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1 Introduction

Many countries in the world face increasing problems of water scarcity, caused by growing demand
for water but also because of dwindling supplies. Furthermore, in many countries the quality of
freshwater resources is deteriorating, water bodies and aquifers are increasingly polluted. This
results in higher purification costs or, if these cannot be borne, a spread of water born diseases
(Jimenez & Asano, 2008).

One way to ease the problem of water scarcity and at the same time to mitigate pollution problems
arising from discharging wastewater into water bodies is the reclamation of wastewater and its use
as a substitute for potable water in applications which do not require potable water quality e.g.
irrigation of non-food crops and cooling of industrial processes. Especially for the agricultural
sector, which in many countries is the largest water consumer, reclaimed wastewater presents a
reliable and cheap form of water provision and thus is applied in more than 40 countries around the
globe already (Jimenez & Asano, 2008). In many countries the ratio of reclaimed wastewater reuse
to total water extraction is still very low, such that there is still a high potential to further increase
the usage of reclaimed wastewater. Other countries already reuse a considerable share of their total
freshwater extraction, which can be as high as 35% in Kuwait and 18% in Israel (Jimenez & Asano,
2008). Usually only a limited share of the freshwater extracted can be recollected after usage as for
example water used for irrigation is mostly lost due to evapotranspiration or percolates back into the
groundwater. In many cases only municipal wastewater is collected in a central sewer system and
thus potentially available for being reused. Therefore with such high reclamation rates as specified
for Kuwait and Israel the availability of sewage to be treated can pose a limitation on the usage of
treated wastewater. Under such conditions water saving of water users connected to the sewer

system will reduce wastewater supply and thus the potential of reclaimed water usage.

This mechanism has not yet been depicted in a Computable General Equilibrium (CGE) framework,
but may have considerable effects: In case of freshwater resources getting scarce there would, on
the one hand, be an incentive to reclaim more wastewater, but on the other hand, wastewater supply
would reduce with increasing potable water prices and reduced potable water use. This paper
presents a general equilibrium approach to link the potable water consumption to the reclamation of
wastewater and the quantity of reclaimed water available. Our model also allows to approximate the
shadow price of wastewater in the economy. The proposed framework is flexible to be applied in
any country, in this paper it is demonstrated based on the case of Israel, which due to its high
reclamation rate, as described above, is an ideal example and thus also has been subject to several

economical investigations in this field.
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The remainder of the paper is structured as follows. Section 2 introduces the Israeli water sector
with special focus on the reclamation of wastewater. Section 3 gives a literature overview on
existing approaches to model the reclamation of wastewater from an economic perspective. In
Section 4 the STAGE_W model and its extension to link water consumption and wastewater
reclamation are introduced. To demonstrate the operating of the model, the following section
presents an application to the Israeli economy (Section 4). In section 5 the results of the Israeli
simulation are discussed and finally Section 6 provides conclusions for the case of Israel and with

respect to the approach in general.
2 Wastewater recycling in Israel

Israel is a country in which water scarcity is very severe. The annual fresh water supply is less than
250 m3 per capita, which is 50% below the threshold of severe water scarcity according to the
Falkenmark indicator (Tal, 2006). The Israeli water law of 1959 states that all water in Israel
belongs to the state. This includes sewer and wastewater (FAO, 2009). This law also obliges the
authorities to treat municipal sewage (Inbar, 2010). Therefore, over the last years the capacity for
wastewater recycling has been increased continuously. Today 94% of the sewage produced is
collected in a central sewer system and 91% is treated (Lavee, 2013). About 75% (355 million m?3)
of the effluents are reclaimed and mostly used in agriculture. The remainder is discharged into
rivers after treatment, to improve water quality and river flow (Lavee & Ash, 2013), (Inbar, 2010).
Reclaimed wastewater constitutes to about one third of total irrigation water. This high recycling
rate is unmatched by any other country in the world (Lavee & Ash, 2013). The reclaimed
wastewater is distributed via an extended separate distribution network, such that in many localities
farmers can decide to either use potable water or reclaimed wastewater for irrigation. However, due
to sanitary restrictions the irrigation with recycled wastewater is limited to crops which are either
not for human consumption (e.g. cotton, fodder crops) or to plants of which the consumed parts are

not touching the water directly (e.g. orchards) (Inbar, 2010).

