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Abstract: The aqueduct service tariff system in Colombia is made up of the fixed charge (CMA fixed fee/subscribers) and

the consumption charge (CMLP), which in turn are used to determine the rates for strata 4 and to establish the subsidies

(strata 1, 2 and 3) and the surcharges or cross-subsidies to strata 5 and 6 as well as to the industry and commerce sectors;

the above, added to the consumption blocks, constitutes the basis of the aqueduct bill per user according to strata and sector.

In Acueducto Metropolitano de Bucaramanga S.A.E.S.P., AMB the value of basic consumption tariffs (at current prices),

were close to quadrupling between the years 2004 and 2018 for some strata and sectors; in addition, they tripled for the

case of complementary consumption during that same period of time. The high value of tariffs has led users in strata 4 and

5 to restrict water consumption to levels below 14m3 per month, going from 19.41 m3 of monthly consumption in 2015 to

14.2 in 2017. Total residential subscribers increased by 90,959 between 2000 and 2017, and by 10,035 for non-residential

subscribers. The total increase in subscribers between the years 2000 and 20017 was 102,182; this evidences the expansion

of the city of Bucaramanga.
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1 Introduction
Public policies for the provision of residential public utilities (SPD) changed radically in Colombia after 1991. The

1991 Constitution and Laws 142 and 143 of 1994 generated a new model for the provision of SPD. The "provider" State

gave way to the "regulator" State in which the public sector (decentralized) and the private sector operate as service

providers, while the State regulates, controls and supervises the provision by the aforementioned agents with the

assumption that they must protect the common good and the public interest (Silva and Figueredo, 2008).

The privatization model of public utilities was accompanied by an emphasis on demand subsidies. In this new

framework, the tariff regime for residential public utilities must be guided by the criteria of economic efficiency (P = CMg,

in Colombia P = CMLP, the base of the variable charge), financial sufficiency (the tariff charged must reflect the economic

costs of providing the service, the base of the fixed charge, and the equivalent of the CMA/number of subscribers),

solidarity (cross-subsidies: users with greater capacity to pay are obliged to finance those with lesser capacity to pay by

providing prices higher than the CMLP), redistribution (allocation of government subsidies - national and local - to the

lower strata that pay prices below the CMLP and as a complement to cross-subsidies), simplicity (that the user can
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understand the information on the bill), transparency (information on cost, price and quantity consumed) and neutrality

(equal tariff treatment of users).

Law 142 of 1994 defines the following services as SPD: water, sewerage and sanitation, electric power, basic public

switched telephone service, rural mobile telephone service and fuel gas distribution. SPD can be provided by public

utilities (official or private), municipalities when they directly assume the provision of these services, organized

communities and authorized entities.

Law 142 initiated a series of reforms in public utilities and in a few years a new institutional structure was created.

This began to function with the creation of the Superintendency of Public Utilities (SSPD), the organization of the

regulatory commissions for the energy and gas sectors (CREG), drinking water and basic sanitation (CRA) and

communications (CRC). In this context, the State sold part of the ownership of the electric power generation and

distribution companies to the private sector, which gave rise to the operation of the wholesale energy market.

Some sanitation companies were ceded to the private sector through concessions, while in the country's largest cities

(Bogota, Medellin, Cali and Bucaramanga) drinking water operators continued to be officially owned (Silva, 2012).

The regulation model of Law 142 of 1994 is the "rate of return" model, and the tariff methodology is determined

based on the recognition of long term average costs (LRMC) where the price P = LRMC. As a result of the application of

this model, the service providers obtained higher reference costs than the tariffs applied up to that time. In the case of the

tariff regime in Colombia, a non-linear pricing system was also chosen: a two-part tariff with three increasing blocks (basic,

complementary and luxury consumption).

The monopoly characteristic of the SPD, and in particular of the drinking water service2, generates problems in

obtaining financial equilibrium, since the presence of economies of scale implies that their production costs are decreasing.

One of the alternative solutions lies in the setting of non-linear prices, including the two-part tariff - a tariff that was

adopted and adapted by the Colombian regulatory system (Law 142 of 1994). This type of tariff structure is composed of

two parts: a fixed fee "A" (fixed charge) and an additional constant price "P" per unit consumed (variable charge or

consumption charge). The two-part tariff is intended to simultaneously achieve the objectives or criteria of efficiency,

financial sufficiency and equity. In addition to the two-part tariff, the adoption of three increasing blocks (basic,

complementary and luxury consumption) is intended to induce users to reach certain consumption levels.

Indeed, the systematic increase in tariffs, both the consumption or variable charge and the fixed charge, as well as the

increasing block mechanism, have been effective in the case of the city of Bucaramanga, where users have reduced their

average monthly consumption from 19.1 m3 in 2005 to 14.2 m3 in 2017 (Table 9). This is combined with awareness

campaigns on water saving and conservation, changes in consumption habits, and the introduction of water-saving and

low-pressure technologies in the construction of new homes or in the remodeling of used homes.

For the analysis of tariffs in terms of efficiency, financial sufficiency and redistribution (equity) objectives, this article

considers their value between 2004 and 2018, as well as the demand (consumption) of the different user strata.

