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Abstract:

Kuwait is an arid country with limited natural \eatresources. Yet water consumption
per capita is around 450L/capita/day, which is mhigier than in many other countries in the
world. Certainly one of the reasons for the higreleof consumption is the fact that even though
water has a pricing schedule in Kuwait, water kzlls not collected efficiently. Consequently,
some water is wasted. The main objective of thgepés to study the potential impact of pricing
as a tool for managing water demand in Kuwait. Rua lack of empirical data regarding
household consumption characteristics and prideentes on demand, a demand model for
Kuwait could not be constructed directly. Insteadfer demand models described in the
literature were adapted to Kuwait. A pricing scheds proposed that consists of a free
allowance followed by a constant water price. Thigposal has the following logic:
conditionally speaking, if water is consumed “ressday”, it should be free. However, to limit
over-consumption, water used beyond the amourteodliowance is priced. Our results indicate
that this pricing schedule would be efficient idueing demand significantly. The model results
suggest that a price of $17rfor water use in excess of a 150L/capita/day adlove would
reduce the demand by about one third, with a réveg@een 20 and 40 percent depending on the

model used.



1. Introduction

Kuwait is an arid country, rich in oil resourcést poor in natural water resourcé&fe
average annual rainfall is only about 110 mm, aschhse of the high potential evaporation rate
and other factors, surface runoff and groundwageinarge from rainfall are rare .

The water resources in Kuwait are groundwateraldesed water and treated
wastewater. The groundwater is mostly brackishiamdt used in a sustainable way, since the
extraction rate is significantly greater that tla¢unal recharge rate. The annual groundwater
production in 1999 was around 118 milliori,iwhile under steady-state conditions, the recharge
(lateral flow from Saudi Arabia) was estimated &4 million ni/year (Fadlelmawla and Al-
Otaibi, 2005).

Kuwait gets most of its potable water from desatlon. Multi-Stage Flash is the
dominant desalting technology. The desalinatioraciyp of Kuwait is 1.65 million rfiday
(Hamoda, 2001), while the estimated cost to produater is about $3/MThis cost estimate
was calculated based on energy cost of 1.33 ®&/mroduce water, and on an assumption that
energy costs constitute 45% of the total desabnatbst (Darwish and Al-Najem, 2005). This
energy cost would roughly correspond to an oilgon€ $40/barrel.

The water consumption in Kuwait is around 453 pitaday (Darwish and Al-Najem,
2005). When this consumption is compared with otieeintries (California 333 L/capita/day;
France 164 L/capita/day; Germany 127 L/capita/@gCD1999, EWA 2005 yearbook)), a
need to decrease water consumption in Kuwait idesti

The main purpose of this study is to analyze titeqtial impact of pricing as a tool for
managing water consumption in Kuwait. There magdeeral reasons for the large

consumption, including pipeline leakage and the tigt climate; but one important reason is



certainly the low cost of water to consumers. Wdtegs have a pricing schedule in Kuwait, but
in reality the water bills are not collected (prblyabecause it is not politically attractive). The
total income from selling 455 million Hrof desalinated water (Kuwait’s annual productiomps
$86 million in 2002 (Darwish et al. 2005). The aahgovernment subsidy was $715 M in 2003.

It is known from the literature and from the expace of water utilities that water
consumption shows certain elasticity to price iases (Dalhuisen et al. 2003). The original idea
for this study was to construct a water demand fnfedduwait in order to quantify the
influence of pricing on water consumption. Howeassembling a model requires data
regarding household consumption characteristicslamhfluence that price increases have on
demand. This data is not available since househatdr consumption is generally not metered
and because there has not been a price increaseeint years. Instead, a study was carried out
using water demand models reported in the liteeadifter recalibrating them for Kuwait
conditions. Five models were used based on simsilaties in other arid regions: California,
Tunis, South Australia, Saudi Arabia, and Spain.

A number of simulations were performed in ordeamalyze the influence of various
pricing schedules on the overall water demand. sthedules included constant prices, block
tariffs, and a free allowance followed by variouging schemes. In this paper, results are
presented for constant price schedules with angowttan initial allowance.

A pricing schedule is proposed that consists foé@ allowance (e.g. 150 L/capita/day),
followed by a constant price rate for additionatevgFigure 1). This pricing schedule has two
parameters: the allowance and the constant pticgas concludedhat this pricing schedule
would be economically and politically acceptable Kowait, and that it would help eliminate

some of the waste of water. Basically, if watecaasumed reasonably, the government will



provide it freely. However, consumption of wateytwed what is judged by society to be
necessary should be priced.

An important question is how should the free alloe&(eg 150 L/capita/day) be
determined? One technical approach is is to usawbege consumption rate in rich countries
where water conservation efforts has been sucddsskermany with a consumption level of 150
L/capita/day). However, as indicated above, thbagtof this study believe that the collective
judgment of the society through the political prexshould determine the magnitude of the

allowance.

2. Literature Review

Water demand reduction due to price increasebéms extensively studied. Most of the
demand models are regression models. Typicallydémeand is derived as a function of price
variables and factors such as income, householdcteaistics, and weather.

The most common question in the literature has bdgch price variable to use. A
consensus has not been reached about whether tioeuseerage price or the marginal price
combined with some other variables. A reasonatdemaption supported by some researchers
(Nieswiadomy 1992, Shin 1985) is that if consumbnsk their water bill is significant, they will
put in the effort to learn about the exact pricsepedule and their exact consumption and hence
will be influenced by the marginal price. Otherwigadere the water bill represents a small
percentage of income, the consumer will react ¢catverage price.