The Israeli Water Authority (IWA) has been appointed to manage the water sector and supervise all
companies which are involved in the provision of water of all qualities. The biggest of those
companies is Mekorot Ltd., a state owned enterprise, which provides and distributes around 70% of
the national water supply (FAO, 2009) and accounts for about 50% of the current wastewater

reclamation capacities (Water-Authority, 2012).

The IWA plans to increase the share of wastewater reuse to up to 95% over the next few years to

free more potable water for municipal usage (Lavee & Ash, 2013). With the development of further



reclamation facilities and intensive efforts to connect most of the sewage producers to treatment
plants, along with an assumed doubling of urban potable water consumption by 2050 as much as
900 million m3 recycled wastewater shall be supplied annually (Water-Authority, 2012). To allow
for a wider use in agriculture also the quality of wastewater shall be upgraded (Water-Authority,
2012).

As the reclamation of wastewater has many advantages, it is strongly subsidized by the Israeli
government. There is financial assistance for farmers which decide to switch to the use of reclaimed
wastewater, as well as for upgrading the effluents to a level being in line with current regulations.
Total financial liabilities provided by the IWA for wastewater recovery projects amounted to 4.6
billion New Israeli Shekel (NIS) (~1.34 billion USD) in the last decade. Private recovery facilities
receive a subsidy of 15-60% of their construction costs and inter-facility infrastructure has been
fully government funded. Also the tariffs for treated wastewater set by Mekorot are lower than the
provision costs. The annual subsidy was estimated at about 170 million NIS (~50 million USD),
which is cross-financed by domestic consumers through higher potable water prices (Lavee & Ash,
2013). At the same time quotas for the use of potable water in the agricultural sector have been cut
drastically since the 1980s (Zhou, 2006).

The subsidized provision of reclaimed wastewater in the agricultural sector along with the cut in
potable water provision results in a situation in which demand in the agricultural sector exceeds
supply. This supply however is limited in the short run by the infrastructure in place to reclaim
wastewater. In the long run with additional investments to increase the share of water to be recycled
as it is planned in Israel, the quantity of potable water consumed by (municipal) water-users which
dispose wastewater into sewer-systems poses an ultimate upper boundary for the quantity of

recycled wastewater which can be produced.
3 Literature overview

Although the literature on economic water policy models has developed in quality and scope in the
last 25 years (Booker et al., 2012) Feinerman et al. (2001) found that the economics of wastewater
recycling had been little investigated. However, in recent years several authors analyzed economical
aspects of wastewater reclamation in more detail. The literature is mainly focused on two aspects:
The optimal reclamation quality, and the optimal allocation of wastewater to users, which has a
quantity and a price dimension. Only a very few papers aim at depicting the reclamation of

wastewater in economy-wide models.



3.1 Reclamation quality

After finding that the use of reclaimed wastewater for irrigation generally yields a positive net
benefit in Israel (Haruvy, 1997), Haruvy et al. (2008) develop an “integrated planning-hydrological-
technological-economical model” for sustainable water management and find that reclaimed
wastewater should be desalinated to maintain chlorine concentration in the soil stable in the long

run.

Lavee (2013) applies a cost benefit analysis to investigate whether a national quality standard for
wastewater or differing local standards should be applied in Israel. While it was found when
appliying a nationwide standard the upgrade of reclaimed wastewater to the highest level (including
tertiary treatment) in all regions would be economically feasible and yield the highest overall net
benefit, when allowing some regions to apply a lower regional standard the average total net benefit
could be doubled.

3.2 Allocation of wastewater

Feinerman et al. (2001) describe that the recycling of wastewater is a public good for the
wastewater producers (municipalities) but a private good for the users of the recycle wastewater
(farmers). They deduct that for this reason market failure exists and no optimal allocation will be
achieved on a free market, which justifies policy intervention. However, they also find that the often
applied polluter pays principle does not necessarily lead to an efficient allocation of reclaimed
wastewater. They conclude that no general rules can be deducted for the optimal pricing of
reclaimed wastewater. Thus Axlerad and Feinerman (2010) develop a model to optimize the cost
sharing between municipalities and farmers for reclaimed city wastewater under asymmetric

information. They find that cooperation between economic entities results in the highest total utility.
3.3 Wastewater recycling in simulation models

The first CGE model incorporating wastewater recycling was constructed by Rivers and Groves
(2013). They investigate a potential water pricing scheme for Canada. Thereby they allow
companies to internally recycle water which is not consumed (e.g. incorporated in final products or
evapotranspirated). Thus these firms can save on abstraction costs and wastewater discharge fees.
Depending on relative costs of internal water recycling versus fresh water supply and discharge
costs, in the extreme case all non-consumptive usage could be internally recycled infinitely. This is
supported by Levine & Asano (2002), who find that through the investment in internal wastewater

recycling, industries are able to reduce their freshwater intake by up to 95%.



