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Abstract: The present study aims to estimate the marginal cost of drinking water supply and analyze
the implications for more efficient, equitable and income-adequate tap water tariffs in Tunisia. Fur-
thermore, this article aims to develop a new pricing model for drinking water. Tunisian water utility
pricing focuses on setting water prices to cover average costs, often using designs that increase clog-
ging rates. This results in a large waste of drinking water. To facilitate efficient estimation of pricing
models, we attempt to introduce Generalized Translog (GT) cost specifications for multiple products
including Box-Cox transformations. It turns out, that the marginal social cost of providing a cubic
meter must consist of two components: volumetric charges €0.048/m? and connection water charges
€0.055/km.

Keywords: Generalized Translog specification; Box-Cox transformation; marginal social cost;
drinking water; Tunisia

1. Introduction

In some countries, the public interest is mainly focused on technological solutions to
water scarcity (Sibly 2006b). For economists, however, pricing is an important mechanism
for determining the efficient allocation of water resources (Zhu and van lerland 2012).
Pricing ensures that available water is used for its most valuable uses, and new supplies
are developed only if consumers are willing to pay (Pint 1999). Water scarcity can be ad-
dressed if water as an economic commodity is properly managed (Dinar and Nigatu,
2013). To achieve this, the total cost of the water supply must be considered. Rogers et al.
(1998) argued that sustainable and efficient water use requires water prices to cover all
costs: operation, maintenance, capital and opportunity cost (OC) (Sbily 2006a). Ignoring
operation costs can underestimate the value of water and lead to the misallocation of re-
sources (Rogers et al., 1998). The resource is most valuably utilized when the water allo-
cation reflects its full cost (Rogers et al., 2002). Municipal water utilities have traditionally
set water prices to cover the average cost (AC) (Pint 1999). However, Griffin (2006) argues
that average cost price (ACP) is not a good efficiency booster. Effective pricing is synony-
mous with marginal cost pricing (MCP). Furthermore, the ACP system used by municipal
water utilities does not take into account the scarcity value of natural water (Pint 1999).
Tunisia is one of the countries where efficient water pricing has received little attention.
Tunisian Water and Distribution Utility (TWDU) addresses the user’s chronic water short-
age by increasing water supplies and fixing water prices to reach the average cost. Fur-
thermore, Tunisia does not value natural (raw) water: TWDU doesn’t pay for the raw wa-
ter it uses to supply its customers with tap water. Therefore, the price it charges for tap
water only takes into account the AC of water collection, treatment, storage, and distribu-
tion, not the scarcity value of the resource itself (Tafesse et al. (2017)). Additionally, TWDU
appears to be following flawed accounting practices that may understate its cost of capital:
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since 2000, for example, no interest and no depreciation have been shown. The cost of
handling materials was also ignored. It’s entirely possible that reduced cost translates into
lower AC, which would ultimately lead to undervaluation of tap water, not to mention
the inherent inconsistency of ACP with economic efficiency. In addition to economic effi-
ciency, the criteria for designing water charges should also consider income efficiency and
equity, since water is an economic and social good (Hall 2009). MCPs may not address
efficiency, equity, and income adequacy simultaneously (Sibly 2006a). Since TWDU is a
natural monopoly, AC decreases as output increases, implying that marginal cost (MC) is
lower than AC (Tafesse et al. (2017)). As a result, MCP scheme leads to revenue deficiency
(Sibly 2006b). It is important to note that tariffs and subsidies are not the only solution to
improve access to drinking water in developing countries, it is also important to improve
the infrastructure and management of the water systems to ensure a sustainable supply
of safe drinking water. In many developing countries, drinking water tariffs are typically
low and often do not reflect the true cost of providing the service. For example, in India,
the average tariff for domestic households is around $0.25 per month, while the cost of
providing the service is estimated to be around $0.50 per month. This can result in inade-
quate funding for maintenance and expansion of the water supply system, leading to poor
service quality and limited access to safe drinking water. (Singh MR et al., 2005). In the
city of Kampala, Uganda, the tariff is based on a tiered pricing structure, where the more
water a customer uses, the higher the price they pay per unit of water. For example, cus-
tomers who use less than 20,000 L of water per month pay a lower rate per liter than cus-
tomers who use more than 20,000 L per month. Additionally, a fixed monthly charge is
also applied to cover the cost of maintaining the water supply infrastructure. (Nsubuga
2014).