All reviewed studies find that household incoma sgnificant variable that increases
demand. Also, household size is frequently useébderdemand equation (Nieswiadomy 1992,
Renwick et al 1998, Dandy et al. 1997). Variableshsas lot sizes (Dandy et al. 1997, Renwick

et al. 1998, Lyman 1992, etc.), density of housghatumber of faucets (Renwick et al. 1998),



and age distribution (Lyman 1992) have also beex.u& number of researchers found that
seasonal changes in climate influence demand. ®umemand was found to be more elastic
than winter demand (Lyman 1992, Dandy et al. 1@iffin and Chang 1990). Also, studies
have found that outdoor water use is more elaséin tndoor use.

Renwick and Green (1998) showed that non-priceieslincluding campaigns,
restrictions, and rationing policies have influenteecreasing demand. Nieswiadomy (1992)
cites experience from a campaign in Tucson (USA) was successful in decreasing demand
only for a few years. He explains that the eventei@rn to initial consumption levels was
caused by the fact that actual water prices didiset Furthermore, Nieswiadomy suggests that
education programs will probably have more effacvater poor regions, because of the general
awareness of water scarcity.

Abu Qdais and Al Nassay (2001) studied the impéetchange in pricing policy for Abu
Dhabi City. Before the change, the water consumpiias 636 L/capita/day. However, after
changing the price policy from a fixed charge mwastant price per unit volume consumed
($0.6/n7), the demand decreased. 73% of households stddidased their consumption by an
average of 29%. The price elasticity was founde@bout -0.1.

A few authors used the Stone-Geary form to presdiater demand and price elasticity
(Matinez-Espineira and Nauges 2004, Gaudin et08l12Al-Qunaibet et al.1985). The same
function has been used in the past for modelingashehof food products, durable goods,
transportation, and energy. Gaudin et al. (200&p@sed this function because it allows
elasticity to decrease as the price increasestarsgs only two parametersgndp) for each

product.y is defined as a threshold below which water conion is not affected by prices,

while 3 is the preference variable. Gaudin et al. (20@&rsy the logic of this function in the



following way: “The consumer is faced with a givemel of income and set of prices. The
consumer first purchases a minimum acceptable Ewehch good (thg’s). The leftover

income, also called “supernumerary income,” is thkbocated in fixed proportions to each good
according to their respective preference paranfdtef’s)”. Gaudin et al. (2001) presents the

following demand function for water:
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where the subscriptg andz indicate parameters pertaining to water and terogloods
respectively, whild* andP represent income and price.

Price elasticities from different studies foundhe literature are presented in Table 1. As
seen, price elasticities vary within a wide ranfas is due to the differences in socio-economic
characteristics of the study areas, price schedpte® ranges, consumption levels, climate,
income, awareness of water scarcity, and many dgloéors that can not all be accounted for.

Espey et al. (1997) and Dalhuisen et al. (2008)ied factors that affect price
elasticities in demand models. Espey et al. evatliad journal articles, while Dalhuisen et al.
examined 64 studies. Both researchers found thdiest that are based on regions with
increasing block rate structures have larger piasticities. Espey et al. (1997) found that
models that account for evapotranspiration andatipredict less elastic demand, while
including variables for temperature, populationgignand household size does not affect the
elasticity. Dalhuisen et al. (2003) found that ce with higher income tend to have larger price

elasticities. More recent references on the stilajec Carter and Milon(2005), Taylor, McKean,



and Young (2004), Duke and Ehemann (2004), Cavaridagmemann, and Stavins (2002), and

Gaudin (2001).

3. Input Assumptions, Demand Models Used, and Adaptations Made

First, the assumptions made about the input talémeand models are presented. Then for
each selected model, basic features are presemietie different adaptations made are

explained.

3.1 Input Assumptions

As discussed in the previous section, a numbaraafels assume that water demand is a
function of household income and household sizeeBan income and household size,
consumers in Kuwait were divided into 40 groups.

Data regarding household income distribution imddit was not available, so
assumptions were made to estimate the distribuititvas been decided that the monthly
household income be calculated using two approa¢agbased on the distribution in the United
States (U.S. Census Bureau), and (b) based onssfaauwdistribution . If the results of this
approach do not differ substantially from the fapproach, this may indicate that our results are
not sensitive to the details of the underlyingrtisition. The second approach is presented only
for one of the models (California modednd once it is shown that these two approache®to
produce substantially different results, the renmgrmnalysis and results are based only on the

U.S. income distribution.



In the case (a), a distribution for Kuwait was restied by dividing the household income
distribution in the US by the ratio of GDP per ¢amf the U.S. to that of Kuwait. Non-citizens
were assumed to have half of the GDP per capikuasitis, and their income distribution was
calculated in the same way. GDP per capita valoetheé US, Kuwaiti and Non-Kuwaiti
households are presented in Table 2.

Information was gathered from the U.S. Census &ufer U.S. household income
distribution and the population was grouped intnc@me categories (Table 3). After dividing
the U.S. income by the appropriate GDP ratio (&rAiuwaitis and 3.4 for non-Kuwaitis), the
household income groups in Table 4 were assumedseadias input for the simulations.

Table 5 shows the household size distribution iwHitias described by the Economic &
Financial Quarterly of the National Bank of Kuwgli®99). This information was used to
incorporate the distribution of household size ith® demand models as described below.

The number of households in every category wasstoamed into the percentage of the
total number of households (Table 6). The nongtewnon-Kuwaiti households listed in Table 5
were not considered as a separate group in thdy.stimstead, it was assumed that this group has
the same distribution as private non-Kuwaiti howdg$

Every income group was assumed to have a houssizeldlistribution computed from
Table 6 for the corresponding nationality. Theref@very income group (five Kuwaiti and five
non-Kuwaiti) was divided into four groups accordioghousehold size. This resulted in a total

of 40 consumption groups that were used in the Isitiouns.