However, the approach of Levine & Asano (2002) does not capture the possibility of consecutive
water use, i.e. wastewater being discharged by one entity, then recycled and finally used by another
entity. Thus, recycled wastewater cannot be transferred to other sectors (e.g. recycled household

water to be used in agriculture).

This limitation is overcome by Roumasset & Wada (2011), who in their dynamic optimization
model add recycled water as a substitute for fresh water which can be used in the agricultural sector.
They find that under the assumption of constant marginal provision cost, the application of recycled
wastewater becomes a backstop technology in the agricultural sector, whereas with increasing

marginal cost it serves as a supplemental resource.

However in this model the supply of reclaimed wastewater is not limited such that as a backstop
technology any quantity of reclaimed wastewater could be provided. This can be a dangerous

assumption especially when it comes to a drought already as pointed out by Park et al. (2008).

Finally Zhang et al. (2014) take quality as well as quantity and pricing issues into consideration as
they apply a genetic algorithm, to solve a mulitobjective optimization model for 31 Chinese regions.
The objectives are to: optimize the quality, quantity economic profit from recycling of wastewater.
The results are little surprising. They find that regions suffering from quantity related water scarcity
should opt to maximize recycling quantity, regions suffering from quality related scarcity should
minimize the pollutant content in the wastewater and all other regions should maximize profits from

wastewater recycling.

The approach presented in this paper builds on Luckmann et al. (2014), which is the first one
allowing for the transfer of recycled wastewater to other activities in a CGE framework. The model
of Luckmann et al. (2014) is extended by taking up the suggestion for further research by
Feinerman et al. (2001) to link the recycled wastewater production to potable water use and thus
make it an endogenous variable in the model. Thus in our approach the consumption of potable
water limits the quantity of reclaimed wastewater available, such that it cannot be considered an

independent substitute, as in other approaches described above.
4 Model Description

This analysis is based on an extension of the STAGE_W model (Luckmann & McDonald, 2014).
STAGE_W is a SAM based single country CGE model, which includes nonlinear as well as linear
relationships governing the behavior of the model’s agents. It can be implemented in a comparative

static or recursive dynamic way. The water sector is depicted in much detail: Different types of



water commodities (in this application potable water, reclaimed wastewater and brackish water) are
produced from water resources or by-products (here freshwater, seawater, wastewater and brackish
groundwater), whereby the model is flexible to accommodate any number of water commodities
and resources. With the help of various subsidies and tax instruments (production subsidy (TXa),
water commodity tax (TWAT,.), water user subsidy (TWATA.a) costs of water provision to the
supplier as well water fees charged from different consumer groups can be adjusted for each type of
water (Figure 1).

On the production side, the model allows for elasticities of substitution between zero (Leontief) and
less than infinity (CES) (Figure 2). For this application it is assumed that the four water related
activities employ fixed proportions of capital, labour, and intermediates, which holds their costs
structures constant as suggested by Tirado et al., (2006), i.e., the substitution elasticities are set to

zero at all levels.

All non-water activities are modelled with more flexibility. Agricultural activities, which allow for
the consumption of all three different water commodities, can substitute these water commodities
with a medium to low substitution elasticity (o4) of 0.8 (Sadoulet & de Janvry, 1995). This rather
low substitutability reflects the fact that not all components of the aggregated activities can use
marginal water qualities and that the option to use marginal water does not exist in all localities,
although there is an extended supply network for recycled wastewater in Israel. On the third level of
the production function, water and land form a CES-aggregate, whereby the substitution elasticity
(o3) is 0.3 following Faust et al.’s, (2012) estimates of irrigation-land substitutability for
Switzerland. The land-water aggregate is then combined with labour and capital at the second level
of the production function: given the prevalence of drip irrigation systems in Israel (Saleth & Dinar,
1999), the substitution elasticity (o07) is set at 0.8 (Berck et al., 1991). The top-level combines the

value added and water aggregate with aggregate intermediate inputs with an elasticity (o;) of 0.5.