2 Theoretical framework andmethodology
The economic literature related to the design and evaluation of the tariff structure of public utilities, including potable

water services, generally considers the criteria of the normative approach of welfare economics: economic efficiency, cost

coverage (financial sufficiency), simplicity (administrative simplicity) and equity. The regulatory system in Colombia

adopted the above criteria and, in a complementary manner, established that the criteria of redistribution (state subsidies),

solidarity (cross-subsidies), neutrality and transparency (Article 87, Law 142 of 1994) must be considered in the operation

and evaluation of residential public utility tariffs (SPD). Therefore, the theoretical framework starts from the normative
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approach.

From this theoretical perspective, the methodology consists of evaluating the criteria of economic efficiency, financial

efficiency and equity (subsidies for strata 1, 2 and 3 and surcharges for strata 5 and 6 and the industrial and commercial

sectors) based on the principles of benefit (each subscriber pays according to the benefits received -consumption-) and

capacity to pay (vertical equity, the higher the income level, the higher the contribution).

3 Marginalist price formation (linear and nonlinear): the two-part tariff model and the

criteria of efficiency and equity3

In the economic literature and in practice, in the case of SPD, there is a wide variety of pricing methods. From a

theoretical point of view, efficient prices can be merged into two groups: first-best (marginal cost) and second-best

(average cost) pricing. In first degree discrimination the transfer of surplus is usually achieved by linear pricing; but it can

also occur through the two-part tariff - the variable part of the tariff can have one or more blocks. An alternative to average

cost pricing is the Ramsey-Boiteux discriminatory pricing, although two-part and block pricing can also be used as a

variant (Silva, 2012).

The two-part tariff, consisting of a variable part equal to the cost per unit consumed, and a fixed part intended to cover

the deficit in fixed costs, has been proposed to achieve optimal cost coverage (Lewis, 1941; Henderson, 1947; Coase, 1946;

Feldstein, 1972 and Willig, 1976; among other authors). The method of allocating fixed costs can be arbitrary; therefore,

Brown and Sibley (1986) suggested determining the share of personalized fixed costs in such a way that the user does not

choose to abandon the system. Some more recent studies have shown the regressivity4 of the two-part tariff in cases where

the fixed components of the tariff are important, and even in apparently more progressive systems. A fundamental

objective in trying to achieve equity is to ensure that no consumer is left out of the water service because of income or

location, or because of efficiency or cost-covering targets alone, thus aiming at excessively high fixed tariffs.

4 The most commonly used pricing schemes in the public water utility (the two-part tariff)

are as follows
According to the literature, alternative pricing schemes are divided into two broad categories from an efficiency

perspective: linear pricing schemes (the uniform tariff) and non-linear pricing schemes (the two-part tariff and the block

tariff, the two-block tariff and the n-block tariff). In the linear pricing scheme, the price (tariff) is set based on marginal

cost (in Colombia the uniform tariff has been applied quite frequently in the private and public sectors). In this pricing

scheme, the tariff is set by equating the price equal to the marginal cost (first best), or by equating the price to the average

cost (second best) with the conceived loss of social efficiency (Silva, 2012).

Pricing or tariff structures that differentiate according to quantities consumed are called non-linear or non-uniform

pricing schemes; they are generally adopted when companies face decreasing average costs (Figure 2). This circumstance

(decreasing costs), gives rise to a dilemma in the establishment of a pricing scheme: 1) setting the price equal to the

marginal cost, with an average cost curve above the marginal cost, leads the company to a situation of not being able to

cover its total costs and, consequently, to incur in losses; or 2) setting the price above the marginal cost implies an

inefficient allocation but allows the company to obtain a minimum profit (CRA, 2004).

This type of tariff structure is composed of two elements (Figure 1): a fixed fee A (residential fixed charge, which is

equivalent in Colombia to fixed costs -average administration costs, AMC-) divided by the number of subscribers, that is,

administration costs plus the costs of billing, collection, meter reading and other service administration costs (equivalent to

AMC/number of subscribers), and an additional constant price (P) per unit consumed whose value varies according to the
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units consumed and the block to which they belong. This non-linear pricing structure (two-part tariff) is the least complex,

the most used in practice and the one with the most analysis and literature (Silva, 2012).

One way of defining the tariff in two parts, with the aim of achieving a balance between the loss of economic

efficiency due to the implementation of a flat fee and the achievement of less inequality, is represented by the formula:

Figure 1. Tariff in two parts Source: own elaboration

Where, R(q): cost incurred to demand q units

A: fixed cost (fixed fee or fixed charge)

P: price per unit demanded (variable charge)

This definition considers the case when q = 0, the expenditure would not be zero but A, i.e., when the user is

connected to the public service and temporarily consumes nothing (due to a period of absence from home for vacations, for

example). According to a CRA study (2004, p.51), "in this way, the two-part tariff achieves a higher level of social welfare

than the tariff that is defined by an average price equal to the average cost, provided that the variable component or

marginal price that we define is equal to or greater than the marginal cost. If it were lower, consuming an additional unit

would cause the utility to make a loss."