In the approach (b), the same 40 consumer groayss een defined, but a different

income distribution (Gaussian) has been appliséplained above: the area under the applied



distribution curves has not been changed). As dsaal later, the results for approaches (a) and
(b) differ by less than 1.5% (for the California ded), which justifies our decision, in the rest of
the analysis, to use only the approach (a). Theystf Abu Rizaiza (1991) concludes that the
elasticity results for USA and Saudi Arabia aratigely close to each other (in this study we
analyze a neighboring country — Kuwait, and wetteegelated problem — water reduction via
price increase).

Pricing schemes that include a free allowance neasebarded as inefficient because
different customers face different prices even ¢fothey are being served using the same
economic mechanisms. One approach for handling thgsity concerns is the establishment of
relatively high prices per connection. However\a fears ago, some countries in the region
(Abu Dhabi) have moved from a charging ‘per conim&ttsystem to a charging ‘per m3
system’, which resulted in non-trivial reductionvedter consumption. This issue has been
discussed in the economic literature (e.g., GriffinrAmer. Water Res. Assoc, Oct. 2001). An
important aspect of this paper is the attempt igerthe gap between economic and engineering
perspectives on water planning. This study propaseapproach which reduces the water
consumption through a pricing scheme, in the sjgec#fse of Kuwait. We do not advance any
wider-scope theoretical argument.

An issue of relevance here is the correlation betweusehold size and income. In
reality, this correlation is sometimes positive aodhetimes negative. With that in mind, we

adopt an unbiased approach which assumes a zeetation.

10



3.2 Models Used

Models from five different continents were usedhiase simulations. We believe that
incorporation of a relatively large number of madiel this study brings important advantages
since it presents the variety of possible appraadtesults of this study can be viewed in
comparison with the results of other similar stgjli@he comparison of the results from models
presented below represents a form of a sensitviglysis. If five different models developed for
conditions in five different continents give sinmil@sults, this would offer more credibility to the
results of the Kuwait study.

An important contribution to the analysis of bla@ke pricing mechanisms is the
'discrete-continuous' model developed by Hewitt Hademann (1995). They show that, in
order to estimate a demand function under blook+pating, it is necessary first to estimate the
block that an individual/household belongs to, treh to estimate its water use, in that block
(not doing so would lead to biased estimates optiee elasticity of demand). However, the
model is fairly complex and requires the existeoiceome input data types not available for the
region of interest for this study. Consequentlg, @luthors of this study have opted for simpler

models that require readily available data.

The Saudi Arabia Model
Specification

Abu Rizaiza (1991) studied water consumption ur fimajor cities in Saudi Arabia:
Jeddah, Makkah, Madinah, and Taif. The study wasdban data collected from a socio-
economic survey conducted in 1985, water and sewagartment circulars from Saudi Arabia,

and from other publications. Different models wedeseloped for residents who are supplied
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from the public water network, and from tankefhe average demand for water was 350
L/capita/day. The price schedule for the publicexaietwork was an increasing block tariff,
with an average price of $0.09/nThe model parameters were estimated using theasydleast
square framework.

The water demand equation uses a logarithmic ifmelt form and calculates annual
water demand per household as a function of adgpendent constari{), income, average

price, family size, temperature and garden possessicording to the following form:

Log(Q) =a, +a, [Log(INC) +a, [Log(PRIC) +a, [Log(FSIZE) +a, [Log(TEMP) + a, [GRDN  (2)

WhereQ is annual household demanNC is household incom@&RIC is average pricdsSZE
is family size, andEMP is temperature. The variabBRDN is equal to 1 if the family owns a
garden and zero otherwise. The coefficients usdiisrmodel can be found in Abu Rizaiza

(1991) in Table 3 in the column for houses suppligdhe Public Network System

Adaptation

Using the water demand equation (2) and the aigioefficients demand was computed
for each of the consumption groups in Kuwait usingnge of prices. Average temperature was
assumed to be 31°C, and the garden parameter wasat) since data about garden ownership
was not available.

In order to simulate the effect of a free monthiter allowance in the pricing schedule,
the first 4.5 n¥capita/month (or 150 L/capita/day) was computetth&iprice of $0.1/f(since
the model has a logarithmic from, a zero price dadt be calculated), which was assumed to be

a good approximation of free water. All consumpti@yond 4.5 rficapita/month
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(or 150 L/capita/day) was priced at the constaicepate.

Next, the model coefficients were adjusted to Kiiv&ince there has not been a price
increase in the recent years, the only point thikhown on the demand-price graph is a value
around 450 L/capita/day (13.5 m3/capita/month)}faituation when water is almost free. The
constant (city dependent variable) in the model adjgsted to obtain a demand around 450
L/capita/day for a constant price of $0.#/fased on this procedure, the appropriate value fo

the constanto(p) is zero.