For this application the STAGE_W model is adjusted to an Israeli SAM based on Siddig et al.
(2011). The base year of the SAM is 2004, which can be considered a normal year in a period of
growth, after a recession due to the Second Intifada and before the world financial crisis in 2009
(CBS, 2013). Therefore results can be considered as representative also for more recent years.

The SAM incorporates 46 activities which produce 45 commodities, including 3 water commodities
(potable water, brackish water and reclaimed wastewater) whereby potable water is produced by a
freshwater purification activity and a desalination activity. Furthermore the SAM consists of 41

production factors and 25 tax categories (two of which are implemented especially for the



implementation of distinguished water pricing regimes). Finally the SAM allows for the analysis of
welfare implications and distributional effects, as it differentiates 10 household groups classified
according to ethnic background (Jewish and non-Jewish) and income (five quintiles). An

aggregated version of the SAM can be found in Luckmann & McDonald (2014).

For this analysis the SAM is further adjusted: Firstly sewage is introduced as a production factor.
As in Israel sewage is not considered an economic good, there is no compensation for it, thus it is
included in the SAM with a very low value. Similar to the freshwater resource, this factor is owned
by the government as the government is in charge of the sewer system. Wastewater reclamation is
the only activity which uses this factor in its production nesting. As described above the Leontief-
setup in the production structure of the wastewater reclamation activity guarantees that sewage
cannot be substituted by other inputs or production factors, such that 1 m3 of sewage yields 1 m? of
reclaimed wastewater. Of course in the recycling process there are losses. These are considered by
the adjustment of the recycling rate, which will be described below, therefore 1 m? of sewage in this
paper is actually “effective sewage” which is the result of the usage of 1 m3 of potable water by

municipalities as will be shown next.

To link the quantity of sewage available for reclamation to the consumption of potable water by

municipalities® an additional equation is introduced to the STAGE_W model.
FS,,, = SHSEWS *(1- SHSEWL)*

1
[ Z QWAT chat,asew *SHSEchat,asew + Z QCDcwat,h * SHSEchat,hJ ( )

cwat,asew cwat,h

This equation determines the factor supply (FS) of effective sewage (s.w) available as a resource to
the reclamation activity. The quantity of FSe,, depends on the quantity of water commodities (cwat)
consumed by households (h): QCDcwath and being used as an intermediate input in the production of
activities connected to the sewer system (asew): QWAT2qwatasew- Thereby, the set asew can be
specified flexibly. In this application it includes all municipal activities (wich are almost all
activities of the service sector). Not all water which is consumed by municipalities also results in
sewage. For example households might use some water for garden-irrigation, which then is either
lost due to evapotranspiration or percolates into the groundwater. Therefore for each household
group or activity an individual water-commodity-conversion rate can be specified (SHSEW,yatn and

SHSEW,wat asew) determining the volume of sewage produced per m?3 of water consumed. The total

In this study municipalities include households, utilities and the service sector, except for construction services.



volume of sewage available is calculated as the sum of sewage accruing at all municipal entities. As
not all this is collected in a central sewer system to be transported to a reclamation plant, the ratio of
sewage collection is determined by the variable SHSEWS. Finally also during the processing of the

sewage some losses occur which is considered by the loss share variable SHSEWL.

All of the effective sewage is treated and converted into a reclaimed wastewater commodity
(cwatrec). The treatment activity in this application represents primary and secondary treatment
after which the water can be used for restricted irrigation (as described above). The reclaimed water
which is further treated to be discharged to rivers is verbally flowing out of the economy, as for this
no economic transactions occur. This water quantity is incorporated in the SAM and the model as
government consumption. Thereby the government consumption of reclaimed water is formulated
as a mixed complementary problem (2), with a lower bound being the base quantity but an
unlimited upper bound (3).