In Tunisia, water is priced based on Increasing Block Rate (IBR) structure. However,
Tafesse et al. (2017) presents several disadvantages of IBR. First, IBR pricing has the effect of
insulating ordinary consumers from facing the cost of decreased water availability. Sec-
ond, with IBR pricing large but low-income families are likely to face a higher price as
compared to small but high-income households. Third, it sends the wrong price signals
not only to consumers but also to TWDU.

Price in Euro (Tunisian dinars=0.321 Euro in 2022)

More than 500m3 I 0.422
150 to 500m3 I 0.404
100 to 150m3 I 0.302

70to 100m3 | 0.247
40to 70m3 NN 0.144
20to 40m3 NN 0.104

Oto20m3 N 0.064

0 0.1 0.2 0.3 0.4 0.5

Figure 1. Increasing Block Rate in Tunisian water utility. Source: Tunisian Water Distribution Util-
ity (known among Tunisians as SONEDE) (2018).

Therefore, the MC estimated in this paper serves only as the lower bound for the true
MC of Tunisian’s water supply. The term marginal social cost (MSC) is used to describe
the marginal cost of water supply based on the drinking water marginal value (MV) (Mar-
ginal value is the value to a consumer of the last unit of consumption). What we are advo-
cating is the long-term MC (LRMC). It is the incremental cost per unit of water when all
factors of production (including capital) change gradually (Tafesse et al. (2017)). The ca-
pacity expansion of water supply networks has been sporadic rather than gradual (Sibly
2006a). Turvey (1976) distinguished between distribution networks and centralized sys-
tems. The former can scale with many small investments, while the latter often requires
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large investments over a long period of time. Therefore, it may make sense for Tunisia to
consider the distribution network as an incremental variable since the expansion of the
distribution network is mainly to achieve growing demand rather than investment. Satis-
fied with the central region system, LRMC prices outperform short-run MC prices in the
water sector and provide stable capital for long-term investments (Economics 1997). Be-
cause LRMC-based rate is stable (Sibly 2006b), the LRMC approach has lower administra-
tive costs than the more dynamic short-term MC approach (Garcia and Reynaud 2004).

We apply the Box-Cox cost specification to two products (supply and pipeline con-
nection) that take into account the operation cost of drinking water in the context of a
developing country. However, an important question arises regarding the functional form
specification of the estimated cost function. Interestingly, experimental applications have
focused on a single ad hoc functional specification, primarily Translog and Cobb-Douglas.
However, choosing the right functional form is not an easy task. It is well known that
functional forms are “data” and “model” specific, and differ in their convergence proper-
ties and ability to approximate alternative technologies. Simply put, there is no single
form of function in all cases—the appropriate functional specification is case-specific. If
the empirical estimates are biased by imposing an inappropriate functional form, the pre-
dictive responses obtained from the model may be biased and inaccurate, posing serious
design problems. policy and/or policy implications. Thus, when there is no strong a priori
theoretical or experimental reason to support a particular functional specification, explor-
ing the sensitivity of the economic optimal, and its effect, on the choice of the functional
form becomes important.

The purpose of this study is to estimate the marginal cost of water supply and analyze
the implications for more efficient, equitable, and revenue-sufficient system based on a
full economic cost approach. To estimate the cost function, we use the Box-Cox transfor-
mation. Here, we do not claim any methodological innovation but the inclusion of the
value of tap water in the “appropriate” cost specification is a novel contribution to the
empirical literature on water pricing in Tunisia.