The California M odel
Specification

This model, developed by Renwick and Green (2008%, based on data in California for
about 7.1 million people from eight water agenciesng 1986-96. The model focuses on the
influence that price policies and non-price pobkdmave on decreasing water demand. Three
types of equations are used in this study: a wigerand equation, price equations, and climate
equations. Household water demand was derivedwasction of price variables, household
income, lot size, precipitation, temperature and-poce policies, and has a logarithmic

functional form. The water demand equation is:

W, = 6, + 4, Tn(MR,)+ 4, Tn(D, ) + 5, Tn(ING, ) + 3. 3, C(NPDSM) + 5, [LIRR, + 4, CHIRRS,
| 3)

7ijt

+ ,812 D]n(TEMP) + :813 D]n(PRECn ) + :314 [LOT + :815j Etir(?) + :316,1' Co{n_;t] + e|,j

Where:

i=1,...,8 agencies (cities)

13



t=1,...,96 months (time)

ji=1...5

k=1...6 (bi-monthly harmonic)

Wi = Household Water Demand per month

MP;; = Marginal price

D;; =Difference variable (the difference between whatild have been paid if all units were
purchased at MP and the amount paid under the Iplocikg schedule)
INCi; = Income in $1000

HH;: = Number of household members

NP DSM = 6 non-price Demand Side Management (DSdlities
LIRR;; = 1 if expected low irrigation/outdoor use, zetbeywise

HIRR;; =1 if expected high irrigation/outdoor use, zetiloeowise
PREG: = cumulative monthly precipitation

e, = error term

Values of some of the coefficients used in theewdemand equation of the California
Model are presented in the column named “Califérmd able 7. The full list can be found in
Renwick and Green (2000). Price and Climate egnat&we not presented here, since they are
not related to this study.

In this study a range of marginal prices betwe@d®— $1.6 per frwas analyzed. The
model incorporates price policies, alternative poicing campaigns, and seasonal and climatic
variability on demand. The coefficients in equat{@hwere estimated in a generalized least-

squares framework. A price elasticity range of D862was found in the study. The authors find
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that non-price policies do influence demand. Atke,authors conclude that “price policy may
achieve a larger reduction in aggregate demanalaerd income communities than in higher

income communities” (Renwick and Green 1998).

Adaptation

Since the free allowance was specified per capidetlais model predicts household
consumption, a household size variable is neetfeivever, in the original model, household
size is not directly incorporated in the demandagign, though it is part of the price equation.

One of the authors of the “California” model (Recky published a similar paper with
Archibald (1998) that was also based on data frafif@nia during a similar period. The
household size variable was used in the demandIrobtigs paper. However, this model
(Renwick and Archibald 1998) was not used for #tigly, since it has a linear form and
coefficients were found to be harder to calibr&iece a household variable was used for a
similar study, the variable was added to the densgpation in the Renwick and Green (2000)
model. A similar value of the coefficient used e price equation was used for the demand
equation for household sizB4(=0.2). In the simulations, the household size elethad a
negligible contribution compared to the other elataén the equation, and did not have a
significant influence on the price elasticitiest liwas included in order to be consistent with
the price proposal.

Using the water demand equation (3) and the adeffis in the California column of

Table 7, demand was computed for each consumptapdor a range of prices. Then the
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model coefficients were recalibrated for KuwaiteTihcome coefficient was increased by a
factor of 2, since the GDP in the USA is closentwé the GDP per capita for Kuwaiti and Non-
Kuwaiti households, though this assumption maybeoddequate, since the function has a
logarithmic form. The constant coefficient was tlmeaoalibrated to get a demand of around 450
L/capita/day (13.5 m3/head/month) for a price afi§®’. Other coefficients remained the same.
Table 7 shows the values of the recalibrated aweffts in the Kuwait column. In order to
simulate the effect of a free monthly per capitdewallowance in the pricing schedule, the first
4.5 nt/capita/month (150 L/capita/day) was computed &ifirice of $0.1/f) assumed to be

close enough to zero. All consumption after thatrgily was priced at the constant rate.

TheAustralia M odel
Specification

This study by Dandy et al. (1997) differs fromatistudies reviewed because the
influence of a free allowance in the pricing regivwees analyzed. It was based on data from the
metropolitan area of Adelaide, Australia. The resaf this study showed that “consumption
above the allowance is more sensitive to incomeyoperty value), climate variables (summer
moisture deficit and winter evaporation), and pmehership than consumption below the
allowance but responds to the need of water asrdeted by plot size, household size, and
number of rooms no differently from consumptiondvekhe allowance” (Dandy et al. 1997).
While this study presents both static and dynanodeis, only the static variation is considered
here. The model is linear and is applied on an alnime scale. The static demand model was

used for this study.
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The demand model is specified differently for aongrs who consume more than the
allowance and those who consume within the allowaRor consumers within the allowance,
water demand is a function of lagged consumptiag) (Rroperty value, variables such as
household size, climate, etc. (Z variables) apdaDdummy variable for the year 1992. The

demand equation in this case is:

D=0forQ<A; D=1forQ>A

Q=a,+a,[Q, +B I +BZ+0ID,+3,D+0,[DIQ, +y, [DII +T'[DIZ+®[DIP+u (4)

Where:

Q = quantity of water consumed

A = annual allowance

| = property value

P = a vector of price variables (marginal pricé&edéence variable)

Z = a vector of other variables (household sizenlmer of rooms, pool, etc.)
D = variable showing if demand is above or underatowance

Q.1= quantity of water consumed in the previous year

Dy=1 for year =1992 and,B0, otherwise

u =error term

The original coefficients in this model can be fdun Dandy et al. (1997) in Table 1 (Annual

Consumption Models)

Adaptation

17



The original coefficients were used for the siriolas with the exception of ,Land
property value. Dwas not used since it is specific to Australia Hrellagged consumption was
not included since the static annual model was.UBexperty value was not used in the
simulations, because of the lack of data.

The original model used property value insteashodme, since not enough data was
available to the researchers regarding annual irdormdelaide. However, in the simulations
for Kuwait income was used instead of the propeatye. The income coefficient was computed
so that the model would simulate an average derab#80 L/capita/day (13.5 m3/capita/month)
for a price of zero. The property value coefficiaaéed in the Australian model was divided by
133 to obtain the Kuwaiti demand for a zero pritevater. This indicates that for an average
family, the value of the property that they owrgial to the income that they earn in 133
months (11.1 years).

