,h + βC (pC )1−σ1,h 1−σ1,h ⊥ U ≥ 0
In the

second-level

, the aggregated goods consumed is assumed to have a Cobb-Douglas

structure with the following maximization problem,

max
Xi

s.t.

C = Φ · Πzi=1 {Xiγi }
I ≥

z
X

pcons
Y,i Xi

(20)

i=1
and note that

Pz

i=1

γi = 1, I = M − pW,h Wh

and

Φ

is a shift parameter.

Solving the maximization problem yields the demand for each nal good,

0 ≤ pcons
⊥ Xi ≥
Y,i
and

pcons
Y,i

γi I
pcons
Y,i

as its consumer unit price

pC ≤ Φ · Πzi=1



pcons
Y,i
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γi

⊥C≥0

Xi ,

B.3 Closure Rules for Balance of Payments
Economies are dynamic and can run trade imbalances at any period by buying or selling
assets.

However, since this is a static model, I x the balance of payments (BOP) in all

counter-factual scenarios to the initial value. If not, it would be dicult to interpret welfare
eects. For example, if a policy experiment leads to an increase in the trade decit, welfare
will increase due to foreign borrowing. This is misleading because at some point, borrowing
will have to be paid back. Thus, household is assigned an endogenous endowment

bopi , which

xes the trade surplus (decit) for each good to its initial value.

B.4 Market clearing conditions and secondary water market
As discussed in Section 3.1 and Appendix C, it is assumed that in the short-to-medium
run, capital

Ki ,

is a rigid input, with a sector specic return on capital.

non-potable water,

Wnp,i ,

Labor,

Li ,

and

are fully exible across all sectors with a uniform wage rate and

non-potable water price. The market clearing conditions are

L

s

=

d
Wnp
=

Kis

=

z
X
i=1
z
X

Li
Wnp,i

i=1
Kid

All goods in the economy are fully consumed, either as household nal goods, as intermediate inputs for production, or as exports

Yi = Xi + Nji + N Xi

Secondary potable water market
Having

i∈N

rms (with

j

alias for

i)

and

h∈H

households water users, let

M = N +H

be the total number of water users. As discussed in Section 2.2, and depicted in Figure 3,
each user is allocated a dierent

potable water

quota with a dierent water price. As long

as water trade is prohibited, the market clearing condition for potable water is

Wis = Wid
Whs = Whd
pW,i 6= pW,j 6= pW,h
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(21)

and because water users choose the amount of water to consume, the water price of the last
unit is also the marginal water value. Each user has, therefore, a dierent marginal value of
water (MVW)

M V Wi 6= M V Wj 6= M V Wh
When a secondary water market is introduced, water inputs are transferred to those users
valuing them most. The market clears once a uniform
users can be
with

ψmn

buyers

sellers, and having M
relative marginal value.

or

being the

real

water price is reached. Water

water users leads to

m ∈ M is
= ψmn > 1.

If user

M V Wm
is a seller, a possible trade channel is when
M V Wn

M2

trade congurations,

a buyer, and user

n ∈ M

Otherwise, it cannot be a

possible trade channel.


ψ

M V Wm
mn > 1
=
ψ ≤ 1
M V Wn
mn

possible trade channel
not possible

These conditions, therefore, limit the number of congurations to only
trade channels, with

t∈T

n

and buyer

m

M (M −1)
possible
2

being a specic channel. (see Table 3 for a concrete example).

Thus, when water trade is enabled, the units of water,
seller

T =

γt ,

that are transferred between

are obtained by

0 ≤ γt ⊥ pW,n,t − (1 − ) pW,m,t ≥ 0,

∀t

(22)

pW,n,t and pW,m,t being the water market prices for the seller and buyer, respectively. For
computational purposes,  → 0 is a small number to 'help' the solver with slack activities,

with

thus avoiding the problem of innite solutions (a degenerate model).
when multiple

t

channels are opened (active), only

net transfers

This insures that

of water is considered. For

example, a case of innite solutions is when a rst user sells to the second, the second sells
to the third, but the rst also sells to the third.

By adding

,

the solutions is limited to

one (possible) case where, for example, the rst sells to the second and to the third, while
deactivating the second selling to the third.
There are various combinations (scenarios) of activating and deactivating water trade
channels,
channels

Action.

e.g., activating each channel separately, or all together.

t∈T
has a binary action (designed by the scenario); active or not-active, {A, N A} ∈
There are {tA , tN A } ∈ T channels, {iA , iN A } ∈ N rms, and {hA , hN A } ∈ H
Therefore, each of the

households, that are active or not-active, respectively. In other words, a water user will
trade because: it is either a choice, or it is
Thus, when Equation (22) is enabled,

not

blocked.