The remaining part of the paper proceeds as follows: Section 2 presents a brief de-
scription of the study area; Section 3 outlines the methodological approaches and model
specification followed; Section 4 presents and discusses results while Section 5 concludes.

2. The Study Area

The dataset used in this study consists of an unbalanced panel from TWDU covering
11 years and 21 district management utilities (DMU). In the empirical application, we fo-
cus only on the water service and we do not consider sewerage. The descriptive statistics
of the variables included in the model are presented in Table 1. Total distribution cost (C)
equals to operating and capital expenditure. The price of the material (Pum) is obtained by
dividing material cost by the length of a distribution network in kilometers. Material cost
consists of various groups of costs obtained when subtracting capital and labor cost from
the district’s total cost. The price of capital (Px) is calculated as the ratio of capital cost and
capital stock, which is approximated by the capacity of pumps measured in liters per sec-
ond. Capital cost consists of depreciation and interest, where depreciation accounts for
most of the capital cost. The price of labor (Pr) is equal to average annual wages, estimated
as labor expenditures divided by the average number of employees for a given year. The
price of energy (P) is equal to the energy cost divided by the amount of water supplied.

The first output (gw) is measured as the amount of water supplied to the final cus-
tomers expressed in cubic meters. The second output (qas) is the size of the service area
expressed in kilometers (connection).
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Table 1. Descriptive statistics (Tunisian dinars “(TD)” =0.321 Euro in 2022).

Variable Description Variable Mean Std. Dev. Minimum Maximum
Total annual cost (TD) C 5,990,438 4,490,933 135,738 2.34e+07
Price of labor (TD) L 10,189.06 7254.575 550 81,683
Price of capital (TD) K 207.75 163.9824 10 2375
Price of water (TD) M 92.096 90.683 9.271 106.784
Price of energy (TD) E 34,924.9 28,564.01 566 300,075
Water supplied (m3) Q 10,885.62 8400.726 2426 34,678
M AS 54.25 15.48593 22 100

(km)

3. Model Specification

Martins et al. (2012) propose a cost function with two outputs: water loss and service
output. Garcia and Thomas (2001) define the water industry as a multi-product firm pro-
ducing two outputs: losses and the actual water produced. Kim (1995) identifies U.S. water
utilities as multi-product firms providing residential and non-residential services. Hayes
(1987) regards the cost structure of the water industry in the U.S. by considering it a multi-
product firm producing wholesale retail products. Following the lines of argument in fa-
vor multi-product approach, the present study treats TWDU as a twooutput firm produc-
ing connection (gas) and distribution (qw) water outputs. A time variable t has been in-
cluded in the model to account for a hicks-neutral technical change, as in Ray (1982). Be-
sides qw, qgas and, t, the multi-product cost function includes prices of capital (px), labor
(p1), energy (pe), and material (pm) as its arguments. That i, C = C (qw, qas, px pl, pe, pM, t)
implicitly.

According to the well-known Generalized Translog (GT) Specification, the cost func-
tion is given by (Caves et al., 1980):

1 1
InC=qa,+ Z aiqgm + ;ZiZj aijqi(n) q]@) + i Xk aikqﬁ") Inp, + Zkaklnpk + ;ZkZl aylnpy Inp; + ot + € 2)
1

where C is cost of production, girefers to outputs (water distribution and connection), px
indicates factor prices, and the superscripts in parentheses 1 represent Box-Cox transfor-
mations of outputs:

q™ = (q™ — 1)/m for m#0 and q™ — In(q) for T—0

The associated input cost-share equations are obtained by applying Shephard’s
Lemma to expression Equation (2):

S, = alrlC/a]npk = Zi aikq?‘) +oy + Zl oyqlnp; + € )

Setting m — 0 in [1,2] yields the Standard Translog (ST) specification, with all output
terms in the cost function and the corresponding cost-share equations assuming the usual
logarithmic form. For small values, the estimated GT function is an approximation in the
form of the ST function. Because of its log-additive output structure, ST suffers from the
well-known failure to assess cost behavior when any output is zero. This has been shown
to lead to inappropriate and/or highly volatile estimates of economies of scope and prod-
uct-specific economies of scale (Bottasso et al., 2011).