QCD,,.rec = QGDWADJ *comgoveonst,,, . e (2)

QCD.LO, = COMQOoVCOoNSst, . .. (3)

cwatrec

Thereby QCDcwatrec IS the quantity of reclaimed wastewater consumed by the government which is
calculated as the base government demand comgovconstewarec Multiplied by a scaling factor
QGDWADJ. This formulation gives flexibility to the model, as depending on the simulation, it

allows for more reclaimed wastewater to be discharged into the environment.
5 Scenarios

Since several years a main goal in the Israeli water economy was to reduce freshwater uptake from
aquifers. This was mainly triggered by a row of drought years, in which aquifer replenishment rates
fell to as little as 63% of the multiannual average (Shachar, 2009). Thus, to avoid overexploitation
of aquifers lIsrael has to reduce freshwater consumption. On the other hand the population is
growing and the economy is expanding and thus the demand for water is increasing, which is why
alternative water sources such as reclaimed wastewater have been fostered. It is the declared aim to
fulfill the water demand of the irrigation sector to a large extent with reclaimed wastewater in the

future.

In this analysis it is shown that this aim might not be easily achieved under the conditions
described, when the implications of the linkage between potable water consumption and wastewater

recycling are considered. The decrease of aquifer offtake is simulated by a stepwise reduction of the



output of the freshwater activity in 10% steps till a decline of up to 80%, where the model hit
binding constraints. However, for reduction rates between 10% and 70% the patterns of the results
were consistent, thus for presentational reasons in this paper, only the results of a 50% reduction are
reported?. This rate of reduction was chosen, as it would reflect a sustainable usage of fresh water
resources, even under the above mentioned drought conditions as experienced in recent years
(Shachar, 2009).

For this analysis, the quantity of desalinated water is held constant, as increasing the quantity would
require the construction of further desalination plants. Therefore the reduced output of the fresh

water activity directly results in a reduced quantity of potable water available to the economy.

To show the importance of linking the wastewater reclamation sector to the consumption of water
in such a case of reduced fresh water availability, the effects on the economy of this shock are
demonstrated in two scenarios. Thereby in one the sewage supply depends on the municipal water
consumption as described above, while in the other one the sewage supply is not limited. The
outcomes of both simulations are compared to the current situation (base).

5.1 Reduced fresh water resource with unlimited sewage availability (no-link)

In this scenario equation (1) is taken out of the model equations. To keep the variable and equation
balance the implicit tax-rate on reclaimed water (TWAT) is kept fixed. This means that in this
scenario supply of sewage (FS) is unlimited at a constant very low price. Thus also any quantity of
reclaimed wastewater can be produced, only depending on demand and the prices of other

production factors and intermediate inputs.
5.2 Reduced fresh water resource with limited sewage availability (link)

For this scenario the model is set up to include equation (1). Thus, in this setup a reduction in water
consumption by municipalities leads to a reduced quantity of reclaimed wastewater available for the
agricultural sector. This however, creates a mismatch between reclaimed wastewater being
produced and demanded. As described above the water sector in Israel is largely government
driven, such that the consumer price cannot freely adjust to balance supply. In this situation the
government can regulate demand by either the implementation of quotas or by introducing a tax
which drives up the consumer price. In this application the latter is applied, which has the additional

advantage that the tax rate can be considered as an estimate for the marginal value of the sewage.

2 . .
The full set of results is available from the contact author on request.



To allow for this adjustment the implicit water commodity tax (TWAT.; Figure 1) for reclaimed

wastewater is made variable.

The technical variables which determine the share of water being collected in the sewer system
(SHSEWS) and the losses during the reclamation process (SHSEWL) as well as the ratio by which
municipal entities convert water into sewage (SHSEW) are kept constant to ease comparison
between the two scenarios. As the water consumption by municipalities is an endogenous variable,
depending on relative prices of potable water and substitutes, this setup makes the quantity of
wastewater available a dependant on the cost of potable water.

5.3 Market Clearing and Macroeconomic Closure

Through the reduction of the freshwater resource and with a fixed desalination capacity less potable
water is available to the economy, creating an excess demand. As water prices are politically
determined, as explained above for reclaimed wastewater, to balance demand and supply the
implicit water commodity tax for potable water (TWAT) is made variable such that it can increase
the consumer price (PQD). Also the production subsidy (TX,) to the desalination activity is flexible
to guarantee that despite of different price changes in production costs due to the shock, the quantity
of water desalinated remains constant. (This mirrors the long term contracts of the Israeli
government with the private operators of desalination plants, which guarantees the take-up of a
fixed quantity of water for a certain period and at a certain price). Finally also the household income
tax is adjusted multiplicatively to guarantee the government account to balance, despite of the

changes in water taxes caused by the shock. All other tax rates remain constant.