∀tA ,

39

water units,

γtA > 0,

are exchanged between

pW,n,t = (1 − ) pW,m,t . If however, the seller's unit water price
buyer's, pW,n,tA > (1 − ) pW,m,tA (a strict inequality), the activity goes

users up to a point where
is higher than the
slack,

γtA = 0, i.e.,

there is no trade.

Enabling water trade for various water trade channels and actions,

∀i and ∀h, the market

clearance condition of Equation (21) is updated by the following

WhsA +

P
WisA = WhdA + iA WidA
pW,iA = pW,jA = pW,hA
WisN A = WidN A
WhsN A = WhdN A
pW,iN A 6= pW,jN A 6= pW,hN A
P

iA

(23)

B.5 agricultural amenity
agr ∈ z , is now assumed to jointly produce two
c
commodity, Yagr , e.g., apples, and a non-commodity,

The representative agricultural producer,
types of goods; a privately traded

nc
, i.e.
Yagr

an amenity good such as landscape and heritage. Note that to clarify notation,

when the amenity is added, the agricultural output and consumer price, previously dened
as

Yagr , pcons
Y,agr ,

are split into two variables:

c
Yagr
, pcY,agr

and

nc
Yagr
, pnc
Y,agr .

For all other goods,

nothing has changed.
The household utility function is re-dened to include the demand for both goods,

i.e.,

agricultural commodity and non-commodity.

commodity tax rate to

τ nc = 100%,

However, by initially setting the non-

and transferring the tax revenue directly to the house-

holds, the household pays for the commodity, but not for the non-commodity. Therefore,
the household consumes any level of amenity available,

i.e., its price is zero.

As long as the

tax rate on the amenity is maintained at 100%, any arbitrary amenity value used in the
benchmark data-set, has no bearing on the water trade results. It does, though, aect the
level of utility.
The level of amenity is imputed by reducing the tax rate to

τ nc = 0,

which allows

agricultural rms to internalize the amenity they produce. The model, then, searches for an
imputed amenity level that would lead to

zero

water trade, even when trade is possible (see

Section 5).
Assuming a xed proportion transformation function, the agricultural sector's new protmaximization problem, which now includes both a commodity good and a non-commodity,
is:
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maximize
c ,Y nc
Yagr ,Yagr
agr

s.t.

with

τagr

and

pY,agr

nc
c
+ (1 − τ nc ) pnc
πagr = (1 − τagr ) pcY,agr Yagr
agr Yagr − pY,agr Yagr
 c
nc 
Yagr Yagr
Yagr ≥ min
,
a
b

dened previously, as the agricultural production tax rate and the pro-

ducer price, respectively.
Solving the maximization problem leads to the following supply functions for commodity
and non-commodity goods:

c
0 ≤ pcagr ⊥ Yagr
≥ aYagr
nc
0 ≤ pnc
agr ⊥ Yagr ≥ bYagr

The zero prot conditions gives the unit cost of production of the output.

pY,agr ≤ a · (1 − τagr ) pcagr + b · (1 − τ nc ) pnc
agr ⊥ Yagr ≥ 0
Finally, with lack of better information, the non-commodity (the amenity) enters a CobbDouglas utility function with other commodity goods in Equation 20,

i.e., amenity ∈ z .

The

signicance is that the substitution elasticity between the non-commodity and commodity
goods is 1.

It is possible, with better information, to calibrate the substitution elasticity

by using, for example, the demand price elasticity of an amenity. Hanemann (1991), in a
related paper, discussed cases where public goods are readily substitutable for public goods,
and others where they are not. However, this is dicult to nd because an amenity, being
a non-commodity, has no market price.
For the moment, it seems more likely that the substitution elasticity would probably be
less than 1, at an aggregate level.

As discussed in the paper, this would mean that the

amenity value could be even larger, thus supporting even further, the main conclusions of
the paper.

C Estimating the substitution elasticities in production
Well documented water demand elasticities and output supply elasticities are used to capture
the specic characteristics of the water sector.