So, in the demand equation for consumption bel@atlowance, income was multiplied by a
value 0f3;=0.00535. For consumption above the allowance imcass multiplied by +yi) =
0.011. Also, Australian dollars were used in theudation, and then converted to US dollars
using an exchange rate of 1USD = 1.37 Australidiado(April 2006)

The Australia model is based on an annual allewari 136 i per household.
Since the average household in Adelaide has 2.6bmentAustralian Bureau of Statistics,
1991), the allowance is 143 L/capita/day on averabes is close to the allowance that we will
propose for Kuwait. However, we assume an averagsdhold size of five members for
Kuwait. Because the quantity of the allowance in gudy is defined per capita, this difference

in household size requires the model to be adjustelduwait.
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In this model, the change in water demand dueite [influences is a function of the
marginal price (MP) and the difference variable {DVhe part of the demand equation (Eq. 4)
that computes the influence of the pricéB. The vectors can be expanded to an equation with

the formg, [IMP + £, [DV . In a pricing schedule that consists of a freevedince followed by a

constant price, the DV is equal to the quantityhef household allowance multiplied by the
marginal price of water, with a minus sign. If theusehold allowance (4 is specified to be per

household member with an allowance of 143 L/cagétaf52.2 n¥capita/year), then:

Q, =B, [MP+ 4, [DV

Q, = B, IMP + B, [(-A, [MP)
Q, =—-4044IMP +137(522[HH [MP (5)
WhereQy is the part of the demand equation that deterntimeafluence of priceiiH is
household size£, and; are the coefficients for the marginal price andedénce variable from
Table 1 (Annual Consumption Models) in Dandy e(3997)

For a household size of 2.6 members (Adelaideaagr the right hand side of equation
5is equal to 21808[MP. If the same logic is applied for a household siB, equation 5
becomes equal te 489[MP, resulting in less price elasticity simply dughe increase in
household size. However, these two factors shoodd@ correlated. For a household with 12
members, the price influence would be equad$3.70[MP , implying that an increase in price
would increase the consumption for large households

In order to get the same influence of the margimale in the demand equation

(-21808[MP), the next relationship was used:
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B, DV = -137[622[R6[MP = 3, (5622 [H[MP (6)

where 2.6 is the average household size in AdekndeS is average household size in Kuwait

used in the simulations. Then for the adjusted D¥fiicient (33') we have:

B, =B, [-:%6 = -137(D52=-071. )

For this model, a fixed allowance is requiredas@lue of 275 rthousehold/year (or
0.75 ni/household/day) was used. This amount was chossedlan the average household size

of 5 members and a per capita allowance of 150L/day

The Tunis M odél

Specification

This model, developed by Ayadi et al. (2003), wasdal on water demand data collected in
Tunis from 1980 to 1996. The authors initially died the consumers into five brackets based on
water demand. However, based on similarity in thesictions to price increases, the lowest two
brackets were combined into one (lower) block, #redhighest two brackets were combined into
another (higher) consumption block. The model dag#sconsider the middle bracket.

Different coefficients were used for the high éma demand blocks, specifying that the
price elasticity of the upper block (estimated ¢odoound -0.4) is larger than the price elasticity
of the lower block (-0.1). The water demand equme(R) is a function of income, average price,
network size, rainfall and quarterly dummies. Thedel also computes household shifting from

one bracket to the other (Eq. 9).
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Demand equation:

Log(C) = a, +a, Log(R) + @, (Log(P) + a, (Log(N) +a, Log(RL) + > a,, [QD, +& (8)

s=124

Portion of households in each bracket:

Log(NB/N) = y, +y, Log(P)+ y, Log(N) + y, (Log(RL) + > s, (@D, + £

124
Where:

C= average consumption of water per househoffrionth]

R = average monthly income of households ($1000)

P = average water bill paid by household ($/month)

N = network size (incorporated to capture the eftéctetwork expansion)
RL= indicator of rainfall

QD = quarterly dummy

NB = number of consumers in each bracket

€ = error term

)

The original coefficients used for adapting thisdaloto Kuwait can be found in Ayadi et al.

(2003) in Table 1a (Water Demand Equation) and & abl(Consumers proportion equation) in

the column for the average price variable used, ZS8imation and for the Greater Tunis area.

Adaptation

The rainfall, quarterly dummies and network expamsariables were not used in the

simulations. The first and second Kuwaiti incomeugs (Table 4) compose the lower bracket
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and the fourth and fifth Kuwaiti income groups (Tea#) create the upper bracket. This led to a
smaller percentage of the population in the lowacket and a larger percentage in the higher
bracket than in the original model. This conseqyéantreases the price elasticity because the
model is specified to have a higher elasticitytfa upper block. To calibrate the model for
Kuwait, theag coefficients were adjusted to get a demand ard&dd/capita/day (13.5
m3/capita/month) for a price near zero. Wheoefficients were changed in order to match the
group divisions specified above. Table 8 presdrgbefficients that were changed in order to

adopt the Tunis model.

The Spain Model

Specification

Of the three models in the literature that useStume-Geary functional form, the model
developed in Spain was selected. This model waserhbecause Spain has a GDP similar to
that of Kuwait, and because the MP and differeraréables were used in the model, which
should be appropriate for the price schedule pregoEhe model was estimated using the
Feasible Generalized Least Squares framework (FGLS)

The authors give the next equation:

Q,=1-B)I+s [-»'F—; ~0.033[BAN, - 0.081[POP + ¢, (10)
t

Where:
Qw = average per capita consumption

P; = the marginal price of water
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I = virtual income, the difference between the agersalaries and the difference variable
BAN; = binary variable, indicating influence of out-degse bans

POP; = daily hours of supply restrictions

y = 4.7 and represents the minimum consumption level

3 = 0.0008 and represents “the marginal budget sklbreated to the good considered”

& = error term

Adaptation

The BAN and restriction variables were not usedlffier Kuwait simulations. The same values of
the coefficienty andf3 from the original model weresed in simulating demand for Kuwait.
Aggregate data was used in the simulation, ratrear the group-specific data used with the
other models. The GDP per capita for Kuwait ($2@)30as used in order to estimate the

average monthly income.