Figure 2 shows the nonlinear tariff scheme, in which the water service operator is considered as a monopoly that

equals its revenues to its average costs at the point (P1, Q1). At a price (P1-δ), the firm would increase the level of output

to Qδ, but would incur losses (H) if it sold all its output at that price, since it would not be able to cover its total costs. The

losses (H) can be shared among all users (n) thus modifying the linear price P1 which would now be a tariff with two parts:

a fixed component equal to H/n and a variable component with a price equal to (P1-δ) (CRA, 2004). If the regulator or the

government wishes to expand production up to Q2, it should subsidize the company to cover the price difference (P1-δ)-P2

(Silva, 2012).

One of the advantages of considering a non-linear pricing scheme lies in the existence of heterogeneous users, with

different levels of price elasticity of demand; thus, and as an additional advantage, this pricing structure creates markets

that allow these different population groups to be incorporated into the drinking water service, while uniform prices could

exclude them. As a disadvantage, it is recognized that the fixed component of the tariff is considered to be potentially

regressive: prices for low-income consumers or those with low consumption, which would have a high price at least in

relation to the fixed component. In addition, social welfare may be reduced, both because supply is reduced by price

discrimination or prevented, and because demand is reduced and ends up affecting the company's revenues, which in turn

translates into higher prices for users (Silva, 2012).



32

Feldstein's (1972) two-part tariff model considers both efficiency and equity criteria, with a clear predominance of the

former and a partial inclusion of the latter in order to ensure access to the service for the poorest and/or lowest income

households or users (Silva, 2012).

Figure 2. Schematic of non-linear tariffs Source: CRA, 2004

5 The economic concept of residential public utilities and their characteristics
"The market failure associated with the characteristics of public utilities (drinking water) is a cost structure linked to

the existence of networks, economies of scale and scope that leads to a monopoly situation" (Bohem in Silva, 2012).

5.1 Monopoly in residential public utilities, SPD

The monopoly characteristic is generally attributed to the SPD industries (energy, water, sewerage and natural gas). In

these industries, the free entry of companies could result in duplication of networks and costs (water, sewage and

electricity networks). The existence of monopoly refers to a property of productive technology, often associated with

market demand, where a single operator is able to satisfy it at lower cost than two or more (Silva, 2012).

In residential public utilities, in general, there is no competition; therefore, they are normally subject to government

regulation for the protection of the public interest. Some services seem to function more effectively as monopolies (water

and sewerage). The presence of monopoly is often associated with government regulation of tariffs (price), management

(quality and continuity), investments, externalities and entry barriers. However, the identification of increasing returns to

scale describes the productive technology a little more (Heyman, 1995; Phillips Jr., 1993).

A monopoly operator to maximize its profits will decide to produce at a level at which marginal revenue equals

marginal cost, and since the monopoly faces a downward sloping demand curve (negative slope) for its product, marginal

revenue will be lower than the market price (this is known as the optimality principle). To sell one additional unit, the

monopolist must reduce the price of all the units it will sell, in order to generate the additional demand to absorb this

additional unit. The average cost curve and the demand curve of a monopolist can be represented as shown in Figure 3

(Silva, 2012; Silva and Figueredo, 2008).

In a monopoly service a level of production is assumed at which the operator obtains a profit. The maximum level of

production, to achieve profit without subsidies, is Q*. In this, the demand curve intersects the average cost curve, such an

intersection is designated as the point of zero profit, and the policy that makes it possible is called "suboptimal" or "second

best". Efficiency is expressed in the equality between price (PR) and marginal cost (point E, with a quantity of production

Q0), but setting a price equal to marginal cost would lead to a loss, since the average cost is above marginal cost (Silva,
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2012).

Figure 3. Declining costs (utility monopoly)

Source: Nichols]on (2001, 2004), Train (1994), Musgrave (1959)

As operators produce at long-run average cost, they could underprice their costs to push up tariffs, given low or zero

marginal costs. In the absence of competition problems, the monopoly operator can charge a price (PA) that maximizes its

profits (A) with an output Q1; that is, with monopoly profits given by the C-PA-A-B space in Figure 3 (Silva, 2012).

5.2 Sunk costs

Sunk costs are represented by capital investments, which are considered irreversible (once the networks are installed

underground, it is difficult to recover the investment made), and adjustment costs, which impede the ability of economic

agents to adapt to changes in market conditions. The market responds to sunk costs and compensates for risks with long-

term contracts.

The economic characteristic of domiciliary public utilities such as sanitation, energy, water, sewerage and natural gas

distribution, require large investments in infrastructure (networks), which become sunk costs. Distribution networks typify

the monopoly element, since it would be too costly and harmless to install two or more networks in the streets of the city

(Silva, 2012).

Long-term contracts provide an incentive for participation risk and encourage increased capital investment. The

benefits of this increase in productive investment generate incentives for the formation of long-term contractual

relationships: the market determines the terms of the contract, the number of contractual agreements, and the price of each

contract. However, there are elements of the contract that are not fully described, such as performance and negotiation

terms.

5.3 Economies of scale and scope

The presence of economies of scale and the quality of "public service" justify government intervention in the SPD.

Economies of scale are found when the average cost of production decreases, while the quantity of production increases.

The average cost curve slopes downward indicating that the average cost falls, while the quantity produced increases.