Capital, land and labor factors are assumed to be fully employed and mobile between activities.
This reflects the long term perspective of this analysis, showing the effects after adjustments have
taken place. Water factors on the other hand are only used by one respective water activity and thus
not mobile. Also the unit value is fixed as their prices, if they are not zero anyways, are politically
determined. Therefore the quantity used of these factors is flexible, which allows the output of

water activities to vary.

With respect to macroeconomic closure, Israel is assumed to be a small country: world market
prices are fixed. The current account balance is fixed, such that the external account is cleared by a
variable exchange rate. Regarding the government balance, consumption quantity household
transfers are fixed, as well as investment volume and government savings. On the other hand, the

savings rate of households and enterprises is flexible. Under this closure, all household welfare
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changes are realized in the period investigated and there is no utility trade off with future

generations.
6 Results
6.1 Water prices

As depicted in Table 1, prices for potable water more than triple in both scenarios, due to the
reduction of potable water available to the economy. As described above, the mismatch between the
reduced supply and the unchanged demand is balanced by an increase in the implicit water
commodity tax (TWATcwampot), Which is an endogenous variable in this analysis. By this the
consumer price of potable water is lifted and thus demand reduced. As the water user subsidy rate
(TWATAcwamot,a) 1S kept constant the relative change is the same for all user groups. Brackish water
on the other hand becomes slightly cheaper, as the implicit commodity tax on this water quality is
not altered and production costs decrease, due to second round effects of a general decrease in
domestic production, which results in falling factor and intermediate input prices (production prices
of all industrial commodities decrease by between 5% and 6%, see further below). On the other
hand brackish water can only be used in few agricultural activities, which is why demand is only
slightly increasing (Table 2) and thus the price effect is still negative. The most drastic difference
between the two scenarios can be seen in the price development of reclaimed wastewater. In the no-
link scenario it is sinking quite similarly to brackish water for the same reasons. However, with
limited sewage supply (link) an increase in the implicit tax rate for reclaimed wastewater
(TWAT cwatrec) Causes the consumer price to double. The differences in the potable and brackish
water price changes between the two scenarios can also be explained by the limited sewage supply:
In the link-scenario the total quantity of water available to the economy is lower in comparison the
no-link scenario (Table 2), thus TWATcwapot Needs to be raised more to balance demand. For
brackish water the commodity tax remains constant, however due to the few activities which can
make use of this water commodity, again the second round effects from the downturn of the
economy, which are stronger in the link-scenario, trigger the slightly stronger price decrease of this

water commodity.
6.2 Water consumption

The price increase of potable water results in a drop of consumption by all user groups (Table 2).
Thereby the reduction is pretty similar for all three economic sectors (agriculture, manufacturing

and services). Only households reduce consumption to a considerable lesser extent. This is due to
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the share of subsistence consumption and the lower substitution elasticities of households compared

to activities.

For the agricultural sector one would expect, that due to the higher price of potable water it is
substituted with marginal water®. However, this is only true to some degree for brackish water and
for reclaimed water in the no-link scenario as substitution possibilities are limited, which is
reflected by a relatively low substitution elasticity differing from zero only for a few activities of

irrigated agriculture (see above).

In the link-scenario the reduction of water consumption by municipalities leads to a decrease in
sewage availability. As the technical parameters of wastewater reclamation are fixed, the recycling
rate which is the total quantity of reclaimed water consumed by the agricultural sector and used for
river discharge over the total municipal water consumption remains constant at 72% in this
scenario.Here the importance of considering this connection becomes obvious, as in the no-link

scenario the reclamation share would reach an impossible 111%.

The additional reclaimed wastewater which is available in the no-link scenario partly substitutes the
declining potable water quantity in the agricultural sector. Thus total water consumption of the
agricultural sector only sinks by 27% in comparison to 43% as in the link scenario. Due to the
higher amount of reclaimed wastewater available, slightly less additional brackish water is
produced, which has less good substitution possibilities, as it can be consumed only in two

activities, whereas reclaimed wastewater is consumed by three agricultural activities.