Model constrains and assumptions

The situation in Kuwait, where water bills areuisd but not collected efficiently differs
from the situations where these demand models dareloped. The difference between
Kuwait’s type of system and the typical free watitmation has not been studied, so it is unclear
how this difference will affect the performancedefmand models. Also, in the studies reviewed
here, water prices increased from an initial psigmificantly larger than a zero. In addition,
simulating a price increase of $2/e.g. from 0 to $2/f) is a larger price range than what most

of the models were designed to simulate.
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Furthermore, due to a lack of data, not all ofiagables that were specified in the
original models were used to simulate water demiamdiwait. Weather, density of housing,
seasonal influences and other variables were assaomstant and incorporated into the constant
(intercept). This alteration of the models mightdéan influence on the simulated demand.

In models that use the marginal price, numerioare occur when a consumption group
shifts from one water price in the block tariffdanother due to a price increase. When the price
of water gradually increases, the water demandgobap gradually decreases. When the
demand approaches the border of two tariff blo@ks}. the upper limit of the free allowance) it
does not fit in either of the blocks. In other wardhen demand is computed for the lower block
(with the MP for the lower block, and thereforeead negative price variable), it exceeds the
lower block demand, going into the higher priceckldBut when computed for the higher block
(with a higher MP and a more negative price vaeglihe calculated demand is below the limit
for the higher block. This numerical problem wakved by specifying the demand for these

consumption groups to be equal to the border Vadteeen the two blocks.

4. Results

4.1 Simulation of a Constant Price Schedule

Results regarding the influence of a constanepsahedule on per capita demand are
presented in Figure 2, and show that pricing infaes the demand. All models predict different

price elasticities, since they are based on data ftifferent studies. The models that have a
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logarithmic or Stone-Geary functional form showttatier a price of around $0.87pfurther
price increase does not significantly influencedbantity demanded.

The monthly government subsidy for a constantgpsichedule is shown in Figure 3. It
was simulated assuming a production cost of $3ftne subsidy was computed for a population
of 2.2 million, to be consistent with Kuwait’'s cant population. All models show that water
pricing would significantly decrease the monthlpsidy by around $60 million for a price of

$1/nt.

4.2 Simulation of a constant price following a fedlwance

As specified earlier, a simple pricing schedulprigposed: a constant price schedule with
an initial free allowance (Figure 1). It is speetfiby two parameters: the quantity of the
allowance and the constant price per volume oftemtdil water consumed. To specify the
guantity of the allowance, water consumption in litwas compared to other countries. Most
European countries use around 150 L/capita/day dimount satisfies the needs of an average
person. Since the goal of the pricing schedule &itninate the waste of water, all water used
beyond the allowance needs to be priced.

In this proposed schedule, the first 4 Baapita/month (or 150 L/capita/day) would be
free of charge, while all additional consumptionuebbe charged using prepaid cards. Hence, at
the beginning of every month, the amount of thevedince could be added to the card at no cost.
Each home would be equipped with a water meterldapd deducting credits from the prepaid
card and limiting water flow to the designated antou

Figure 4 indicates that this kind of pricing schieduill decrease demand. Similar to the

previous simulation, the models with logarithmiddhe Stone-Geary forms predict that after a
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price of 0.8 $/m3 the demand does not show mualctexh with further increases in price
(Figure 4), indicating that there is a quantityaafter that shows minimal response to prices. The
linear Australian model suggests that a price ¢frivould decrease the demand to a
consumption level around 200 L/capita/day (FigyreQ¥erall, the models show that an
allowance of 150L/capita/day (or 4.5 m3/capita/mdollowed by a constant price of $7¥m
would decrease the demand by 17% to 41%, depewditige demand model used, with an
arithmetic average of about 32%. The circle in Fégdirepresents the point on the demand-price
graph for which the coefficients were recalibratethe models.

The amount of government subsidy (Figure 5) waspided in the same manner as in
the simulation without an allowance. All modelsgict a decrease in subsidy around 40 million

dollars per month, for a price of $17m

4.3 Elasticities

Models used in these simulations are based omestéirdm arid regions in five
continents: North America (California), Europe (BpaAsia (Saudi Arabia), Africa (Tunis) and
Australia. Since the models are based on datdrsetsdifferent regions of the world, they
predict different price elasticities. Table 9 prasehe price elasticities in the original studies
and those calculated based on the simulations davait. As shown in Table 9, elasticities in the
simulations differ from original values for sometbé& models. This divergence might be due in
part to the fact that not all the variables in dhiginal models were used in the models for

Kuwait. The allowance also has a significant impgacthe elasticities.
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The California modelFor the simulations without an allowance, theteddy is in the

range of the original model. However, in the siniolas with the allowance, the elasticity is
smaller. This is partly due to the fact that wharalowance is simulated, a fraction of
consumers are using less water than the amouhéea@lkbwance, and since they are not paying
for water, they are not influenced by price incesas

The Australia modelThe original model was based on an allowancet, speicifies that a

portion of the households consume within the allovega and are not influenced by prices. Thus,
when simulations without an allowance are perfornadidhe consumers are influenced by price
increases, resulting in a larger elasticity. Sirmafes with an allowance predicted smaller price
elasticities than the original model. This may keduse the allowance in the simulations for
Kuwait was larger than in the original model. Alte Australia model has a linear form, so
elasticities vary with price.