Declining average cost means that marginal cost falls below average cost. When the price is set at marginal cost as

required by optimality, the firm loses money on each unit sold. Figure 3 illustrates such a situation. In theory, the firm

could be subsidized by the amount of its loss in each period. In the absence of subsidies, the market allocation will not be

optimal (Spulber, 1989).
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Thus, economies of scale present two dilemmas. First, marginal cost pricing would not yield enough revenue to cover

costs, while average cost pricing or other pricing rules may cause deviations in the levels of the optimal social product

(Silva, 2012; Silva and Figueredo, 2008).

An economy of scope occurs when the quantity of two or more services can be produced by one company at a lower

total cost than if they were produced separately by several companies (as in the case of AMB, which manages water, sewer

and other services, thus reducing administration costs).

6 The two-part tariff model adopted in Colombia for the SPD: the potable water service regul

ated by the CRA
In Colombia, Article 87 of Law 142 of 1994 establishes the regulatory regime of the tariff system for the supply of

drinking water and other SPD (sewerage and natural gas). This multi-objective context, or context of various objectives to

be achieved, confers great complexity to the drinking water service.

6.1 The objectives of the SPD regulatory system

In accordance with Law 142 of 1994 (Article 87), the regulatory system in Colombia establishes that the design,

operation and evaluation of tariffs for residential public utilities, particularly for potable water services, must take into

account economic efficiency, financial efficiency (cost coverage), redistribution (equity), solidarity (cross-subsidies),

simplicity (simplicity), neutrality and transparency as guiding criteria (Figure 4).

The economic and financial efficiency criteria are the direct responsibility of the service operator (AMB in this case)

and the regulator (CRA); the other criteria, including the redistribution (equity) criterion, are the responsibility of other

areas of government (Ministries, DNP). To achieve these two objectives, the regulator uses both the tariff level (the

amount of revenue) and the tariff structure. The main problem for a monopoly with decreasing costs is that both objectives

are difficult to achieve at the same time. The price level that maximizes consumer surplus5 (economic efficiency) does not

cover the costs of the service (self-financing), since the existence of economies of scale in the relevant sections of

production causes the marginal cost to be below the average cost - which makes the equalization of price and marginal cost

unsustainable. In general, then, an attempt should be made to reach a second-optimal solution consisting the reduction of

consumer surplus to a self-financing situation (Silva, 2012).

However, the objectives of efficiency and financial sufficiency are not the only ones that prevail in a public service

such as drinking water, nor in countries with heterogeneous and unequal consumers. Drinking water service is considered

an "essential" public health service, a basic necessity to be satisfied. To correct these problems, economic theory proposes

subsidizing the consumption of this type of good (Pigou, 1920). For this reason, the prices of the service have traditionally

been subsidized, so that we can speak of "political prices".

Water conservation and saving criteria should be added to the above criteria. According to Bös (1985), the adoption of

these multiple objectives lends great complexity to the setting of prices or tariffs in the drinking water sector, and this

dimension implies very long term horizons ("master plans" of 20, 30, or more years).

From the perspective of analysis of the normative approach, the redistribution (equity) criterion or objective

considers the principles of benefit and ability to pay - with a clear option for the former, combined (in cases such as this

one of heterogeneous consumers and unequal income) with a partial application of the latter to ensure access to the service

for low-income households (an aspect of relevance in countries such as Colombia with strong disparities in income

distribution).

The principle of benefit implies that the costs of the service should be distributed among users in proportion to the

benefit received by each consumer, so that equal benefit equals payment and the greater the benefit the greater the payment,
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and this benefit is approximated by the amount consumed; however, although water is a divisible and measurable good, in

practice the amount consumed (m3) per subscriber (household or residential unit) is measured, but not on an individual

basis (per person) (Silva, 2012).

Figure 4. Criteria of the tariff regime (multiple principles)

Source: Prepared by the authors, based on Article 87, Law 142 of 1994

The principle of capacity to pay establishes that users should contribute to the cost of the service precisely in

accordance with their capacity to pay (income or revenue); this implies that users with the same capacity pay the same

(horizontal equity), and users with greater capacity pay more (vertical equity); that is, equity measured in terms of users'

income or revenue in relation to their expenditure and volume of consumption. This is the concept of equity used in this

text.

In the drinking water service, it is necessary to guarantee access to all users and coverage of their "unsatisfied basic

needs" at affordable prices. In Colombia, the solidarity criterion relies on cross-subsidies and in part on subsidies with

general taxes, which have been gradually dismantled - the goal of total dismantling was initially set for 2006, then

postponed to 2010, and still remains. In reality, cross-subsidies are equivalent to price discrimination by user group -

classified into six strata- (Silva, 2012).

The criterion of financial sufficiency - sometimes interpreted as covering or recovering costs associated with the

service - refers to the fact that the revenue obtained through the application of the water tariff should tend to cover the

fixed costs of the supply service, so as to ensure the continuity of service provision in the long term.