This calibrates the substitution elasticity

between factors in the production function and utility function. Table 10 summarizes the
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Table 10: Calibrating the Substitution Elasticities, SAM 2006

Cost Shares (2006, %)

Output
Supply
Elasticity

Water
Demand
Elasticity

Potable/NonPotable
Elasticity

ηi

W,i

σ4,i

θK,i

θW,1,i

θW,2,i

θW,3,i

σ1,i

σ2,i

σ3,i

0.8
3.0
3.0

-0.7
-0.7
-0.1

1.1
1.1

46.5
56.0
19.0

3.3
0.03
0.1

6.2
0.1
0.1

19.0
0.4
0.3

0.70
3.81
0.70

0
0
0

0.84
0.7
0.1

a

Agricultural
Manufacturing
Services
Household

a

Calibrated
Substitution
Elasticity

c

b

W,h

θW,h

σ1,h

-0.1

0.21

0.1

Source: a Approximate mid-values reported in various papers. b Israel Water Authority. c Cost shares are from the Social
accounting Matrix. Source: Central Bureau of Statistics Israel and own calculation.
Note: Calibrating substitution elasticities is done by combining the supply and demand elasticities with the cost shares.
values used.
The time frame of the general equilibrium model aects the assumptions we make on
factor mobility, and the interpretation of the results. Hertel (2002) regards a time frame of 3
to 4 years as the medium-run, which is a sucient for adjustment to take place. In the shortrun, agricultural production has limited buer stock, which makes it especially vulnerable
to supply shocks and leads to wide uctuations in commodity prices. In the long-run, the
importance of stock diminishes and production has time to adjust.
Land supply rigidity depends on many factors, such as the availability of suitable land,
the potential to convert land from one type of crop to another, or to another sector,

i.e.,

manufacturing or services. Furthermore, the existence of legislative or policy constraints can
impede the transfer of land and make it immobile. Therefore, a lower land supply elasticity
reects higher immobility. For example, in the center of Israel, former farmlands are standing
idle and ex-farmers are waiting for authorization to convert land into lucrative housing
developments or oce space. This stands in contract to manufacturing and service sectors,
which have lower barriers. Thus, for the reasons above and because land is incorporated into
capital, I assign capital a sector specic input.
The rst section of Table 10 summarizes the sector specic elasticities, which will be
used to calibrate the substitution elasticities. Agricultural sectors have a relatively inelastic
supply price elasticity of 0.8, which is partly due to land's rigidity. Non-agricultural sectors
have an elastic supply price elasticity of 3.0.
To calibrate the substitution elasticities

σi ,

consider the four level production structure

which was discussed in Section B.1 and Figure 4.
aggregator

N W Li

In the rst level, a perfectly elastic

is combined with an immobile capital. Rutherford (2002, p.20) explains
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how to calibrate the substitution elasticity,

σ1,i ,

σ1,i =
θK,i

where

when one of the inputs are immobile by

ηi θK,i
1 − θK,i

(24)

is the benchmark value of the cost share of capital, the xed input, obtained from

the social accounting matrix (SAM).

ηi

is the supply price elasticity obtained from empirical

studies.
Many empirical studies have estimated

ηagr

at around 0.8.

See Askari and Cummings

(1977), Peterson (1988), Rao (1989) for a good review of the ndings.

For manufacturing

and services, a great deal of literature focus on supply price elasticities of single sectors,

i.e.,

transport, housing, energy etc., but to my knowledge, there are no estimates for aggregated
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levels.

Since these sectors are generally elastic, I use a supply price elasticity of

η=3

for

both manufacturing and service sectors.
In the second level, it is common practice to aggregate intermediate inputs and subaggregates in xed-proportions,

σ2,i = 0.

Finally, in the third level, water and labor inputs are combined, and Appendix C.1 shows
how I calibrate the substitution elasticity

σ3,i =
where

σ1,i

and

σ2,i

σ3,i

by

W,i + σ2,i θW,3,i − (σ2,i − σ1,i ) θW,2,i − σ1,i θW,1,i
(θW,3,i − 1)

are the substitution elasticities from the upper levels.

are the water cost-shares relative to each nest, for the various sectors
from the SAM.

(25)

W,i

i,

θW,1,i , θW,2,i , θW,3,i

which are obtained

is the water demand price elasticity reported in many empirical studies.

For agricultural sectors, Bernardo et al. (1987), Booker and Young (1994), Moore and Hedges
(1963), Nieswiadomy (1985), Scheierling et al. (2004) nd values for

W,i

ranging from -0.14

to -1. For the Israeli agriculture sector, -0.7 is an accepted gure. Eckstein (2001) estimates
Israel's agricultural demand price elasticities to be between -0.5 to -0.8, while Becker and
Lavee (2002) state it is close to -1.
For manufacturing sectors, Williams and Suh (1986) and Wang and Lall (2002) estimate
their water demand price elasticities to be between -0.7 to -1, while I use -0.7. Finally, because
the service sectors are mainly oce buildings within residential areas, we calibrate them
according to surveys for residential water demand price elasticities, similar to households.
Fishelson (1994) estimates Israel's residential water demand at -0.1, while Hansen (1996),
Arbués et al. (2003), Dalhuisen et al. (2003) and others report that residential water demand

39 For example, literature that report for single sectors are: Blackley (1999); Green et al. (2005); Malpezzi
and Maclennan (2001) report elastic values for the housing market, as high as 20. Dahl and Duggan (1996)
reports a supply price elasticity of 1.27 in the U.S. energy market.
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price elasticities are low, ranging between -0.1 and -0.3. I use use -0.1. Sensitivity analysis
is reported in section 4.2.