An estimate of the MSC of output i (MSCi) is computed as follows:

MSC; :(?C/ :<0lnC/ >.C: o }‘_1+Z ;g™ {“1+z o qF npy ). C 4
aq, aq, (q ;w9 a kg Px) 4)
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where C” = fitted value of the cost function (Equation (1)) as in Kim (1995) and § =
0InC / dlng elasticity of cost for output i. Measures of economies of scale (ES) are also
i

measured as follows (Coelli et al., 2005):

-1
ES = [ZE_] 6)

TWDU would face increasing, constant, or decreasing returns to scale if ES is greater
than, equal to, or less than one.

4. Estimation and Empirical Results

Data on costs, output quantities, and input prices have been obtained by integrating
the information available in the annual reports and cost accounting of TWDU. All coeffi-
cients of the multi-product cost function (Equation (2)) are computed mutually with their
associated input cost-share (Equation (3)). To stave off singularity of the covariance matrix
the capital share equation (Sx) was deleted, and only the labor (Si), energy (Se), and mate-
rial (Sm) share equation were included in the systems. Before the estimation, all variables
were standardized on their respective sample means, estimates were obtained via a non-
linear GLS estimation (NLSUR), which is the non-linear counterpart of Zellner’s iterated
seemingly unrelated regression technique procedure to ensure estimated coefficients are
invariant concerning the omitted share equation (Zellner, 1962). Our NLSUR estimation
was carried out in R using the system fit package (Henningsen and Hamann, 2007). As-
suming the error terms in the above models are normally distributed, the estimation of
different parameter and log-likelihood ration for the estimated cost function and related
labor, energy, and material share equation can be respectively computed.

The summarized results of the NLSUR estimates of the Generalized Translog cost
specification and its share equation are presented in Table 2. In the first row, the value of
the Box-Cox parameter (7)) for the GT specification is positive (0.0787) and significantly
different from zero (p-value = 0.027). Smaller values indicate that the GT model is very
close to the standard or Simple Translog form (ST), which suffers from the same draw-
backs as the ST specification when used to estimate firm cost characteristics for multiple
products.

Table 2. NLSUR estimation of (GT).

Variable Parameter  Estimate Student’s {-Test Variable Parameter  Estimate Student’s f-Test
Box-Cox m 0.078 2.878 q*Inpim ouasu 0.023 1.15
Parameters
Constant o0 1.775 2.536 Inpi*Inpx Otkk 0.094 4.7
qw Ow 0.184 2.115 Inpx *Inpi ok -0.079 -2.633
Qas oas 0.187 1.069 Inpi*Inpe Otke -0.049 -2.45
Inpx Ok 0.382 34.727 Inp*Inpm oM -0.048 -4
Inp: au 0.173 7.864 Inpr*Inpi au 0.051 7.286
Inpe Qe 0.228 10.364 InprInpe Qe 0.008 1.143
Inpm am 0.22 8.8 Inpr*Inpm am -0.047 -5.222
qwqw Otww 0.087 2.719 Inpe *Inpe Qtee 0.039 7.8
qw*qas Otrw 0.254 4.618 Inpe *Inpm OteM -0.018 -2.571
gas*qas Otrr 0.377 1.551 Inpm*Inpm Otww 0.053 3.533
qw*Inpx Otwk 0.037 2.643 t Qat 0.004 4
q*lnp: aw ~0.001 091 ot 0.98

function
qwInpe Qe ~0.018 o571 N Laborshare 0.95

equation
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R2E h
q*Inpm Y ~0.018 -2 METgy share 0.94
equation
2
q*Inpi sk -0.042 1313 X watershare 0.92
equation
qw*Inpi aasl 0.034 1.36 VIF(mean) 1.89
qw*Inpe OtASe -0.011 -0.55 Log-likelihood -194