6.2 Increasing blocks (ranges of consumption) of drinking water service

Since May 1, 2016, CRA Resolution number 750 of February 8 (Ministry of Housing, City and Territory), which

modifies the ranges of basic consumption of drinking water in Colombia, has been in force. The Commission assumes this

measure, based on Article 80 of the Political Constitution of 1991 and Law 373 of 1997, stating in Article 7 that "it is the

duty of the Drinking Water and Basic Sanitation Regulatory Commission, the Regional Autonomous Corporations and

other environmental authorities, in accordance with their competencies, to establish basic consumption based on water uses,

discourage the maximum consumption of each user and establish procedures, rates and measures for those consumers who

exceed the maximum consumption set" (Table 1).

Resolution CRA 750 of 2016 modifies the ranges of basic, complementary and sumptuary consumption in order to

update the basic or subsistence consumption in the terms of Law 142 of 1994 and Law 373 of 1997, to improve the
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regulatory signal and encourage rational water consumption (Table 1).

Table 1. Basic potable water consumption levels in m3 per subscriber/month and type of climate in Colombia

(Resolution CRA 750 of 2016)

Deadline COOL

(m3/subscriber/month)

TEMPLADO

(m3/subscriber/month)

WARM*.

(m3/subscriber/month)

May 1, 2016 17 18 19

January 1, 2017 15 16 18

July 1, 2017 13 14 17

January 1, 2018 11 13 16

Source: Design and author's elaboration based on CRA Resolution No. 750 of 2016

*Bucaramanga: 959m above sea level (warm climate)

The consumption adjustments, listed in Table 2, were made according to a study that UAE CRA conducted among

residential subscribers in eighteen (18) capital cities of Colombia. In this study, variables such as climate and stratum were

considered over a period of ten (10) years, where it was evidenced that the average consumption of residential subscribers

has decreased.

In order to encourage rational consumption of drinking water, differentiated rates will also be established, with a

higher cost for consumption ranges defined as complementary and a higher charge for luxury consumption.

However, in some countries the mechanism of consumption blocks was considered seasonal and clearly differentiable

consumption volumes between indoor use (cooking, bathing, laundry and general housekeeping) and outdoor use (garden,

lawn, car wash, swimming pool), with a lower price for "base" water (water used for necessities) and a higher price for

excess water. This could be classified in terms of indoor water use as a necessity (relatively inelastic demand) and outdoor

use as additional water use (relatively elastic demand). On the face of it, this is more equitable, as low-income consumers

are not restricted to the water base and there is an increase for high-income users, who can pay the higher price for outdoor

water, i.e. swimming pool and gardens. In particular, the current trend towards increasing blocks of tariffs is based, to

some extent, on this reasoning.

Table 2. Drinking water consumption levels in m3 per subscriber/month and altitude in Colombia (Resolution CRA

750 of 2016)

Altitude

cities and municipalities

Basic

consumption

Supplementary

consumption

Luxury

consumption

Cities and municipalities with average altitude

above 2,000 meters above sea level 11m3
>11 m3

< 22 m3

>22 m3

Cities and municipalities with average altitude

between 1,000 and 2,000 meters above sea level
13m3 >13m3

<26m3
>26 m3

Cities and municipalities with average altitude

below 1,000 meters above sea level

(Bucaramanga: 959m above sea level)

16m3
>16m3

<32m3
>32m3

Source: Prepared by the author based on CRA Resolution No. 750 of 2016

6.3 The structure of costs and expenses established by the CRA for the drinking water service in the two-part tariff

In order to carry out the analysis of the objectives of equity, economic efficiency and financial sufficiency, the tariff
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applied to the residential sector by the AMB in the city of Bucaramanga have been taken as a reference. An attempt is

made to look as empirical evidence at some of the most reiterated conclusions of the theoretical analysis of the two-part

tariff. 1) increasing tariffs levied on aggregate household consumption, the problem being that the larger the household size,

the heavier the burden meeting the basic water needs of households (the assumption is that more people live together per

subscriber, household or residential unit in the lower strata). 2) The regressivity of the fixed fee or fixed charge of the

service bill; 3) inequity, given that the higher the consumption, the lower the weight of the fixed charge; and 4) the users'

ability to pay in relation to the value of the bill by stratum -price elasticity of income (Silva, 2012).

The cost structure is defined by means of comparative efficiency models, in the search for the provider companies to

recover the costs and expenses incurred to guarantee the service. Mathematically, it is expressed with formulas contained

in various CRA resolutions, including Resolution No. 287 of 2004, which restructures the cost base and includes

environmental costs, the adopted methodology and part of the second-best methodology. Thus, "the new tariff

methodology has sought to include components of various regulatory mechanisms in order to provide elements to the water

and sewerage sector that increase economic efficiency within a framework of financial sustainability, better coverage and

improvements in the quality of service" (CRA 2004, p. 11).

Since 2006, the long-term average cost (LTOC) and the average administration cost (AMC) have been used as

reference costs to establish the consumption charge (CC) and the fixed charge (FC), respectively, for the AMB's water

supply service. These should be equal to the value of the tariffs for stratum 4 and the basis for establishing subsidies and

surcharges for the other strata and sectors (Silva, 2012).

6.3.1 Consumption charge (CC) and long-term average cost (LTOC)

The CC is composed of the average cost of operation (CMO), the average cost of investment (CMI) and the average

cost of environmental charges (CMT). The consumption charge (CC) is equal to the long-term average cost, thus: CC =

CMO+CMI+CMT = CMLP.