C.1 Calibrating 3rd level substitution elasticity
In order to calibrate

σ3 ,

I follow Rutherford (2002). Assume a three-level nested production

function similar to Section B.1, but use a general CES case rather than the Leontief structure
in the second nest, and with the fourth nest aggregated into the third. If we construct the
cost function from a calibrated benchmark in which input prices and total cost are unity, we
can scale the benchmark values of the sub-aggregate cost as unity and express the demand
for water as:

σ1
2 σ2 −σ1
W = [pW ]−σ3 pσW3 −σ
L pN W L [pY ] W̄
The derivative of the the demand for water with respect to the input price of water, at
the initial allocation point where all prices are unity is:



∂pW L
∂pN W L
∂pY
∂W
|p=1 = −σ3 + (σ3 − σ2 )
+ (σ2 − σ1 )
+ σ1
W̄
∂pW
∂pW
∂pW
∂pW
By Shephard's Lemma the derivative of the unit cost function with respect to input prices
will give the share of inputs at the benchmark calibration, where

X̄

indicates values at the

benchmark.

pW W̄
∂pW L
= θW,3
=
∂pW
pW W̄ + pL L̄
∂pN W L
pW W̄
=
= θW,2
∂pW
pW W̄ + pL L̄ + pN N̄
pW W̄
pW W̄
∂pY
=
=
= θW,1
∂pW
pW W̄ + pL L̄ + pN N̄ + pK K̄
pY Ȳ
thus,

∂W
|p=1 = [−σ3 + (σ3 − σ2 ) θW,3 + (σ2 − σ1 ) θW,2 + σ1 θW,1 ] W̄
∂pW
The elasticity of demand is dened as

W |p=1 =

∂W pW
and therefore
∂pW W̄

W |p=1 = [−σ3 + (σ3 − σ2 ) θW,3 + (σ2 − σ1 ) θW,2 + σ1 θW,1 ]
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Finally, solving for for

σ3

σ3 =

yields:

W + σ2 θW,3 − (σ2 − σ1 ) θW,2 − σ1 θW,1
(θW,3 − 1)

D Estimating the substitution elasticities in utility
Appendix B.2 discusses the household's utility structure. Using water demand price elasticities,

w,h , I calibrate the household's substitution elasticity, σ1,h , with the following equation:
σ1,h =

The cost share of water,
elasticity,

w,h ,

θw,h ,

w,h
θw,h − 1

(26)

is obtained from the SAM. Household water demand price

is estimated at 0.1, as I did for service sectors. Interestingly, because the

water cost share is nearly zero, the substitution elasticity equals minus the demand elasticity
of water (see right hand side of Table 10).

Finally, in the second level, nal goods are

aggregated using a Cobb-Douglas function with

σ2,h = 1, which is standard practice in many

applied general equilibrium models.

D.1 Calibrating Household's 1st Level Substitution Elasticity
Similar to Section C.1, I calibrate the household's substitution elasticity using water demand
price elasticities. At the calibrated benchmark, in which input prices and total expenditure
are unity, we can scale the benchmark values of the sub-aggregate expenditure as unity and
express the demand for household water as:

−σ

σ

Wh = W̄h pW,h1,h pU1,h
where

pU

is dened as the expenditure function for a unit utility.

Dierentiate the above with respect to household water expenditure, obtain:



∂Wh
−σ1,h −1
σ1,h −1 ∂pU
= W̄h −σ1,h pW,h
+ σ1,h pU
∂pW,h
∂pW,h

(27)

Again by Shephard's Lemma, the derivative of the unit expenditure function with respect
to input prices will give the share of inputs at the benchmark calibration.

∂pU
pW,h W̄h
=
= θW,h
∂pW,h
pW,h W̄h + pC C̄
Recalling that all prices are unity at benchmark, rearrange 27 as:
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∂Wh
|p=1 = W̄h [−σ1,h + σ1,h θW,h ]
∂pW,h
Finally, dening the own-price elasticity of household water demand as
for

σ1,h ,

obtain:

σ1,h =

W,h
θW,h − 1

W,h

and solving

(28)

E Data Collection and Building the SAM
This section will briey summarize the data collection process and assumptions made in the
calibration of the model.