The R? for the cost function and the cost-share equations are very similar. McElroy’s
(1977) R? (R?*) can be used as a measure of the goodness of fit for the NLSUR system. The
model (Table 2) appears to fit the data well and explains more than 95% (R?) of the varia-
tion in the dependent variable. go and gas, all input prices, are shown to be positive and
important parameters, as one would normally expect: the cost of water supply increases
with output and input price levels, ceteris paribus. However, the parameter of g has a
positive sign, which does not seem surprising. Note, however, that water supply costs also
include costs associated with avoiding water loss that may occur if leaks are not repaired.
Water distribution requires network maintenance costs, leading to higher overall water
supply costs as waste is offset by more expensive production.

The positive and significant parameter of the interaction between qw and qas (Qtwss)
implies that an increase in qw would necessitate an increase in the MC of gas. Yet, this
implies that the MC of qas would depend on the level of qw. These results combined imply
that there would be cost advantages in producing gas and qw jointly in Tunisia.

At last, it is cheaper to fix the leak (to meet demand) than to pump more water in
Tunisia. This result suggests that there are incentives to reduce urban water loss and sup-
ports concerns that available water should be used cautiously. Reducing water loss has
economic and financial implications, among other things.

From an economic point of view, it alleviates water scarcity; financially, it avoids the
potential loss of revenue affecting water prices: as Cousin and Taugourdeau (2015) point
out, if water loss occurs, TWDU can charge consumers higher fees d to compensate for
waste, resulting in a deadweight loss. The parameter t is positive and significant, indicat-
ing that for a fixed level and entry price, costs increase over time. This could be one pos-
sible explanation for the rising cost of water supply over time.

MSCs were calculated based on Equation (3). Note that because of the inclusion of
the price, rather than the stock, of capital in the cost function, the estimated MC is LRMC.
This implies that not only expenditures on variable inputs but also expenditures on net-
work expansion are accounted for, as Renzetti (1992) notes. The positive sign (Table 3) of
the MSC of qw indicates an increase of €0.048 in the cost of water supply if one m? of water
is produced. Similarly, for an additional meter of network connection generates an addi-
tional cost of about €0.055 per km for each TWDU subscriber.

Table 3. MSC and ES Estimation.

Water Demand: qw Connection: qas
MSC €0.048/m? €0.055/km
elasticity &; 0.31 0.45
ES 1.316

To understand to what extent water is underpriced in Tunisia, we calculated IBR
prices (p) as P = X; w;p;, where pi is the average price in block i (Figure 1); wi = the share
of the total water consumed in block i and compared it with the estimated MSC. The dif-
ference between p and MSC for qw is negative, suggesting that the current IBR-pricing in
Tunisia leads to a considerable difference between what it costs the society to supply an
additional m? of water and the price actually paid by consumers (qw is priced, at a rate of
21% below their MSC).
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The degree of ES has a value of 1.316 (Table 3). This value means a 10% increase in all
inputs gives rise to a 13.16% (more than proportionate) increase in aggregate water out-
put. This implies the conformity of TWDU to the natural monopoly nature of water utili-
ties. This entails a higher AC than the MC of water supply in Tunisia and has implications
for the cost recovery if water prices are set at a rate equal to the estimated MSC: revenues
will be lower than costs, leading to a deficit.

Apart from the inherent problems of IBR-pricing, the revealed underpricing effect of
IBRs in Tunisia calls for a more appropriate pricing scheme. As well, since IBRs are inflex-
ible, their application stands against economic efficiency on account of the inconsistent
nature of water availability in the city, where water variability is rampant. Failure to cover
the cost of water provision is another problem since p  is lower than MSC.