The quantity changes of all non-agricultural water users (which do not allow for the usage of
marginal water) are quite similar in both scenarios, as also price changes do not differ much. As for
the price changes, also the quantity changes in the no-link scenario, are only slightly less severe
than in the link scenario, due to the additional quantity of sewage and thus reclaimed wastewater

which is available in the no-link scenario.
6.3 Domestic production and prices

Due to the price increase in both scenarios, potable water is partially substituted with other
production factors and intermediate inputs, which become relatively cheaper. However, water is not
only substituted, but also the production of most activities is reduced in both scenarios. This affects

the agricultural sector the most as in agricultural activities water has the highest share in production

3 . . . .
In this paper the term marginal water refers to reclaimed wastewater and brackish water.
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costs (up to 7.5%). Especially in the production of “other cereals”, “other crops” and “vegetables
and fruit” this share is high (7.5%, 6.6% and 6.2%, respectively). Therefore the output of these
activities is reduced most drastically (Figure 3). The reason for the production of “vegetables and
fruit” to drop less severe lies in the relatively lower integration in the international market of this
activity and thus the lower dependence on the fixed world market prices: As commodities produced
by this activity are exported to a lower extent and cannot be substituted with imports that easily, the
increased production costs can be passed on to domestic consumers to a higher degree.

The downturn of domestic production decreases the demand for labour and other factors of
production and as the total supply of labour is assumed to be fixed, wages fall by about 6.1% and
6.3%inthe no-link and link scenarios respectively. This again leads to decreasing production costs
especially for commodities with a low water intensity. The only exception is the production of
“other cereals”, for which costs rise by about 4.5% in both scenarios. This is caused by the high
water intensity of this activity, and the inability to substitute with marginal water commaodities.
However, cheaper imports, due to an appreciation of the Israeli currency (see below), result in lower

consumer prices as for almost all commodities.

When comparing the two scenarios it becomes clear that especially activities which allow for a
substitution of potable water with marginal water commodities (vegetables and fruit, other crops
and mixed farming) and a high share of water in the production costs the conditions under the link
scenario result in a stronger decrease in production. For activities in which water makes up for only
a small share of production costs the stronger decrease of wages and intermediate input costs in the

link-scenario can partly compensate the more severe increase of water prices.
6.4 Household Welfare

As the water sector is comparably small in the Israeli economy and also the share of water in the
consumption of households makes up for less than 1% of total household expenditure, shocks in
this sector have only a limited effect on overall welfare. Nevertheless, overall welfare is decreasing
for most households in both scenarios, whereby in the no-link scenario the effects are slightly less
severe as part of the shock is mitigated through the increased availability of reclaimed water. Only

the lowest Jewish income quintile (hj1) is positively affected in both scenarios (Figure 4).

The explanation for the generally negative effect on household welfare can be found in the general
downturn of the lIsraeli economy due to the reduced freshwater availability in both scenarios.
Generally a reduction of production factors such as the freshwater resource leads to a shrinking of

an economy: As described above the reduced factor availability is not fully compensated by
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substitution with other inputs, such that output is decreasing. The resulting reduction in wage-rates
reduces household income by between 3.2% and 5.6%, whereby richer households are more
negatively affected. The effects are slightly stronger in the link scenario.

Even though the consumer prices for most commodities also fall, the total effect on households is
still negative in most cases. Only for the poorest Jewish households (hj1) this balance is positive as
they receive a relatively high income share (close to 20%) from social enterprises and pensions.
These social transfers are assumed to remain constant in the scenarios, while all other sources of
income are declining. Therefore for this household group the benefits of lower consumer prices

outweigh the losses in income.
6.5 Trade

The lower domestic production costs for most commodities, together with a lower domestic demand
results in an increased export potential and a falling demand for imports. This leads to an
appreciation of the Israeli currency by 5.6% and 5.8% in the no-link and link scenarios respectively.
Thus, imports become cheaper and exports more expensive by that percentage expressed in
domestic currency. In the end the shift in total quantities traded internationally is very little (but
increasing, while value is decreasing due to exchange rate), however there is a shift in commaodities:

especially water intensive products are imported more and exported less.
6.6 Government and Macroeconomic effects