E.1 Social accounting Matrix
Careful attention was placed on the construction of the social accounting matrix (SAM),
which are based on

Use

and

Supply

tables published by the Israeli central bureau of statistics

(CBS). It must be mentioned that the Use and Supply tables for years 2000, 2004, 2005,
2006 were reported in purchaser prices and aggregates matched.

However, data for 1995

were not directly comparable, because Use data was reported in current output prices, while
Supply data was reported in purchaser's prices. As a result, aggregates do not match, and
additional assumptions had to be made in order to balance the SAM. Double checking the
weights of inputs in production with later years, I believe that the 1995 SAM is good enough
for comparison with the other years.
Water expenditure for each sector is estimated via other means, and not directly through
the Use-Supply tables.

This is because CBS does not report water separately from the

electricity sector for two reason. First, due to national security reasons, they do not reveal
sources and dependents.

Second, electricity consumption is the largest input into water

production, and it is natural for CBS to aggregate them together. As Plaut (2000) reports,
electricity is approximately 28% of Mekorot's input costs, which amounts to approximately
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6% of Israel's total electricity consumption.

The water authority publishes potable and non-potable water consumption for agricultural and manufacturing use, and residential use,
use is reported, for eleven sub-groups:

i.e.,

services and household. Residential

housing, education, sport, public gardens, public

buildings, health, hotels, commerce and trade, security and transport, construction, and
service. Data for 2000, 2004, 2005, 2006 and for 1995, the weights from 1996 were used.

40 This high energy requirement is due to having water pumped from the sea of Galilee, an elevation of
about 210 meters below sea level to an elevation of 152 meter above sea level into the national water carrier,
from which gravity continues to transports the rest towards the center of Israel.
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Thus, water expenditure in households and service sector is the sum water quantity times
the relevant tari band, as reported by the Water Authority. Agricultural water expenditure
is obtained by multiplying the quantity of total potable water supply by the rst price block.
Likewise for manufacturing, the quantity of water is multiplied by the main water tari block.
Finally, Labor inputs are obtained from CBS' Compensation of Employees by Industry tables.

E.2 Water Consumption by User and Water Prices
Water price data was received from the water authority from Jan 1996 until December
2009. Prices update according to changes in the water-index, which is based on changes to
the consumer price index, electricity prices and average wage levels, or as an administrative
decision with governmental approval. In order to obtain a yearly water price, I simply average
prices if they were changed more than once during the year. Water prices are calculated by
the cost of extraction, and additional cost that are supposed to capture distribution and
environmental sustainability.
Water Authority uses a complex increasing block tari (IBT) for each type of consumer.
As Table 11 illustrates, agricultural sectors pay a dierent price from the residential users,
with a dierent IBT structure.

Within residential users, dierent price are also charged.

The water authority has changed its pricing structure in 2010, aiming to have similar water
pricing for all users (See Water-Authority (2010)).
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Table 11: Water Price by User (Yearly Average)

Year

Household

Quantity

a

1996 2000 2004 2005 2006 2009

First 8 CM
Next 7 CM
Any additional CM

Hospitals and Mikve
Hotels
Public Buildings, Stores,
Business, etc.
Public Gardens

2.32
3.42
4.97

2.69
3.99
5.78

3.19
4.49
6.28

3.31
4.61
6.40

3.52
4.85
6.69

4.17
5.75
7.93

3.68
1.27
3.68

4.28
1.69
4.28

2.26
2.19
4.78

2.38
2.30
4.90

3.43
2.48
5.15

2.77
4.23
6.04

4.97

5.78

6.28

6.40

6.69

7.68

Manufacturing (Potable)
Excess
Excess

In allocation limits
Up to 10% over allocation
Above 10% over allocation

1.10
0.36
0.96

1.60
0.36
0.96

2.28
0.36
0.96

2.48
0.36
0.96

2.49
0.36
0.96

3.19
0.36
0.96

Agriculture (Potable)

Quantity A
Quantity B
Quantity C
Up to 10% over allocation
Above 10% over allocation

0.78
0.89
1.11
0.36
0.96

0.94
1.08
1.38
0.36
0.96

1.31
1.54
1.98
0.36
0.96

1.46
1.69
2.13
0.36
0.96

1.48
1.70
2.15
0.36
0.96

1.63
1.87
2.36
0.36
0.96

Excess
Excess

Recycled (Shafdan)
0.52
0.62
0.79
0.79
0.80
0.86
Euents
0.38
0.45
0.51
0.51
0.52
0.64
Source: Israeli Water Authority
a
In 2010, the price bands were changed. However, since the model's data covers until 2006, I do not investigate the eects of
this new price band.

48

References
Arbués, F., M. Ángeles García-Valiñas, and R. Martínez-Espiñeira:
residential water demand: a state-of-the-art review'.