For the California and Australia models, incomeug®that numerically did not fit either
above or below the allowance were fixed to be enbibrder. To check if this would influence
the elasticities, a simulation was conducted usinlg groups that do not have this problem at
any price range (33 groups for the California madel 27 groups for the Australia model). The
results showed almost identical results to thosepuded for all forty groups. The models
showed that the way the shifting between blocks acg®unted for has an insignificant influence
on elasticity. However, the demand function waallpiinear when only groups without errors
were used, while when all groups were used thesseae non-linearity in the Australia model
(Figure 4).

The Spain modelSince this model has a Stone-Geary functional f@lasticities change

with prices. The elasticity decreases as the pniceases.
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The Tunis modelthe assumed household income distribution (Tdpled to a smaller

percentage of the total population in the lowerstoner block and a larger percentage in the
higher block than in the original model. This inzses the price elasticity, because the model is
specified to have a higher elasticity for the uggeck. The income in Kuwait is higher than in
Tunis.

Computing marginal price elasticities for modelsttuse the average price as a variable
might not present the results in the best waythiatwas done in order to compare all the

models in a consistent manner.

4.4 Influence of the allowance and price on dentaddction

The influence of the allowance on demand redudtowarious prices is presented in Figure 6
for the Australia model and in Figure 7 for the @afrabia model. The initial demand was
computed from simulations using the Australian 8addi Arabian models with an allowance
followed by a constant price of $0.25/rthen the price was increased and the correspgndin
demand reduction was calculated. This proceduretheasrepeated for different allowances.
Both models indicate that the price has a largiéwence on demand than the size of the
allowance. For different values of the allowanbe, initial demand differs slightly, but these
initial values have an insignificant influence e tdemand reduction percentage. Table 10
shows demand reduction simulated for all modetsmarginal price of $1/ffor an allowance

of 150 L/capita/day (or 4/5 m3/capita/month).

4.5 Changes in the distribution of consumption
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The distribution of water demand, computed usirggAhstralia model for simulations of a free
allowance followed by a constant price, is presgimid=igures 8-10 for different prices. The
figures show that at a price of zero, there wilhisehouseholds with consumption less than 150
L/capita/day. However, for a price of $Z/raround 50% of the population will consume less
than the 150L/capita/day allowance.

In Figure 11 we present the subsidy in terms opreentage of total cost. This figure
can be used as a justification for the utilizatddthe proposed mechanism — it shows clearly the
relative contribution of consumers and the govemne the overall cost.

The models used are based on the analysis ofrdatavery different time periods.
Different time periods may imply the availability different water-using technology and also
different metering technology in general. Howeweg, believe that the impact of this issue is
marginal, since there is evidence (based on a aredbysis study) that elasticities would change

only little with time (Dalhuisen et al., 2003).

4.6 Discussion of the household income distributibaice

In principle, one can question the selection ofttbesehold income distribution (HID) for
Kuwait used in this paper. In the absence of tlieiaf data for HID of Kuwait, this study uses a
scaled HID for USA. A legitimate question is howga is the error created in such a way. The
initial assumption was that the error is negligildsing the approach defined next, it has been
shown that the error is (in the extreme case)tlems 1,5%. For clarity purposes, the adopted

approach is presented here in detail:
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1. The mean value (m) for the HID of USA is foundeafit was first scaled by the factors
of 1.7 and 3.4, respectively (as used elsewheti@srstudy).

2. The total area (A) under the HID curve for USAasifd.

3. The varianced®) of a Gaussian distribution curve is found, whigkharacterized with
the same mean (m) as in the point (1) above, amddme area (A) as in the point (2)
above.

4. The Gaussian curve with the mean (m) from the pdinabove, and the varianag®)
from the point (3) above is used to serve as anoxppation of the unknown HID for
Kuwait.

5. Two extreme scenarios are recomputed using thefidid the point (4) above.

6. The worst-case differences between the initial astajpon (using the scaled HID for
USA) and the later computation (using the Gaustyipe HID) is measured.

7. The worst-case difference from the point (6) abswdetermined to be less than 1.5%,
which suggests that the calculation is relativaensitive to the shape of the HID, and

consequently that the initial calculation (basedtenHID for USA) is valid.

A new curve, labeled as “California — Gauss Disttitin”, derived using the above
procedure, is added to Figure 4 (dashed, so oneasily notice the fact that the worst-case

difference is extremely small (or, 1. 5 %, as iatkd above).

5. Discussion and Conclusion

These results show that pricing water in Kuwait ldalecrease the demand to an

acceptable level. The models computed that a pfigd/nT after a 150 L/capita/day (or 4.5
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m3/capita/month) allowance would decrease the ddrbgr20 to 40 percent, with an arithmetic
average of around 32 percent. For simulations witha allowance, the arithmetic average of
the demand reduction for the five models was fawnoe around 45 percent for a constant price
of $1/n?,

As expected, marginal price elasticities were shtwbe slightly larger for a schedule
without an allowance. However, paying for wateKimwait is not the normal practice, so water
bills could be perceived as a burden that mightoeotvidely accepted. From a political and
socio-economic point of view, a free allowance vdocgrtainly be a more acceptable solution to
address Kuwait's immense water demand problemolitlevbe up to the Kuwaiti government to
choose appropriate values for the price and alloean

Since the main objective of introducing a pricsupedule is to eliminate the waste of
water, this type of pricing with a free allowanceudd address this problem. Also, the results
presented would be similar for other countrieshimm Gulf region, where water is generally under-
priced.