• Average cost of operation (CMO). It is made up of the comparative average operating costs (CMOc) and the

particular average operating cost (CMOp). The CMOp is called particular because it is constituted by the specific costs of

each company, due to its geographical location, which may facilitate or hinder access to water sources and water quality,

and incurs different costs for chemical inputs, energy and transport. The CMOc is constituted from the comparative costs

(with other operators) and is composed of the costs of depreciation of the operating infrastructure, maintenance, insurance,

salaries and remuneration of operating personnel, contracting (Silva, 2012). CMO = CMOc + CMOp.

• Average cost of investment (CMI)

CMI = (VA + VPI) /VPDp + CMIt

Where:

VA: asset valuation

VPI: present value of investments (investment plan).

VPDp: present value of projected demand

CMIt: average value of land investments

The value or price assigned to the cubic metre of water by CMI is a figure equal to the sum of the valuation of the

undepreciated assets, the present value investment plan and the average value of the land investments - each at a discount

rate (13.34%) - and the result is divided by the projected amount of demand.

The CRA, through Resolution 312 of 2004, establishes that the discount rate for SPD operators' investments can be set

by the companies within a range between 13.34% and 13.92%.
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• Average cost of environmental charges (CMT). Tariffs for water use charges (aqueduct), similarly to the retributive

charges (sewerage), are set by applying regional differentiation criteria based on two basic factors: a minimum tariff,

unique and homogeneous at the national level, and a multiplicative factor: the regional factor. This factor increases the

minimum tariff according to regional and local factors (Rudas, 2011).

The value of the minimum tariff for water use fees was established by the Ministry of Environment, Housing and

Territorial Development (MAVDT) based on a study of the economic value of water. However, the study uses only two

variables: the "costs and investments incurred by the competent environmental authorities for the recovery of water

sources" and the "available water supply in the jurisdiction of each of the competent environmental authorities".

Responsibility for environmental damage - water use and pollution (sewage) - is under the guardianship of regional

corporations and the government through the MAVDT (Silva, 2012).

6.3.2 Fixed charge

The fixed charge is calculated on the basis of the average cost of administration (AMC/number of subscribers). The

average cost of administration includes administration costs and expenses that involve billing, collection, meter reading

and other administration costs related to the service (salaries and overheads). The AMC also includes depreciations related

to the infrastructure and equipment of the administration and part of the production assets of the service (Silva, 2012).

6.4 The allocation of subsidies in the city of Bucaramanga (drinking water)

Based on the four cost lines mentioned in the previous section and with the premises of the Average Management

Cost (AMC) and the Long Term Average Cost (LTOC), the two basic concepts of the water service tariff for subscribers or

users are obtained for the water service: the Fixed Charge (fixed part) and the Consumption Charge or variable part of the

tariff (in both, basic, complementary and luxury consumption).

In order to determine the bill for fixed charge subscribers, the AMC is divided by the number of subscribers to

establish the tariff for stratum 4, and subsidy and surcharge factors are also applied. The calculation of the consumption

charge tariff is based on the long-term average cost (LTOC). From the multiplication of the subsidy and surcharge factors

to the LMCF, the value of the bill for each type of user according to their stratum is obtained (Table 3).

Table 3 shows the percentages of subsidy factors for users in strata 1, 2 and 3, and the percentages of solidarity

contributions for strata 5 and 6 and industrial and commercial sectors (Agreement 030 of December 30, 2016,

Bucaramanga Council).

7 Evaluation of the two-part tariff practice: Bucaramanga case (AMB)
The evaluation of the practice of the two-part tariff model for the residential and non-residential public water service

(drinking water), operated in the city of Bucaramanga by Empresa AMB, focuses on the basic objectives of the regulatory

system: efficiency, financial sufficiency (fixed charge or cost coverage) and equity (in relation to subsidies and surcharges,

and the volume of consumption in m3). In addition, in order to discourage over-consumption under a criterion of

environmental sustainability, incremental tariffs are established for blocks of consumption.

Table 3. AMB Bucaramanga: percentages of subsidies and solidarity contributions for drinking water service 2017-2021

Subscriber Acuerdo Consejo Municipal No. 030 Fiscal Year 2017 - 2021 December 30, 2016

Stratum 1 -50%

Stratum 2 -30%

Stratum 3 -10%

Stratum 4 0
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Stratum 5 +50%

Stratum 6 +60%

Industrial +30%

Commercial +50%

Official 0

Special 0

Temporary +50%

Public Batteries -70%

Source: AMB,Management Act 003, February 12, 2018. Author Redesign

7.1 The rate structure of the aqueduct service -drinking water supply

The potable water tariff system in Colombia is composed of a fixed charge (CMA fixed quota/subscribers) and a

consumption charge (CMLP), both of which constitute the stratum 4 tariff, which is the reference for establishing subsidies

and surcharges, and for determining the service bill, according to consumption ranges.