2003, `Estimation of

Journal of Socio-Economics

32

(1),

81102.
Askari, H. and J. T. Cummings: 1977, `Estimating Agricultural Supply Response with the
Nerlove Model: A Survey'.

International Economic Review

18

(2), 257292.

Becker, N.: 1995, `Value of moving from central planning to a market system: lessons from
the Israeli water sector'.
Becker, N. and D. Lavee:
Experience'.

Agricultural Economics

(1), 1121.

2002, `The Eect and Reform of Water Pricing:

International Journal of Water Resources Development

Becker, N. and N. Zeitouni:
Dispute'.

12

18

The Israeli

(2), 353366.

1998, `A Market Solution for the Israeli-Palestinian Water

Water International

23

(4), 15.

Berck, P., S. Robinson, and G. E. Goldman: 1991, `The use of computable general equilibrium models to assess water policies'.

In:

A. Dinar and D. Zilberman (eds.):

Economics and Management of Water and Drainage in Agriculture.

The

Kluwer Academic

Publishers, pp. 489509.
Bergstrom, J. C., B. Dillman, and J. R. Stoll: 1985, `Public Environmental Amenity Benets
Of Private Land: The Case Of Prime Agricultural Land'.

Economics

17

Southern Journal of Agricultural

(01).

Bernardo, D. J., N. K. Whittlesey, K. E. Saxton, and D. L. Bassett: 1987, `An Irrigation
Model For Management Of Limited Water Supplies'.

Economics

12

Western Journal of Agricultural

(02).

Bhatia, R., R. Cestti, and J. Winpenny: 1995, `Water Conservation and Reallocation: Best
Practice Cases In Improving Economic Eciency and Environmental Quality'. (A world
Bank-ODI joint study), World Bank, Washington, D.C.
Bielsa, J. and R. Duarte: 2001, `An Economic Model for Water Allocation in North Eastern
Spain'.

International Journal of Water Resources Development

Blackley, D. M.:

18

(3).

1999, `The Long-Run Elasticity of New Housing Supply in the United

States: Empirical Evidence for 1950 to 1994'.

Economics

17

(1), 2542.

49

The Journal of Real Estate Finance and

Booker, J. F. and R. A. Young:

1994, `Modeling Intrastate and Interstate Markets for

Colorado River Water Resources'.

26

Journal of Environmental Economics and Management

(1), 6687.

Bowker, J. M. and D. Didychuk: 1994, `Estimation of nonmarket benets of agricultural

Agricultural Resource Economics Review

land retention in eastern Canada'.

23

, 218225.

Brunstad, R. J., I. Gaasland, and E. Vårdal: 1999, `Agricultural Production and the Optimal
Level of Landscape Preservation'.

Land Economics

75

(4), 538546.

Brunstad, R. J., I. Gaasland, and E. Vårdal: 2005, `Multifunctionality of Agriculture: An
Inquiry into the Complementarity Between Landscape Preservation and Food Security'.

European Review of Agricultural Economics

32

(4), 469488.

Calatrava, J. and A. Garrido: 2005, `Spot Water Markets and Risk in Water Supply'.

cultural Economics

33

Agri-

(2), 131143.

Colby, B. G.: 1990, `Transactions Costs and Eciency in Western Water Allocation'.

ican Journal of Agricultural Economics

72

Amer-

(5), 11841192.

Dahl, C. and T. E. Duggan: 1996, `U.S. energy product supply elasticities: A survey and
application to the U.S. oil market'.

Resource and Energy Economics

18

(3), 243263.

Dalhuisen, J. M., R. J. G. M. Florax, H. L. F. de Groot, and P. Nijkamp: 2003, `Price and
Income Elasticities of Residential Water Demand: A Meta-Analysis'.

79

Land Economics

(2), 292308.

Davidovich, F. K.: 2008, `Water Crisis in Israel - The Implementation of The Parliamentary
Committee of Inquiry on the Israeli Water Sector and Sustainable Development'. Technical
report, Knesset (Parliament), Israel, Center for Research and Information.
Diakité, D., A. Semenov, and A. Thomas:
supply in Côte d'Ivoire'.

2009, `A proposal for social pricing of water

Journal of Development Economics

88

(2), 258  268.

Diao, X., A. Dinar, T. Roe, and Y. Tsur: 2008, `A general equilibrium analysis of conjunctive
ground and surface water use with an application to Morocco'.

38

Agricultural Economics

(2), 117135.

Diao, X. and T. Roe:

2003, `Can a water market avert the "double-whammy" of trade

reform and lead to a "win-win" outcome?'.

Management

45

(3), 708723.