The implicit water commodity tax rate on potable water is raised by more than 525% in both
scenarios. Additionally in the link scenario the implicit tax on reclaimed wastewater is increasing
by almost 600% (from 0.14 USD/m?3 to 1.02 USD/m?3). Also, the expenditure for the water user
subsidy increases by 26.0% and 27.2% in the no-link and link scenarios respectively, as it is paid as
a share of the increasing potable water price. Still the income to the government from the water
sector is increasing. However, this positive outcome is outweighed by the negative indirect effects
from the reduced domestic production, resulting in a decrease of government income from income-,
factor-, factor income and sales tax, as well as factor income to the government. Thus, the nominal
total government income is decreasing in both scenarios by 3.9%, whereas the government closures

guarantee a fixed real income.
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The shrinking Israeli economy also results in a decline of real GDP* by about 0.21% in the no-link
scenario and 0.24% in the link scenario. This would translate to difference of 31 Million USD, by
which the effects of the reduction in freshwater availability would be underestimated annually in

case the linkage between water consumption and wastewater reclamation would not be considered.
7 Conclusions

As shown in the simulations, the shock leads to an increased demand for reclaimed wastewater, and
thus a much higher willingness to pay. In the link scenario this is captured by the implicit water tax,
which is used to balance the limited supply with the increasing demand. Thus this tax can be
considered a measure to estimate the marginal value of unpurified sewage in the Israeli economy in
case of a reduction of available freshwater resources. This positive shadow price speaks against
subsiding farmers for the disposal of wastewater as suggested by Haruvy (1997). The government
revenue from the increased recycled wastewater price could be used to expand the infrastructure for
water reclamation, to connect more households, or to upgrade facilities to purify the wastewater to a
higher degree, which would allow for a wider usage, which would be in line with the plans of the
IWA (Water-Authority, 2012).

Generally, this study demonstrates an approach to link the reclamation of wastewater to the
consumption of potable water by a variable set of economic entities. The case study shows that not
considering this linkage can have significant effects on model-outcomes. The results show that a
non-consideration of this linkage leads to an underestimation of the negative effects of a reduction
in fresh water resources. Although the usage of reclaimed wastewater is restricted to few
agricultural activities only, the losses to the Israeli economy in terms of GDP are considerably
lower when the linkage is not considered. If reclaimed wastewater was used in a wider range of
activities (e.g. industrial cooling, and would be available in more locations (expressed by a larger
substitution elasticity), as it is aimed at by the Israeli government, these effects would have been

even more pronounced.

Moreover one can see that the dependence of the wastewater reclamation sector on the sewage-
input makes water saving in the municipal sector less efficient, because it also means a reduction in
marginal water available. At the same time this study shows that wastewater reclamation cannot
necessarily serve as a backstop technology as claimed by Roumasset & Wada (2011).

4
Measured by expenditure.
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Thus this study shows that in countries in which a cascade usage of water is applied to a
considerable extend such as in Israel, it is important to use an integrative model, which does not
consider water activities as independent but as closely connected.

16



Tables

Table 1: Changes in consumer prices of different water qualities

Average water price charged Change compared to base

[2006 USD/m3] [%]
Water quality ~ Sector base no-link  link no-link link
Potable Agriculture 0.24 0.74 0.75 207.9 209.7
Manufacturing 0.48 1.47 1.48 207.9 209.7
Municipalities 0.97 2.98 2.99 207.9 209.7
Brackish Agriculture 0.23 0.22 0.22 -5.7 -5.8
Reclaimed Agriculture 0.21 0.20 0.44 -5.7 106.9

Table 2: Changes in water quantities consumed

Water quantity Change compared to base
[million m3] [%]
Water quality Sector base no-link link no-link link
Potable Agriculture 565 233 234 -58.7 -58.6
Manufacturing 123 48 47 -61.5 -61.7
Municipalities 702 476 475 -32.2 -32.3
Services 218 84 84 -61.3 -61.5
Households 483 391 391 -19.1 -19.1
Brackish Agriculture 185 195 197 5.6 6.7
Reclaimed Agriculture 379 401 216 5.7 -43.0
Environment 126 126 126 0.0 0.0
Total 1954 1352 1170 -30.8 -40.1
Reclamation rate
[% of municipal water consumption] 72.0 1108 72.0
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