Table 4 shows the rates by strata and sectors and their variation expressed in $/m3 at current pesos, for the period

2004- 2018 in the city of Bucaramanga. The value of the tariffs for basic consumption (at current prices) almost quadruples

from 2004 to 2018, for some strata and sectors; and triples for the case of complementary consumption for the same period

of time (see last column, Table 4). Another relevant aspect is that the tariff for complementary consumption is equal to that

for luxury consumption, which implies in practice that the AMB only contemplates two consumption blocks: basic and

complementary. Let us remember that the rate for strata 4 must be equal to the CMLP and is the reference rate for

establishing subsidies (strata 1 to 3) and surcharges for strata 5 and 6 and the industrial and commercial sectors.

7.1.1 Basic consumption tariff at 2018 prices

In the city of Bucaramanga, the high tariffs (Tables 4 and 5) have conditioned users in strata 4 and 5 to restrict their

consumption to less than 14m3 of water per month (Table 9).

The tariff for basic consumption in 2018 pesos (Table 5, Figure 5) decreases in 2005 for all strata and sectors and

increases systematically and uniformly between 2006 and 2018, with values more than double those of 2005 in relation to

2018 for strata 1, 2, 5 and for the commercial and business sectors (penultimate fla, Table 5). The last column of Table 5

relates the value of the 2004 rates to the 2018 rates, and with the exception of strata 3 and 4 and the industrial sector, for

the other strata and sectors, the rates reach a value greater than double.

The tariff of the official sector throughout the period is lower than that of strata 4 (with the exception of 2018);

similarly, the tariff of the industrial sector has been lower than that of strata 5, and that of the commercial sector has

generally been similar to that of strata 5; the tariff of strata 6 is the highest tariff in the whole set, above the tariff of the

commercial sector.

The above shows that tariffs and, in general, decisions regarding public goods and services are ultimately political in

nature (Board of Directors of the service operator and/or Municipal Council, and even the CRA itself, which endorses

them). Figure 5 shows the behavior of basic consumption tariffs for the different strata and sectors between 2004 and 2018

at 2018 prices.

7.1.2 Supplementary consumption rates at 2018 prices (Table 5)

The rates for supplementary consumption for the first four strata are equal to the rate for stratum 4 of basic

consumption, including the official and special sectors; the rate for strata 5 and 6 is equal to the rate for stratum 5 of basic
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consumption; and for the industrial and commercial sectors the rates are not modified in relation to those of basic

consumption. Thus, the rates for 2004 in relation to those for 2018 (last column of Table 5) increase by 46% for strata 1 to

4 and the commercial sector, and increase almost twice as much for the other sectors (85% for strata 6 and commercial

sector and 95% for strata 6).

Figure 6 shows the similarity of the rates for strata 1 to 4 and the commercial sector. As of 2007, the rates for the

industrial sector differ from those for the commercial sector, with a higher rate for the latter.

7.1.3 Fixed charge rate (at current prices)

The fjo charge rate in current pesos (Table 6) shows a permanent growth for all strata between 2004 and 2018. The

rate for stratum 4 should be the result of the mathematical operation of CMA/number of subscribers.

7.1.4 Fee per fjo charge (at constant 2018 prices)

Table 7 shows a ratio of 3.9 between the rate paid by stratum 1 and the rate of stratum 6 in 2004, and ends with a ratio

of 3.2 in 2018. The rate of stratum 1 is the lowest and that of stratum 6 the highest (including the industrial and commercial

sectors). The last column shows that the 2018 rate is lower than that of 2004 for strata 3 and 4 and the industrial sector, and

slightly higher for the other strata and sectors.

Table 4. AMB Bucaramanga: basic, complementary and luxuryconsumption tariffs $/m3, September 2004-2018

(current prices)
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Table 5. AMB Bucaramanga: basic and complementary potable water consumption rate $/m3, September 2004-2018

(at 2018 prices). T2017/ T2005
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Source: Table designed by the author based on information registered in SUI (September 2004 to 2016), for the years

2017 (October) and 2018 (March) the AMB website, General Management, Management Act 003, February 12, 2018 and

Management Act 002, February 2, 2017 were consulted.

Figure 5. AMB Bucaramanga. Basic consumption tariffs 2004 - 2018. $/m3 at prices of 2018

Source: Elaborated and designed by the author based on the statistics in Table 1

Figure 7 shows the behavior of potable water tariffs for the fixed charge between 2004 and 2018. For stratum 6, the

tariff decreases from 2004 to 2006, increases slightly again in 2007; and all strata and sectors from 2007 onwards maintain

a uniform behavior until 2017, when they increase significantly and then decrease again to prices similar to those of 2016.

7.2 Number of subscribers and coverage of aqueduct service -potable water

Table 8 shows the relationship of the number of subscribers by stratum and by sector between the years 2000 and

2017. The stratum with the highest number of subscribers is stratum 3 with 68,978 in 2017, followed closely by stratum 4

with 68,019 in the same year; and those with the lowest number of subscribers are stratum 5 with 13,907 and stratum 6

with 9,795 in 2017. The commercial sector had 24,129 subscribers in 2017 out of a total of 25,016; that is, 96.4% non-

residential subscribers. Total residential subscribers increased by 90,959 between 2000 and 2017, and by 10,035 for non-
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residential. The total increase in subscribers between the years 2000 and 2017 was 102,182.