50

Journal of Environmental Economics and

Dinar, A., M. W. Rosegrant, and R. S. Meinzen-Dick: 1997, `Water Allocation Mechanisms:
Principles and Examples'. Policy Research Working Paper 1779, World Bank.
Dixon, P. B.: 1990, `A general equilibrium approach to public utility pricing: determining

Journal of Policy Modeling

prices for a water authority'.

12

(4), 745  767.

Drake, L.: 1992, `The non-market value of the Swedish agricultural landscape'.

Review of Agricultural Economics

19

European

(3), 351 364.

Drayzin, Y.: 2002, `Development Plan for the Water Sector in 2002-2010'. Technical report,
Development Devision, Water Authority.
Eckstein, Z.: 2001, `Is Water Desalination Necessary?'. In: A. Tal (ed.):

tem, Studies and Opinions,

The Water Sys-

The Interdisciplinary Center for Technological Analysis and

Forecasting. Tel Aviv University, Tel Aviv, Israel: .
Einav, R.: 2009, `Desalination: a smart but expensive solution (in Hebrew)'.

Ynet (of Yediot

Acharonot newspaper).
Fishelson, G.: 1994, `The water market in Israel: An example for increasing the supply'.

Resource and Energy Economics

16

(4), 321334.

Journal

Fleischer, A. and Y. Tsur: 2003, `Measuring the Recreational Value of Open Spaces'.

of Agricultural Economics

54

, 269283.

Fleischer, A. and Y. Tsur: 2009, `The Amenity Value of Agricultural Landscape and RuralUrban Land Allocation'.

Journal of Agricultural Economics

60

(1), 132153.

Garrido, A.: 2007, `Water Markets Design and Evidence from Experimental Economics'.

Environmental and Resource Economics

38

(3), 311330.

Gómez, C. M., D. Tirado, and J. Rey-Maquieira:

2004, `Water exchanges versus water

works: Insights from a computable general equilibrium model for the Balearic Islands'.

Water Resources Research

40

, 11 PP.

Grafton, R. Q., C. Landry, G. D. Libecap, S. McGlennon, and R. O'Brien:

2010, `An

Integrated Assessment of Water Markets: Australia, Chile, China, South Africa and the
USA'.

National Bureau of Economic Research Working Paper Series

No. 16203

.

Green, R. K., S. Malpezzi, and S. K. Mayo: 2005, `Metropolitan-Specic Estimates of the
Price Elasticity of Supply of Housing, and Their Sources'.

95

(2), 334339.

51

The American Economic Review

Hajispyrou, S., P. Koundouri, and P. Pashardes:
implications of water pricing in Cyprus'.

2002, `Household demand and welfare:

Environment and Development Economics

7

(04),

659685.
Hanemann, W. M.: 1991, `Willingness to Pay and Willingness to Accept: How Much Can
They Dier?'.

The American Economic Review

81

(3), 635647.

Hansen, L. G.: 1996, `Water and Energy Price Impacts on Residential Water Demand in
Copenhagen'.

Land Economics

72

(1), 6679.

Hertel, T. W.: 2002, `Chapter 26 Applied general equilibrium analysis of agricultural and

Agriculture and its External
Handbook of Agricultural Economics. Elsevier, pp.

resource policies'. In: B. L. Gardner and G. C. Rausser (eds.):

Linkages,

Vol. Volume 2, Part 1 of

13731419.
Holden, P. and M. Thobani: 1996, `Tradable water rights : a property rights approach to
resolving water shortages and promoting investment'.

Policy Research Working Paper

1627, The World Bank.
Just, R. E., S. Netanyahu, and J. K. Horowitz: 1997, `The Political Economy of Domestic
Water Allocation: The Cases of Israel and Jordan'. In: D. D. Parker and Y. Tsur (eds.):

Decentralization and Coordination of Water Resource Management.

Springer, 1 edition.

Kan, I., D. Haim, M. Rapaport-Rom, and M. Shechter: 2009, `Environmental amenities and
optimal agricultural land use: The case of Israel'.

Ecological Economics

Lichtman, M.: 2009, `Israel is Drying: Black Market in Water and Land'.
Livingston, M. L.:
response'.

1995, `Designing water institutions:

Water Resources Management

9

68

(6), 18931898.

Magazin G, Globes.

Market failures and institutional

(3), 203220.

Lyon, R. M.: 1982, `Auctions and Alternative Procedures for Allocating Pollution Rights'.

Land Economics

58

(1), 1632. ArticleType: research-article / Full publication date: Feb.,

1982 / Copyright c 1982 The Board of Regents of the University of Wisconsin System.
Magen, D.: 2002, `The Parliamentary Committee of Inquiry on the Israeli Water Sector'.
Technical report, Knesset (Parliament), Jerusalem, Israel.
Malpezzi, S. and D. Maclennan: 2001, `The Long-Run Price Elasticity of Supply of New Residential Construction in the United States and the United Kingdom'.