The decision of which demand models to use shootdnfluence the projected demand
reduction. Since data of demand characteristinstigvailable for Kuwait, divergence might
occur, but these five models generally have similar tssgb the range of predictions obtained
for the influence of the proposed pricing schedieuld be sufficiently accurate. Further
research should to be done in order to improve mgimand modeling for Kuwait. Studies
should be conducted to determine a distributiohav? water is used. In addition, water
consumption should be metered. This would allowhter studies to analyze household

consumption and how it relates to characteristich s income, household size, pool
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Figure l: Price Proposal: A freeallowance followed by a constant price
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Figure2: Decreasesin demand for a constant price schedule without an allowance using the re-calibrated
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Figure 3: Monthly gover nment subsidy in Kuwait for a constant price schedule without an allowance
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Figure 4: Predicted demand for a 150L /capita/day (or 4.5 m3/head/month) allowance followed by a constant

price
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Figure5: Government subsidy for a price schedule of 150L /capita/day (or 4.5 m3/capita/month) free
allowance followed by a constant

price
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Figure 6: Influence of the allowance and price on demand reduction for the Australian model. Lines represent
equal percentage reduction from an initial demand computedffidce of $0.25/m
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Figure7: Influence of the allowance and price on demand reduction for the Saudi Arabia model. Lines

represent equal percentage reduction from an initial demand computed for a price of $0.25/m?
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Figure 8: Computed distribution of water demand for a free water situation
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Figure 9: Computed distribution of water demand for a price of $1/m?
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Figure 10: Computed distribution of water demand for a price of $2/m?
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Figure 11: Contribution of the consumersand of the government to the cost of producing water computed for
an initial 150 L/capita/day (4,5 m3/capita/month) allowance using the Saudi Arabia model
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Table 1: Priceelagticities from previous studies of residential water demand

Authors Form Study area Price Price
variable Elasticity

Foster and Beattie (1980) Exponentigl USA AP -QBH.76
Billings (1982) Lin/Log Tucson, Arizona] MP & D -160.56
Chicoine and Ramamurthy (198p) Linear lllinois MP) -0.6 on MP
Nieswiadomy and Molina (1989 Linear Denton, Texag MP & D -0.86

Griffin and Chang (1990) Linear USA AP -0.16 to3D.
Riazaiza (1991) Logarithmic| Saudi Arabia AP -0.36
Hansen (1996) Denmark -0.10
Renwick and Archibald (1997) Linear California MPL& -0.33
Hoglund (1997) Linear Sweden MP & AP -0.20 on AP
Dandi et al. (1997) Linear Australia MP & D -0.68-0.77
Renwick, Green, and McCorkle | Logarithmic | California MP & D -0.16 to0 -0.21
(1998)

Nauges and Thomas (2000) Linear France AP (&MP) 22-0.
Ayadi et al.(2003) Logarithmic| Tunisia AP -0.17
Table 2: Comparison of GDP

Population GDP per capita [ Source

USA $36.121 US Census Bureau, 2001 (current pricgs)
Kuwaiti $21,300 World Factbook, 2005 (CIA Website)
Non-Kuwaiti $10,650

Table 3: United States household income

| ncome($1000/month) | [%]
Under 1.25 15.8
1.25-2.92 25.6
2.92-6.25 36
6.25-12.5 17.9
Over 12.50 4.6

Table 4: Assumed incomedistribution for Kuwait

Per cent of Average income
households ($1000/month)

[%] Kuwaiti Non-K uwaiti
15.8 0.51 0.26

25.6 1.21 0.60

36 2.66 1.33

17.9 5.44 2.72

4.6 11.13 5.56
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Table5: Household size distribution for Kuwait

Table 6: Assumed household size distributions

used in simulations

Type of Non-
Household Kuwaiti | Kuwaiti | Total Household | % of % of Non-
Size Kuwaiti Kuwaiti
1 member 14,710 96,578 111,288 households | households
2-5 members| 45,989 80,945 126,934 1 11% 46%
6-9 members| 38,039 21,69 59,735 2-5 33% 39%
10+ memberg 40,645 | 10,309 50,954 6-9 27% 10%
Total private | 139,383 209,528 | 348,911 >10 29% 506
Non-private | -- 85,640 | 85,640
Total 139,383 295,168 | 434,551
(Adapted from National Bank of Kuwait 1999)
Table 7: Some coefficient values used for adapting the California M odel
California Kuwait
Coefficient| Description value value
Bo Intercept 2.61 2.35
B1 MP -0.16 -0.16
B2 Difference variable | -0.01 -0.01
B3 Income 0.25 0.5
Table 8: Coefficients changed in order to adopt the TunisModel for Kuwait
Kuwait Tunis
Coefficient Description L ower Block Higher block L ower Block Higher block
Oo Intercept 1.25 1.8 3.1 8.65
Yo Intercept 1.525 2.035 3.27 9.84
Table 9: Marginal price elasticities calculated in the simulations compar ed to the original studies
Model At price | Constant price | Constant price schedule | Original study
[$/m* | schedule with initial allowance
California 0.75 -0.16 -0.13 -0.16 to -0.2
Australia 0.75 -0.89 -0.24 -0.63t0 -0.77
Tunisia 1 -0.33 -0.27 -0.1t0 -0.4 (AP
Saudi Arabia 1 -0.78 -0.26 (MP); -0.78(AP) -0.26°]
Stone-Geary-Spain 1 -0.23 -0.23 -0.1
* AP — average price elasticities

Table 10: Reduction in demand simulated for Kuwait at a marginal price
of $1/m*from an initial price of $0.25/m>

M odel % reduction % reduction with
without allowance | 150 L /capita/day allowance
California 19% 17%
Tunisia 45% 40%
Saudi Arabia 66% 41%
Australia 57% 21%
Spain 41% 40%




43