Figure 6. AMB Bucaramanga. Complementary consumption rates 2004 - 2018. $/m3 at 2018 prices

Source: Prepared and designed by the author based on the statistics in Table 5

Table 6. AMB Bucaramanga: Fixed charge rate for potable water, $/m3, September 2004-2018 (at current prices)

Source: Table designed by the author based on information registered in SUI (September 2004 to 2016), for the years

2017 (October) and 2018 (March) the AMB website, General Management, Management Act 003, February 12, 2018 and

Management Act 002, February 2, 2017 were consulted.
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Table 7. AMB Bucaramanga: fixed charge rate for potable water, $/m3, September 2004-2018 (at 2018 prices)

Source: Table designed by the author based on information registered in SUI (September 2004 to 2016), for the years

2017 (October) and 2018 (March) the AMB website, General Management, Management Act 003, February 12, 2018 and

Management Act 002, February 2, 2017 were consulted.

Figure 7. AMB Bucaramanga. fjo charge rates 2004 - 2018. $/month subscriber, at 2018 prices

Source: Prepared and designed by the author based on the statistics in Table 2

The coverage of the aqueduct service (potable water) in the city of Bucaramanga is 79.10% according to the 2017

report prepared by SUI; while for DANE it is 96.1%. According to the municipal population projections, 2005 - 2020 by

DANE, the number of inhabitants of the city of Bucaramanga for the year 2017 would be 522,224. 52.4% of the dwellings

are houses and 40.4% are apartments. Households with 3 and 4 persons predominate, for an average of 3.6 persons per

household; 46.8% of the total population are men and 52.2% are women; 46.3% of the population is single and 26.7% are

married.

7.3 Average consumption per subscriber per month

Table 9 shows the average consumption of potable water in m3/month for the population strata of Bucaramanga. The

average consumption (last fla) for all strata and sectors decreased by 5.21m3/month by going from an average consumption

of 19.41 m3/month in 2005 to 14.2 m3/month in 2017. Strata 4, 5 and 6 were the ones that most reduced the average

consumption in m3/month exceeding 6m3, and strata 6, very close to 7 m3; the lowest reduction is that of strata 1 with 3.33

m3.
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8 Conclusion
In the practice of the public drinking water service operated by the AMB in the city of Bucaramanga, equity is

achieved through subsidies for the lower strata, financed with taxes (national and local government) and with surcharges

for the upper strata (cross-subsidies). Regulation and equity, through state and cross-subsidies, is the responsibility of the

government (i.e., a political issue), while efficiency is the responsibility of the regulator and the service operator (a

technical issue). However, this separation is not straightforward, as taxation and benefits affect the incentive structure and

have the potential to distort efficiency. Thus, the tariff of a residential public utility ultimately has a high political

ingredient.

The reduction in consumption (Table 9) considerably postpones investments in expansion of water production

capacity, and in this reduction of consumption, the change in consumption habits and customs of water use, the

replacement of existing hydraulic devices or appliances (in new homes and in the renovation of old homes), educational

and pedagogical campaigns of rationalization (especially with children and young people in schools), and relevantly,

economic measures such as high tariffs and consumption blocks have played an important role. While the number of

subscribers grew 161% (Table 8) from 168,745 subscribers in 2000 to 270,927 in 2017, the city's potable water

consumption decreased on average to 5.21 m3/month (Table 9).

Table 8. AMB Acueducto Bucaramanga. Number of subscribers by stratum and sector 2000 - 2017

Source: Table designed by the author based on information obtained from AMB's management reports and/or

sustainability reports in different years

The tariff for basic consumption in 2018 pesos decreases in 2005 for all strata and sectors and increases systematically

and uniformly between 2006 and 2018. The last column of Table 5 relates the value of the 2004 tariffs in relation to the

2018 tariffs, and with the exception of strata 3 and 4 and the industrial sector, for the other strata and sectors, the tariffs

reach a value greater than double.

The rate of the fixed charge for stratum 1 is the lowest and for stratum 6 the highest (including the industrial and

commercial sectors). In the last column of Table 5, it is evident that the 2018 tariff is lower than that of 2004 for strata 3

and 4 and the industrial sector, and slightly higher for the other strata and sectors.

The water supply, conservation and savings policy has focused basically on prices (tariffs) and on rationalizing the

service in times of scarcity through service suspensions and cuts; the use of technologies developed in other countries and

incorporated in new housing construction has also been disseminated and promoted. The change to horizontal housing

construction, with little or no green areas, has also contributed to lower water use, as have the socially sensitive educational
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campaigns at the national level aimed at achieving voluntary savings through the altruism of users. The change in

consumption habits is also evident, with greater use in the last 15 years of car washing services, washing clothes and

household garments, and food service in restaurants or at home; this of course has reduced water consumption in

households.

Table 9. AMB Acueducto Bucaramanga. Average consumption m3/month subscriber

Source: Prepared by the author based on: Bonilla, Santana and Sotomayor, (2015). And according to SUI statistics,

table 2005-2014, p. 49; CRA

AMB 2015, 2016 and 20017: Indicators for social control of service providers (average consumption m3/month user).
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