On average, Tunisia suffers a revenue deficit of approximately (MSC-p ) in supply-
ing gas and qw. Though MCP is superior to the IBR-pricing on efficiency grounds, MSC-
pricing will not address the revenue sufficiency criterion, and since the MSC (for a given
level of output) is a fixed value, poor and rich households will face the same water price,
disregarding equity. Given the underpricing and revenue non-sufficiency effects, in Tuni-
sia, we recommend a two-part tariff, consisting of a volumetric charge (VC) and a connec-
tion charge (CC) to serve the efficiency and revenue sufficiency goals simultaneously. This
is needed to cover total costs (Sibly 2007a). Since it is independent of the volume con-
sumed, CC is a load related to the connection of the network of TWDU. It does not influ-
ence consumers’ choice of volume but the distance between the subscriber and TWDU at
the power plant. Thus, setting volumetric charges of €0.048/m? and €0.055/km, together
for qw and qas, respectively can be proposed for Tunisia. This implies that water prices
would be 3.2 times higher than the current ones.

5. Conclusions

We empirically estimate MSCs of water supply in Tunisia using a Generalized Trans-
log cost function specification. In particular, we include the value of natural water in the
cost function to capture the OC of urban water. This is a new contribution to the water
pricing literature, especially for regions where natural water is taken for granted and no
value is assigned to it. Our results show that IBR prices in Tunisia are lower than the esti-
mated MSC of TWDU. Water supply (qv) is priced more inefficiently than its MSCs. As
mentioned in the Introduction, our analysis excludes externalities related to urban water
supply. Therefore, IBR prices are even much lower than genuine MSCs, which is a neces-
sary condition for rising water prices in Tunisia. Not only is inefficiency, but insufficient
recovery of water supply costs is a problem: TWDU has a revenue deficit in water supply.

Moreover, MSC pricing is inappropriate because it does not address revenue ade-
quacy and equity issues. To fill the gap between MSC pricing and TC revenues, Tunisia
proposed a two-part tariff: setting a volume fee of €0.048/m? for qw and a connection fee
of €0.055/km for gas, which seems to be the lower layers of the technology considered serve
the purpose of efficiency and yield safety. Furthermore, fixed charge is a monthly or quar-
terly charge that is applied to cover the cost of maintaining the water supply infrastruc-
ture, such as the cost of building and maintaining treatment plants, reservoirs, and distri-
bution networks. This charge depends on the emplacement of water consumption meter
(measured in €/km: connection marginal cost). Volumetric Charge: This is a charge that is
based on the amount of water a customer uses, typically measured in €/cubic meters. The
volumetric charge is usually tiered, meaning that customers who use more water will pay
a higher price per unit than customers who use less water. This type of pricing structure
is intended to encourage conservation of water resources and can also help to cover the
cost of providing service to customers in more remote areas.

Issues of equity would also be addressed, either by charging different connection fees
for different groups of consumers, or by charging low-income consumers with connection
fees after paying for water supply. The introduction of MSC-based flexible volume rates
will require some additional costs.
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However, since the estimated MC is a LRMC, it may not be flexible enough and its
costs may outweigh the benefits of introducing a more efficient, fair and adequately reve-
nue water price, which illuminates how effectively water should be priced in the study
area. Fixing water prices at the estimated MSC has two positive effects. First, higher prices
are said to incentivize households to conserve water, which will lead to better use effi-
ciency, assuming people become more cautious with water as prices rise. Second, charging
higher prices will partially help TWDU recoup its utility costs. Therefore, it is necessary
to increase the price of MSC for water supply in order to send the correct signal to water
users about the social cost of a unit increase in their demand.

When water prices are lower than social utility costs, users do not view water as an
economic resource. When the price increases to the estimated MSC, users gain a better
understanding of the cost of meeting their water needs and have a greater incentive to use
water more prudently. Although our analysis in this paper focuses on water pricing in
Tunisia, the approach can be applied to many cities in developing countries where water
pricing does not meet the conditions of efficiency and sufficient income.
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