Economics

10

(3), 278306.

52

Journal of Housing

Mathiesen, L.: 1985, `Computational Experience in Solving Equilibrium Models by a Sequence of Linear Complementarity Problems'.

Operations Research

33

(6), 12251250.

Menahem, G.: 1998, `Policy Paradigms, Policy Networks and Water Policy in Israel'.

of Public Policy

18

Journal

(3), 283310.

Moore, C. and T. Hedges: 1963, `Economics of On-Farm Water Availability and Costs and
Related Farm Adjustments'.

Giannini Foundation Research Repor 263, University of

California- Davis.
Moore, J. W.: 1994, `Dening national property rights to a common property resource: The
case of the West Bank aquifers'.
Nieswiadomy, M.:
1957-80'.

Resource and Energy Economics

(4), 373390.

1985, `The Demand for Irrigation Water in the High Plains of Texas,

American Journal of Agricultural Economics

OECD: 2010,

16

67

(3), 619626.

Pricing Water Resources and Water and Sanitation Services.

OECD Publish-

ing.
Peterson, J. M., R. N. Boisvert, and H. de Gorter:

2002, `Environmental policies for a

multifunctional agricultural sector in open economies'.

Economics

29

European Review of Agricultural

(4), 423 443.

Peterson, W.: 1988, `International supply response'.

Agricultural Economics

2

(4), 365374.

Plaut, S.: 2000, `Water Policy in Israel'. Policy Studies 47, Institute for Advanced Strategic
and Political Studies, Division for Economic Policy Research.
Pujol, J., M. Raggi, and D. Viaggi: 2006, `The Potential Impact of Markets for Irrigation
Water in Italy and Spain: A Comparison of Two Study Areas'.

Agricultural and Resource Economics

50

Australian Journal of

(3), 361380.

Rao, J. M.: 1989, `Agricultural supply response: A survey'.

Agricultural Economics

3

(1),

122.
Roseta-Palma, C. and H. Monteiro: 2008, `Pricing for Scarcity'. Technical report, University
Library of Munich, Germany.
Ruijs, A.: 2008, `Welfare and Distribution Eects of Water Pricing Policies'.

and Resource Economics
Rutherford,

T.:

43

2002,

Environmental

(2), 161182.
`Lecture

Notes

on

http://www.gamsworld.org/mpsge/debreu/ces.pdf.

53

Constant

Elasticity

Functions'.

Rutherford, T. F.:

1995, `Extension of GAMS for complementarity problems arising in

applied economic analysis'.

Journal of Economic Dynamics and Control

19

(8), 1299

1324.
Rutherford, T. F.: 1999, `Applied General Equilibrium Modeling with MPSGE as a GAMS
Subsystem: An Overview of the Modeling Framework and Syntax'.

nomics

14

Computational Eco-

, 146.

Scheierling, S. M., J. B. Loomis, and R. A. Young: 2004, `Irrigation Water Demand: A Meta
Analysis of Price Elasticities'. Technical report, Denver CO, Selected Paper prepared for
presentation at the American Agricultural Economics Association Annual Meeting.
Seung, C. K., T. R. Harris, J. E. Englin, and N. R. Netusil: 2000, `Impacts of water reallocation:
approach'.

A combined computable general equilibrium and recreation demand model

The Annals of Regional Science

34

, 473487.

Simon, B. and D. Anderson: 1990, `Water Auctions as an Allocation Mechanism in Victoria,
Australia'.

Journal of the American Water Resources Association

26

(3), 387395.

Tal, O.: 2008, `Water Crisis in Israel'. Technical report, Knesset (Parliament), Israel, Center
for Research and Information.
Tietenberg, T.: 2002, `The Tradable Permits Approach to Protecting the Commons: What
Have We Learned?'. Technical Report 36, Fondazione Eni Enrico Mattei (FEEM), Milan.
Wang, H. and S. Lall: 2002, `Valuing water for Chinese industries: a marginal productivity
analysis'.

Applied Economics

34

(6), 759.

Water-Authority: 2010, `The Price Reform in Water and Sewage'. Technical report, Water
Authority, Israel.
Williams, M. and B. Suh: 1986, `The Demand for Urban Water by Customer Class'.

Economics

18

Applied

(12), 12751289.

Zeitouni, N., N. Becker, and M. Shechter: 1994, `Models of water market mechanisms and
an illustrative application to the Middle East'.
303319.

54

Resource and Energy Economics

16

(4),

